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Abstract  
IgG and IgA antibodies against HIV-1 envelope protein in the absence of infection is well documented 

in highly exposed seronegative individuals. The origin of these immune responses may be due to cross 

reactivity with intestinal commensal bacteria or result from ongoing exposure to viral particles. Pre-

HIV-1 infection immune responses against envelope glycoproteins may influence the future trajectory 

of disease. This project aimed to describe anti-HIV-1 gp140 envelope antibody responses in exposed 

seronegative individuals and track their development before and after HIV-1 infection. I screened sera 

from a cohort of highly exposed seronegative men who have sex with men with a yeast displayed HIV-

1 gp140 envelope antigen fragment library to map discrete epitopes responsible for anti-HIV-1 

humoral responses.  

Using batched seronegative serum aliquots, I found humoral immune responses against V1/V2 and C2 

gp120 epitopes, and the C helical region, membrane proximal external region, transmembrane 

domain and endodomain of gp41. Stratification of cohort according to risk region of acquisition of HIV-

1 infection revealed no significant changes in the distribution of envelope epitope detected. Immune 

response to gp41 envelope epitopes were significantly greater in high risk compared with low risk 

individuals. Antibody response to HIV-1 gp140 envelope protein were assessed longitudinally in five 

individuals before and after HIV-1 infection. I showed the same HIV-1 gp140 epitopes were recognized 

in pre and post seroconversion samples suggesting previous antigen exposure lays a template for 

future humoral responses. In addition, certain pre-exposure gp140 epitopes had amino sequence 

similarity to intestinal bacterial antigens.  

I then used gp140 envelope fragments expressed by yeast cells to isolate single antigen-specific B cells, 

followed by expression cloning to generate monoclonal envelope antibodies. Antibody dependent 

cytotoxic function of a single pre-infection monoclonal envelope antibody was assessed. This 

technology may help increase understanding of humoral immunity to HIV-1.
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Chapter 1  Background and introduction 

1.1. Human Immunodeficiency Virus (HIV) 

1.1.1. HIV as the causative agent of the acquired immune deficiency syndrome (AIDS) 
From 1981, the United States Centers for Disease Control received reports of opportunistic infections 

such as Kaposi’s sarcoma and Pneumocystis carinii pneumonia occurring primarily within men who 

have sex with men, intravenous drug users and Haitian immigrant populations (1–3). In 1983, two 

groups of researchers independently isolated a new retrovirus from patients with clinical 

presentations of the recently described acquired immunodeficiency syndrome (4,5). This retrovirus 

was thought to belong to the human T-cell leukaemia virus (HTLV) family, with tropism for T cells, and 

was suggested as the aetiology for AIDS after being isolated from the majority of patients with this 

clinical presentation (6,7). 

Since then, HIV has infected 75 million people, claimed the lives of 32 million people, with an 

estimated prevalence of 0.8% in adults aged 15–49 years worldwide (8). Data from year end 2019 

show 37.9 million people worldwide are living with HIV, with 1.7 million new infections acquired in 

2018 (9). Geographical variations in incidence result in areas of increased acquisition risk, particularly 

Sub-Saharan Africa where nearly 5% of adults live with HIV but comprise 71% of those affected globally 

(10). Men who have sex with men (MSM) are particularly vulnerable to HIV infection, accounting for 

significant proportions of new HIV infection; 57% in western/central Europe and North America, 41% 

in Latin America, over 25% in Asia Pacific and Caribbean regions, 20% in eastern Europe, central Asia, 

Middle East and North Africa, and 12% in western and central Africa (11). Data from the US Centres 

for Disease Control in the United States show that in 2017, MSM accounted for 70% of all new HIV 

infections, with young black males aged 25-34 at highest risk (12). Reasons include a greater risk of 

transmission per sexual act, sexual role versatility, and sexual network effects, all of which assist rapid 

HIV transmission amongst sexual networks (13–16).HIV viral structure 
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In this project I focus on HIV-1, with all references to HIV studied here intended as HIV-1.  

HIV is a retrovirus within the lentivirus genus (17). Retroviruses are ribonucleic acid (RNA) viruses, 

where genomic material in the form of RNA undergoes reverse transcription prior to insertion into a 

host cell genome (18,19). Lentiviruses are characterised by long incubation periods which precede 

development of chronic illness, and HIV is no exception (20).  

HIV is a single stranded RNA virus containing nine open reading frames encoding viral proteins 

essential for replication and life cycle. Three of these encode polyproteins which are proteolyzed to 

proteins supporting viral structure and function- Gag, Pol, and Env. There are four structural proteins 

encoded by Gag (matrix (MA), capsid (CA), nucleocapsid (NC) and p6 protein), and two encoded by 

Env (gp120 and gp41); these make up the virus core and envelope. Pol is proteolyzed to produce three 

enzymatic proteins- protease (PR), reverse transcriptase (RT) and integrase (IN). The HIV genome also 

encodes six accessory proteins; Vif, Vpr and Nef are located in the viral particle, Tat and Rev provide 

gene regulation functions, and Vpu assists virion assembly (21,22).  

Viral fusion to host cells is facilitated by HIV envelope protein and is discussed in section 1.3. Viral 

fusion is followed by release of viral core into host cell cytoplasm (23). Viral RNA is reverse transcribed 

into deoxyribonucleic acid (DNA) by the viral enzyme RT. This newly formed viral DNA is co-packaged 

with viral integrase, capsid protein, and some cellular proteins to form a pre-integration complex (PIC), 

which enters the host cell nucleus to incorporate the proviral DNA into the host cell genome. (24). HIV 

integration occurs mainly in actively transcribed regions of the host genome (25). This may be due to 

the increased accessibility to chromatin in transcribed regions, or favourable interactions between the 

PIC and transcription factors (26,27). Ultimately, viral integration at areas of high expression will 

probably result in more active production of proviruses (28). 
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The retroviral genetic information is now part of the host genome and is transcribed to produce 

enzymes necessary for production of new viral particles which are released from the cell to continue 

the life cycle (29–32).  

1.2. HIV Transmission and acute infection 
HIV transmission occurs by mucosal tissue exposure to cell-free or cell-associated virus. Sexual 

transmission is the predominant mode of HIV acquisition worldwide, (33–35), accounting for 4 of 5 

infections and involves viral exposure at vaginal or rectal mucosa (36). Transmission likelihood per 

sexual act is influenced by several factors, including transmission partner’s HIV viral load, recipient 

partner genital mucosal condition, and the presence of sexually transmitted infections (37–39). HIV 

acute infection will be discussed in the context of sexual transmission as it is the globally predominant 

form of transmission (8).   

Despite the presence of a diverse viral population within the inoculum from the infecting partner, 

mathematical modelling suggests HIV infection is caused by a single virion in the majority of infections 

(40). The period between initial viral exposure until viral RNA becomes detectable in the bloodstream 

is termed the eclipse phase and is dominated by a rapidly increasing HIV viral load due to local 

expansion of HIV founder clones (41–43). The mean basic reproductive number (R(O)) of each newly 

infected HIV cell is 19.3, causing a mean initial viral doubling time of 10 hours, and the average time 

from initial HIV exposure to peak viraemia is 21 days, followed by a decay phase over the next ten 

days (44).  

1.3. HIV Envelope protein 
HIV virus entry to host cells is facilitated by HIV envelope protein (Env), a trimeric protein constructed 

of three of each of the glycoproteins (gp) 120 and 41 derived from the precursor gp160 (45). Env is 

present in various forms on the outer virion surface and may exist as a full functional trimer spike, a 

partially decayed non-functional conformationally rearranged molecule, or a gp41 stump which has 

shed gp120 (46,47)  This is shown below in  Figure 1.3-1 and Figure 1.3-2.
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Figure 1.3-1 HIV envelope protein- trimer Figure 1.3-2 Env protein forms 
Reprinted by permission from: Springer Nature Customer Service Centre GmbH: Springer Nature Antibody responses to 
envelope glycoproteins in HIV-1 infection, Dennis R Burton, John R Mascola Copyright 2015, see RightsLink Printable Licence 
in Appendix 

Env protein is essential for virus entry as it mediates recognition and infection of host CD4 T-cells (48). 

The gp120 glycoprotein binds the T cell CD4 glycoprotein, causing a conformational change in the HIV 

envelope protein, exposing the V1V2 (aa 127-195) and V3 (aa 300-328) (49) loop structures of gp120 

which then allows binding to the host cell chemokine receptors CCR5 and CXCR4, which now act as 

co-receptors for HIV envelope protein (50).  

These transmembrane coreceptors are usually CCR5 or CXCR4 (51). Previously, viruses were thought 

to be tropic for either one of these two coreceptors, with R5 virus predominating in at the 

seroconversion stage and progressing to R4 tropism as immunodeficiency progressed (52). More 

recent data suggest HIV presents varying coreceptor preference; R5 tropic, and X4 or M-tropic, where 

viral evolution occurs to allow new use of new coreceptors or ongoing cellular infection in CD4 limited 

settings (53).  

Gp120 swings away to expose gp41 which will facilitate viral fusion with the host cell membrane 

(54,55). A hydrophobic fusion peptide at the gp41 N-terminus forms a 6 helix bundle containing a base 

and an outer part. The outer part attaches to the host cell membrane to create a bridge between the 

host and viral cell membranes. The bundle helices now refold into a hairpin structure which brings the 

host cell and viral membranes together, creating fusion pores and allowing transit of virus contents 
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into the host lymphocyte (56). In this fashion, HIV envelope protein facilitates viral infection of host 

CD4 T cells.  

HIV viral particles are presented to partner genital mucosa in either cell-free or cell associated form, 

and can penetrate the epithelium to reach the submucosal space (57). Here, cells including Langerhans 

cells, dendritic cells and fibroblasts transmit virus particles to CD4+T cells (58–60). There may also be 

direct transcytosis of virus into subepithelial memory CD4+ cells (61,62). As most transmitted virus is 

CCR5 tropic, and the majority of genital mucosa CD4+T cells express surface receptor CCR5, these form 

a susceptible population for infection (63,64).  

Propagation of infection throughout the lymphatic system is illustrated by a macaque model of SIV 

intravaginal inoculation which study showed increasing levels of viral RNA in cervical tissue at days 3 

and 7, with detectable levels found in vaginal tissue, draining and distal lymph nodes and other lymph 

tissue by day 12 (65). Viral dissemination throughout the lymphatic system predominantly targets 

CD4+T cells, with 20% infected and 60% dying via apoptosis (66). Mass recruitment of lymphoid tissue 

for viral replication creates an exponential rise in HIV plasma virus levels, with peak viraemia occurring 

approximately 14 days after transmission (67). This exponential rise in plasma viral load usually causes 

symptoms ranging from mild coryza to systemic features and is called the “seroconversion illness”.  

Myeloid cells displaying the coreceptors CD4+, CCR5 and CXCR4 including macrophages, dendritic cells 

and osteoclasts are another tissue target for HIV infection. This is thought to occur by cell-to-cell 

transfer of HIV from infected T-cells and contributes to the formation of the viral reservoir (68,69) (see 

section 1.3.1) . Other tissues implicated in viral infection include blood monocytes, lung tissue 

macrophages, gut-associated lymphoid tissue, genital tract, bone marrow and the central nervous 

system (70).  

These initial stages of HIV infection were described by Fiebig et al according to the sequential 

appearance of viral markers in blood; (I) HIV viral RNA at 5 days, (II) p24 antigen at 10 days, (III) positive 

IgM enzyme immunoassay at 14 days, (IV) indeterminate Western blot for HIV proteins at day 19, (V) 
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Western blot positive without p31 band at 87 days, and (VI) Western blot positive with a p31 band 

(100 days and greater) (36). 

1.3.1. Establishing the viral reservoir 
During acute HIV infection, active CD4+T cells are preferentially targeted as these favour viral 

replication (71). Certain subsets survive and harbour infection, creating a long term repository for viral 

DNA called the “viral reservoir”, occuring by infection of active cells that transition back to a resting 

state, or direct infection of resting cells. Some actively infected cells may survive with integrated 

proviral DNA and return to a resting memory state, remaining quiescent, with viral gene expression 

subdued and productive infection restricted (72–74). Conversely, some in vitro models suggest direct 

infection of resting CD4+T cells is possible (75,76). In vitro studies which reverse T cell latency have 

demonstrated the replication potential of this proviral DNA reservoir and provides insight into the 

inability of antiretroviral medication to eradicate infection (77). In addition, infection of myeloid cells 

is thought to contribute to the HIV reservoir.  

1.3.2. Chronic infection and progression to AIDS 
Untreated HIV infection is characterised by falling CD4+T cell counts and a rising plasma viral load. 

Massive depletion of CD4+T cells occurs in gut-associated lymphoid tissue (GALT), peripheral blood, 

and lymph nodes, and is countered by increased cell turnover, thought to be due to immune activation 

(78). This can be partially reversed by combined antiretroviral therapy (cART) initiation, but CD3+/CD4+ 

and CD3+/CD8+T cell ratios remain impaired, even in treated individuals (79). In addition to 

quantitative effects, chronic infection also causes qualitative defects in CD4+ and CD8+T cell function; 

CD4+ T cell proliferation in response to new and recalled antigens is impaired, as is the supportive role 

CD4+ T cells provide to CD8+T cell function, B cells, monocytes and macrophages (80).  

Generalised immune activation is a feature of chronic HIV infection, resulting in increased cell 

turnover, alterations in lymphocyte subset proportions towards increasingly activated and 

differentiated subpopulations, and cellular exhaustion. The cause of immune activation appears to be 



32 
 

an excess secretion of soluble immune factors, arising during acute infection and persisting into 

chronic. These include pro-inflammatory cytokines TNF-α, IL-1, IL-12, IL-6, chemokines, 

lipopolysaccharide and type 1 IFN-α (66). These factors drive local and systemic inflammatory 

processes. Possible causes of immune activation include direct effect by viral proteins, co-infection 

with conventional or opportunistic infections, microbial translocation from the gastro-intestinal tract, 

and the reduced efficacy of counter-regulatory immune suppressive responses, such as regulatory T 

CD4+ T cells (80). In addition, abortive HIV-1 infection in lymphoid cells leads to activation of caspase 

1 pathways and pyroptosis, continuing the inflammatory insult (81,82).  

Defective T cell regenerative capacity is also a feature of chronic infection, due to a constellation of 

the following. Central memory T cells are unable to regenerate due to excessive differentiation, viral-

mediated cell death, and destruction of lymph node architecture from chronic inflammation. There is 

also a loss of naïve cells due to excessive differentiation to memory cells, and thymic suppression 

which reduces availability of naïve cells to replenish those cells lost to differentiation (83).  

Chronic HIV infection is also associated with loss of naïve and memory CD8+ T cells. In health, CD8+ T 

cells combat viral replication but their function is impaired in HIV. Features include a reduced capacity 

for proliferation, decrease in secretion of inhibitory cytokines and a loss of cytotoxic activity.  

As disease progresses, phenotypic changes consistent with exhaustion or senescence arise in CD4+ and 

CD8+ T cells, as well as in B cells. Exhaustion is characterised by the appearance of inhibitory receptors. 

Exhaustion can be attenuated by blocking certain ligands; anti-PDL -1 antibodies have been shown to 

enhance T cell responses in previously “exhausted” cells (84) 

Another feature of disease chronicity is a switch in viral co-receptor tropism. As outlined, HIV uses 

CCR5 together with the CD4 receptor for entry. In chronic infection, tropism may evolve to produce a 

CXCR4 tropic virus (53) . This now extends the range of viral infection and killing to naïve and resting 

central memory cells, perpetuating further viral spread and disease progression (83).  
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Progression to AIDS is marked by the appearance of opportunistic infections and an increased risk of 

HIV associated cancers. This usually occurs at a CD4 count of 200 cells/mm3 but may occur at higher 

CD4 counts in certain individuals, hence it is a clinical and laboratory diagnosis. Opportunistic 

infections are a constellation of microbial diseases causing illness in an immunocompromised host, 

and their presence should prompt HIV testing in those of unknown serostatus.  

1.3.3. HIV Testing 
HIV testing is now a routine part of healthcare and is offered in a variety of settings, including primary 

care, antenatal care and in emergency departments where local HIV prevalence is greater than 2 per 

1000 population (85). Public Health England recommends that groups at increased risk of HIV 

acquisition should test frequently and testing opportunities should be increased for these 

communities (86). Outside of traditional clinic testing, people can opt to submit samples for testing 

via post and receive results accordingly. HIV testing is now available in a point of care format for people 

with an exposure risk of 6 weeks or more. A fingerprick sample of blood is placed in a well and the 

results are immediately apparent. The goal of improving access to testing is to reduce the proportion 

of people living with undiagnosed HIV. As part of a global strategy to reduce HIV transmission, the 

UNAIDS Program Coordination Board set a target for 90% of people living with HIV (PLWH) to know 

their status (87). Data released by PHE in November 2018 show the UK has surpassed this target to 

achieve a diagnosis rate of 92% (88).  

1.3.4. HIV Treatment 
Initial management of HIV focussed on symptom control and management of opportunistic infections, 

with progressive replication of virus and declining immune function. A minority of PLWH (“elite 

controllers”) can maintain long term viral suppression through immune control of virus, but this occurs 

in less than 1% of people (89). The first antiretroviral medications with the power to suppress viral 

replication arrived in 1986 with the nucleoside reverse transcriptase inhibitor zidovudine (90) but 

successful viral control was not achieved until 1996, when triple-drug regimens demonstrated durable 

virologic suppression (91). Initial combined antiretroviral therapy (cART) consisted of multiple doses, 
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multiple pills, and multiple side effects in the efforts to achieve and maintain viral suppression. Over 

the past two decades, cART regimens have become more convenient and acceptable for PLWH, with 

a decrease in medication related side effects. In the UK, 92% of PLWH are aware of their diagnosis, 

98% are taking cART, and 97% have an undetectable viral load (92). Where cART is available, it has 

caused a decline in morbidity and mortality from HIV (93).  

The benefits of cART are not restricted to the immunosuppressed population. Our understanding of 

the benefits of early treatment has been helped by data demonstrating the benefit of early cART 

initiation on both individual and population-based levels. On an individual level, the Strategic Timing 

of AntiRetroviral Treatment (START) study revealed that early cART treatment significantly reduced 

development of both AIDS and non-AIDS events such as cardiovascular, renal and liver comorbidities 

(94). At a population level, the concept of Treatment as Prevention (TAsP) has shown benefits in 

reducing onward HIV transmission. Treating a HIV-partner person in a serodiscordant relationship 

reduces transmission to HIV-uninfected partners (95). Treating HIV-infected patients to achieve 

undetectable viral loads leads to reduced transmission at population levels, suggesting that early 

testing and treatment of HIV could reduce HIV incidence and mortality (96,97).Prior to these findings, 

PLWH were advised to begin cART as indicated by falling CD4 counts or comorbidities. However, PLWH 

who achieve undetectable viral loads with medication may experience comorbidities. This includes 

higher incidences of both HIV and non-HIV-related cancers (98,99), and increases in age-related 

pathologies, such as cardiovascular, bone renal disease (100–102).  

1.3.5. HIV Prevention 
Preventing acquisition of HIV in uninfected people is crucial in curbing the pandemic of HIV. 

Behavioural strategies to reduce onward transmission focus on the contact risk- sexual, percutaneous 

via needle-sharing or needlestick injuries, mother-to-child transmission and transmission via 

contaminated blood products. I shall briefly discuss prevention strategies targeting these populations.  
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1.3.5.1. Sexual transmission  
Successful sexual transmission of HIV depends on multiple variables. These include the nature of 

sexual contact, viral load of the infected partner, and presence of additional sexually transmitted 

infections at the mucosal surface of contact. Early estimates of sexual transmissibility suggested 

infectivity rates of 0.001, 0.003, and 0.01 for female-to-male, male-to-female, and male-to-male, 

respectively (per contact transmission on logarithmic scale) (103). Consistent condom use reduces HIV 

transmission by 80% in heterosexual and 70% in anal intercourse (104,105), and can reduce HIV 

prevalence in commercial sex workers (106). However, condom success relies on consistent use, and 

uptake varies across risk groups. Barriers to condom use exist in communities. Regional barriers in 

heterosexual couples include condom availability, cultural beliefs, demonstration of fertility, and 

equality imbalances in sexual relationships (107). Condom use in MSM has decreased in recent years. 

Unprotected anal intercourse reported in a 12 months period in MSM rose from 48% in 2005 to 57% 

in 2011 (108). This trend was corroborated in a more recent study which reported reduced condom 

use in HIV-positive and negative MSM, and also in MSM of unknown serostatus (109). It is possible 

that increased community uptake of antiretroviral therapy and disclosure of serostatus by partners 

may contribute to this decrease, creating a perception of risk reduction for those engaging in 

condomless sexual intercourse (110).  

Medication to prevent transmission has been gaining traction in recent years. In monogamous 

serodiscordant relationships, suppression of the seropositive partner’s viral load prevents 

transmission to the seronegative partner. The seminal HPTN052 study from 2011 reported a 96% 

relative reduction in HIV transmission in serodiscordant heterosexual couples when seropositive 

partners began taking antiretroviral therapy, regardless of CD4 count (95). This concept was 

subsequently studied in the MSM population in the PARTNER2 study, which reported an HIV 

transmission rate of zero amongst serodiscordant couples when the viral load of the seropositive 

partner is suppressed with antiretroviral medication (111). Another advance in the arsenal against HIV 

transmission is the concept of prophylactic medication to prevent acquisition of HIV in sexually active 
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seronegative individuals with risk of HIV exposure. This is referred to as PrEP- pre-exposure 

prophylaxis and consists of self-administration of combined tenofovir disoproxil fumarate and 

emtricitabine. PrEP reduces HIV transmission in heterosexual and MSM couples, with relative 

reductions in HIV incidence of 75% and 86% respectively (112,113). PrEP can be taken regularly or on 

an event-based schedule, depending on levels of activity. Awareness of PrEP and availability make this 

an increasingly popular method of protection.  

1.3.5.2. Percutaneous transmission 
HIV transmission by percutaneous route from needle-sharing amongst intravenous drug users carries 

a probable infection risk of 0.0067 per exposure, which is slightly greater than the risk of transmission 

via occupational exposure via needlestick injury at 0.004 (114). Needlestick injuries can be avoided by 

training in safe management of sharps, but multidisciplinary methods are required to curb HIV 

transmission via needle sharing in intravenous drug users. One successful model is that employed by 

Portugal, in the decade from 1990 to 2000, the majority of Portuguese PLWH had acquired infection 

via needle sharing. In 1993, needle exchange programmes began operating, and in 2001, the 

decriminalization of all drugs held for personal use shifted the focus from persecution to public health 

and support for victims of drug use. Needle-sharing now accounts for just 1.5% of new HIV infections 

in Portugal (115).  

However, new challenges for HIV prevention have arisen from the recent opioid epidemic in North 

America. The increasing use of oral opioids combined with aggressive marketing strategies by 

pharmacological companies has created a new swathe of opioid-addicted people who are turning to 

injectable forms of opioids to manage addiction (116). This practice in non-traditional drug user groups 

unfamiliar with safe injecting practices has led to increasing incidence of HIV as well as hepatitis B and 

C, and endovascular infections (117). In response, in 2018 the US Senate approved legislation for the 

Opioid Crisis Response Act which employs a variety of supportive and preventative strategies to curb 

the inappropriate prescribing and use of opioids. This tragic episode is a timely reminder of how 
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advancements in HIV prevention strategies must include community support efforts to maintain 

effectiveness.  

1.3.5.3. Mother to child transmission 
Prior to interventions aimed at reducing mother to child transmission, the rate of vertical 

transmissions was approximately 25%.  With the introduction of widespread antenatal screening and 

use of combined antiretroviral therapy in nearly all women diagnosed HIV, transmission rates have 

fallen dramatically. If women receive their diagnosis of HIV prior to pregnancy and are taking effective 

antiretrovirals with a suppressed viral load at the time of delivery, the risk of vertical transmission is 

virtually zero (118). Postnatally, there is a risk of HIV transmission from breastfeeding, and current 

guidelines from the British HIV Association recommend use of formula milk to prevent perinatal HIV 

infection (119). 

1.3.5.4. Contaminated blood product transmission 
The use of blood products obtained from high risk sources began in the 1970s. The use of plasma 

derived factor concentrate for haemophiliacs was a cause of iatrogenically transmitted HIV and 

hepatitis C (120). In the UK this is currently the subject of a UK parliamentary enquiry into why product 

safety warnings were ignored, and imported products used, and why patient records relating to these 

cases may have been destroyed. At least 3891 people in the UK were infected with hepatitis C, of 

whom 1243 were coinfected with HIV. Of these, 1246 are known to have died, with estimates (121). 

Currently, NHS Blood Donation services screen for the following blood borne infections- HIV, hepatitis 

B,C and E, syphilis, and human T-lymphotropic virus (122). 

1.3.5.5. Prevention summary 
Considering these prevention strategies, HIV transmission remains prevalent worldwide. Knowing 

how universal testing and treatment combined with preventative strategies reduces transmission, 

other approaches to eradicate HIV must be considered. A position paper by the UNAIDS-Lancet 

Commission recommended that along with prevention measures and socio-political structures to 

support people and research, “…an effective vaccine and a cure remain priorities” (123).  
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1.3.6. Potential for a HIV vaccine 
A vaccine to prevent HIV is highly desirable. Worldwide vaccination strategies have successfully curbed 

the spread of certain infectious diseases, such as smallpox and poliomyelitis, therefore an HIV 

vaccination program could significantly impact the epidemic. Yet despite multiple vaccination trials, 

only 6 HIV candidate vaccines have progressed to efficacy trials (see section 1.9). To understand the 

challenges facing development of a HIV vaccine, we must first consider the following; how HIV infects 

cells, innate and adaptive immune responses to HIV, and how HIV evades these defences to establish 

and maintain infection. 

1.4. Humoral immunity 

1.4.1. B cells  
B cell discovery occurred following the discovery of antibodies. In 1938, electrophoresis of immune 

serum revealed presence of antibodies, and in 1948 plasma cells were proposed to be the source of 

antibodies (124). B cells take their name from their tissue of origin and were first identified in chickens 

in 1965, when cells from a lymphoid organ called the bursa of Fabricius (B cells) were shown to 

produce antibodies, whereas cells from the thymus (T cells) produced delayed hypersensitivity 

reactions (125). Cell surface marker technology was also in development at this time, and the study of 

B cells from normal people compared to those suffering from leukaemia and lymphoma paved the 

way for immunophenotyping to characterise B cells (126).  

B cells begin life in bone marrow as haematopoietic stem cells. Here, these B cell precursor cells 

interact with local stromal cells to undergo rearrangement of their immunoglobulin genes and 

differentiate into multipotent progenitor cells, and then to common lymphoid progenitor cells. These 

cells are now pro-B cells. These cells undergo rearrangement and expression of the immunoglobulin 

genes. The heavy chain locus (V/D/J) rearranges and generates a heavy chain pre-B receptor which is 

expressed on the cell surface. This cell is now a large pre-B cell. The light chain locus (VJ) then 

rearranges and the cell becomes a small pre-B cell. The cell now assembles the light-chain gene and 

expresses a complete IgM molecule on its surface. This is an immature B cell and must now undergo 
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negative selection in the bone marrow. The cell is exposed to self-antigens, and any auto-reactive 

immature B cells are removed from the repertoire (127).  

The immature B cells then exit the bone marrow and express IgD and cell surface markers CD21 and 

CD22 as well as IgM. These cells migrate to the spleen to become transitional cells, passing through 

two stages of transitional development, T1 and T2. These T2 cells may become follicular or marginal 

zone B cells and are now mature B cells, also referred to as “naïve” B cells. These cells migrate to 

peripheral lymphoid organs such as the gut associated lymphoid tissue, or lymphoid follicles of the 

spleen and lymph nodes. The development stages of B cells are mediated by signalling proteins and 

transcription factors.  

Activation of mature B cells relies on stimulation by T helper cells. Antigen binds to the B cell surface 

receptor, is internalised and then presented as peptides to T helper cells. These T helper cells arise 

when naïve T cells interact with antigen presented by dendritic cells which activate CD4+ T cells to 

produce T helper cells. The co-stimulation by bound antigen, T helper CD40 ligand and cytokines 

induces the B cell to proliferate and differentiate into antibody producing plasma cells. Mature B cells 

may also proceed to germinal centre reactions to undergo somatic hypermutation where B cells of 

increasing affinity are generated for memory B cell functions (127). The plasmablasts from follicles 

and mesenteric lymph nodes migrate to gut lamina propria and mesenteric surfaces, and those from 

lymph nodes or splenic follicles migrate to bone marrow at 2-3 weeks. Here, they differentiate to form 

plasma cells with a half-life of months-years, and bone marrow is now principle site of antibody 

production (127) 

1.4.2. Antibody structure and function 

Antibodies are the secreted forms of the B cell surface receptor. They are proteins which are present 

in the plasma and can effect a variety of functions. Figure 1.4-1 below depicts an antibody structure 

schematic. 
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Figure 1.4-1 Schematic of antibody structure 
This figure displays the heavy and light chains, disulphide bonds, carbohydrate. Also shown are the N (amino) and C (carboxy) 
termini, the variable and constant regions, the antigen binding sites. VH heavy chain variable region, VL light chain variable 
region, CH1,2,3 heavy chain constant regions 1,2,3, CL light chain constant region. Yellow diamonds indicate carbohydrate 
moiety, red lines indicate disulphide bonds. Original content. 

 

Antibodies are Y-shaped and formed of three globular regions. Each antibody contains two heavy 

chains (H chain, approximately 50 kDa molecular weight) and two light chains (L chain, 25 kDa 

molecular weight). Light chains may be either lambda or kappa type. Heavy chains are joined to each 

other at the hinge region by disulphide bonds. Each heavy chain is joined to a corresponding light 

chain, and the antibody contains identical copies of both.  

Antibody specificity begins with the germline rearrangement of the variable (V), joining (J) and 

diversity (D) gene segments. Heavy chains utilise variable (VH), joining (VJ) and diversity (VD) genes, 

while light chains use variable (VL) and joining (VJ) genes. Immunoglobulin heavy-chain C-region genes 

are responsible for the various antibody isotypes- IgA, IgD, IgE, IgG and IgM. The corresponding C-

region genes are Cα, Cδ, Cε, Cɤ and Cµ. The isotypes vary according to length of the Fc region, 

glycosylation, and ultimate distribution and function, but can all be produced as cell surface receptors 

or secreted as antibodies.  

The antigen binding site is formed by the N terminus region of a heavy and light chain pairing and so 

each antibody has identical antigen binding sites. The antigen binding site is highly complex and is 

referred to as the variable region. Variable regions are responsible for the unique character of 
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antibody affinity. Each heavy and light chain contains a variable region, which is composed of two key 

structures- the framework region (FR) and the complementarity determining region (CDR). The 

framework region remains conserved across antibody groups, whereas the complementarity 

determining regions are hypervariable and lend unique antigen binding characteristics to each 

antibody. Of the three CDR, CDR3 is the most variable structure. The structures are regularly placed; 

four framework regions are interspersed by three complementarity determining regions as depicted 

in Figure 1.4-2 below. 

FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4 

Figure 1.4-2 Schematic of variable region  
Schematic shows framework regions 1-4 (FR) and complementarity determining regions 1-3 (CDR) 

When the antibody molecule assumes a three dimensional structure, the antibody framework region 

beta-pleated sheets form a supportive scaffold for the hypervariable complementarity determining 

regions. The complementarity determining regions are then juxtaposed to create a highly variable site. 

Together the variable sites from each heavy and light chain (containing a total of six CDR) form the 

antibody’s antigen binding site.  

The C terminal is responsible for interaction with host cell molecules and effector cells. The heavy 

chain region distal to the hinge region is the Fc fragment (fragmentable crystallizable) as distinct from 

the Fab (fragment antigen binding) fragment. This Fc fragment is responsible for three key 

mechanisms of defence. It can bind Fc receptors on the surface of host immune cells to effect 

phagocytosis of pathogens. It can also activate the C1q complement cascade, and lastly can assist 

transport of antibodies to sites which may be difficult to access otherwise. Three key areas of Fc 

effector function are antibody dependent cellular cytotoxicity (ADCC), antibody dependent cellular 

phagocytosis (ADCP), and viral neutralisation.  

ADCC occurs when specific Fc receptors (Fc gamma IIIa, FcɤRIIIa) bind the Fc region of IgG bound to 

viral antigens present on the surface of an infected cell. FcɤRIIIa are present on effector cells such as 

natural killer cells, monocytes and macrophages. The Fc/ FcɤRIIIa complex stimulates antiviral cytokine 

production and causes apoptosis of infected cells (128) . 
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ADCP also uses Fc receptor engagement. “Professional phagocyte” cells such as macrophages, 

monocytes, neutrophils and eosinophils are engaged either by antibody or antibody-fixed 

complement to engulf opsonised particles. Depending on the nature of the phagocytosing cell, other 

immune responses may be stimulated as a result (129).  

Neutralising antibodies can act via several mechanisms including interception of free virus, inhibition 

of cell-to-cell viral spread, inhibition of viral transcytosis, or neutralisation of intracellular virus (130). 

I will discuss these activities in more detail as they relate to the host anti-HIV immune response later 

in this chapter. 
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1.5. Humoral responses in HIV infection 

1.5.1. B cells in HIV infection 
HIV causes abnormal immune activation including overproduction of serum immunoglobulin and 

autoantibodies, expansion of B cell populations in lymphoid tissue, and increased activation, 

proliferation and terminal differentiation of circulating B cells (131). Findings from DNA microarray 

studies show upregulation of specific genes in B cells of viraemic patients when compared to aviraemic 

and HIV negative individuals; these include interferon stimulated genes causing increased expression 

of apoptosis related cell surface marker CD-95, and terminal differentiation genes (132).  

HIV causes disruption of B cell subsets resulting in altered populations of immature and mature cell 

populations. Immature/transitional B cells population in viraemic patients are expanded, exhibit lower 

levels of the B cell lymphoma cell 2 protein (promotes survival by inhibiting apoptosis), are prone to 

apoptosis, have an associated increased serum IL-7 level, and contribute to HIV-induced lymphopenia 

(133).  

Activated memory and plasmablast cells in viraemic patients become large and activated, with 

increased expression of KI-67 and CD95 respectively, produce excess immunoglobulin, and arise due 

to HIV-induced immune activation (131).  

Tissue-like memory B cells in viraemic patients are large and exhausted, express more inhibitory 

markers, have different levels of homing receptors compared with aviraemic and HIV negative 

patients, are less experienced in terms of replication history and somatic hypermutation, and are due 

to chronic viraemia (134).  

Terminally differentiated B cells in HIV viraemic patients are phenotypically different from those seen 

in uninfected individuals, having lower expression of CD20 and CD21, and increased expression of 

CD27 and CD38. These changes are also thought to be responsible for increased incidence of B cell 

malignancies in the HIV population, and are directly caused by high levels of replicating virus (135). 

Sustained viraemia over many years leads to B (and T) cell exhaustion, characterised by the increased 
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expression of inhibitory receptors (136). Exhaustion is considered to be a defence against the harmful 

effects of a chronic hyperactive immune response (134).  

Some of the B cell changes associated with HIV infection normalize with initiation of cART. Studies 

shown cART is associated with a reduction in circulating plasmablast numbers, decreased plasma 

immunoglobulin levels, restoration of the memory B cell compartment and an increase in total B cell 

numbers (137). Early initiation of therapy is more effective in quantitative restoration of memory B 

cell compartments, supporting the concept of early diagnosis and treatment to preserve health 

(138,139). However, qualitative function remains impaired, serving as a reminder that the repair is 

not absolute (140). 

As well as B cell subsets, HIV also targets secondary lymphoid organs important for B cell maturation 

and development. Lymphadenopathy is caused by follicular hyperplasia and germinal centre B cells 

undergo hyperactive changes in response to viraemia. In mucosal tissues, viral-mediated suppression 

of antibody class switching results in defective production of mucosal IgA, and increased production 

of IgG (141).  

T follicular helper cells are also targeted by HIV. These cells enable somatic hypermutation of B cells 

to produce high affinity antibodies (141).They are also a prime target for HIV as they display high levels 

of chemokine receptor type 5 (CCR5), are recognised as an early seeding site for the HIV viral reservoir 

resulting in reduced capacity to produce high affinity antibodies (142) 

1.5.2. B cell responses to HIV infection  
The initial B-cell response to HIV infection is polyclonal and sequential. Circulating immune complexes 

appear eight  days post virus transmission (66). The first detectable antibody response occurs 

approximately two weeks after detectable viraemia, when anti-gp41 IgM antibodies appear and 

undergo class switching to IgG1 and IgG3. Antibodies targeting the p24, p55 and p17 epitopes appear 

over the following weeks(66). The first anti-gp120 antibodies appear four to six week post-viraemia 

and specifically target the V3 loop. These early responses do not control viral replication and fail to 
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neutralize virus in in vitro (143). The first antibodies with the capability to neutralise autologous virus 

appear at 13 weeks, preferentially targeting variable Env regions (144).  

The initial humoral response to HIV is unable to control viral replication. As discussed in the 

introduction, the initial IgM anti-gp41 response is non neutralising (143). The first autologous 

neutralising antibodies appear several months following incident infection, and the inhibitory nature 

of this response results in replacement of the neutralisation-sensitive virus by a resistant viral 

population. Genetic analysis of this viral population shows occasional Env mutations and increased 

levels of N-glycosylation (145,146). PLWH develop these responses which have cross clade neutralising 

ability (147), and up to 30% develop antibodies with broadly neutralising properties appearing two to 

four years post infection (148). This is associated with increased viral load and lower CD4+ in early 

infection (149).  

The production of neutralising antibodies is associated with Env structures of shorter V1-5 envelope 

lengths and fewer glycosylation sites at V1V2 (150). Identification of germline precursors and serial 

analysis of the maturing humoral response shows continual somatic hypermutation of antibody 

structures including the complementarity determining region 3 and occasionally framework regions 

(151,152). As viral escape mutations contribute to an altered progeny population, neutralising 

antibodies do not contribute to viral control in the host (153). However, in vitro studies with these 

antibodies show cross clade neutralisation (154,155), protection and reduction of infection in animal 

studies (156), and provide insights for immunogenic epitopes (157,158). 

Viral mutations occur due to error-prone replication, resulting in an env gene product which contains 

new epitopes no longer susceptible to neutralising antibodies, characterised by changes in N-linked 

glycosylation. This evolving glycan shield provides mechanism of neutralisation resistance which does 

not affect receptor binding (145). Further viral mutation results in ongoing change in previously 

neutralising-susceptible epitopes (159). As plasma virus is continually replicating with mutations, the 

presence of altered epitopes results in concomitant antibody maturation (160) After 2-4 years of host 

immune pressure selecting viral mutants which evade control, and subsequent somatic 
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hypermutation to produce further antibodies, a polyclonal population of diverse antibodies has 

developed with the capacity to neutralise heterologous viral strains.  

In summary, ongoing pressure from immune responses continually shapes drives viral mutation 

resulting in altered epitope targets and uncontrolled viraemia. 

1.5.3. Control of viraemia in HIV-infected people 
Long term control of HIV viraemia in the absence of cART is possible- and these long term non 

progressors (LTNP) have been described as having asymptomatic HIV infection for ten years post 

seroconversion and belonging to one of three groups. Viraemic non controllers maintain plasma HIV 

RNA levels greater than 2000 copies/ml for greater than 50% of all measurements; viraemic 

controllers maintain plasma HIV RNA levels less than 2000 copies/ml for at least 12 months, and elite 

controllers viraemic maintain plasma HIV RNA levels under threshold of detection for at least 12 

months (161).  

Characteristics of LTNP include innate mechanisms including possession of the HLAB57, HLAB27 and 

Bw4 alleles(162), and host expression of antiviral restriction factors including sterile alpha motif and 

histidine aspartate domain-containing protein 1 (SAMHD1), tetherin/bone marrow stromal antigen 2 

(BST-2), tripartite motif 5 (TRIM-5α), and apolipoprotein B mRNA editing enzyme, catalytic 

polypeptide-like 3G (APOBEC3G) (163–166). Other features contributing to viral control are increased 

HIV-Gag-specific CD4+ responses and virus-specific CD8+ responses (167,168), or presence of broadly 

neutralising antibodies directed against known conserved epitopes including gp120, the CD4 binding 

site, the membrane proximal external region (169,170). LTNP may experience a decline in CD4+ which 

is mirrored by brief elevations in HIV viral load (161) 

Elite controllers represent approximately 1% of all PLWH. HIV-associated comorbidities may be 

greater in this population; a reminder of the chronic inflammatory characteristics of ongoing viral 

replication (171).  
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1.6. Broadly Neutralising Antibodies 

In most PLWH, antibodies capable of neutralising autologous virus appear two to four years after initial 

infection (172). By screening large cohorts of PLWH, up to 50% of patient sera samples contain 

antibodies capable of neutralising 50% of a given viral panel (147), and approximately 1% of patient 

sera samples contain “elite neutralisation activity” capable of cross-clade neutralisation (173). Certain 

viral characteristics may influence the development of this response, as viral escape mutational 

changes can drive development of bnAb epitopes through generation of multiple epitope variants 

(174).  

BnAb were initially isolated from HIV patient samples using phage-display. Advances in B cell 

technology including immortalisation, single B cell culture and screening, and antigen specific B cell 

sorting have led to the discovery of an increasing number of bnAb (175). The first bnAb isolated was 

b12 in 1994 and recognised an epitope on the CD4 binding site (176). Subsequent bnAb of increasing 

breadth and potency have since been discovered, and can be categorised according their Env target 

sites: 1. N-glycan: 2G12, 2. trimer apex/N-glycans V1V2 loops: PG9, PG16, CH01–04, PGT 141–145, 3. 

high mannose patch of gp120/N-glycans V3 loops: PGT121–123, PGT125–131, PGT135–137, 4. CD4 

binding site: b12, HJ16, CH103–106, VRC01–03, VRC-PG04, 04b, VRC-CH30–34, 3BNC117, 3BNC60, 

NIH45–46, 12A12, 12A21, 8ANC131, 134, 1NC9, 1B2530, 5. N-glycan associated epitopes at the gp120-

41 interface: 8ANC195, PGT151-PGT158, 6. the membrane proximal external region (MPER) 2F5, 4E10, 

M66.6, CAP206-CH12, 10E8, and 7. the “silent face” of gp120 (VRC-PG05)  (49,130,175,177,178). 

  



48 
 

 

 

Figure 1.6-1 Sites of vulnerability on HIV-1 envelope glycoprotein 

Figure 1.6-1 above shows an array of bnAb mapped to target epitopes (130). 

As outlined, bnAb can be isolated from the HIV patient sera, but do not usually effect viraemic control 

in the host (157). Studies reviewing neutralisation of virus led to the question of bnAb ability to 

prevent infection. Passive administration of bnAb can protect from infection and induce viral-

suppressing mechanisms in animal models, delay viral rebound after cART cessation in PLWH, and 

maintain viral suppression without development of resistance in PLWH (179). Therefore, bnAb 

represent desirable mechanisms for vaccine strategies.  

BnAb development relies on responding to a continually evolving Env epitope. To illustrate, wild-type 

Env is not recognised by the germline precursors of bnAb PGT121, but sequential immunisation with 

Env trimers of step-wise epitope adjustment from original trimer towards eventual wild-type Env 

structure can stimulate development of germline precursors of bnAb (180). Some, but not all, bnAb 

have distinguishing properties, including multiple amino acid substitutions in heavy chains, unusually 

long HCDR3 regions to facilitate access to cryptic envelope epitopes, and somatic hypermutation in 

both complementarity and framework regions (130).  
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In summary, bnAb and the epitopes they bind represent promising areas for developing immune 

strategies to control HIV.  

1.7. Non neutralising antibodies 
In contrast to bnAb antibodies, non-neutralising antibodies (nnAb) appear during early HIV infection 

and employ several methods in an attempt to control viraemia (181). These include destruction of 

infected cells by antibody-dependent cellular cytotoxicity (ADCC) and antibody-dependent 

opsonisation and phagocytosis (ADCP). nnAb in HIV are mostly IgG and IgA and bind Fc receptors 

(FcɤR) present on the surface of effector cells, which include macrophages, dendritic cells, neutrophils, 

basophils, eosinophils, natural killer cells, B cells and platelets. FcɤR are coupled to stimulatory or 

inhibitory intracellular pathways (182).  

In ADCC, natural killer cells are the predominant effector. Antibody Fab fragments bind viral antigen 

present on infected cell, and the Fc fragment binds the effector cell causing release of perforin and 

granzymes, resulting in infected cell death (128). The role of ADCC in HIV includes early control of viral 

replication (183), reduction of viral load in animal SHIV infection challenge (184), slower disease 

progression in PLWH (185), and a possible correlate of protection in the RV144 vaccination trial (186).  

ADCP has been associated with protection from infection in macaque models (187) and demonstrates 

in vitro enhancement of phagocytosis of gp120 coated cells (188). Antibody-dependent cell-mediated 

virus inhibition (ADCVI) has been elicited in macaque vaccination models, and is associated with lower 

rate of infection (189). Another feature of nnAb is ADE enhancement which was described seen in 

Dengue virus infection where sequential infection resulted in higher viral loads (190). This caused 

concern during initiation of early HIV vaccination trials, but ADE was not borne out in practice (191) 

Other nnAb functions have been described in HIV including support for antigen presentation, 

complement deposition, and influence on anti-HIV antibody half-life and distribution.  

An important consideration of nnAb is the complexity of their interactions, as suggested by the RV144 

finding of decreased ADCC possibly blocked by IgA; “nnAb effects can be additive, synergistic, or 

antagonistic and should be considered as a whole” (191,192). This is illustrated by a subset of elite 
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controllers capable of maintaining viral control using a constellation of ADCC, ADCP and complement 

activation (193)  
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1.8. Anti-HIV responses in seronegative exposed individuals 
Some individuals experience regular HIV exposure yet remain seronegative and are referred to as 

“highly exposed seronegative individuals”, (HESN). Exposure to HIV in absence of infection was initially 

attributed to cytotoxic T lymphocyte (CTL) responses following identification of HIV-specific CTL in 

exposed seronegative HCW and infants of HIV positive mothers, and Env-specific CTL in seronegative 

HCW (194). Anti-Env T helper cell reactivity was reported in exposed seronegative HCW and MSM 

(195–197). The CTL responses corresponded to those known to control HIV  viraemia and slow disease 

progression (198,199). A HESN commercial sex worker cohort was identified in Kenya. These HESN 

remained negative at 2-10 years follow-up despite increasing risk exposure (200). HESN individuals 

were also described in haemophiliacs exposed to HIV-contaminated blood products, and intravenous 

drug users who shared needles (201).  

Observations of these groups prompted consideration of anti-HIV immune responses that develop in 

response to regular HIV exposure but in the absence of reported infection. However, these findings 

should be considered in the context of rare events occurring in unique subsets, and there has been 

some discussion as to the reliability of cohort follow-up.  

1.8.1. Innate 
The innate anti-viral immune response in HESN includes genetic and immune system components 

which may influence susceptibility and disease progression in HIV. The human leucocyte antigen 

family (HLA) bind antigenic epitopes and present them to T cells. HLA class I present to CD8 cells 

producing a cytotoxic response, and class II present to CD4 cells to produce a T helper cell and cytokine 

response (127). Certain class I HLA can influence the response to HIV. B27 and 57 alleles are associated 

with a slower disease progression in established HIV infection, and HLA-B51 is linked to resistance to 

infection (202). Other protective alleles include the class II HLA-DRB1*01 and the HLA cluster A2/6802 

supertype, and reduced incidence of HIV in these populations suggest a protective mechanism 

involving CD4/CD8 responses related to HLA class I and II presentation (200,203).  
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Another innate mechanism of defence against HIV is a variation in the co-receptor required for viral 

entry. This is also discussed in section 1.10. Viral Env binds the CD4 binding in addition to chemokine 

receptor binding; the majority of infecting virus uses CCR5 (“R5 tropic”), as opposed to X4 viral strains 

(“R4 tropic”) (56) . Deletion of a 32 base-pair region results in the genetic polymorphism CCR5-Δ32. 

Approximately 10-20% of European Caucasians are heterogenous for this allele; 1% are homozygous 

with a non-functional CCR5 receptor, and are effectively resistant to infection by R5 tropic HIV viruses 

(204,205).  

Natural killer cells play a role in anti-viral defence and are activated and inhibited by cell surface 

receptors (206). The killer cell immunoglobulin-like receptor (KIR) family contains both activating and 

inhibitory loci- KIR3DL1 inhibitory allotypes and KIR3DS1 activating allotypes- and are specifically 

recognised by ligands from the HLA-B family, particularly the Bw4 subset, which contains the alleles 

B27 and B57, already noted to modulate the course of HIV infection. Therefore, the presence of the 

KIR receptors KIR3DL1 and KIR3DS1 could delay seroconversion to from HIV in HESN (207).  

Homozygosity for KIR3DS1 has been shown to protect against HIV infection in a cohort of HESN when 

compared to people with primary HIV infection, regardless of HLA type (206). The combination of a 

homozygous KIR3DL1 receptor in combination with HLA-B57 allele was known to slow progression in 

established infection, but can also protect against HIV in HESN (208). Conversely, carriage of KIR3DS1 

combined with the HLA-Bw4 member Bw4*801 does not delay time to infection in HESN (209). 

The effector functions of natural killer cells may also explain the protective effect in HESN. Increased 

natural killer cell lytic and secretory activity was described in a Vietnamese intravenous drug using 

cohort. Additionally, HESN plasma levels of IFN-gamma,  TNF-alpha and beta chemokines CCL3/4/5 

were greater than those seen in unexposed participant samples (210). Moreover, in vitro stimulation 

studies of HESN natural killer cells, CD3+CD56+ and total T cells produced significantly greater amounts 

of intracellular IFN-gamma seen in control cells, suggesting the importance of NK cells in the 

mechanism of protection from HIV in HESN (211,212).   
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Other mechanisms of innate immune protection in HESN have been described. These include 

increased plasmacytoid dendritic cell function with higher maturation levels and decreased cell 

exhaustion (213), increased levels of secreted pro-inflammatory CC-chemokines in HESN MSM oral 

fluids (214) and increased levels of protective mucosal innate immune proteins in the cervico-vaginal 

fluids of HESN female sex workers (215). In summary, the innate immune response provides viable 

mechanisms for protection against HIV in HESN groups. 

1.8.2. Adaptive immune response- cellular 
The adaptive immune response to HIV exposure in HESN involves T cell mediated anti-HIV responses. 

HIV specific T cell responses were first described in HESN in 1989. T cells were stimulated in the 

presence of gp120, recombinant envelope and core proteins with 4 of 15 HESN showing a T cell 

response, demonstrating the immunogenic potential of HIV (216). Subsequent studies confirmed a T 

cell mediated response to HIV in HESN, demonstrating the expansion of CD4 cells expressing a 

common T cell receptor when PBMC samples were stimulated by HIV envelope protein gp120  (217). 

Functional T cell responses were then described by Mazzoli et al who stimulated HESN PBMC with HIV 

envelope peptides to produce IL-2, which is responsible for terminal differentiation of T cells into 

memory T cell and effector T cells. This demonstrated the role of HIV antigen exposure in producing a 

cellular immune response in the HESN population (218). Subsequent studies showed evidence of 

cellular immune responses to HIV exposure. Restrepo et al reported on expansion and activation of T 

cell subsets in serodiscordant couples (219). HIV-specific CD8 T cell IFN- gamma responses were 

reported in seronegative exposed commercial sex workers (220), and these responses were found to 

decrease over time if consistent exposure was not maintained. Kaul et al reported on the increase in 

HIV acquisition in previously protected commercial sex workers with less regular HIV exposure. This 

poses challenges for vaccine design, as repeated antigen exposure may be required to produce a 

durable CD8 response (221). The antigens responsible for protection in HESN include HIV envelope 

and other proteins. The first observational studies of healthcare workers exposed to HIV bodily fluids 

demonstrated cytotoxic T lymphocyte responses against envelope peptides, as evidenced by 
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increased IL-2 levels (194). These findings were further substantiated by Kuebler et al who 

demonstrated CD8 T-cell responses against the HIV envelope gp120 V2 epitope (222).  

1.8.3. Adaptive immune response- humoral 
Studies on the humoral response to HIV in HESN have primarily focused on mucosal and systemic HIV-

specific IgA. By the definition of seronegative, these cohorts must be anti-HIV IgG negative, as 

confirmed by Western blot and HIV viral PCR negative. The initial discovery of anti-HIV mucosal IgA in 

the absence of IgG in genital secretions of HESN commercial sex workers prompted exploration of the 

antibody properties responsible for anti-HIV protection (Mazzoli et al., 1997). Since then, most HESN 

cohorts reporting mucosal exposure to HIV have evidence of HIV-specific IgA (201). Whereas initial 

studies on HESN protective mechanisms placed importance on anti-HIV T cell responses, the 

contribution of humoral factors has gained attention. A study by Nguyen et al showed a protective 

effect of anti-gp41 IgA gp41 anti-gp120 IgG in HESN (223). 

The interest in mucosal IgA prompted investigation into their structure and function. Monoclonal 

expansion and analysis of IgA antibodies demonstrated inhibition of trancytosis and neutralisation of 

HIV infection in vitro. Structural antibody analysis revealed a gp41-membrane proximal external 

region (MPER) specific fragment with a long heavy-chain complementarity determining region 

(CDRH3), a feature of the two anti-gp41 broadly neutralising antibodies, 4E10 and 2F5. The extended 

length of the IgA complementarity determining region contained high levels of somatic 

hypermutations, which was attributed to affinity maturation processes driven by continuous antigen 

exposure (224). This process of ongoing antibody design and refinement was also proposed by Carrillo 

et al who found IgG and IgA in the plasma of HESN which recognized varied HIV envelope epitopes 

with no apparent virus neutralising capacity. They concluded that ongoing low-level HIV exposure 

prompts novel anti-HIV humoral responses (225).  

Protection from HIV infection depends on the nature of exposure and may dictate the nature of 

resistance to future infection. A cohort of rhesus macaques who were frequently challenged with 

mucosal SIV infection remained seronegative, but acquired infection when the same viral challenge 
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was given intravenously (226). Therefore, anti-HIV protection mechanisms were thought to involve 

mucosal resistance in the absence of adaptive T cell responses.  

1.8.4. Do HESN protective responses vary according to frequency of exposure? 
As noted, HESN frequently exposed to regular sexual partners develop anti-HIV immune responses. 

But does the frequency of risk exposure influence the development of protective responses? A study 

from 2013 reviewed the magnitude of these responses and possible variation with levels of exposure. 

Anti-HIV humoral responses in plasma of HESN in relationships with known seropositive partners were 

compared to unexposed controls. HESN IgG and IgA recognised cell surface expressed HIV envelope 

protein more frequently than healthy controls, but no difference was seen when the two plasma 

groups were compared using Env-based ELISA assays. Moreover, levels of Env recognition did not 

correlate with estimated levels of HIV exposure in the HESN group. These results support the existence 

of humoral responses in HESN, but failed to find a correlation between the magnitude of response 

and levels of exposure (225).  

Other studies reviewing T cell activation found support for the concept that risk exposure frequency 

influenced development of protective mechanisms. One study of serodiscordant couples found that 

HESN levels of CD4 activation as measured by CD38 expression varied in line with condom use with 

their positive partner (227). Another study of HESN MSM reviewed levels of T cell CD57 expression 

and levels of inflammation, finding that high risk MSM immune profiles were characterized by an 

increased levels of both (228).  
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1.9. Antibody responses in HIV vaccination trials 
Immune responses to HIV are unable to control viral replication in the majority of those infected, with 

only a minority able to exert control of viral replication. Let us consider some challenges facing 

candidate vaccines. HIV replication is characterised by error-prone reverse transcriptase activity 

coupled with short generation times, creating genetic diversity at community and global levels. In 

addition, HIV conceals various immunogenic envelope epitope structures using glycan shields, 

frustrating the immune system’s attempts to develop neutralising antibodies against these epitopes 

(145). In addition, HIV’s ability to establish a latent reservoir in infection means antibody-mediated 

protection must be swift. Finally, there are no reports of sporadic clearance of HIV, meaning any 

mechanism for immune control of virus is not readily apparent (229). Which leads to the question: will 

HIV will ever be a vaccine preventable illness? There are reasons to think this is possible.  

The RV144 vaccination trial remains the only trial to have demonstrated protection against HIV 

infection. Recipients were vaccinated with a combination of two vaccines; ALVAC (recombinant 

canarypox vector vCP1521 (Gag/Pol/Nef)) and recombinant gp120 AIDSVAX B/E. The investigators 

reported on two immune responses that correlated directly with infection. IgG1 and IgG3 subclass 

antibodies directed against the V1V2 region of gp120 mediated antibody-dependent cell-mediated 

cytotoxicity and were associated with protection against HIV-1 infection, whereas IgA envelope 

specific antibodies were associated with an increased risk of infection (186,230). Moreover, ADCC-

mediating antibodies generated from study participant B cells targeted the C1 region and variable loop 

regions of gp120, suggesting protection could be mediated by non-neutralising mechanisms (231). 

The RV144 trial used four priming doses of ALVAC recombinant canarypox vector and two of AIDSVAX 

B/E recombinant gp120 over a 6 month period. There was a 31.2% protection efficacy over in three 

years of follow-up in low-exposure risk vaccine recipients, with protection attributed these non-

neutralising antibodies (nnAb) and antibody directed cellular cytotoxicity (ADCC) (232). HIV-specific 

antibody titres were low suggesting antibody functionality and quality is key for successful 
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immunisation (233). The modest success in the RV144 trial demonstrated protection, if only in lower 

risk individuals for a moderate duration (232). 

Vaccination safety and efficacy were evaluated in the trials HVTN 097 and HVTN 100. HVTN 097 

reviewed the immune correlates of protection reported in RV144. It used an ALVAC-HIV/AIDSVAX B/E 

vCP1521 (in conjunction with tetanus and hepatitis B vaccination) and took place in South Africa where 

clade C predominates. The study reported greater CD4+ T cell responses, greater CD4+ T cell Env-

specific functionality scores, and greater Env-specific CD40L+CD4+ T cells. There were also greater IgG1 

and IgG3 binding rates and response to gp120 vaccine and V1V2 antigen, and the study also reported 

on ADCC and ADCP functional responses (234)  

HVTN 100 used a similar protocol to RV144 but with a booster against clade C virus at 12 months; 

ALVAC-HIV (vCP2438)/ bivalent subtype C gp120/MF59. HIV specific CD4+ T cell and antibody (IgG1 

and 3, ADCC, ADCP) responses were maintained throughout the vaccination schedule. The vaccination 

strategy was considered safe and produced durable immune response during the period of vaccination 

(235).  

The vaccine efficacy was then studied in South Africa in HVTN 702. This study compared prevention of 

infection in recipients of either ALVAC-HIV (vCP2438)/bivalent Subtype C gp120/MF59 vs placebo. No 

difference seen between vaccine and placebo groups (infection count 129 vs. 123), and the trial was 

terminated in February 2020. Initial reasons for differences in vaccine efficacy between RV144 and 

HVTN705 included a possible higher rate of HIV incidence in the South African population studied (4%) 

compared with  the Thai population vaccinated (0.3%) (236).  

A comparison of RV144, HVTN 097 and HVTN 100 suggested the clade selected as adjuvant could have 

influenced the responses. HVTN 100 used a C-clade adjuvant, whereas a B-clade was used in the other 

two studies. HVTN 100 (C clade) showed low CD4+ T-cell and high anti-V1V2 IgG/IgG3 responses, and 

RV144 and HVTN 097 (B clade) showed broad responses to both. The authors of this study suggested 

the immune correlate analyses may have been limited by use of “vaccine-matched”, and that 

differences in responses between the regimens could have been due to antigens in the assays that did 
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not match the vaccine immunogens; in effect producing immune responses in vitro not matched in 

vivo (237). Another suggestion for variation in efficacy was antigen epitope variation between the 

boosters used in RV144 and HVTN 097/100; the former was a full length gp120 whereas the latter 

both used a truncated AIDSVAX gp120 variant (238).  

In summary, HIV vaccines must generate antibodies capable of eliciting effector functional responses, 

coordinating these responses, and evolving to match the diversity of the HIV target epitopes. To date, 

very few vaccine trials have progressed to efficacy in human stage. These studies, the epitopes 

targeted, and immune responses generated are listed in Table 1.9-1. 
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Trial Antigen Description Immune response Vaccine efficacy 

2005: VAX004  
AIDSVAX B/B or B/E 
Phase III 
(239) 

2 recombinant gp120 
antigens 

North America (B/E), 
Netherlands (B/B), Sexually 
active 
n= 5403, 94.3% male 

Anti-gp120  
CD4 blocking 
Neutralising 

Not effective 

2006: VAX003 
AIDSVAX B/E  
Phase III 
(240) 

Recombinant gp120 antigens 
Subtypes 
B/CRF01_AE 

Thailand 
Injecting drug users 
n= 2546, 93.4% male 
 

Anti-gp120 
Non-neutralising antibody 

Not effective 

2008: STEP vaccine 
Phase III 
(241) 

Adenovirus type 5 + clade B 
HIV  
Gag, Pol, Nef 

Australia, Caribbean, 
North/South America 
Sexually active 
n= 2979 61.9% male 

T-cell inducing Not effective 

2009: RV144 
Phase III 
(232) 

ALVAC- recombinant 
canarypox vector vCP1521 
(Gag/Pol/Nef) +  
Recombinant gp120 AIDSVAX 
B/E 

Thailand 
Sexually active 
N= 16,402, 61.4% male 

Poorly T-cell inducing 
Non-neutralising antibody  

31.2% of low risk individuals 
protected over medium term 

2011: Phambili 
Phase III 
(242) 

Internal viral proteins 
Capsid 
Gag, Pol, Nef 

South Africa 
Sexually active 
N= 801, 55.0% male 

T-cell inducing Not effective 

2019: HVTN 100 
(236) 
 

ALVAC-HIV (vCP2438)/ 
bivalent subtype C 
gp120/MF59 

South Africa 
Sexually active 
N = 252 

Non-neutralising antibody Not effective 

Table 1.9-1 Summary of HIV vaccine trials to date 
Table shows trial name and year with references, vaccine antigen design, description of cohort studied, measured immune responses, and vaccine efficacy. 
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1.10. HIV eradication strategies 
The mechanisms by which HIV incorporates itself into host DNA and tendency to establish latent 

infection mean that eradication on a cellular level is challenging. While cART medication has vastly 

improved health outlooks for PLWH, viral eradication and cure remain an important goal for disease 

management. Despite the seemingly insurmountable challenges presented by HIV, strategies have 

been developed which bring the possibility of viral eradication and cure a little bit closer.  

Monoclonal antibodies have emerged as potential therapeutic agents. bnAb studies in animal models 

show prevention of infection and control of viraemia in established infection, and some have 

progressed to clinical trials in humans with modest reductions in plasma viral load (243). Non 

neutralising monoclonal antibodies such as A32 and 7B2 have also been studied in animal models and 

can reduce viral load but not prevent infection. Antibody engineering to enhance Fc-effector function 

or improve variable region affinity for HIV epitopes may improve performance of anti-HIV antibodies 

(243,244). 

Compounds capable of reactivating provirus in resting cells known as “latency reversing agents” have 

generated interest in a “shock and kill” strategy to eradicate HIV provirus leading to a clearance of the 

reservoir (245,246). These agents act to reactivate the latent viral reservoir (“shock”) (247) which can 

then be attacked (“kill”) with a combination of host immune responses, immunotherapy, and cART 

(248). 

Another area of research is the concept of gene editing to eradicate provirus, where the  clustered 

regularly interspaced palindromic repeats (CRISPR)/Cas9 gene editing system uses a bacterial 

protective mechanism to excise DNA target. Various studies reviewing ability to excise integrated viral 

DNA are ongoing (249), and now include viral clearance in murine HIV reservoirs (250) 

Much has been reported on patients “cured” of HIV. The first, known locally as “The Berlin Patient”, 

Timothy Ray Brown, was living with HIV and developed acute myeloid leukaemia. As part of treatment, 

he received a stem cell transplant from a donor homozygous for CCR5-Δ32. Following treatment, he 

discontinued cART and has not yet experienced viral rebound (251). A second patient known as “The 
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London Patient” underwent similar therapy and has also controlled viraemia in this fashion (252). 

These cases are rare and clinically challenging but suggest mechanisms for long term control of virus 

and possible eradication.  

1.11. Anti-Env antibodies 
I will now focus on the immune responses to Env which form the basis for this project.  

1.11.1. The first responder 
The initial responses to HIV infection are anti-gp41 IgM and IgG. This response is non-neutralising, and 

ineffective in controlling viraemia. As evidence of systemic immune activation appears shortly 

following detectable viraemia, and prior to immune complex development, the opportunity for an 

effective immune response to regain control of viral replication is very brief. bnAb directed against 

two gp41 epitopes have been found in PLWH and target the membrane proximal external region 

(MPER) and fusion protein, supporting the concept of gp41 as an immunogenic epitope (143).  

MPER/gp41 directed antibodies can offer protection against HIV at mucosal sites and stimulate 

production of non-neutralising antibody responses. Examples of this include monoclonal antibodies 

directed against MPER linear epitopes, 2F5 and 4E10, which protect against simian-human 

immunodeficiency virus mucosal challenge in macaques (253). In addition, vaccination with virosomes 

containing neutralisation-directing gp41 trimeric subunits and an MPER analogue provided protection 

in macaques against repeated mucosal challenges (254). The anti-gp41 mAb 7B2 IgG1_AAA has been 

shown to limit the amount of virus transmission in macaques undergoing simian immunodeficiency 

virus (SIV) challenge (255).   

bnAb which target the gp41 epitope fusion protein have also been identified. bnAb PGT151, N123-

VRC34.01 and ACS202 target fusion protein and N88 glycan of gp120 (256), and ASC202 has cross-

clade neutralisation properties (257). This has led to development of fusion protein as a HIV vaccine 

immunogen (258). Therefore, gp41 epitopes are of interest for vaccine design (255).  
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1.11.2. The second coming? 
The origin of the gp41 response has gained interest due to recent studies. Initial exposure to 

pathogens and vaccination stimulates a diverse panel of precursor B cells, resulting in antibodies of 

low affinity and levels of somatic hypermutation. Secondary exposure results in a response 

predominantly from clonally expanded B cells which produce antibodies of greater affinity and 

maturation levels (127,259). 

Liao et al compared mutation rates in antibodies isolated from early HIV infection with those from Env 

immunisation, and found lower unmutated antibodies after HIV-1 Env vaccination (30%) compared to 

levels of unmutated antibodies in acute HIV infection (10.4%) (260). This is described in greater detail 

in 3.8.4. The authors compared this to other secondary antibody responses, and commented on the 

increased frequency of mutated antibodies in the acute HIV response as compared to secondary post 

influenza vaccine (antibody mutation rate of 6.5%) (261) 

Liao et al showed these anti-HIV (specifically gp41 directed) responses to be highly mutated and 

polyclonal, originating from pre-existing intestinal B cells, characteristic of a second exposure to a 

recognised antigen in a pre-primed host (260). By reviewing clonality and deriving reverted unmutated 

common ancestral antibodies, 8 of 11 MAb reacted with gut flora antigens. Anti-gp41 IgG1 antibodies 

were also isolated from plasma and ileal cells of patients uninfected with HIV and displayed similar 

gp41-binding affinities to that of HIV-infected patient serum. 

The polyclonality has two possible origins. Firstly, it could be attributed to extensive proliferation and 

mutation of B cells during acute HIV infection. This is unlikely given the destruction of germinal 

centres, and data show a lack of diversity even at one month post transmission (40). An alternative 

hypothesis is the activation of a previously educated B cell pool.  

Infectious agents are known to elicit cross-reactivity with host antigens; Herpes simplex virus and 

Cytomegalovirus share common structures with intestinal microbial antigens, and influenza reactive 

T cells can be stimulated by skin commensals (262).  
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This hypothesis was supported by a report demonstrating that 82% of HIV-infected patient ileal anti-

HIV anti gp41 B-cell responses cross-react with intestinal microbial antigens (IMA), including 

Escherichia coli RNA polymerase (ERP), and bacterial protein pyruvate-flavodin oxidoreductase (PFO) 

(263). This activity was subsequently reviewed in the setting of immunisation with a recombinant 

adenovirus type 5 (rAd5) vaccine containing HIV gag, pol, and nef genes, and clade A, B, and C 

envelope gp140 genes with gp120 and gp41 antigens. The vaccine failed to show efficacy, and patient 

responses were interrogated. The results showed a predominantly gp41 focussed response, 10-fold 

that of the gp120 response. This gp41 response was non-neutralising, non-ADCC inducing, and the 

majority cross-reacted with host and intestinal microbial antigens (264). The authors concluded that 

pre-existing B-cell responses could divert B cell activity from creating a protective response to epitopes 

on HIV Env. Samples obtained prior to vaccination yielded antibodies cross reactive to vaccine-HIV-

Env and IMA, supporting the theory of priming by existing host microbiota. One vaccine recipient was 

found to have a pre-vaccine IgM VHDJH rearrangement which was clonally related to a post-vaccine 

gp41 reactive IgG1 antibody, again supporting the theory of a pre-primed B-cell pool stimulated to 

diversify by antigen exposure. Following these observations, it has been suggested vaccines should 

induce specific B-cell lineages but avoid pre-existing cross-reactivity (142).  

Other considerations for vaccine administration include the following; overall “health” of intestinal 

microbiome, timing of vaccination, and presentation of multiple epitopes.  

The microbiome may skew development of B cell responses. Varying gut populations of Actinobacteria 

and Firmicutes vs Proteobacteria and Bacteroides are positively and negatively associated with 

vaccination response respectively (265). “Healthy” gut flora profiles are associated with better 

responses to vaccination and improved B and T cell responses in infection (266). The microbiome 

influence on HIV vaccination showed increased microbiome diversity was associated with improved 

responses to gp140/41, p24 and V1V2 epitopes and CD 4 T cell responses (267). 

Other causes of varying responses to vaccination have been attributed to physiological mechanisms. 

Circadian rhythms can influence response to vaccination, as influenza vaccination has been 
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demonstrated as more effective if given in the morning (268). In addition, vaccine candidate who 

exercise prior to administration of influenza vaccine produce better immunisation responses  

compared to more sedentary candidates (269).  

Another consideration for vaccination strategies is the presentation of multiple epitopes within 

vaccines- are these problematic? To use the measles/mumps/rubella vaccination as an example- 

multiple epitopes are presented at one occasion, but should this be a concern for efficacy? Thankfully, 

no difference in efficacy is reported when multiple/combination vaccines given to children (270,271), 

and Public Health England recommend this strategy over singly administered vaccines in children 

(272). Other strategies now employing multi-epitope structures including vaccination against 

Leishmania (273) and Helicobacter pylori (274).  

1.11.3. Significance of anti-Env response 
The anti-gp41 immune response is swift and polyclonal but could this arise from a pre-educated B cell 

pool. And does this pre-exposure influence future immune responses and development of established 

infection?   
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1.12. Summary 
In summary, I have discussed the following aspects of HIV; virus transmission and establishment of 

infection, the effect on B cells and the subsequent B cell response to HIV, the properties considered 

important for a vaccine, features of the immune response in highly exposed seronegative persons, 

and the presence of antibody responses against Env in seronegative individuals, with origins attributed 

due to viral or gut antigen exposure.  

Some questions arise from these observations.  

1. Does the presence of an anti Env response form the basis for any subsequent anti-Env 

response? 

2. Does HIV-1 envelope recognition by the immune system influence the risk of future HIV-1 

acquisition and/or progression of future infection? 

3. Do HESN antibody responses vary according to the level of exposure to HIV?  

4. Do HESN/seronegative responses to Env focus on similar epitopes? 

To address these questions, I plan to evaluate the anti-Env response in seronegative participants and 

follow the development of the response through seroconversion events. Should anti-gp41 responses 

exist, I plan to evaluate their structure and function. Bringing these ideas together has stimulated the 

discussion for this project and forms the basis for the work intended. 
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1.14. Hypothesis  

1.14.1. Anti-Env in HIV-uninfected people 
Anti-HIV envelope (hereby referred to as Env) reactive antibodies in HIV-uninfected people have been 

described in two settings 

1. Isolated from highly exposed seronegative people (HESN) (1,2). 

2. Isolated from plasma and ileal cells of uninfected patients (3). 

As described in the introduction chapter, anti-Env antibodies are present in uninfected people (4). 

Their origin may arise from a pool of B cells previously educated by exposure to intestinal microbial 

antigens resulting in an antibody response with affinity for the Env antigen (5). It has also been 

demonstrated that when candidates are vaccinated with the r-Ad-5 construct, the pre-vaccination 

anti-Env antibody ancestor can be clonally related to the post-vaccination-component (3). 

1.14.2. Origin of anti-Env antibodies in HIV pathogenesis 
I wish to explore the role of the anti-envelope immune response in individual participants. As shown 

in the immunisation setting, pre-existing anti-Env antibodies could evolve in a similar fashion on 

encountering HIV epitopes in the setting of HIV infection in vivo. 

1.14.3. Role of anti-Env antibodies in HIV disease and progression 
As described, the early antibody response in HIV acts predominantly through non-neutralising 

functions. This Fc mediated antiviral activity dominates acute infection, subsides at six months, and is 

replaced by autologous neutralising antibodies. Moreover, Fc functionality in acute infection mediated 

via Env-directed antibodies has been shown to provide varying levels of protection both in human and 

non-human models (described in section 1.7).  

Humoral responses to vaccination with certain HIV Env vaccine structures produces anti-Env 

responses the function of which is unclear and may divert B-cell activity from developing effective 

control of viral replication. This was shown by Williams et al who reviewed the efficacy of HIV-1 DNA 

rAd5 boost vaccine with gag, pol, nef and gp140 Env genes. The  vaccine responses were mainly 

towards gp41 and were non-protective and mirrored by low frequencies of gp120-memory B-cells in 
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these patients; 0.05% population were gp120-specific memory B-cells vs 0.28% gp140-specific 

memory B-cells. As other studies using Env gp120 immunogens had shown memory B-cell populations 

of 0.73%, this suggested Env gp120 does produce a B-cell response and the reduction seen could not 

be attributed to inability to produce a serum antibody response. The authors then searched for the 

unmutated common ancestor B-cells from the pre-vaccine samples with VHDJH rearrangements 

matching those of the Env-specific memory B-cells to identify a clonal lineage and produced the 

corresponding mAb.  

They found that post vaccine mAb (post-mAb) reacted with gp41 and IMA, pre-vaccine mAb IgM (pre-

mAb) reacted with vaccine Env, MN gp41 and IMA; with greater binding to IMA of pre-mAb vs post-

mAb, and greater binding to Env of post-mAb vs pre-mAb. The authors concluded suggesting Env 

vaccination induced a polyreactive non-neutralising anti-gp41 responses from pre-existing B-cells, and 

this response could cross react with IMA (Williams et al., 2015).  

For this work, the previously referenced study suggests anti-Env antibodies in HESN who subsequently 

seroconvert precede the expected anti-Env antibody response in acute HIV infection and may 

influence the future antibody response.  
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1.14.4. Hypothesis 
I wish to determine the following 

1. Do pre-existing anti-Env antibodies exist in HESN, either from exposure to virus in the absence 

of infection, or from cross reactivity with intestinal microbial antigens? 

2. Does the frequency of anti-Env antibodies vary according to presumed levels of exposure to 

HIV infection? 

3. Do pre-existing anti-Env responses in HESN target similar epitopes as those found in acute HIV 

infection? 

4. Do pre-existing anti-Env antibodies influence the course of HIV infection via Fc-mediated 

processes?  

5. Does the presence of anti-Env antibodies in seronegative populations bind/block HIV epitopes 

in vitro, or influence future infection? 

 

In response to these questions I hypothesize  

1. Anti-Env antibodies are present in seronegative individuals  

2. Anti-Env antibody frequency and epitope targets may be influenced by HIV exposure 

3. Anti-Env antibodies present in seronegative people may act as primer epitopes for the B cell 

response, with recognition of similar epitope in the course of subsequent infection acting as 

a prime and boost response, similar to that employed in vaccination strategies 

4. Anti-Env antibodies may influence the future disease course, either protectively via Fc-

mediated functions, or could divert the acute immune response away from producing an 

effective neutralising response and facilitate HIV infection.  

5. Anti-Env antibody may be associated with increased risk of HIV infection if this is 

demonstrated in vitro assays 

 
Depending on the outcomes proposed above, future work could review the inclusion of Env epitopes 

in vaccine development. I believe the anti-Env antibody response represents an important component 

of the anti-HIV acute immune response and should be explored in greater detail.  
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1.15. Objectives 

1.15.1. Cohort 
To establish a cohort of HESN men who have sex with men, collect baseline demographic information, 

serological and peripheral blood mononuclear cell (PBMC) samples, and sequential samples in the 

event of HIV seroconversion.  

1.15.2. Analysis 
To employ serial sampling and analysis to assess the presence or absence of anti-Env responses 

antibodies in this cohort. The initial focus is initially seronegative MSM, and then to review anti-Env 

responses in HESN MSM who later acquire HIV infection. I will track the anti-Env response in early and 

later HIV infection, and will review cross-reactivity with intestinal microbial antigens, interrogate early 

HIV responses to identify immunogenic regions of Env, and the relationship to subsequent disease 

progression.  

1.15.3. Function 
To determine anti-Env functionality by generating monoclonal antibodies and using these in assays to 

review Fc effector function. These assays will include antibody dependent cellular cytotoxicity (ADCC), 

and neutralisation capabilities. 

 



61 
 

Chapter 2 
Materials and methods 
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Chapter 2  Materials and Methods  

2.1. Project details 

2.1.1. Project design 
The protocol for this project was written by Katie McFaul and Peter Kelleher. All project documents 

including the patient information leaflet, patient consent forms and case report form (CRF) were 

written by Katie McFaul and Peter Kelleher (Appendix 1).  

2.2. Ethical approval 
An application was submitted to the Fulham NHS Research Ethics Committee via the UK integrated 

Research System (IRAS- https://www.myresearchproject.org.uk/). The study REC reference number 

was 14/LO/2058 and the review was held in the Fulham REC. Following minor amendments, approval 

was granted on 17th December 2014. There were four major amendments submitted after the original 

application, and these were approved on 29th June 2015. (Appendix 1). 

2.2.1. Local Biosafety approval 
A Biosafety application was submitted to Imperial College London Biosafety Officer which was 

approved. Local laboratory was sought approval and clearance was granted in March 2015. This 

covered all laboratory preparatory work, including gain of yeast surface display technology, single cell 

fluorescence-activated cell sorting, B cell cloning, and monoclonal antibody production. 

2.3. Cohort details 
A cohort of study participants was established to review adaptive immune responses stimulated by 

exposure to HIV envelope antigens. A busy inner city sexual health clinic was selected as the study 

site. This study coincided with a larger initiative to establish an immunological study group at that site.  
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Prior to formation of these cohorts, advice was sought from clinicians, patient representation groups 

and study leads on how best to approach and manage trial participants. All seronegative patients were 

approached to participate during routine sexual health assessments. Seropositive patients were 

approached during routine HIV clinic visits. All consent procedures and tissue samples were obtained 

at that time. The resulting recruitment drive was successful, and approximately 300 individuals were 

recruited to study groups. The data and tissue samples obtained are now in use in multiple immune 

based studies within our department and also in national collaborations with other academic 

institutions.  

Participants were recruited from 56 Dean Street, Chelsea and Westminster NHS Foundation Trust. At 

the time of recruitment, this clinic diagnosed one in four UK HIV cases in men who have sex with men, 

equating to 350-400 new diagnoses per year (275). Clinic attendees disclose details of sexual activity 

and HIV acquisition risk factors, which allowed identification and recruitment of individuals at 

increased risk of HIV infection. This provided an opportunity to recruit individuals prior to and post 

seroconversion to HIV.  

Participants were recruited from three clinical areas. The first, Dean Street Express, is a walk-in sexual 

health clinic in the heart of Soho, London. At time of recruitment, approximately 300 people attended 

for sexual health screening, with a large proportion of men who have sex with men (MSM). The second 

clinical recruitment site was the weekly CODE clinic. This clinic is attended by MSM involved in 

recreational drug use (colloquially referred to as “chemsex”) and aims for reduce high risk behaviour 

associated with increased HIV acquisition.  

High risk HIV negative MSM were identified from their clinic registration details and reported risk 

factors identified within the past year. Suitable study candidates were approached and asked to 

participate in the study. These participants were recruited to group A and this visit was their initial 

visit where they completed questionnaires and had blood drawn for serum, plasma and PBMC 

sampling.  
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The third clinical area were HIV outpatient clinics attended by known HIV positive individuals. 

Potential candidates were approached and asked to participate in the study. Depending on their time 

since diagnosis and antiretroviral status, participants were recruited to groups C/D/E. The final study 

group was B, which contained individuals from Group A who underwent seroconversion to HIV 

seropositivity. Overall, participant experience and feedback has been positive to date.  

2.3.1. Cohort characteristics 
The study design included five separate cohorts for the work intended. As previously described, these 

were recruited from the clinic at 56 Dean Street, Chelsea and Westminster NHS Foundation Trust, 

Soho, London.  

2.3.1.1. Group A 
238 seronegative MSM with a background history of any unprotected anal intercourse were recruited 

into group A, a seronegative group. All participants were informed of the nature of the study and had 

the opportunity to decline participation.  

Serostatus was confirmed by a negative point of care HIV test (INSTI HIV-1/HIV-2 Antibody Test, 

Biolytical Laboratories, Washington State, USA) if previous unprotected sexual intercourse had been 

six weeks or greater, or blood serology (Abbott Architect Combo p24/ HIV 1and 2, Abbott Laboratories 

UK) test if previous unprotected sexual intercourse had been four weeks or greater.  

These testing methods report sensitivities of >99% and 100%, and specificities of >99% and >99% 

respectively when used at the recommended interval time since last unprotected sexual intercourse 

(276,277). All patients were recorded on an Excel database.  

All participants completed baseline case report forms and had sixty millilitres of blood drawn for 

PBMC, serum and plasma banking. All participants also had a “study participant” notification attached 

to their clinical notes. Participants were given signed copies of their consent forms and a patient 

information leaflet to take away for future references.  
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One hundred individuals were selected from this group; fifty “high risk” and fifty “low risk”. We 

defined risk of HIV acquisition according to criteria derived from the PROUD UK trial. This identified 

two significant baseline characteristics for development of HIV infection; the presence of a sexually 

transmitted rectal infection (STRI), and a greater number of sexual partners reported in the past ninety 

days (113). These risks were associated with an incidence rate of 9.1 new HIV infections per 100-

person years.  

Accordingly, fifty participants were classified as low risk (medium number of six sexual partners, only 

one participant with a confirmed episode of a sexually transmitted rectal infection in the previous 

twelve months) and fifty participant as high risk (medium number of thirty sexual partners and all with 

a confirmed episode of a sexually transmitted rectal infection in the previous twelve months).  

In order to assess true negative serostatus at the initial visit, all participants selected for analysis were 

cross referenced in two ways. Participant hospital numbers were cross referenced against all patients 

newly diagnosed with HIV attending any of the trust’s sites- this also served the purpose of locating 

participants who had seroconverted and were eligible for Group B participation. In addition, all 

patients had evidence of at least one routine sexual health assessment at least one month following 

initial recruitment.  

2.3.1.2. Group B 
This group consisted of individuals from Group A who underwent seroconversion to HIV positive 

status. As stated in 2.3.1.1, all individuals from Group A were followed longitudinally. All new positive 

HIV diagnoses from the study site were cross referenced against the Group A participant registry. Staff 

members working at the study site were advised to inform the study investigators in the event of a 

seroconversion in a study participant. Individuals attending the study centre are encouraged to 

present for sexual health screening at least yearly, or every three months if having unprotected sex 

with new or casual partners as per national guidelines (86) 
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If an individual was identified from Group A who was now seropositive for HIV, they were invited to 

participate in this part of the study, and if agreeable, longitudinal follow-up was organised. This 

consisted of monthly blood test for the first six months of their involvement with Group B, and blood 

tests six monthly thereafter.  

2.3.1.3. Group C and D 
Group C participants were patients with known HIV infection who were not taking antiretroviral 

medication. The aim was to recruit men who have sex with men, diagnosed with HIV for more than 

three years, who had never taken HIV medication. Only two patients were recruited into this arm of 

the study, as international guidelines advise all patients diagnosed with HIV should be offered 

antiretroviral medication at diagnosis (87,94).  

Group D participants were patients with known HIV infection who were taking antiretroviral 

medication and had achieved an undetectable viral load. Eleven patients were recruited to this arm 

of the study. As the work focused on immunological responses in seronegative and recently 

seroconverted individuals, statistical and molecular analysis was not performed in this group. 

These two groups were recruited as part of the overall immunology cohort but were not part of this 

study. They have been discussed here to explain the group allocation and will not be mentioned again.  

2.3.1.4. Group E 
Group E participants were those recently diagnosed with HIV infection who had yet to begin 

antiretroviral medication. All patients newly diagnosed with HIV attending clinic for initial review were 

screened and asked to participate. All blood samples were obtained prior to initiation of medication. 

A total of nineteen patients were recruited to this group. Group E samples were used as positive 

control samples for work done on seronegative (group A) and seroconverter (group B) samples.  
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2.3.2. Cohort management 
Maintenance of patient demographics involved manual entry of data into an Excel document 

(Microsoft) and data analysis of demographics and PBMC was done using IBM SPSS Statistics (Version 

23). Initial feedback from study participants has been positive, with many commenting on the ongoing 

interest in immunological studies and HIV. Feedback from colleagues at the recruitment centre was 

positive as it stimulated discussion on multiple aspects of immune responses to HIV.  

2.4. Experimental techniques  
The following techniques were used to assess the anti-gp41 response- construction of a yeast display 

system to assess serological responses to HIV envelope epitopes, B cell baiting to extract candidate B 

cells of interest using selected yeast epitopes, and monoclonal antibody generation for future 

functional experiments.   
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SCHEMATIC OF YEAST SURFACE DISPLAY TECHNOLOGY 
Figure 2.4-1 below outlines the process of constructing the yeast library 

 
Figure 2.4-1 Schematic of yeast surface display technology 
Nine steps showing steps of methods used to create the yeast surface display library. 
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2.5. Yeast Display System construction 
A novel yeast surface display (YSD) system was used to generate a combinatorial unbiased antigen 

library from the HIV envelope gp160 (gp 120/41) genomic region. Major antigenic determinants of the 

anti-HIV-1 anti-envelope gp160 response were subsequently determined by identifying any areas 

under the curve with a peak amino acid frequency of greater than five residues. This method was 

described by Wittrup et al and has been widely used for display of recombinant proteins on the yeast 

cell surface (278,279) and more recently for directed evolution of a high-affinity gp140 envelope 

protein (280). This method was used to screen participant serum for antibodies with affinity for gp160 

epitopes.  

2.6. Genomic sequence 
The template for the HIV Envelope library was a HIV-1 B clade insert (donated by Prof. Xiao-Ning Xu, 

Imperial College London) named BJOX35. The donor of this sample had viral load of 11,600 and the 

sample was obtained at Feibig stage I/II. Plasmid samples were made into a 1:100 working solution 

with RNase free water and stored at -20°C. The working sequence, BJOX35, was a 4687 base pair long 

genomic fragment spanning the HIV envelope region. The sequence was uploaded to the HIV 

sequence database at Los Alamos National Laboratory and given the GenBank accession number 

KY076491 (HIV LANL, https://www.hiv.lanl.gov/content/sequence/HIV/mainpage.html).  

2.6.1. Primers 
Primers were designed to target HIV envelope gp160 (Env) and gp41 (gp41) glycoproteins using the 

National Center for Biotechnology’s Basic Local Alignment Search Tool (NCBI primer blast; 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/). Two pairs were designed for each target. Each 

pair was designed to target the 2750 base pair (bp) HIV-1 envelope sequence (bp 6045- 8795). Primers 

were constructed by Sigma Aldrich (Sigma-Aldrich Company Ltd, Dorset, United Kingdom). RNase free 

water was added to make 100umol stock solution and made working aliquots a 1:10 solution. The 

primers are shown in Table 2.6-1. 

https://www.hiv.lanl.gov/content/sequence/HIV/mainpage.html
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Primer sequences   

HIV envelope/gp160 
library 
2750 base pair (bp) 
sequence (bp 6045- 
8795) 

Pair 1 
Forward primer: AGAAGACAGATGGAACAAGCCCC 
Reverse primer: GCACTCAAGGCAAGCTTTATTGA 

Pair 2 
Forward primer: ATGAGAGTGAAGGGGATCAG 
Reverse primer: CTACCAAATCTTTGTATTCCTTC 

HIV gp41 library 
1037 base pair (bp) 
sequence (bp 7758- 
8795) 

Pair 1 
Forward primer: AACATGTGGCAGAAGGTAGG 
Reverse primer: CAGGTCGACCCAGATAATTGCTA 

Pair 2 
Forward primer: AAACATGTGGCAGAAGGTAGGA 
Reverse primer: AGGTCGACCCAGATAATTGC 

Table 2.6-1 Primer sequences used for HIV gp160 envelope PCR 
This table shows the two pairs of primers designed to target the envelope glycoproteins gp160 and gp41 

2.6.1.1. Polymerase Chain Reaction (PCR) optimisation for HIV envelope 
A polymerase chain reaction was used to identify and amplify the desired region of interest- HIV-1 

envelope. I used Phusion® High-Fidelity DNA Polymerase (New England Biolabs) for amplification of 

the HIV-1 envelope region of interest. Products were analysed using a 1% concentration Tris-borate 

EDTA (TBE) with SYBR® Safe DNA Gel Stain (Thermo Scientific). A 5µl aliquot of PCR product was mixed 

with 1-2µl of 6X gel loading dye (New England Biolabs). Electrophoresis was conducted at 

400milliAmp, 60volts for 60 minutes to allow identification and confirmation of the desired fragments; 

2740 bp HIV envelope and 1037 bp gp41 PCR product. Primer pair two was selected for HIV envelope 

sequencing as it produced a more prominent band on the PCR gel. This is shown in Figure 2.6-1 TBE 

gel electrophoresis of HIV envelope PCR target products 

 
Figure 2.6-1 TBE gel electrophoresis of HIV envelope PCR target products 
Gel displaying 1 kB 1 kilobase DNA reference ladder, NC negative control (no template), P1 primer pair 1, P2 primer pair 2. 
The two PCR products were in the 3-4kb region as expected for the HIV envelope size. Primer pair two resulted in a more 
prominent band and was selected for further use. The negative control channel remained blank. 

 

3kB 
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PCR annealing conditions were optimised using temperature gradient PCR to eliminate non-specific 

bands. A negative control was used- PCR mix with absence of the plasmid template. The final reaction 

conditions were as follows: denaturation at 98°C for 30 seconds, 35 cycles of: a) 98°C denaturation for 

10 seconds, b) annealing at 61°C for 82 seconds, and c) elongation at 72°C for 77 seconds, an extension 

at 72°C for ten minutes, and a final hold at 4°C. PCR products were purified with the QIAquick PCR 

Purification Kit (Qiagen, UK) to give 50µl solution. This is shown in Figure 2.6-2. 

 
Figure 2.6-2 Temperature gradient PCR optimisation 
Gel electrophoresis showing PCR performed at increasing temperatures; samples analysed at 1°C intervals from 61°C to 72°C. 
An annealing temperature of 61°C gave the most prominent band with no nonspecific bands visible and was selected for use. 
1 kB: 1 kilobase DNA reference ladder, Nc: negative control (no template), 61-72°C is temperature of each annealing step. 

3kB 
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2.6.1.2. Polymerase Chain Reaction (PCR) optimisation for HIV gp41  
The following reaction conditions were used for optimisation of the gp41 PCR reaction: denaturation 

at 98°C for 30 seconds, 35 cycles of: a) 98°C denaturation for 10 seconds, b) annealing at 64°C for 31 

seconds, and c) elongation at 72°C for 77 seconds, an extension at 72°C for 10 minutes, and a final 

hold at 4°C. PCR products were purified with the QIAquick PCR Purification Kit to give 50µl solution. 

An aliquot containing all PCR components except the plasmid template was used as a negative control. 

Figure 2.6-3 below shows the PCR products. As no non-specific bands were seen, no gradient 

temperature experiment was needed. Primer pair 2 was selected for all future experiments. Products 

were analysed using the NanoDrop 1000 Spectrophotometer (Thermo Scientific) and yielded the 

results shown in Table 2.6-2. When not in use, all samples were stored at -20°C.  

 
Figure 2.6-3 TBE gel electrophoresis of gp41 envelope PCR target products 
Gel displaying 1 kB 1 kilobase DNA reference ladder, NC negative control (no template), P1 primer pair 1, P2 primer pair 2. 
The two PCR products were in the 1kb region as expected for the HIV gp41 size. Primer pair two resulted in a more prominent 
band and was selected for further use. The negative control channel remained blank. 1 kB: 1 kilobase DNA reference ladder, 
Neg C negative control (no template), P1 sample 1, P2 sample 2 

 
Volume (µl) Conc (ng/µl) 260/280 ratio 260/230 ratio Total (ng) 

HIV Env 50 186.1 1.91 2.38 9305 

HIV gp41 50 132.1 1.90 2.41 6605 
Table 2.6-2 HIV Envelope and gp41 primer optimisation products 
Each purification stage yielded 50ul of PCR product. DNA concentration was calculated by spectral absorbance. The 260/280 
ratio represents the ratio of absorbance at these wavelengths; 1.8 generally considered as pure for DNA. 260/230 ratio is a 
secondary measure of DNA purity; 2.2 generally considered as pure indicating absence of contaminants.  

1kB 
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2.6.1.3. Random digestion 
HIV envelope and gp41 PCR products underwent random digestion using increasing concentrations of 

DNAse I (New England Biolabs). The following reaction conditions were used: DNA approximately 4µg, 

2.5μl of 1M Tris-Cl, PH7.5, 10μl of 50mM MnCl2 (freshly made), and total reaction volume made up 

to 48µl with RNase-free water. The DNase I (2U/μl) was diluted with 50 mM Tris-Cl (pH7.5) to an initial 

concentration of 0.1U/μl (20- fold dilution), and subsequently to 0.067U/μl. The higher concentration 

0.1 unit/μl DNase I solution was used to create the small fragment library, and the lower concentration 

0.067 unit/μl Dnase I to create the large fragment library. An aliquot of 2μl diluted of each DNase I 

solution (0.1 or 0.067 U/ μl) was added to the bottom of each reaction vessel to make 50µl of reaction 

mixture. This was mixed by pipetting 2-3 times and the digestion reaction time was four minutes. The 

reaction was terminated by adding 10μl of 0.5M EDTA (in 1M Tris-Cl, pH7.5) to each reaction vessel. 

These were subsequently immersed in liquid nitrogen for 3-5 minutes.  

The reaction vessels were placed in a PCR block at 90°C for ten minutes to denature the DNase I 

enzyme and products were identified using gel electrophoresis. Figure 2.6-4 below shows the two HIV 

envelope DNA product “libraries” with different length of fragments. The small library fragments were 

100-300bp in length, and the big library fragments were 100-500bp in length. The digested fragment 

products were purified in 50µl solution and the concentrations were analysed using the Nanodrop 

spectrophotometer and recorded in Table 2.6-3.   
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Figure 2.6-4 Gel electrophoresis of digested HIV envelope and gp41 
Figure showing digested PCR products: left HIV envelope, right gp41 products. Second image shows inverted colour selection 
and hyper saturation of black and white tones to enable visualisation. Both images display a “smear” of products, 
characteristic of multiple small fragment sizes of 50-300bp length. Also shown is 100 bp DNA reference ladder, NC negative 
control (no template); SL small library, BL big library.  

 

 

 Volume (µl) Conc (ng/µl) Total (ng) 

HIV Env small 
library 

50 55.8 2790 

HIV Env big library 50 68.4 3420 

gp41 small library 50 25.7 1285 

gp41 big library 50 30.6 1530 
Table 2.6-3 Digested library product concentrations 
Envelope and gp41 big and small library post digest product concentration and total product 



74 
 

2.6.1.4. A-tailing of PCR-reassembled fragments 
Taq DNA polymerase (NEB) was used to add non-template nucleotides to the blunt ends of library 

fragments (A-tailing). This facilitated ligation of fragments into cut vector. The reaction vessel 

contained: 0.25μl of Taq, 1μl of 10mM deoxynucleotide (dNTP) mixture, 5μl of 10X reaction buffer 

(supplied with Taq DNA polymerase), and approximately 2µg of the blunt-ended DNA, made up to 

50μl with RNase free water. The reaction vessel was incubated at 72°C for 20 minutes and cooled on 

ice for four minutes. The library products were purified with the QIAquick PCR Purification Kit (Qiagen, 

UK) to give 50µl solution. The concentrations were recorded as shown in Table 2.6-4. 

 
Volume (µl) Conc (ng/µl) Total (ng) 

HIV Env small 
library 

50 36.6 1830 

HIV Env big library 50 64.5 3225 

gp41 small library 50 22.9 1145 

gp41 big library 50 30.6 1300 
Table 2.6-4 A-tailed PCR library fragments 
Envelope and gp41 big and small library product concentration and total product post A tailing 
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2.6.1.5. Preparation of pCTCON2-T vector 
An E. coli vector containing the pCTCON2-T plasmid (kindly donated by Jia Guo, Centre for Immunology 

and Vaccinology, Imperial College London) was used for this section of work. Plasmid-containing E. 

coli were grown overnight at 37°C on lysogeny broth (LB) with 1% ampicillin plates and harvested. 

Plasmids were prepared from E. coli using a commercial kit (Qiagen Plasmid Midi Kit, Qiagen, UK) and 

digested using the restriction endonuclease XcmI (NEB), reaction conditions as follows: 10µg plasmid 

DNA, 10µl of 10X buffer (provided with enzyme), 2µl XcmI enzyme, and made up to 100µl total volume 

with RNase free water. The reaction vessel was incubated in a water bath at 37°C for six hours. The 

products were purified and analysed with gel electrophoresis (Figure 2.6-5), and the 6kB band product 

excised from the gel (3.56g weight) with a scalpel. The DNA was extracted using a commercial gel 

extraction kit (QIAquick Gel Extraction Kit, Qiagen, UK) and the resulting product purified into a low 

salt solution yielding the concentrations shown in Table 2.6-5. 

 
Figure 2.6-5 Digested pCTCON2-T vector 
Gel showing digested pCTCON2-T vector with 1kB bp ladder. The thick band at the top is the 6kB digested vector 

 Volume (µl) Conc (ng/µl) Total (ng) 

pCTCON2-T 25 273.0 8190 
Table 2.6-5 pCTCON2-T vector digest concentration 
Table shows the final vector product concentration and total product available following digestion 

6kB 
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2.6.1.6. Ligation of random fragments to pCTCON2-T vector 
Library fragments were inserted into the cut pCTCON2-T vector using a DNA ligase enzyme, T4 

(Thermo Scientific). Ideal reaction conditions involve a DNA ratio of gene and vector of 3:1 - 6:1. As an 

example: if DNA fragments are approximately 500bp, use 2µg with 4µg vector. If DNA fragments are 

approximately 300bp, use with 1.2µg with 4µg vector.  

Reaction conditions were as follows: small library DNA 1.2µg/ big library DNA 2.0µg, pCTCON2-T 

vector 4µg, 10X T4 ligase buffer (supplied with enzyme) 20µl, T4 ligase 10 µl, and the final reaction 

mixture was made up to 200µl total volume with RNase free water. The reaction was incubated at 

22°C for two hours. I purified the resulting product to yield the results displayed in Table 2.6-6. 

 
Volume (µl) Conc 

(ng/µl) 
Total (ng) 

HIV Env small library + 
vector 

50 85.4 4270 

HIV Env big library + vector 50 99.3 4965 

gp41 small library + vector 50 65.7 3285 

gp41 big library + vector 50 69.1 3455 

Table 2.6-6 Ligated fragment/vector yield 
Table shows the final library/fragment product concentration and amount following ligation 
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2.6.1.7. Bacterial transformation (electroporation) 
The library and vector ligation products were transformed into electrocompetent DH10B™ E. coli cells 

(ThermoFisher Scientific) with the Gene Pulser XcellTM Electroporation system (Bio-Rad, UK) and the 

following setting: manual, 2500 volts, with a 0.2cm cuvette. The reaction components of purified DNA 

ligation product, competent cells and cuvettes were chilled on ice. A 50µl aliquot of competent 

electrocompetent DH10B™ E. coli cells were mixed with 2-5µl (~500ng-1μg)/tube of purified library 

and vector ligation products in a 1.5ml Eppendorf tube and chilled on ice for three minutes.  

This aliquot was transferred this to the pre-chilled electroporation cuvettes; four Eppendorf tube 

contents were accommodated in one 0.2cm cuvette. The cuvettes were tapped to remove bubbles 

and dried the external cuvette surfaces to prevent poor electrical contact. The electroporator 

discharged a pulse duration of approximately 0.4 milliseconds. Following this, 1ml of room 

temperature super optimal broth with glucose (SOC) recovery medium was added to the cuvette and 

re-suspended this in a 15ml centrifuge tube with 1ml of pre-warmed SOC. This was then placed in a 

shaker incubator for at one hour at 37°C to allow expression of the antibiotic resistance gene.  

The post electroporation reaction mixture was plated onto pre-warmed LB + 1% ampicillin agar plates 

as follows: ten standard culture plates and two dilution plates to assess efficacy of electroporation. 

Standard culture plates contained approximately 200 µl of the transformation reaction mixture. 

Dilution plates consisted of 200µl of culture medium diluted to 1:1000 and 1:10000 concentration. All 

plates were incubated overnight at 37°C.  

2.6.1.8. Bacterial transformation efficacy 
The colonies were selected from culture plates and added to 3ml of LB+1% ampicillin medium and 

placed these in a shaking incubator at 37°C, 225 RPM for one hour. The mixture was decanted into a 

50ml centrifuge tube, centrifuged at 1000g for 20 minutes to pellet, and stored at -20°C. Table 2.6-7 

shows transformation colony yield. 
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 No. colonies from 200µl/1000 solution 

HIV Env SL dilution plate 1:10000 325 

HIV Env BL dilution plate 1:10000 960 

gp41 SL dilution plate 1:10000 306 

gp41 BL dilution plate 1:10000 259 

Table 2.6-7 Bacterial transformation efficacy 
Number of bacterial colonies from each transformation. The number of colonies grown on each plate was counted at the 
time of harvesting, and the HIV envelope big library produced the most colonies. Env envelope, SL small library, BL big library. 

2.6.1.9. Assessment of library coverage 
The individual colonies from dilution culture plates were selected for analysis of the library coverage. 

The 10µl pipette tips were used to pick approximately of 48 colonies from each plate. This amount 

had been advised by the protocol and by colleagues familiar with this technology. The tips were placed 

in individual 3ml LB culture medium in 15ml culture tubes, and incubated for 12 hours at 37°C, 225 

RPM. The tubes were retrieved, centrifuged at 1000g for 15 minutes, supernatant poured off and the 

resulting pellet frozen. The colony pellets were sent (HIV envelope SL + BL, gp41 SL + BL) to the MRC 

Protein Phosphorylation and Ubiquitylation Unit (DNA Sequencing and Services, Medical Sciences 

Institute, School of Life Sciences, University of Dundee, Dundee, DD1 5EH) for plasmid extraction and 

sequencing analysis.  

2.6.1.10. Sequencing Results 
Bioedit v7.2.51 (281) and Sequencher v4.92 (Genecodes Corporation) were used to analyse the 

returned sequences. Briefly, vector terminal sequences were used to identify the library fragment of 

interest. The fragments were collectively aligned to parent sequence strand to assess library coverage. 

The libraries are shown in the figures below (Figure 2.6-6, Figure 2.6-7, Figure 2.6-8) and presented as 

follows: HIV small and big libraries combined, gp41 small and big libraries presented separately. These 

analyses show how the library capacity spans that of the parent nucleotide sequence. The figures show 

adequate fragment coverage across the parent sequence with minor gaps at C2, C3 and C4 loop in HIV 

envelope library. 
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Figure 2.6-6 HIV envelope library coverage 
HIV envelope small and large library sequence fragments combined and aligned to HIV envelope parent sequence. 74 out of a possible 96 fragments aligned in total. X axis- HIV envelope 
sequence 1-2560 base pairs, envelope schematic shown for reference. Y axis shows fragment names. Parent reference sequence BJOX/HXB2 indicated by solid green fragment line at top of 
figure, length 1 to 2567.Fragment lengths described in base pairs (bp): minimum: 19, maximum: 410, medium: 96, average: 109.7. 
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Figure 2.6-7 HIV gp41 small library coverage 
HIV gp41 small library sequence fragments aligned to HIV gp41 parent sequence. 35 out of a possible 48 fragments aligned 
in total. X axis- HIV gp41 sequence 1536-2560 base pairs, gp41 schematic shown for reference. Y axis shows fragment names. 
Parent reference sequence gp41 portion of HXB2 indicated by first listed fragment- gp41, 1 to 1029. Fragment lengths (bp): 
minimum: 45, maximum: 323, medium: 94.5, average: 121.1.  

 
Figure 2.6-8 HIV gp41 big library coverage 
HIV gp41 big library sequence fragments aligned to HIV gp41 parent sequence. 34 out of a possible 48 fragments aligned in 
total. X axis- HIV gp41 sequence 1536-2560 base pairs, gp41 schematic shown for reference. Y axis shows fragment names. 
Parent reference sequence gp41 portion of HXB2 indicated by first listed fragment- gp41, 1 to 1029. Fragment lengths (bp): 
minimum: 53, maximum: 262, medium: 122, average: 120.7. 
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Plasmid extraction was performed on the parent bacterial pellets using a commercial kit (Qiagen 

Plasmid Midi Kit, Qiagen, UK), purified the products, and measured concentration and amount (Table 

2.6-8). 

 
Volume (µl) Conc 

(ng/µl) 
Total (ng) 

HIV Env small library 
plasmid 

500 962.6 481300 

HIV Env big library plasmid 500 1175.7 587850 

gp41 small library plasmid 500 856.3 428150 

gp41 big library plasmid 500 894.5 447250 

Table 2.6-8 Library fragment plasmids 
DNA concentrations and amounts of library sequence fragments 
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2.6.1.11. Yeast preparation  
Saccharomyces cerevisiae EBY100 yeast cells (Invitrogen) were retrieved from frozen glycerol stocks. 

A freshly streaked inoculum was plated onto a yeast extract peptone dextrose (YPD) agar plate and 

incubated at 30°C for 48 hours. I selected a single colony and placed this in a 1litre conical flask with 

50ml of liquid YPD medium and incubated for 12 hours, at 30°C and 30g. The culture was diluted to 

an optical density at 600nm wavelength (OD600) of 0.4 (liquid YPD medium used for zero reference). 

A 25ml aliquot of the overnight yeast culture medium mixture was added to 180ml YPD to reach an 

OD600 of 0.4 and incubated at 30°C and 30g. As yeast doubling time was 90 minutes, the cultures 

reached an OD600 of 1.6 after three hours.  

A 50ml aliquot of the OD600/1.6 yeast culture was decanted into a 50ml centrifuge tube, washed 

twice with 4°C double distilled water and centrifuged at 2500g for three minutes. The resulting pellet 

was washed once with 4°C electroporation buffer (EP buffer: 1M sorbitol + 1mM calcium chloride) and 

centrifuged at 2500g for three minutes. The pellet was resuspended in 20ml of 0.1M lithium acetate 

(LiAc) and 200µl of 10mM dithiothreitol (DTT) and decanted into a 250ml conical flask and incubated 

for 30 minutes at 30°C at 30g. The culture was pelleted by centrifugation at 2500g for three minutes, 

washed twice with 50ml 4°C EP buffer, and resuspended with 250µl of EP on ice in a 1.5ml Eppendorf 

tube. This provided 1ml of electrocompetent EBY100 cells, corresponding to approximately 1.6x109 

cells/ml.  

2.6.1.12. Yeast electroporation 



83 
 

The yeast and library products were transformed using electroporation with settings as follows: 

manual, 2000 volts with a 0.1cm cuvette. A ratio of 1ml of yeast cells to 40µg of library DNA products 

was used. The reaction components- DNA ligation product, yeast cells and cuvettes- were pre-chilled 

on ice. Cuvette capacity was 350µl and multiple cuvettes were used per 1ml transformation reaction. 

The electroporator discharged a pulse duration of approximately 0.4 milliseconds. The post 

electroporated yeast cells were resuspended in a 1:1 aliquot of 1M sorbitol and YPD medium and 

incubated at 30°C for 1h without shaking. Following this, 1:100 and 1:1000 dilution preparations of 

each yeast library culture were prepared. A 150µl aliquot of each dilution was plated onto yeast 

minimal medium agar plates (SDCAA- dextrose, nitrogen, amino acid with buffer salts) and incubated 

at 30°C for 48 hours, with colony yields displayed in Table 2.6-9 

 No. colonies from 150µl/1000 solution 

HIV Env SL dilution plate 1:10000 1600 

HIV Env BL dilution plate 1:10000 1550 

gp41 SL dilution plate 1:10000 1440 

gp41 BL dilution plate 1:10000 1480 

Table 2.6-9 Yeast transformation efficacy 
Efficacy measured as colonies counted on SDCAA culture plate from 150ul culture solution 
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2.6.1.13. Yeast library culture and storage 
The remainder of the electroporation yeast culture was added to 200ml of SDCAA liquid medium and 

incubated for 36 hours at 30°C, and 30g. The yeast culture was decanted into 4x50ml tubes and 

pelleted by centrifugation at 2500g for three minutes and all pellets resuspended together in 40mls 

of 15% glycerol in SDCAA. Individual aliquots of 1ml yeast library/glycerol/SDCAA were prepared and 

stored in -80°C for future use. 

2.6.1.14. Growth and induction of proteins on yeast cell surface 
A scraping from a frozen glycerol yeast aliquot was streaked onto an SDCAA plate and incubated at 

30° C for 24-48 hours. A single colony was selected and placed in 5ml of SDCAA liquid medium and 

incubated at 30°C, 30g for 24-48 hours. The yeast growth was assessed by measurement of the optical 

density of the culture, using a spectrophotometer to measure light absorbance of 600nm wavelength, 

referred to as the OD600. The OD600 measurement of the aliquot was used to identify the yeast cells 

at exponential growth phase, reflected by an OD of 0.5-1.0. The OD600 value also enabled counting 

of yeast cells present in aliquots, as an OD600 value of 1.0 Saccharomyces cerevisiae contains 

approximately 1x107 cells/ml. 

The SDCAA culture optical density was regularly measured during the incubation phase. When the 

OD600 reached 0.5-1 (measured as a 10-fold dilution), the yeast aliquot was retrieved and centrifuged 

at 2000g for one minute and the supernatant discarded. The yeast cells were now at exponential 

growth phase and ready for transfer to SGCAA medium to stimulate expression of the yeast surface 

display epitope. A 300µl aliquot of SDCAA yeast cell culture was resuspended in 2700 µl liquid SGCAA 

medium in a flask volume of at least five times that of the solution and incubated at 20°C and 30g for 

36hrs. The incubation in SGCAA medium promoted expression of cell surface protein, and the library 

was ready for use.  

2.6.1.15. Single clone sequence analysis of yeast populations 
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Following flow cytometric sorting of yeast using patient serum, single clone analysis was used to 

determine the proportion of yeast clones recognised by the patient sera. This process reviewed the 

“fidelity” of participant serum samples from a representative population of yeast clones from post 

sort “parent” SDCAA plates.  

Sorted yeast cells were captured in liquid SDCAA medium and incubated at 30°C, 30g for 24-48 hours. 

A 200µl aliquot of medium was plated onto SDCAA plates and incubated at 30°C for 24-48 hours. The 

resulting growth displayed single colonies. Approximately 10 to 20 of these colonies were transferred 

to 1ml of SDCAA aliquots in individual wells of a 96-well plate, incubated at 30°C, 30g for 24-48 hours. 

A 100µl aliquot of each culture was transferred to a 900µl aliquot of SGCAA medium and incubated at 

20°C and 30g for 36-48hrs. These individual cultures were analysed using patient sera aliquots to 

assess the proportion of single clones recognised by patient sera. The yeast cell populations with a 

high proportion of PE positivity were selected for sequence analysis.  

These yeast clones were submitted for sequence analysis to identify recognised epitopes. The DNA 

extraction from 1ml SDCAA yeast culture aliquots was performed using a commercial kit (YeaStar 

Genomic DNA Kit, Zymo Research Labs). This DNA was used to transform chemically competent E. coli 

cells (DH5α competent cells). A standard pUC-17 control was used to check efficiency of 

transformations. A 5µl aliquot of DNA was added to 50µl of cells thawed on wet ice, incubated on wet 

ice for 30 minutes, heat shocked in a 37-40°C waterbath, and incubated on wet ice for a further two 

minutes. Following this, a 200µl aliquot of room temperature LB or SOC medium was added and the 

mixture incubated for one hour at 37°C and 30g to allow expression of the ampicillin resistance 

phenotype.  
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The post transformation aliquot was placed on LB with 1% ampicillin agar plates and incubated at 37°C 

for 12 hours. Transformation was successful when plates grew colonies. An individual colony from 

each single clone plate was picked using a 10µl pipette tip, added to 2ml of liquid LB-Amp medium in 

a 15ml culture tube, and incubated for 12 hours at 30°C and 30g. The culture was pelleted at 2500g 

for 15 minutes and the supernatant poured off to yield a solid pellet which was stored at -20°C. Pellet 

containers were placed in a sealed container and shipped on dry ice to a sequencing facility (MRC 

Protein Phosphorylation and Ubiquitylation Unit as previously noted) for plasmid preparation and 

sequencing analysis. The resulting sequences were accessed at the MRC Protein Phosphorylation and 

Ubiquitylation Unit’s online portal (https://www.dnaseq.co.uk/) as compressed files and analysed 

using methods previously described.  

2.6.1.16. Parent culture sequence analysis 
The yeast culture sequences were analysed in a similar fashion; when single clone analysis 

demonstrated affinity of these yeast clones for patient sera, the sorted population was analysed. The 

SDCAA liquid culture from sorted yeast was centrifuged as previously described to produce a pellet, 

the DNA extracted (2.6.1.15) and used to transform chemically competent DH5alpha E. coli cells which 

were then plated onto LB agar. Approximately 30-40 individual colonies were selected, placed in 2ml 

LB aliquots and incubated overnight at 37°C for 18 hours at 30g. The resulting cultures were pelleted 

and submitted for sequence analysis.  

The yeast parent and single clones which demonstrated affinity for patient serum underwent 

sequence analysis. The parent yeast family DNA sequences indicated the distribution of serum 

antibody epitope responses; an overall recognition of gp160 by serum. The single clone sequences 

identified discrete epitopes of HIV envelope gp160 specifically selected by the patient serum samples 

and led to development of antibodies targeted against these regions.  

https://www.dnaseq.co.uk/
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2.6.1.17. Algorithm to assess amino acid frequency in obtained DNA sequences 
A computational algorithm was used to analyse potential antigenic domains from the sequence 

fragments. This was first described by Zuo et al (282). Briefly, original fragment sequences were 

translated into amino acid sequences and aligned to the full-length HIV amino acid sequence. A sliding 

window of ten amino acids scanned the alignment from N to C terminus. The positive criteria for an 

antigenic domain was defined as per the following conditions: if the window encountered a fragment 

sequence containing at least five amino acids, or an amino acid sequence with greater than 50% 

matching residues compared to the parent sequence, the position of that window was scored based 

on the number of fragment sequences identified. A window containing the greatest amount of 

fragment sequences was termed an antigenic domain.  

The amino acid frequency was plotted against at each amino acid residue position to yield a histogram 

(6). The area under the curve (AUC) was calculated for each group of sequences and reflected a 

quantitative probability of a reactive antigenic region or domain at any part of the reference sequence. 

The core stretch of amino acid residues at the midpoint of the antigenic domain was referred to as 

the “major antigenic domain” and was usually 11-29 residues in length.  

2.6.2. Preparation of patient samples- plasma and serum  
Participants in all cohort groups A-E were requested to donate blood for analysis. This project used 

samples from groups A, B, and E. Eleven tubes of blood were drawn from each participant at each 

study visit; two EDTA tubes for blood plasma collection (4ml each, K2-EDTA tubes, BD Vacutainer), two 

serum tubes for blood serum collection (6ml each, BD Vacutainer™ SST™ II Advance Tubes UK) and 

seven lithium heparin tubes (6ml, BD VacutainerTM plasma tubes) for peripheral blood mononuclear 

cell (PBMC) collection. Total blood draw at each study visit was 62 millilitres. Patient samples were 

transported from the study site to the research laboratory by commercial courier. The EDTA plasma 

and SST tubes were centrifuged at 1200G for ten minutes and the supernatant plasma and serum 

harvested from the top layer. Plasma and serum were stored in 1ml cryovials and frozen at -80°C.   
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2.6.3. Preparation of patient samples - PBMC 
Each participant’s PBMC preparation was performed in either CL2 or CL3 facility depending on 

serostatus. All PBMC samples were centrifuged at 500g for ten minutes. At this point, supernatant 

plasma was drawn from the top layer, placed in 2ml cryovials and stored with the participant’s other 

plasma samples. The remaining cells were then transferred to a 50ml Falcon tube and diluted to a 

total volume of 50ml with PBS. Two more 50ml tubes containing 15ml of room temperature 

Histopaque were prepared.  

A 25ml aliquot of the PBMC -PBS mixture was carefully layered over each Histopaque layer using a 

50ml pipette. The two 50ml Histopaque/PBMC-PBS tubes underwent density gradient centrifugation 

at 800g for twenty minutes with the braking set to zero. The tubes were retrieved and the PBMC layer 

carefully aspirated from each using a 20ml pipette. The collected cell layer was placed in a 50ml tube 

and made up to 50ml with PBS for a wash stage. The tube was centrifuged at 500G for ten minutes 

with the brake set to nine, producing a cell pellet at the bottom of the tube. The supernatant was 

poured off and the pellet resuspended in a known volume of PBS for cell counting.  

2.6.4. PBMC counting 
Cell counting was performed by microscopy using a 3x3 grid haemocytometer. From the resuspended 

cell pellet, 10ul was added to 10ul of Trypan Blue dye (Sigma Aldrich, UK). This 20ul volume was placed 

in the haemocytometer and viewed. The total cell number from three squares was counted and used 

to determine the overall cell number. The formula for cell calculation was as follows: average of the 

following populations (no. cells in square A, no. cells in square B, no. cells in square C), the average 

divided by two to account for Trypan Blue dilution, then multiplied by 10,000 to account for cell 

dilution, resulting in the total number of PBMC in PBS suspension.   
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2.6.5. PBMC freezing and storage 
The PBMCs were stored in cryovials at a cell density of approximately 1x106 cells/ml. This was achieved 

by centrifuging cells at 500G for ten minutes and resuspending the cell pellet in the desired volume of 

freezing medium. Freezing medium consisted of 90% FBS and 10% DMSO and was made freshly for 

each batch of processed PBMCs. The freezing medium was added dropwise to the cell pellet to create 

a cell concentration of 1x106 cells/ml. These 1ml aliquots of the cell suspension were transferred to 

cryovials and placed in Mr. Frosty™ freezing containers for a cooling rate of approximately -

1°C/minute. The containers were placed in -80°C overnight and transferred to -140°C liquid nitrogen 

storage the following day.  

2.6.6. Tissue bank depository  
All plasma, serum and PBMC sample storage location was documented in a central catalogue and 

updated on each new submission. Any requests to use any of the stored samples was subject to 

approval by all study leads.   

2.6.7. CD20 adsorption of patient serum pools 
Prior to analysis with flow cytometry, patient serum sample underwent adsorption with CD20 

expressing yeast to remove non-specific anti-yeast antibodies which may have affect downstream 

yeast-serum antibody binding. The original sequence of the yeast expression vector pCTCON2 

contained an irrelevant gene CD20 of approximately 60 amino acids which served the purpose of a 

negative yeast control to remove non-specific yeast-antibody binding (283). For this project, CD20 was 

an irrelevant antigen, and were not expected to impact HIV specific antibody binding. 
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The CD20 yeast cultures were produced in a similar fashion to the yeast library generation. Scrapings 

of CD20 Saccharomyces cerevisiae EBY100 yeast cells (Invitrogen, Carlsbad, CA) were obtained from 

frozen glycerol stocks, streaked an inoculum onto selective growth yeast medium with dextrose 

(SDCAA) agar plate and incubated at 30°C for 48 hours. A single colony was selected and placed in 5ml 

of liquid SDCAA medium and incubated at 30°C, 30g for 24-48 hours. When the OD600 reached 0.5-

1.0 (at a 10-fold dilution, liquid SDCAA medium used for zero reference), the culture was centrifuged 

and resuspended at a 1:10 dilution in liquid selective growth yeast medium and galactose (SGCAA) 

and incubated at 20°C, 30g for 36hrs.  

A 10mls aliquot of SGCAA CD20 culture was used for each adsorption step. Each 10ml SGCAA CD20 

aliquot at was centrifuged as previously described to produce a pellet of CD20 cells and washed twice 

with PBS. The patient sera pools were diluted to 1:100 with PBS to create a 1ml volume aliquot, added 

to the CD20 pellet and placed in a rotator for two hours at 4°C, and centrifuged as previously described 

to produce a pellet. The supernatant containing participant pooled sera was removed using a 1000µl 

pipette tip and added to a second CD20 cell pellet, placed in a rotator for one hour at 4°C, and 

centrifuged as previously described. This supernatant was collected and stored at -20°C pending 

further use. 

2.6.8. Flow cytometry  
2.6.8.1. Preparation of yeast library for use with flow cytometry 
The frozen HIV Env gp160 and gp41 yeast library aliquots were thawed at room temperature, washed 

twice with PBS to remove traces of glycerol, and the resulting pellet placed in 3ml of SDCAA medium 

in a 15ml culture tube and incubated for 48 hours at 30°C, and 30g. The OD600 was checked and 

compared to liquid SDCAA or SGCAA (baseline for measurement) to identify the exponential growth 

phase.  
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A 1x107 aliquot of induced yeast cells was used for initial analysis using the OD600 value to calculate 

the volume of culture required. An OD600 of 1 is approximately 1x107 cells/ml. At OD600 of 0.5-1.0 

(at a tenfold dilution), a 300µl aliquot of this culture was added to 2700ul of SGCAA induction medium 

to create a 10-fold dilution and incubated at 20°C and 30g for 36hrs. This step stimulated expression 

of the Aga-2 linked surface protein (in this case HIV-envelope antigens gp160 and gp41). 

The SGCAA culture OD600 was measured to calculate the volume required for 5x107 cells. This volume 

was washed twice with 4°C PBS and resuspended with 1ml of PBS in a 1.5ml Eppendorf tube in 

preparation for addition to the patient serum samples.  

2.6.8.2. Flow cytometry sample labelling 
The primary antibody source was participant serum. For the primary antibody labelling and 

incubation, a 1000µl aliquot of each serum sample (at a dilution of 1:100 post CD20 adsorption) was 

added to 1ml/5x107 washed prepared gp160 yeast library cells and incubated at 4°C for one hour in a 

rotating rack. This allowed patient antibody to bind yeast-mounted HIV-gp160 epitopes. The samples 

were then washed twice with 4°C PBS and resuspended in 500µl PBS.  

The secondary antibody source was Fc gamma-specific anti-human IgG labelled with R-phycoerythrin 

(referred to from here onwards as PE, Affymetrix eBiosciences, ThermoFisher). For the secondary 

incubation, samples were labelled with 0.1µg of PE and incubated at 4°C for 40 minutes in a rotating 

rack, washed twice with 4°C PBS and resuspended in 1ml of flow buffer (BSA/NaN3/EDTA- see 

materials and methods) in standard glass flow cytometry tubes.  

2.6.8.3. Flow cytometry buffer 
A flow cytometry buffer was prepared as follows: -490ml of PBS, ten ml of 1% fetal bovine serum, 0.25 

g of NaN3 (sodium azide) and 2ml of 0.5 M ethylenediaminetetraacetic acid (EDTA) at a pH of 8.0, to 

give 500ml of buffer. This gave a mixture of 2% (vol/vol) FBS, 0.05% (wt/vol) sodium azide (NaN3) and 

2mM EDTA in PBS.  
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2.6.8.4. Yeast library sorted by patient serum flow sorting and enrichment 
Approximately 5x107 yeast library cells were prepared for each patient serum sort. The collection 

tubes for positive sorted yeast cells were prepared with 1ml of SDCAA medium and 1% 

penicillin/streptomycin solution. Between 50,000-100,000 positive yeast cells were sorted per 

experiment. Post-sorting, the 1ml cell/SDCAA + penicillin/streptomycin aliquot containing sorted 

yeast cells was transferred to a 15ml culture tube with 1ml of SDCAA with 1% penstrep solution and 

incubated for one hour at 30°C and 30g. 

After a one-hour post sorting rest period, a 150µl aliquot of each yeast cell culture was plated on solid 

SDCAA agar and incubated at 30°C for 48-72 hours. These plates were used to identify individual yeast 

clones. The remainder of the post sort yeast cell culture was left to incubate for 48 hours at 30°C and 

30g to promote growth of the sorted yeast cell culture population. A 300µl aliquot of this culture was 

added to a 10-fold dilution of SGCAA induction medium and incubated for 48 hours at 20°C and 30g. 

The resulting yeast growth was labelled and submitted for flow analysis, as previously described. This 

was the standard protocol for each successive round of flow cytometry enrichment.  

2.6.8.5. Flow cytometry panel 
Primary and secondary antibody staining formed the basis for the flow cytometry work. The flow 

cytometry panel was set up with the following control samples shown in Table 2.6-10  

 
Yeast cells Primary antibody Secondary Ab 

Autofluorescence Yeast None None 

Unstained yeast Yeast None PE 

Fluorescence minus one Yeast Lab/healthy control sera None 

Lab/healthy control Yeast Lab/healthy control sera PE 

Positive control Yeast Positive control sera PE 

Participant serum Yeast Participant serum PE 

Table 2.6-10 Flow cytometry panel setup 
Table shows all flow cytometry controls. Three experimental controls (autofluoresence, unstained yeast and fluorescence 
minus one), biological controls (seronegative “laboratory” control consisting of sera from healthy seronegative low exposure 
laboratory controls), positive control (serum from known HIV positive individual from Group E) and participant serum sample 
of interest. 
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2.6.8.6. Flow cytometry equipment 
A BD LSR II was used for initial flow cytometry analysis of seronegative patient samples in a 

containment level two (CL2) area of the laboratory. All flow cytometry sorting experiments were 

performed on a FACS Aria III machine housed in a biological safety cabinet within a containment level 

three (CL3) laboratory. All sorting experiments were done under the supervision of a trained flow 

cytometry facility manager. All experimental sample flow tubes were stored at 4°C wrapped in foil 

until use, when they were briefly vortexed and placed in the cell sorter entry port. 

2.6.8.7. Flow cytometry gating strategy 
The following gating strategy was designed to select and sort a double positive population of yeast 

cells bound to fluorophore labelled patient antibody. The first three gates are described below in Table 

2.6-11 and Figure 2.6-9. Both flow cytometers had FACS DIVA software which was used to harvest 

data, and files were stored as FSC files and analysed with FlowJo software (FlowJo LLC, version 10.1).  

Gate x axis y axis Represents 

1 Forward scatter (FSC) area Side scatter (SSC) area Yeast cells 

2 Forward scatter (FSC) area 
Forward scatter (FSC) 
width/height 

Single yeast cells 

3 Fluorochrome of interest Side scatter (SSC) area 
PE serum bound to selected 
yeast clones 

Table 2.6-11 Flow cytometry gating strategies 
Table shows each gate number, x axis property, y axis property and population gated by this selection.  

 
Figure 2.6-9 Gating strategy for yeast serum sorting 
Gates 1, 2 and 3. Gate 3 shows populations for a technical negative control (autofluorescence) and a positive control 
(seropositive) sample 
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2.6.9. Monoclonal antibody work 
2.6.9.1. Introduction 
This section describes the process used to extract B cells of interest and produce monoclonal 

antibodies to explore properties and function.  

2.6.9.2.  Identification of B-cell repertoire 
A category level three (CL3) fluorescence assisted cell sorter (FACS Aria III) was used to identify and 

select anti gp41/120 antibody secreting memory B cells (CD3-CD19+). Our department has a category 

three cell sorter, and the expertise of a senior flow cytometry manager. Fluorochrome Pacific Blue 

(BV421) was added to yeast clones bearing known epitopes to create HIV envelope fragment baits. As 

patient serum samples selected yeast clones of interest, the B cells which produced the antibodies 

would bear B cell receptors autologous to the paratope which retrieved the original yeast clone. These 

B cell surface receptors would have affinity for the surface bound epitopes subsequently and form an 

antigen-antibody bond. The anti-human CD19 antibody fluorochrome allophycocyanin (APC, Thermo 

Fisher Scientific UK) was selected to identify B cell population.  

The double positive Pacific Blue/APC population represented yeast cell/B cell doublets. This double 

positive population was sorted into appropriate medium, lysed, and subjected to PCR amplification 

and next generation sequencing for isolation of variable region immunoglobulin (Ig) heavy- and light-

chain genes (VH, VK/L). These insert sequences were used to transfect candidate cell lines and produce 

monoclonal antibodies.  

The antibody structural and functional properties of pre HIV infection envelope specific memory B 

cells were analysed, with and clonal lineage members identified, supporting the hypothesis of 

evolution of an anti-gp41 response from the pre-existing B cell pool. 
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2.6.10. Protocol for yeast antigen baiting 
2.6.10.1. Selection of samples 
Work from the chapter describing seroconverter responses informed the selection of samples for this 

part of the project. The aim was to analyse seronegative antibody responses to HIV envelope epitopes, 

particularly gp41. As will become apparent, participant B003 displayed pre-infection serum affinity for 

HIV gp41 epitopes and was selected for B cell baiting work.  

2.6.10.2. Preparation of specific yeast clones 
The yeast clones were selected based on affinity for patient serum- those with greatest affinity were 

stored as frozen glycerol stocks and retrieved when required. From experiment results, yeast clones 

were identified by B003 pre infection samples. A scraping from a frozen yeast clone glycerol stock 

aliquot was streaked onto an SDCAA culture plate, incubated at 30°C for 24-48 hours to produce single 

colonies. One single colony was placed in liquid SDCAA medium, incubated at 30°C, 30g for 24-48 

hours to stimulate growth. The exponential growth phase was identified using an OD600 reading of 

0.5-1 and removed from incubation. A 5ml aliquot of this culture was transferred to a 45ml aliquot of 

SGCAA medium and incubated at 20°C and 225rpm for 36-48hrs to stimulate expression of membrane 

bound epitope. This culture was pelleted at 2000g for one minute and the OD600 measured to 

determine cell number in preparation for yeast cell dyeing. Approximately 20x106 yeast cells in 1ml 

were prepared for each experiment.  

2.6.10.3. Selection of yeast dye 
There were two dyes considered for yeast dyeing- eFluor450 (Pacific Blue, ThermoFisher UK) with 

emission wavelength of 450 nm, and allophycocyanin (APC, ThermoFisher Scientific) with emission 

wavelength of 670nm. These were analysed in the presence of PBMC cell surface markers; as APC 

CD19 was used as a PBMC cell surface marker, Pacific Blue was selected for yeast dyeing to avoid 

spectral overlap.   
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2.6.10.4. Pacific Blue yeast (Y450) preparation 
The dyed yeast cells were prepared to allow for sorting a double positive population when combined 

with stained PBMCs. A 20uM (2x) Pacific Blue staining solution aliquot was made by adding 2µl 10mM 

stock to 998µl of PBS and added to 1ml of cells at a concentration of 20x106 cells/ml, to make a final 

concentration of 10x106 dyed yeast cells/ml. The solution was then mixed well and placed in a 12ml 

tube, wrapped in foil and incubated at 37°C for ten mins.  

Meanwhile, the following was prepared: an ice container, 10% FBS solution (10% FBS + 90% PBS). 

Following the initial yeast/dye incubation, dye labelling was terminated by adding 2mls of cold neat 

serum per 20M cells and incubated on ice for five minutes before centrifuging at 1000g for three 

minutes. All medium was aspirated with a pipette tip and yeast cells resuspended in 4-5 times the 

original solution volume with 10% FBS. This process was repeated twice, and the final yeast cell pellet 

resuspended in 1ml PBS, foil wrapped, and stored at 4°C. The solution was washed with PBS prior to 

use in subsequent assays.  

2.6.10.5.  PBMC isolation  
PBMC harvest and isolation was performed as previously described. Cells were stored in recorded 

aliquots of 1x106 cells/ml in a central liquid nitrogen repository, and retrieved on dry ice, thawed in a 

37°C waterbath, with gentle shaking to encourage transition until a few ice crystals remained visible. 

Cold RPMI medium was added dropwise to thawed vials and gently aspirated to retrieve cells. The cell 

solution was placed in a 15ml tube and made up to a total volume of 12ml with R10 solution (500ml 

RPMI medium supplemented with: 55ml of foetal bovine serum (10%), 5ml penicillin-streptomycin 

(1%, 10,000 IU penicillin and 10mg/ml streptomycin solution), 5ml L-glutamine (1% 200mM solution) 

and 5ml 4-2-hydroxyethyl-1-piperazineethanesulfonic acid (HEPES, Sigma Aldrich UK) buffer). This 

mixture was centrifuged at 300g for eight mins. The supernatant was poured off and cells resuspended 

in 5ml R10 medium. A 10µl aliquot was then mixed with Trypan Blue for cell counting using a 

haemocytometer and microscope as previously described. Cells were washed with R10 medium and 

the cell pellet resuspended as 1 million cells/ml.  
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2.6.10.6.  PBMC staining 
Cells were prepared for staining as follows: control and experimental aliquots of cells with 0.5x106 and 

0.5x106 cells respectively. Fluorescence activated cell sorting (FACS) buffer was prepared with 2.5% 

FBS and 97.5% PBS. Cells were placed in prelabelled 5ml standard glass flow cytometry tubes. and 

washed with FACS buffer, centrifuged at 300g for five minutes, supernatant removed, and cells 

resuspended by gentle flicking. PBMCs were stained with cell surface markers in the quantities 

specified (Table 2.6-12): 

Marker Stain Fluorochrome Quantity per million PBMC (µl) 

CD3 FITC V500 1.25 

CD14 FITC V500 1.25 

CD16 FITC V500 1.25 

CD19 BV421 BV650 2.5 
Table 2.6-12 PBMC cell surface markers 
Markers with stain name, fluorochrome and volume 

A master mix of dyes was prepared to facilitate bulk labelling of cells. This included all cell surface 

markers multiplied by n+1 (where n = number of cell aliquots in use per experiment) to allow for 

pipetting errors. The cells were subjected to the following conditions. FACS tubes were vortexed and 

incubated at 4°C in the dark for 20 minutes, washed with 1ml sterile PBS, centrifuged at 300g for five 

mins, supernatant poured off and re-suspended in 1500µl FACS buffer. This mixture was stored in the 

fridge until next step.  

2.6.10.7.  PBMC plus yeast 
The stained PBMCs were mixed with stained yeast cells, wrapped in foil and incubated at 4°C for 40 

minutes, washed twice with PBS and resuspended in FACS buffer, passed through a mesh strainer cap 

to reduce cell clumping and placed in a FACS tube in preparation for sorting. Table 2.6-13 shows the 

controls and experimental samples used in each experiment. 
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Name in experiment Components Purpose 

PBMC alone PBMC with no surface markers Identify unstained PBMC 

USY Unstained yeast Identify unstained yeast 

450Y Yeast stained with dye Identify stained yeast  

USY + Y450 Unstained and stained yeast 
Delineates between stained and unstained 
yeast populations 

USY + SM 
Unstained yeast with all lymphocyte cell surface 
markers 

To assess for non-specific binding of cell 
surface markers to unstained yeast 

450Y + SM 
Stained yeast with all lymphocyte cell surface 
markers 

To assess for non-specific binding of cell 
surface markers to stained yeast 

PBMC + CD19 APC PBMC with CD19 B cell surface marker Identifies B cell PBMC 

PBMC + CD3/14/16 
FITC 

PBMC with CD3/14/16 surface markers Identifies non-B cell PBMC 

PBMC + all markers PBMC with all lymphocyte cell surface markers 
Identifies non-specific cell surface marker 
binding to PBMC 

PBMC + USY 
PBMC with all lymphocyte cell surface markers 
and unstained yeast 

Non-specific yeast binding 

PBMC + 450Y 
PBMC with all lymphocyte cell surface markers 
and stained yeast 

Specific B cell surface receptor bound to 
epitope of interest on the yeast membrane 

Table 2.6-13 Flow sorting experiment samples 
All controls and samples listed in table. Name of sample (control or experimental), components therein, and population and 
purpose served by each sample 
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2.6.10.8. Fluorescence Activated Cell sorting of yeast and PBMC cells 
All sorting was performed in a containment level three laboratory (CL3) with a trained FACS operator, 

using the BD FACS Aria III sorter. Prior to all sorting sessions, the machine was calibrated as per 

standard protocol and voltages checked for each population. Approximately 50,000 cells were sorted 

per experiment.  

The purpose of sorting was to end up with one cell/yeast dyad in each well of a 96-well plate. By using 

the index sorting feature of the FACS device, it was possible to trace the origin of each cell that is 

sorted into each well. Downstream PCR processing also revealed success of single cell sorting, where 

each PCR readout should only contain either a kappa or a lambda chain.  

2.6.10.9.  Gating strategy 
The gating strategy was selected to identify the double positive population of interest, informed by 

work carried out on yeast cell sorting. The gates, axes and populations of interest along with a diagram 

of the gates is shown in Table 2.6-14 and Figure 2.6-10 

Gate x-axis y-axis Population of interest 

1 
Forward scatter area 
(FSC-A) 

Side scatter area (SSC-A) Lymphocytes and yeast cells 

2 
Forward scatter area 
(FSC-A) 

Forward scatter height 
(FSC-W) 

Single events 

3 FITC (CD 3/14/16) Side scatter area (SSC-A)  FITC low (CD19 cells) 

4 APC Pacific Blue 
Double positive APC/Pacific Blue 
(CD19/yeast) 

Table 2.6-14 Gating strategy for yeast sorting of B cells 
All gates 1,2,3 and axes displayed along with population identified by gate.  

 
Figure 2.6-10 Gating strategy for B cell baiting using yeast library 
Gates 1 lymphocytes and yeast cells, 2 single events, 3 FITC low (CD19 cells), 4 double positive APC/Pacific Blue (CD19/yeast) 
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2.6.10.10.  Bulk sorting 
A selection of wells of the sort plate were used to assess efficacy of “bulk sorting”. This was suggested 

by the laboratory sorting supervisor to increase yield from sorting and decrease sorting time. A large 

APC high (the CD19 marker of interest) population was sorted into a collection tube. This tube’s 

contents were subsequently sorted to select the APC high/Pacific Blue high population from the initial 

sort population. However, the subsequent cultures of these five samples became contaminated more 

easily despite the presence of penicillin/streptomycin in the SDCAA culture. Following discussion with 

the laboratory sorting supervisor, this extra step was considered unnecessary and future bulk sorting 

was abandoned.  

2.6.10.11. Post sort procedure 
The double positive sorted population was sorted onto 9six-well trays. Single cells were sorted into 

96-well PCR plates containing 10μl of RNase-inhibiting RT-PCR catch buffer. The catch buffer was a 

hypertonic solution which causes immediate cell lysis in preparation for freezing at -80°C. The buffer 

was composed of RNase-free water (9.6 μl), 1M Tris pH 8.0 (0.09 μl) and RNase OUT (0.24 μl) per well 

and was made up in bulk for each plate. The first seven rows of each plate (A-G) were reserved for 

experimental samples, and row H contained catch buffer only to allow for subsequent PCR negative 

controls.  

Following buffer placement, the plates were centrifuged at 120g for one minute and frozen until 

required. For sorting, plates were retrieved from cold storage and immediately placed into the sort 

chamber. Following sorting, plates were immediately sealed with foil, centrifuged at 120g for one 

minute, placed in a plastic bag and labelled. The plates were kept on dry ice until transferred to a-80°C 

freezer. 
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2.6.10.12. Schematic of process 
Figure 2.6-11 outlines the components of B cell baiting and how they relate to each other.  

 
Figure 2.6-11 Yeast B cell baiting schematic 
PBMCs bearing cell surface markers, CD19 bind Pacific Blue dyed yeast clones bearing epitopes of interest. The double 
positive CD19/Pacific Blue population is selected using FACS and sorted for further analysis. 
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2.6.11. Monoclonal antibody production 
The aim of this work was to extract B cell heavy and light chain DNA sequences and transfer to 

competent cell lines for large volume production and was based on a published protocol where 

antibodies specific to a vaccinating antigen were produced in a four-week period (284) 

Briefly, sequences were extracted from sorted B cell population and amplified by PCR. The sequences 

were ligated to expression vectors containing constant region sequences and used to transform 

chemically competent cells, colonies harvested and incubated to produce large volume cultures and 

DNA purified. Verified heavy and light chain pairs were then used to transfect a HEK293 cell line. The 

cell line was cultured over one week to produce an antibody-rich supernatant which was harvested, 

and antibodies purified for use. The steps are described below in detail.  

2.6.11.1.  Single cell reverse transcriptase polymerase chain reaction (RT-PCR).  
RT-PCR was used to extract sequences from the sorted B cells. All PCR work was carried out in a 

designated PCR safety cabinet within a CL2 laboratory. The 96-well sorted plates were retrieved from 

-80°C and thawed at room temperature before undergoing a brief centrifugation at 120g for one 

minute to ensure all well contents were at the well base. The wells contained lysed PBMC and yeast 

cells and the purpose of this stage was to amplify any heavy or light chain DNA sequences therein.  

A commercial One-Step RT PCR kit (Qiagen) which contained enzyme, kit buffer, deoxynucleoside 

triphosphates (dNTP) and sterile water was used to create a master mix containing sixteen 5’ prime 

and four 3’ primers using the specific primers as previously published (284–286) and gently vortexed 

before use. All primers are listed in Figure 2.6-12. The primer cocktail was designed to account for 

variations in B cell chain sequence. All primers were manufactured to order (Oligo Design Tools, 

Thermo Fisher Scientific UK) and were made up to 10µM stock solutions.  
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Name (5 prime) Sequence 5' - 3' 

5' L VH1 ACAGGTGCCCACTCCCAGGTGCAG 

5' L VH2 GACCATCCCTTCATCAGATCACC 

5' L VH3 AAGGTGTCCAGTGTGARGTGCAG 

5' L VH4/6 CCCAGATGGGTCCTGTCCCAGGTGCAG 

5' L VH5 CAAGGAGTCTGTTCCGAGGTGCAG 

5' L VH7 GGCAGCAGCAACAGCAGGTGCAGC 

5' L VK1/2 ATGAGGSTCCCYGCTCAGCTGCTGG 

5' L VK3 CTCTTCCTCCTGCTACTCTGGCTCCCAG 

5' L VK4 ATTTCTCTGTTGCTCTGGATCTCTG 

5' L Vλ1 GGTCCTGGGCCCAGTCTGTGCTG 

5' L Vλ2 GGTCCTGGGCCCAGTCTGCCCTG 

5' L Vλ3 GCTCTGTGACCTCCTATGAGCTG 

5' L Vλ4/5 GGTCTCTCTCSCAGCYTGTGCTG 

5' L Vλ6 GTTCTTGGGCCAATTTTATGCTG 

5' L Vλ7 GGTCCAATTCYCAGGCTGTGGTG 

5' L Vλ8 GAGTGGATTCTCAGACTGTGGTG 

Name (3’ prime)  

3' Cγ CH1 GGAAGGTGTGCACGCCGCTGGTC 

3′ Cμ CH1  GGGAATTCTCACAGGAGACGA 

3' CK 543 GTTTCTCGTAGTCTGCTTTGCTCA 

3' Cλ CACCAGTGTGGCCTTGTTGGCTTG 
Figure 2.6-12 Reverse transcriptase PCR primers 
Primers as referenced in main body of text 
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All reagents were thawed at room temperature prior to use and made up into a master mix according 

to the number of wells undergoing RT-PCR. The plate foil lid was carefully removed, and reagents 

added to each well before each was sealed with a dome cap (Table 2.6-15). The plate was placed on a 

PCR thermal cycler and the following cycle was used: 30 minutes at 50°C, 15 minutes at 95°C and 50 

cycles of the following: 30 seconds at 94°C, 30 seconds at 58°C and one minute at 72°C. The reaction 

was then heated to 72°C for ten minutes to complete before being stored at 4°C. The 96-well plate 

was centrifuged at 120g for one minute to settle all contents to the base of the well and the plate 

frozen at -20°C until the next step.  

Reagent Per well (µl) Per plate (µl) 

Forward Primer 0.5 50 

Reverse Primer 0.5 50 

dNTPs 0.5 50 

5x buffer 5 500 

HotStarTaq enzyme 0.5 50 

Nuclease free H2O 8 800 

Total volume per well 15 1500 

Table 2.6-15 Reagents and volumes for RT-PCR reaction 
All components listed placed in master mix 

2.6.11.2.  Nested PCR of kappa chains 
The kappa RT-PCR product underwent nested PCR to amplify DNA prior to sequencing. The primer 

sequences are listed below in Table 2.6-16. Kappa sequencing was necessary to select gene family 

specific primers for subsequent cloning PCR. These two primers are designed to span the whole 

variable region, with 5’ Pan VK forward primer recognising a sequence at the start of the variable 

region and 3’ CK reverse primer recognising a sequence at the start of the constant region  

Name Sequence 5' - 3' Translation 

5' Pan VK ATGACCCAGWCTCCABYCWCCCTG MTQXPXXL 

3' CK 494 GTGCTGTCCTTGCTGTCCTGCTC EQDSKDS  

Table 2.6-16 Nested kappa PCR primers 
Primers as described in literature referenced 
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The following reaction volumes were scaled up according to the volume desired (Table 2.6-17). The 

work was performed in a designated CL2 PCR workspace with 1st round PCR product added last and 

centrifuged briefly. The 96-well plate was placed onto a thermal cycler this program was used: 30 

minutes at 50°C, 15 minutes at 95°C and 50 cycles of the following: 30 seconds at 94°C, 30 seconds at 

58°C and 45 seconds at 72°C. The reaction was then heated to 72°C for ten minutes to complete before 

being stored at 4°C. The 96-well plate was centrifuged at 120g for one minute to settle all contents to 

the base of the well and stored at -20°C until the next step. 

Reagent Per well (µl) Per plate (100) 

Forward Primer 0.5 50 

Reverse Primer 0.5 50 

dNTPs 0.5 50 

10x buffer 2.5 250 

HotStarTaq enz 0.125 12.5 

Nuclease free H2O 18.875 1888 

1st round PCR product 2  

Total 25 23µl reagents per well 

Table 2.6-17 Nested kappa chain variable region PCR 
Reaction volumes for all components listed. 
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2.6.11.3.  TBE gel electrophoresis  
The efficacy of the RT-PCR and nested kappa PCR stages was assessed with Tris/Borate/EDTA (TBE) gel 

electrophoresis to review all products. A 1X working stock solution of TBE was prepared from 100ml 

10X TBE (Sigma Aldrich) and 900ml of distilled water. A 1g amount of agarose was added per 100ml 

of TBE and microwaved for three minutes at full power until dissolved, creating a 1% TBE gel solution. 

Once cooled, SYBR Safe DNA gel stain was added to the solution to give a final concentration of 

1:10000 (25µl per 250ml).  

The gel wells were created by inserting combs into the liquid TBE/agarose which was then cooled until 

solid. The gel rig was then filled with 1X TBE solution to the maximum fill level and the gel was ready 

to use. A 100bp reference DNA ladder was loaded into the first well to identify fragments. A 5 µl aliquot 

of each reaction product was added to 1µl of 6X loading buffer and then loaded into the preformed 

gel wells and the sample loading pattern documented.  

A 12-channel multichannel pipette was used to load product onto the gel. To account for inequality 

between pipette channel and TBW gel well distribution, a sample key was designed to locate the 

correct products. The TBE/agarose gel and samples ran at a rate of at 120 volts for 30 mins using a 

BioRad powerpack. The final gel was viewed using a UV lightbox while wearing all necessary personal 

protective equipment and eyewear and gel images digitally captured using the Gel Doc XR+ imager 

system. Bands present at the following locations were consistent with useful PCR product- heavy 

(380bp), lambda (405bp) and kappa (540bp). Any positive band results indicated the presence of 

useable PCR product and the corresponding plate well was purified. Figure 2.6-13 shows the TBE gels 

and bands present.  
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Figure 2.6-13 TBE gel electrophoresis of RT-PCR sorted chain inserts 
Chain inserts include heavy and light chain (either kappa or lambda) inserts. A DNA reference ladder of 1KB was used to 
gauge the PCR products. Bands present at the correct position according to the DNA reference ladder (bp = base pairs) 
indicated success of the sorting and RT-PCR stages (heavy bands at 380bp, lambda bands at 405bp, and kappa bands at 
540bp). 

0.4-0.5 kB 

0.4 kB 
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2.6.11.4.  Cloning PCR of heavy and light (lambda and kappa) chains 
To use the correct primers for kappa chain cloning, chain insert PCR products were sent to an external 

laboratory for sequencing (Genewiz UK Ltd). The primer Ck 493-516 was used for all sequencing 

reactions. The sequencing results, were analysed using BioEdit and uploaded to the online database 

of the international ImMunoGeneTics information system® (IMGT® 

http://www.imgt.org/IMGT_vquest/vquest?livret=0&Option=humanIg) which holds a database of 

antibody sequences, allowing users to determine primers for kappa gene family cloning PCR.  

The cloning PCR reactions were performed on three separate 96-well plates to allow for consistency 

in tracking results. One heavy, one lambda and one kappa plate were organised per original RT-PCR 

plate. This step was to allow for the insertion of restriction sites. An AgeI restriction site was placed at 

the 5’ end of each chain sequence. The 3’ ends had the following restriction sites attached: SalI 

(heavy), XhoI (lambda) and BsiWi (kappa). These sites facilitated digestion and insertion into the 

relevant vectors.  

Master mixes were created for each chain family using the primers listed in Table 2.6-18Table 

2.6-19Table 2.6-20.Each master mix facilitated bulk loading onto each plate using multichannel 

pipettes. The first round PCR products (heavy, lambda, nested kappa) were added to plates last and 

mixed briefly before placing onto the PCR thermal cycler and the following program used: 15 minutes 

at 95°C and 50 cycles of the following: 30 seconds at 94°C, 30 seconds at 58°C and 45 seconds at 72°C. 

The reaction was heated to 72°C for ten minutes before being stored at 4°C. Each plate was 

centrifuged, and products were applied onto 1% TBE gel to check for the presence of bands at the 

relevant positions (heavy at 380bp, lambda at 405bp and kappa at 540bp).   

http://www.imgt.org/IMGT_vquest/vquest?livret=0&Option=humanIg
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2.6.11.5.  Cloning chain primers 
Direction Name Sequence 5' - 3' 

Forward primer 5' AgeI VH1/5 CTGCAACCGGTGTACATTCCGAGGTGCAGCTGGTGCAG 

 5' AgeI VH3 CTGCAACCGGTGTACATTCTGAGGTGCAGCTGGTGGAG 

 5' AgeI VH4 CTGCAACCGGTGTACATTCCCAGGTGCAGCTGCAGGAG 

 5' AgeI VH3-23 CTGCAACCGGTGTACATTCTGAGGTGCAGCTGTTGGAG 

 5' AgeI VH4-34 CTGCAACCGGTGTACATTCCCAGGTGCAGCTACAGCAGTG 

 5' AgeI VH 1–18  CTGCAACCGGTGTACATTCCCAGGTTCAGCTGGTGCAG 

 5' AgeI VH 1–24 CTGCAACCGGTGTACATTCCCAGGTCCAGCTGGTACAG 

 5' AgeI VH 3–9/30/33 CTGCAACCGGTGTACATTCTGAAGTGCAGCTGGTGGAG 

 5' AgeI VH 6–1 CTGCAACCGGTGTACATTCCCAGGTACAGCTGCAGCAG 

 5′ AgeI VH4–39 CTGCAACCGGTGTACATTCCCAGCTGCAGCTGCAGGAG 

 5′ AgeI VH1 CTGCAACCGGTGTACATTCCCAGGTGCAGCTGGTGCAG 

 5′ AgeI VH3–33 CTGCAACCGGTGTACATTCTCAGGTGCAGCTGGTGGAG 

Reverse primer 3' SalI JH1/2/4/5 TGCGAAGTCGACGCTGAGGAGACGGTGACCAG 

 3' SalI JH3 TGCGAAGTCGACGCTGAAGAGACGGTGACCATTG 

 3' SalI JH6 TGCGAAGTCGACGCTGAGGAGACGGTGACCGTG 

Table 2.6-18 Heavy chain cloning PCR primers 

 

Direction Name Sequence 5' - 3' 

Forward primer 5' AgeI Vλ1 CTGCTACCGGTTCCTGGGCCCAGTCTGTGCTGACKCAG 

 5' AgeI Vλ2 CTGCTACCGGTTCCTGGGCCCAGTCTGCCCTGACTCAG 

 5' AgeI Vλ3 CTGCTACCGGTTCTGTGACCTCCTATGAGCTGACWCAG 

 5' AgeI Vλ4/5 CTGCTACCGGTTCTCTCTCSCAGCYTGTGCTGACTCA 

 5' AgeI Vλ6 CTGCTACCGGTTCTTGGGCCAATTTTATGCTGACTCAG 

 5' AgeI Vλ7/8 CTGCTACCGGTTCCAATTCYCAGRCTGTGGTGACYCAG 

Reverse primer 3' XhoI Cλ CTCCTCACTCGAGGGYGGGAACAGAGTG 
Table 2.6-19 Lambda chain cloning PCR primers 

 

Direction Name Sequence 5' - 3' 

Forward primer 5' AgeI VK1-5 CTGCAACCGGTGTACATTCTGACATCCAGATGACCCAGTC 

 5' AgeI VK1-9 TTGTGCTGCAACCGGTGTACATTCAGACATCCAGTTGACCCAGTCT 

 5' AgeI VK1D-43 CTGCAACCGGTGTACATTGTGCCATCCGGATGACCCAGTC 

 5' AgeI VK2-24 CTGCAACCGGTGTACATGGGGATATTGTGATGACCCAGAC 

 5' AgeI VK2-28 CTGCAACCGGTGTACATGGGGATATTGTGATGACTCAGTC 

 5' AgeI VK3-11 TTGTGCTGCAACCGGTGTACATTCAGAAATTGTGTTGACACAGTC 

 5' AgeI VK3-15 CTGCAACCGGTGTACATTCAGAAATAGTGATGACGCAGTC 

 5' AgeI VK3-20 TTGTGCTGCAACCGGTGTACATTCAGAAATTGTGTTGACGCAGTCT 

 5' AgeI VK4-1 CTGCAACCGGTGTACATTCGGACATCGTGATGACCCAGTC 

Reverse primer 3' BsiWI JK1/2/4 GCCACCGTACGTTTGATYTCCACCTTGGTC 

 3' BsiWI JK3 GCCACCGTACGTTTGATATCCACTTTGGTC 

 3' BsiWI JK5 GCCACCGTACGTTTAATCTCCAGTCGTGTC 
Table 2.6-20 Kappa chain cloning PCR primers 
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2.6.11.6.  PCR purification 
When bands had confirmed presence of respective cloned PCR product, positive wells were purified 

using QIAquick PCR Purification kit to yield 20µl of DNA product. The kit reagents were added to PCR 

products and loaded onto specialised filter columns, placed columns in a table-top vacuum manifold 

to draw off buffers and then transferred to collection vials and elution buffer added. The final product 

concentrations were measured using the Nanodrop system and stored products at -20°C until the next 

stage. 

2.6.11.7.  Vector preparation and digestion 
The individual vectors were prepared according to heavy, lambda or kappa chain type using cultures 

from frozen glycerol aliquots as previously described for standard bacterial culture, and pellets 

processed by miniprep. Vector restriction sites corresponded to those carried by heavy/lambda/kappa 

chain inserts. Vectors were digested to open these sites in preparation for ligation of chain inserts. 

The kappa vector required two rounds of digestion with the first-round product purified prior to use. 

Table 2.6-21 below shows the reagents and volumes used. The reaction vessels were placed on the 

thermal cycler for one hour at 37°C, and then heated to 65°C for 15 minutes to inactivate the enzymes. 

A 1% TBE gel tray was prepared with a 9-tooth comb to allow wider channels for the vector loading. A 

1KB DNA ladder was used as reference, and the gel run at 120V for 30-90 minutes using a powerpack. 

Vectors were identified by the presence of a band at the 5.2Kb ladder rung and the gel placed on a UV 

lightbox to identify successfully digested vectors. 

 
Heavy Lambda Kappa 1 Kappa 2 

DNA 10ug 10ug 10ug Kappa 1 (30µl) 

Agel-HF 1µl 1µl 1µl - 

SalI-HF 5µl - - - 

XhoI - 1.5µl - - 

BsiWi - - - 0.5µl 

BsiWi - - - 0.5µl 

Nuclease Free H20 Up to 100µl Up to 100µl Up to 1000µl Up to 100µl 

TOTAL 100µl 100µl 100µl 100µl 
Table 2.6-21 Vector digestion components 
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2.6.11.8.  Variable chain insert digestion 
The purified PCR products were digested with the same enzymes used for vector digestion. The 

digestion was performed from 8-12 hours for optimal results. The kappa chain inserts underwent two 

rounds of digestion. A master mix of the reagents was prepared as per Table 2.6-22 and briefly 

vortexed before the addition of enzyme. The digestion was performed at 37°C, and the second kappa 

digestion at 55°C. A 1% TBE gel tray was prepared with the narrow comb to allow for sample loading 

using a multichannel pipette. A 100bp ladder was used as reference and the gel run at 120V for 30-60 

minutes. The gel was placed on a UV the lightbox to identify the digested chain insert regions, and a 

digital image captured as previously.  

 
Heavy Lambda Kappa 1 Kappa 2 

DNA 10ug 10ug 10ug Kappa 1 (30µl) 

Agel-HF 1µl 1µl 1µl - 

SalI-HF 5µl - - - 

XhoI - 1.5µl - - 

BsiWi - - - 0.5µl 

BsiWi - - - 0.5µl 

Nuclease Free H20 Up to 100µl Up to 100µl Up to 1000µl Up to 100µl 

TOTAL 100µl 100µl 100µl 100µl 
Table 2.6-22 Variable chain insert digestion product concentration 
Components including enzymes vary according to chain insert 
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2.6.11.9.  Digested vector and variable chain insert purification 
The gels were placed on a UV lightbox, relevant bands identified, and the images digitalised using the 

Gel Doc XR+ system. A scalpel was used to dissect bands of interest, which were then were placed in 

labelled Eppendorf tubes in preparation for extraction and stored at -20°C. 

A gel extraction kit was used to obtain DNA fragments from the gel. This contained gel dissolving 

solutions and buffers to trap the DNA in a resin within a specialised filter column. The columns were 

placed in a vacuum manifold as previously, buffers drawn off, and transferred to collection vials and 

elution buffers added. Final product concentrations were measured using the Nanodrop system and 

products stored at -20°C until the next stage. 

2.6.11.10. Ligation of vector and variable chain inserts 
Vector and insert fragments were ligated at a 3:1 ratio. Concentrations of all vector and insert 

solutions were noted and the following equation used to calculate ligation reaction mixtures. Vol (I) 

volume insert, C(V) concentration of vector, Mw(V) molecular weight of vector, Mw(I) molecular 

weight of insert, C(I) concentration of insert. The vector and inserts molecular weights were as shown 

in Table 2.6-23.  

𝑉𝑜𝑙(𝐼) = [
𝐶(𝑉)

𝑀𝑤(𝑉)
× 𝑀𝑤(𝐼) × 3] ÷ 𝐶(𝐼) 

 
The necessary volume of each insert was calculated and added to 1µl of vector in a 200µl PCR tube, 

and the other components added as described in Table 2.6-24. The aliquots were incubated on a 

thermal block at 65°C for five minutes and a kit used for the ligation reaction with the following T4 

ligase (New England Biolabs). The ligation reactions were incubated at room temperature for 16 hours 

and underwent PCR purification using a kit as previously described. 

Chain Vector Molecular Weight Region Insert 

Heavy 5.7kb 0.38kb 

Lambda 5kb 0.4kb 

Kappa 5kb 0.54kb 

Table 2.6-23 Vector insert molecular weight 
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Component 20 μl reaction 

T4 DNA Ligase Buffer (10X) 2 μl 

Vector DNA 50 ng (0.020 pmol) 

Insert DNA  37.5 ng (0.060 pmol) 

Nuclease-free water to 20 μl 

T4 DNA Ligase 1 μl 

Table 2.6-24 Ligation reaction components 
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2.6.11.11. Transformation of DH5 alpha cells with ligated insert/vector 
The ligated purified DNA product was used to transform DH5 alpha cells to provide ample quantities 

of DNA for subsequent transfection of mammalian cell lines for monoclonal antibody production. Cells 

were purchased from a commercial supplier and stored at -80°C until use. The cells arrived in vials of 

500µl which were thawed on ice before dividing into aliquots of 25µl for transformation. All aliquots 

were stored on ice until use.  

LB agar plates were prepared by adding 250ml of distilled water to 8.75g of LB agarose powder and 

autoclaving. The liquid agar was cooled to 50°C in a waterbath and transferred to a sterile hood, 250µl 

of ampicillin added to produce a concentration of 1:1000 (100mg/L) and poured onto plates which 

cooled in a sterile hood. Each 250ml water/8.75g LB agarose/250µl ampicillin batch produced 

approximately 20 plates. Once cooled and solid, plate lids were replaced and stored at 4°C until use. 

All plates were removed from refrigeration and allowed to come to room temperature prior to 

bacterial work.  

Each transformation used a 1.5ml Eppendorf tube containing 3µl of each ligation reaction placed on 

wet ice to which 25µl of DH5 alpha cells were added, tapped gently to mix, and incubated on ice for 

30 minutes. At the end of this incubation, each tube was placed in a 42°C waterbath to heat shock for 

35 seconds and transferred back to the ice to incubate for two minutes. Following this process, 950µl 

of warmed LB broth was added to each tube and incubated at 30g and 37°C for one hour.  

The reaction tubes were centrifuged at 1500g for ten minutes and the supernatant aspirated to leave 

a pellet and 200µl of LB broth; this was gently resuspended by pipetting up and down, transferred to 

solid LB agar plates and evenly distributed, and incubated at 37°C overnight. The following day, all 

plates were assessed for the presence of bacterial colonies, representing successful transformation of 

DH5 alpha cells containing the desired inserts.  

2.6.11.12. Preparation of glycerol stocks 
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A 96-deep-well-plate was prepared for glycerol stocks for each vector-insert sequence by adding 1.2ml 

of Terrific Broth to each well. A single colony from each bacterial transformation plate was added to 

the well, the plate sealed and incubated overnight at 30g and 37°C. The following day, the culture was 

retrieved and made up glycerol stocks in 1:1 ratio, and stored in cryovials at -80°C.  

2.6.11.13. Preparation of plate stocks 
Plate stocks consisted of three LB agar plates to store individual colonies for quick retrieval. A grid was 

drawn on the base of the plate and numbered according to the chain being stored. A single colony 

from each transformation was placed in the corresponding square of the grid and stored at 4°C.  

2.6.11.14. Harvesting amplified vector/insert sequences 
After single colonies had been selected for glycerol and plate stocks, the remaining colonies were 

harvested from the plates. 1ml of LB broth was added to each plate and the colonies gently scraped 

from the agar surface. The broth and colonies were pipetted into a 1.5ml Eppendorf tube and 

centrifuged at 1500g for one minute. The supernatant was discarded, and the pellet resuspended by 

vortexing.  

A kit (QuickLyse Miniprep Kit, Qiagen) was used to purify vector plasmid DNA according to the 

manufacturer’s instructions. Preparation of kit buffers included addition of RNAse A solution to Buffer 

P1, and addition of 96% ethanol to Buffer PE. LyseBlue reagent was added to Buffer P1 which aided 

with identification of successful bacterial cell lysis. A 250µl aliquot of Buffer P1 was added to the 

bacterial pellet and the mixture transferred to a microcentrifuge tube. A 250µl aliquot of Buffer P2 

was added, the tube inverted five times and the reaction mixture turned blue. 350µl of Buffer was N3 

added, the tube inverted five times and the mixture turned clear.  

The tube was centrifuged at 1500g for ten minutes the supernatant added to a column provided by 

the kit. The column was placed in a vacuum manifold and the supernatant drawn through. A 0.5ml 

aliquot of Buffer PB was added to the column and the vacuum reapplied, followed by 0.75ml of Buffer 

PE and the vacuum reapplied.  
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The column was transferred to a collection tube, centrifuged for one minute, and transferred to a 

labelled microcentrifuge tube and a 50µl aliquot of RNA/DNAase free water applied to the centre of 

the membrane. After allowing to rest rested for one minute, this was  then centrifuged at 1500g for 

one minute to elute the miniprepped DNA into the microcentrifuge tube. All collected samples were 

stored at -20°C until further use.  

2.6.11.15. Minidigest to assess for the presence of vector and insert 
A minidigest was performed to ensure all steps of the reaction had been performed adequately and 

the inserts were present within the vectors. The same enzymes were used as previously for digestion 

of both insert and vectors; heavy with EcoRI and Sali, lambda with AgeI, and kappa with Xhol. 3µl of 

each vector/insert DNA sample was assessed here. The reagent components and volumes were as 

listed in Table 2.6-25  

 
Heavy chain vector Lambda chain vector Kappa chain vector 

Miniprep DNA 3 3 3 

EcoRI 0.2 - 0.2 

SalI 0.2 - - 

AgeI - 0.125 - 

XhoI - 0.2 - 

HindIII - - 0.2 

Cutsmart buffer 2 2 2 

Nuclease free H20 14.6 14.675 14.6 

Total 20 20 20 
Table 2.6-25 Minidigest reagent list and volumes 
All measurements in microlitres (µl) to assess for the presence of ligated inserts. 
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The product was mixed with 6X loading dye and placed in a 1% TBE gel. DNA ladders of 1kb and 100bp 

were loaded into the first two wells to allow measurement of the fragment molecular weight. The gel 

was run at 120V for 30 minutes to visualise the digested insert for the heavy, lambda and kappa chains. 

Viable samples were those with two bands visible on the gel- one at 5-6kb representing the vector, 

and one at 500bp representing the insert. This is shown in Figure 5.6-2. 

2.6.11.16. Sequencing of verified insert samples 
If the gel showed the presence of an insert of the correct molecular weight, two miniprepped samples 

were sent to an external laboratory (Genewiz laboratories UK) for sequencing. A 15µl aliquot of each 

sample at a concentration of 100ng/µl was sent either in 1.5ml Eppendorf tubes or batched on a 96-

well plate, along with the relevant AbVec primer (GCTTCGTTAGAACGCGGCTAC). The sequencing 

results were downloaded from the Genewiz online portal and analysed sequences using BioEdit. If 

there was consensus between two sequences, these were noted as suitable for transfection and 

monoclonal antibody generation.  

2.6.11.17. Assessment of insert character 
All available heavy and light chain inserts were analysed using the online IMGT database for insert 

gene family usage, complementarity-determining region length. This allowed comparison of the 

monoclonal antibody properties.  

2.6.11.18. Preparation of mammalian HEK293A cells in preparation for transfection 
The human embryonic kidney cells (HEK) were selected for vector and insert transfection, as this cell 

line grows well in culture and facilitates transfection. The cell line was created by the addition of 

adenovirus 5 DNA to foetal embryonic kidney cells (287). The cells were obtained commercially 

(Invitrogen UK) and stored at -80°C until required. For this part of the project, all cells were thawed as 

described previously.  
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All work was done in a sterile hood in a containment level two facility. Vials of 1.1x107 cells were 

retrieved from storage and kept on dry ice, placed in a 37°C water bath and thawed until a few ice 

crystals remained. The cells were transferred to a 4°C cooled 15ml conical tube, 5ml cold DMEM added 

dropwise and gently mixed. A 6ml aliquot of RPMI was added to bring the total volume to 12ml and 

the tube was centrifuged at 300g for eight minutes.  

The supernatant fluid was poured off and the pellet resuspended in 12ml of DMEM and centrifuged 

for five minutes at 300g. The supernatant was again poured off and the cell pellet resuspended in 

10ml of R10 for counting. Usual viability of thawed HEK293A cells was 70-85% of fresh cell amount. 

The cells were transferred to T75 (75cm2) tissue culture flasks and placed supine in a 37°C and 5% 

CO2 incubator to encourage adherence of cells to the flask surface. The flask lids were left loosely 

open to allow for gas exchange.  

The cells were reviewed daily using a light microscope until a 70-80% confluency had been reached, 

at which stage they were ready for passaging. This level of confluency represents a cell density of 

>5x105 cells/ml according to the manufacturer. Figure 2.6-14 below shows the appearance of each cell 

growth stage. 

Day 0: cells placed in T75 flask Day 1: cells growing and 
adherent to flask surface 

Day 5: cells now covering 70-
80% of the visible flask surface 
and ready for passaging 

   
Figure 2.6-14 HEK293A cell growth 
HEK293A cells were placed in T75 flasks. Day 0 shows cells. Daily checks reveal progressive growth and adherence to flask 
surface. By day 5, confluency is achieved, and cells are ready to passage 
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2.6.11.19. Passaging HEK293A cells 
When cells achieved 70-80% confluency, they were reseeded into new T75 flasks at a 1:10 split. The 

manufacturer recommended a cell seeding density of 2-5x104 viable cells/cm2. Cell passaging was 

performed twice weekly, with a minimum of 3-5 passages recommended before being ready for 

transfection. Passage of cells was done in a sterile hood in a containment level two laboratory. All 

aspirated medium and PBS were disposed of in Virkon unless otherwise stated.  

Complete medium was used for passaging cells and made up as follows: 450ml of high glucose 

Dulbecco's Modified Eagle Medium (D-MEM), 50ml of FBS, 5ml of L-glutamine (2mM), 5ml of non-

essential amino acids (NEAA, 10mM), 5ml of sodium pyruvate (10mM) and 1% penicillin/streptomycin. 

This was filter sterilised using a 0.45µm filter and stored at 4°C. Prior to use, aliquots were placed in a 

37°C waterbath. 

Flasks were opened and a sterile 10-20ml pipette used to aspirate off old medium. A fresh 10ml 

pipettes was used to introduce 10ml of PBS to the cells the flask rocked gently back and forth to 

remove any remaining medium and wash cells, ensuring no medium or serum remained which could 

inhibit the action of trypsin. The PBS was removed and disposed of, and 1-2ml of Trypsin/Versene 

(EDTA) solution added to the flask. The flask was incubated at room temperature for five minutes to 

allow detachment of cells from the flask surface.  

 The flask was checked microscopically to ensure all cells had detached. A 9ml aliquot of complete 

medium was added to the flask and this cell suspension used to seed the required number of flasks 

required for cell growth. Each flask received 1ml of this cell suspension and 19ml of either complete 

or D10 medium to create the 1:10 cell split used for each cell passage. All freshly seeded flasks were 

labelled with date, passage number and cell line name before placing in the 37°C and 5% CO2 

incubator. All further cell incubations were performed in this incubator unless otherwise specified.  
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2.6.11.20. Seeding HEK293A cells in preparation for transfection 

2.6.11.20.1.1. 6 well plates 
A six well plate was used for initial small-scale transfection work. Each well required a concentration 

of 4x105 cells/ml. Each well was 2ml capacity, each plate contained six wells, meaning 4.8x106 cells 

were needed per plate. From the T75 flasks, the total cell number was calculated and divided by 

4.8x106 to give the number of plates available for transfection. Number of plates was multiplied by 12 

to give the total volume for resuspension of the cells. D10 was used as the resuspension medium.  

The six well plates were seeded with 2ml of the D10 cell suspension and rocked backwards and 

forwards to evenly disperse the cells. Plates were labelled and dated and checked with a microscope 

to ensure the presence of cells in each well, lids replaced, and placed in the incubator overnight. The 

following day, plates were checked microscopically to ensure 70-80% cell confluence. Once this level 

was achieved, the cells were ready for seeding.  

2.6.11.20.1.2. 15 cm diameter plates 
A 15cm plate was used for large scale transfections to produce a greater volume of antibody, with 

each plate having a surface area of 148 cm2. The cell concentration required per plate was 5.5x105 

cells/ml. This meant a total cell number of 11x106, with a 20ml volume of cell suspension. The plates 

were rocked as previously described to ensure even dispersion of cells, checked microscopically and 

placed in the incubator until transfection the following day.  

2.6.11.21. Transfection of HEK293A cells 
Once cells were considered viable for transfection, they were removed from the incubator and placed 

in a sterile hood. One hour prior to the transfection, D10 medium was removed from each well. The 

plate was carefully tilted and a 20ml sterile pipette used to carefully aspirate the old medium taking 

care not to dislodge the adherent cell layer. Fresh D10 medium was added to each well and returned 

plates to the incubator for one hour.  
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After one hour in the incubator, the plates were returned to the sterile hood in preparation for 

addition of heavy and light chain DNA. The exact amount of DNA per well was 1µg of each heavy and 

light chain, giving 2µg in total. The correct volume of miniprepped DNA was calculated by dividing 1µg 

by concentration of each miniprepped sample (ng/µl).  

Polyethylenimine (PEI) was used to enhance transfection as it condenses DNA into positively charged 

particles more easily endocytosed intracellularly by mammalian cells. A stock solution of PEI was 

created by dissolving 50mg in 1ml nuclease-free water. The solution was then diluted to give a working 

stock solution of 1mg/ml, filter sterilised with a 0.22µm filter and divided into 500µl aliquots and 

stored at -20°C until required.  

Six well plates: 1µg each of heavy and light chain DNA was added to 250µl of DMEM in a 1.5ml 

Eppendorf tube and vortexed. A 9µl aliquot of polyethylenimine (PEI) was added to the tube and the 

mixture left to sit at room temperature for 15 minutes.  

15cm diameter plates: 15µg each of heavy and light chain DNA was added to 2ml of DMEM in a 12ml 

tube and vortexed. A 100µl aliquot of polyethylenimine (PEI) was added to the tube and the mixture 

left to sit at room temperature for 15 minutes. 

Each well of the six-well HEK293A plates and each 15cm plate corresponded to an antibody heavy and 

light chain pairing and was labelled accordingly. The correct heavy and light chain/DMEM/PEI mixture 

was carefully added dropwise to the corresponding well/plate before returning to the incubator for 

6-18 hours.  

2.6.11.22. Addition of protein free medium 
The following day, old DMEM medium was removed, the cells washed with DMEM, and the 

appropriate volume of Ultra-DOMA protein-free medium added; 2ml for the six-well plate and 20ml 

for the large plates. The plates were rocked gently back and forth and returned to the incubator for 4-

5 days to allow growth and secretion of the monoclonal antibody.  
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2.6.11.23. Antibody harvesting 
After 4-5 days incubation, plates were examined microscopically to ensure cells remained adherent to 

the well/plate surface. For six-well plates, 1000µl pipette tips were used to aspirate supernatant into 

pre-labelled 2ml microcentrifuge tubes. For the 15cm plates, a 20ml sterile pipette was used to collect 

supernatant and stored in a pre-labelled 50ml centrifuge tube. The remaining plates were doused with 

Virkon and disposed of appropriately. All harvested supernatant was stored at 4°C.  

2.6.12. IgG enzyme-linked immunosorbent assay (ELISA) to test for the presence of 
antibody 
A commercial ELISA kit (Human IgG total Ready-SET-Go! ELISA kit ThermoFisher, UK) was used to 

screen for the presence of antibody in each transfection supernatant sample. All preparation and 

experimental steps were performed as per the manufacturer’s instructions.  

2.6.12.1.  ELISA plate coating 
The day before the planned ELISA experiment, test plates were coated with capture antibody. The 

coating buffer (1X) was prepared by making a 1:10 dilution of PBS (1ml) with deionised water (9ml). A 

1:250 dilution of capture antibody was made by adding 40µl capture antibody to 9960µl coating 

buffer. This buffer/antibody coating mixture was poured into a 25ml reservoir and mixed gently. A 

multichannel pipette was used to dispense 100µl to each well of the 96-well plate, sealed with film 

and incubated overnight at 4°C. 

2.6.12.2.  ELISA wash stages 
On the day of the ELISA experiment, a wash buffer was prepared by adding 250µl of Tween-20 (Sigma 

Aldrich) to 500ml of PBS to give 0.05% Tween-20, hereafter referred to as PBS-T. The wash stages were 

performed by pipetting 250µl of wash buffer into each well of the 96-well plate using a multichannel 

pipette. As per the manufacturer’s instructions, the wash stages differed.  
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The initial two wash stages included two washes, and all washes following this required four washes. 

The first two wash steps involved aspirating all liquid from the 96-well plate wells using a multichannel 

pipette, followed by addition of wash buffer. This process was repeated and the wash complete. All 

subsequent washes were performed as follows: the 96-well plate was rapidly inverted to “flick” off all 

buffer from the wells. A 250µl aliquot of PBS-T was added to each well using the multichannel pipette 

and left to soak for one minute to increase effectiveness of the wash. The wash was then flicked off 

again and the plate blotted on absorbent paper to remove residual wash buffer. This process was 

repeated three times. 

2.6.12.3.  ELISA blocking stage 
The ELISA plate was washed as per the two-wash stage process. A blocking buffer was prepared with 

a 1:10 dilution of Assay Buffer A (2.5ml) concentrate (20X) in deionised water (22.5ml). The tube 

containing the buffer was inverted several times to mix, placed in a 25ml reservoir and 250µl 

dispensed into each well of the 96-well plate using a multichannel pipette. An adhesive seal was 

applied to the plate and the sealed plate incubated at room temperature for two hours. 

2.6.12.4.  ELISA Standard Preparation 
As per the manufacturer’s instructions, the recombinant IgG standard provided with the kit required 

a reconstitution time of 30 minutes before being added to the plate. The ELISA kit contained the 

standard as powder for reconstitution with deionised water, intended for immediate use once 

reconstituted. These steps were performed at room temperature to create a final concentration of 

200ng/ml.  
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2.6.12.5.  ELISA testing of supernatants- primary antibody 
Following the blocking step, plates were washed twice with PBS-T and all residual wash buffer 

removed by blotting on absorbent paper. Each well was allocated to one of the supernatants prepared 

from the transfection steps and the standards as described below. Columns 1 and 2 were allocated 

for the IgG standard. Each well was filled with 100µl of 1X Assay Buffer A. 100µl of IgG standard was 

then added to wells A1 and A2 and mixed well using a pipette. This gave a standard concentration of 

100ng/ml. 100µl from A1 and A2 was then transferred to wells B1 and B2, the wells mixed using a 

pipette and this procedure repeated for all subsequent wells to G1 and G2 to give two-fold serial 

dilutions. The final two wells of H1 and H2 were left blank.  

For the experimental wells, 100µl of undiluted transfection supernatant was added to each referring 

to a plate layout prepared beforehand (Figure 2.6-15). A clear adhesive plate seal applied, and the 

plate incubated at room temperature for two hours. The transfection supernatants contained 

monoclonal antibodies and fulfilled the role of the primary antibody for the purposes of ELISA. Each 

transfection supernatant was assessed in triplicate to allow more accurate estimations of 

concentration. 

 1 2 3 4 5 6 7 8 9 10 11 12 

A Std 1 
neat 

Std 2 
neat 

1 1 1 4 4 4 7 7 7  

B Std 1:2 Std 1:2 2 2 2 5 5 5 8 8 8  

C Std 1:4 Std 1:4 3 3 3 6 6 6 9 9 9  

D Std 1:8 Std 1:8 10 10 10        

E Std 1:16 Std 
1:16 

11 11 11        

F Std 1:32 Std 
1:32 

12 12 12        

G Std 1:64 Std 
1:64 

          

H 0 0           

Figure 2.6-15 ELISA plate layout 
Columns 1 and 2 contain the standard in an increasing dilution of 1:2, and rows 3-12 contain transfection supernatant 
experimental samples 
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2.6.12.6.  ELISA testing of supernatants- Secondary Antibody 
Following incubation, the ELISA plate underwent a four-step wash as described above. A secondary or 

“detection” antibody was provided in the kit. This was an enzyme probe consisting of an IgG antibody 

conjugated to a horseradish peroxidase (HRP) enzyme. In the following steps this enzyme reacts with 

3,3',5,5'-Tetramethylbenzidine (TMB) to produce a visible colour change within the plate wells, 

indicating the presence of antibody. The conjugated secondary antibody (IgG/HRP) was prepared by 

diluting the provided antibody 1:250 in 1x assay buffer A and 0.5ml of 1X assay buffer A added to 9.5ml 

of deionised water in a 12ml tube. A 40µl aliquot of this solution was removed to leave 9600µl, and a 

40µl aliquot of the provided IgG/HRP solution was added to create the required 1:250 dilution. The 

tube was inverted five times and the solution poured into a reservoir. A multichannel pipette was used 

to place 100µl of IgG/HRP solution into each well, the plate resealed and incubated at room 

temperature for one hour.   

2.6.12.7.  ELISA substrate and stop solution 
Following the one-hour incubation, the plate underwent a four-step washing process as previously 

described. The kit contained the TMB substrate described above. On addition of TMB to the HRP 

enzyme, a blue pigment is produced. When the stop solution was added, the solution changed to a 

yellow colour. The TMB solution was contained in the kit and a 100µl aliquot was added to each well 

using a multichannel pipette. The plate was resealed, wrapped in foil, and incubated at room 

temperature for fifteen minutes. A stop solution containing sulphuric acid (H2SO4) was prepared by 

diluting 2ml of 10N sulphuric acid with 8ml of deionised water. I added 100µl of this solution to each 

well of the ELISA plate.  
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2.6.12.8.  ELISA plate interpretation 
A plate reader was used to review the optical density of each well of the ELISA plate. This machine 

detects absorbance of solution within the wells when light of wavelength 450nm passes through the 

sample. Each well is measured in this fashion and a readout of figures is displayed. All results are 

compared to the standard absorbances in columns 1 and 2 to assess for the presence of antibody 

within the supernatant samples. The lowest standard results determined the cut-off value indicating 

the presence of antibody. This is a semi-quantitative assay as concentrations can also be estimated.  

The results from the standard absorbance and were recorded and used to plot a calibration curve in 

Microsoft Excel. The purpose of two standards per dilution increased the accuracy of the calculations. 

The x-axis was the concentration of the standard and y-axis was level of absorbance. The equation for 

the line was calculated using the standard formula y=mx+c. A linear regression analysis was performed 

to give the coefficient of determination- R2, where R is the correlation coefficient. Ideally, R2 was 0.95 

or greater to indicate a robust correlation curve. As the supernatant sample absorbance values of 

were known, the concentration for each sample could be calculated. Any sample with a concentration 

greater than the lowest value for the standard was deemed to contain antibody.  

2.6.13.  Polyacrylamide gel electrophoresis (PAGE) to assess antibody molecular weight 
2.6.13.1.  PAGE set-up 
The molecular weights of antibodies present within the supernatant were determined using SDS-PAGE 

gel electrophoresis. This used sodium dodecyl sulphate (SDS) to denature the three-dimensional 

structure of protein, allowing transit of the protein to be determined purely by molecular weight. The 

denatured protein was placed in a polyacrylamide gel and subjected to an electrical current. The 

protein moved through the gel, and its progress compared to a kit standard, and molecular weight 

determined.  
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A Mini-PROTEAN TGX was used kit for this step. As per the manufacturer’s instructions, a 1X strength 

running buffer was created by diluting 100ml of 10X stock with 900ml of deionised water. The 

electrophoresis cell was assembled, and gels prepared by removing combs and tape. The inner and 

outer chambers of the electrophoresis cell were filled with the appropriate amount of running buffer. 

The inner chamber buffer volume was 200ml, and the outer chamber buffer volume varied according 

to the amount of gels being run at any one time. Care was taken to ensure all chambers were sealed 

appropriately.  

I prepared the supernatant samples for electrophoresis; 5µl of each sample was added to 4.75µl of 

Laemmli sample buffer (provided by the kit manufacturer, Sigma-Aldrich) and 0.25µl of β-

mercaptoethanol in a 200µl microcentrifuge tube. The samples were placed in a heat block at 95°C for 

five minutes before being loaded onto the gel carefully using a 20µl pipette tip. The electrophoresis 

chamber was connected to a powerpack and the experiment performed at 200V for 40 minutes and 

following this the gel was removed from the chamber by opening the gel cassette and floating it off in 

water.  

2.6.13.2.  Coomassie dye staining of SDS-PAGE gel product 
Coomassie dye binds to basic and hydrophilic protein residues, undergoing a colour transformation 

from brown to blue in the presence of protein. The PAGE gel was washed several times in fresh water 

before it was loaded into a container. The stain 0.25% Coomassie Blue R-250 was added to the 

container and placed on a rocker for 2-4 hours to allow the stain acquisition by the gel. Excess dye was 

drained away, the gel rinsed twice with water and a de-staining solution of 5% methanol, 7.5% acetic 

acid and 87.5% water added to the container. This was returned to the rocker for 4-20 hours or until 

the gel background had shed the blue colour. A Gel-Doc XR reader was used to read and digitise the 

image.  
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2.6.14. Screening supernatant antibodies for HIV specific responses 
An assay was designed to assess the affinity of recovered antibodies for HIV specificity. This was a flow 

cytometry based assay in which target CEM.NKr cells were coated with HIV envelope proteins, and 

then mixed with the transfection supernatant which acted as the primary antibody.  

Following this, a fluorescent conjugated anti-human IgG antibody was added as the secondary 

antibody. When these cells were analysed by flow cytometry, any fluorophore positive populations 

represented HIV specific antibodies bound to CEM.NKr membrane bound HIV envelope protein and 

confirmed the presence of HIV-specific antibodies within the transfection supernatant.  

2.6.14.1.  CEM.NKr cell preparation 
The CEM.NKr cell line was used for this experiment. These cells are derived from T-lymphoblasts and 

are resistant to natural killer-mediated cell lysis. The CEM.NKr cells were obtained commercially and 

stored in cryovials in liquid nitrogen. Cell vials were thawed and counted as described for the HEK293A 

cell line. The thawed cells were resuspended in R10 medium and placed in a T25 culture flask. This 

flask was labelled and placed in a 37°C temperature and 5% CO2 incubator and cell growth monitored. 

The cells were transferred to a T75 flask and passaged twice weekly, as they grew optimally in 

suspension with a doubling time of 24 hours. Post passage cell resuspension amounts were usually 

1x107 cells per flask.  

For this assay, the CEM.NKr cells were transferred from the T75 flask into a 50ml centrifuge tube and 

made up to 50ml with R10 medium. The tube was centrifuged at 350g for five minutes, the 

supernatant poured off, and the pellet resuspended in 10ml of R10. The cells were counted by mixing 

10µl of cell suspension with 10µl of Trypan Blue, this aliquot transferred to a haemocytometer 

chamber and counted with a microscope. 2.5x106 cells were required for each assay. The calculated 

volume of cell suspension was aliquoted into a FACS tube, centrifuged at 350g for five minutes, the 

supernatant removed with a 1000µl pipette tip and the pellet resuspended in 50µl of R10 medium.  
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2.6.14.2.  CEM.NKr cell coating with HIVgp140 
The HIV gp140 surface protein was selected for cell coating. Frozen aliquots of this were thawed and 

available in a 1mg/ml concentration. A 10µl aliquot of HIV gp140 was mixed with 90µl of R10 and 50µl 

was added to each CEM.NKr cell aliquot. The FACS tube was briefly vortexed and incubated at 37°C 

for one hour. Following this incubation, cell aliquots were washed twice with R10 medium and 

centrifuged at 350g for five minutes. The cells were counted and resuspended at a concentration of 

6.5x105 cells/ml. 

2.6.14.3.  Addition of supernatant to the coated CEM.NKr cells- primary antibody 
Approximately 65,000 cells or 100µl of resuspended cells were placed in each well of a 96-well plate. 

All control and experimental samples were performed in triplicate. The selection of experimental 

controls was as previously described. The biological controls included one negative control (IgG) and 

one positive control (HIVIG). IgG1 is a stock preparation of pooled IgG from confirmed HIV negative 

donors (288). Anti-HIV Immune Globulin (HIVIG) is a solution of polyclonal anti-HIV antibodies 

prepared from donor sera of asymptomatic HIV antibody positive donors with CD4 counts above 400 

and confirmed negative for hepatitis B and C (289). The experiment was set out as shown in Figure 

2.6-16 below.  

 1 2 3 4 5 6 7 8 9 10 11 12 

A AF US FMO  

B IgG A32 HIVIG  

C Supernatant sample Supernatant sample Supernatant sample Supernatant sample 

D Supernatant sample Supernatant sample Supernatant sample Supernatant sample  

E             

F             

G             

H             

Figure 2.6-16 96-well plate for supernatant screening 
Plate layout as shown in the figure, AF autofluorescence, US unstained, FMO fluorescence minus one, IgG pooled HIV 
negative IgG, HIVIG anti-HIV immune globulin. Supernatant samples allocated as required. 
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For control wells, the following were prepared cells: autofluorescence (cells only). unstained (cells 

with supernatant only), fluorescence minus one (cells with secondary antibody only), IgG1 (negative 

control, 100µl of a 1:500 dilution of 2µl IgG1 + 998µl PBS), A32 (positive control): 100µl of 1:500 

dilution (2µl A32 + 998µl PBS), HIVIG (positive control, 100µl of a 1:500 dilution of 2µl HIVIG + 998µl 

PBS). For experimental wells, 100µl of neat supernatant was added to each well in triplicate and the 

plate incubated at 37°C for one hour.  

2.6.14.4. Addition of secondary antibody 
The plate was retrieved, washed twice with of 200µl of PBS in each well and centrifuged at 350g for 

five minutes. The plate was vortexed after the second wash. I prepared a secondary antibody solution 

of an anti-human IgG- FITC conjugated antibody and diluted to 1:100 solution. I added 100µl of 1% 

IgG-FITC to experimental sample well and the FMO control well. I wrapped the plate in foil and 

incubated at room temperature for 30 minutes. I washed twice with PBS, removed supernatant, 

vortexed and added 100µl of BD Cytofix to each well to ensure stability of the fluorophore labelled 

cells. I prepared microtubes on a 96-well rack in accordance with the plate set up. I transferred the 

well contents were to the microtubes and the samples were then ready for flow cytometry analysis.   

2.6.15. Identification of cross-reactivity with gut microbiota 
In relation to previously published work suggesting intestinal microbiota may provide a template for 

antibodies which cross react with gp41 antigens (264), reactive epitopes were reviewed against E coli 

RNA. Any reactive sequences were compared to the RNA molecules described in the literature by using 

BioEdit software (previously described) and the online NCBI basic local alignment software tool 

(BLAST; https://blast.ncbi.nlm.nih.gov/Blast.cgi) to review sequence alignment.  

2.6.16. Functional assessments 
A rapid fluorometric assessment of antibody dependent cell-mediated cytotoxicity was used to assess 

monoclonal antibody function. This was adapted from the protocol described by Gómez-Román et al 

(290) and optimised by colleagues working in our laboratory.  
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The target cells were double stained with two dyes; one membrane dye (PKH red fluorescent cell 

linker, PKH-26, Sigma Aldrich UK) and a viability dye (5(6)-Carboxyfluorescein diacetate N-succinimidyl 

ester, CFSE, Invitrogen).  

Briefly, CEM.NKr cells were used as target cells and PBMC from healthy controls were used as effector 

cells. CEM.NKr cells were cultured as previously described and stained using a PKH-26 dye staining kit, 

washed twice, counted and resuspended in 10ml of complete R10 medium. A 5mM stock solution of 

CFSE dye was diluted 1:5 with PBS and used to stain the CEM.NKr cells at a concentration of 1µl per 

1x106 cells. These were washed twice and resuspended in 10ml R10 complete medium. The cells were 

then coated using HIV-1 gp140 as previously described.  

Doubly stained CEM.NKr cells were resuspended at 2x105 cells per ml and 50µl/1x105 placed in each 

well of a 96-well plate. Effector PBMCs were prepared as previously described and added at a 1:1 ratio 

with 50µl/1x105 cells added to each well. Each experiment was done in triplicate and the wells 

allocated as follows; negative control IgG (A1-3), positive control HIVIG (A4-6) and experimental 

monoclonal antibody thereafter. A 100µl aliquot of monoclonal antibody was added to experimental 

wells.  

The plate was centrifuged for three minutes to gather cells at the base of each well and then incubated 

for four hours at 37°C. Following incubation, wells were washed twice with PBS before adding 100µl 

of BD Cytofix to each well and transferring contents to FACS microtubes, which were wrapped in foil 

and chilled at 4°C.  

FACS analysis was performed using the BD LSRII and data analysed using FlowJo software. ADCC was 

assessed by identifying the percentage of target CEM.NKr cells which retained PKH-26 membrane dye 

but lose intracellular CFSE dye indicated lysis of this population. Gating using negative and positive 

controls identified the quadrant of interest. This is shown below in Figure 2.6-17.  
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Figure 2.6-17 RFADCC assay- courtesy Dr Scarlett Turner 
First row gating strategy. The first gate selects live PBMC and target cells; x axis forward scatter area, y axis side scatter area. 
Second and third gates x axis CFSE, y axis PKH-26; positive and negative controls are used to select the CFSE high, PKH-26 
high, and CFSE/PKH-26 double high populations. Cells which are CFSE low/PKH-26 high have lost intracellular dye but retain 
membrane dye and indicate the percentage ADCC population. 

Second row negative controls, positive controls HIVIG and A32. X axis CFSE, y axis PKH-26 
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Chapter 3 
Seronegative Cohort 
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Chapter 3  Seronegative cohort 

3.1. Introduction 

Humoral responses against the HIV envelope protein subunit gp41 include non-neutralising IgG and 

IgA, and mucosal IgA which can inhibit trancytosis and effect neutralisation of HIV infection in vitro 

(224,225). There is also evidence to support the origin of anti-gp41 responses as a result of immune 

priming by previous exposure to other epitopes such as intestinal microbial antigens (264).  

The purpose of this part of the study was to review participant serum responses to HIV envelope 

antigens. The initial part of my work concerns the development of anti-HIV immune responses in a 

seronegative population and asks if levels of exposure to potential HIV infection can influence this 

response.  

Low level viraemic challenges are of interest. The group A population of seronegative individuals 

reported regular unprotected sexual intercourse, but it has been suggested to consider the possibility 

of “silent infection” described in MSM with negative ELISA and Western blot but HIV cultured from 

PBMC (291). This event was not described in other cohorts which specifically reviewed high-risk 

exposures in haemophiliacs exposed to contaminated blood products (292) and antibody negative 

heterosexual females with HIV positive haemophiliac male partners where it was not possible to 

identify viral RNA PCR from PBMC status (293,294). These data suggest the absence of HIV infection 

in humans with persistently negative HIV antibody testing. The initial “silent infections” may be due 

to assay sensitivity may vary between studies; some used denatured as opposed to conformational 

epitopes which may not capture anti-HIV humoral responses to in vivo epitopes (295,296). 

Conversely, low level viraemic challenges in animal models have shown the following. Transient 

viraemia in macaques resulted in cytotoxic T-lymphocyte responses to SIV, with tissue samples 

positive for proviral DNA and SIV gag RNA, suggesting latent or low level production of virus (297). 

Data from macaque models using repeated low dose SIV exposure caused SIV-specific cytotoxic T-

lymphocyte responses in absence of anti-SIV antibody, and were found to be non-protective, as 
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subsequent larger dose challenges eventually causing seroconversion and disease progression, 

suggesting repeated low dose challenges with SIV may create subclinical infection with proviral DNA 

detectable in tissue/PBMC in absence of seroconversion, (298). There is minimal data to support low 

dose viral challenges can cause protective effects in animals (299).  

The cohort of MSM in group A reported HIV exposure but did not display seroconversion. Returning 

to animal models, repeated intrarectal SIV challenges did not produce infection in five of 18 macaques 

but no antigen specific cellular or humoral correlates of infection identified, suggesting other possibly 

innate mechanisms provided protection (226). In addition, not all sexual exposure results in 

transmission- consider “highest risk” practice of receptive anal sex.  

In the pre cART era, HIV infection was associated with 5 – 30 per 1000 receptive anal exposures in 

from partners of unknown serostatus (300). Knowledge of partner serostatus altered the per contact 

risk of acquiring HIV; 0.82% if partner was known HIV infected (viral load unquantified), and 0.27% if 

the partner serostatus was unknown (301). In the cART era, the per contact risk of acquiring HIV is 

0.65-1.43% per contact, depending on ejaculation occurring extra/intrarectally (302). Therefore 

exposure to HIV in the absence of seroconversion/infection can occur.  

The group A study cohort was made up of HIV-negative men who have sex with men who reported 

unprotected receptive anal intercourse within the previous three months. Given the levels of potential 

exposure to HIV as suggested by the above paragraph and the PROUD-UK criteria (113), the hypothesis 

was that some study participants could develop anti-HIV antibody responses in the absence of 

infection. As outlined in chapter 2, all group A participants were followed longitudinally to confirm 

seronegative status and assess for seroconversion events.  

This study used a yeast surface display system (YSD) to interrogate participant serum. This system 

produces a combinatorial library of HIV-gp160 envelope fragments on the surface of yeast cells. The 

advantage of this method over traditional phage-based systems is the presentation of antigen as a 
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conformational rather than linear epitope due to yeast protein processing and display, and more akin 

to in vivo HIV Env. Also, as YSD contains a variety of antigen fragments, it allows a more in-depth 

analysis of antigenic determinants. Yeast surface display has been used to analyse humoral responses 

in HIV (280), simian immunodeficiency virus, and in hepatitis C (280,282,283,303).  

The interest in exploring HIV Env protein serum responses was to identify immunogenic epitopes in 

HESN. Germline precursors of anti-Env antibodies have minimal affinity for Env (304), therefore it may 

be useful to explore Env structures which present stable epitopes to screen for antibodies.  

YSD has been used previously in HIV protein engineering to construct mutated of Env including 

versions of gp120 to identify variants with enhanced binding for CD4bs antibodies (305), versions of 

gp140 to screen for anti-CD4bs antibodies (280).  

YSD glycosylation is similar but not identical to mammalian cell procedure. Glycosylation serves 

several functions in protein production; chaperoning through endoplasmic reticulum, allows correct 

folding of proteins by creating stearic hindrance, and transporting functions including signalling and 

homing (306). In YSD, core N-glycosylation is similar, but mammalian proteins undergo post 

translational processing to complex and high mannose forms whereas yeast cells perform 

glycosylation in a step-wise fashion (307). Attempts to engineer in additional glycosylation steps to 

more closely match mammalian cell processing results in detrimental effects on yeast cell culture. Post 

culture enzymatic alteration of glycosylation affects antibody binding and the complexity was beyond 

the scope of this project (308) 

YSD has been compared with HEK293 cellular-based display assays; yeast display achieved better 

binding for 2G12, VRC01, PGT121 which may have reflected mAb specificity for mammalian glycan 

processing; MPER-specific MAbs 2F5, 4E10 and 10E8 preferentially bound yeast epitope, suggesting 

yeast bound gp41 is better accessed on a yeast than mammalian structure (308).  
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It was decided to evaluate fragment/epitope recognition as opposed to intact Env trimer structure, as 

the purpose was to review epitopes of interest. In hindsight, constructing display system of intact Env 

trimers might have allowed for swifter processing of samples by identifying a population of trimer-

specific antibodies. But as YSD might bias towards gp41/MPER specific antibodies, gp120 may have 

been presented in a more accessible fashion. 

An important consideration is antibody recognition of fragments or denatured epitopes, as this is the 

feature of this assay. Western blots use denatured fragments, and sera from HIV-infected people can 

recognise Env structures (295). Yeast surface display sequences of greater than 100 base pairs displays 

conformational epitopes as opposed to the linear epitopes displayed by fragments less than 100 base 

pairs (282). 

In summary, YSD was considered preferable to mammalian cell lines due to reasons outlined, ease of 

use, robustness in storage/culture and scalable in order to review the expected volume of samples to 

be assayed.  

3.2. Aims 

My aims with this study were as follows 

• To identify serum responses to HIV envelope antigens serum of HIV negative individuals using 

a yeast surface display system 

• To describe the antigenic determinants of this response  

• To make a preliminary assessment of the frequency and character of this response as regards 

risk of HIV exposure 
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3.3. Baseline demographics 

I used samples from group A (seronegative) and group E (seropositive) in this chapter of work.  

3.3.1. Group A seronegative  

Baseline demographics and PBMC parameters for group A participants are shown in Table 3.3-1. The 

two groups were similar across apart from number of sexual partners number and presence of a 

sexually transmitted rectal infection. The median number of partners for all participants in group A 

was 6 partners in previous 6 months and this was selected as the threshold between high and low-

risk.  

 Low-risk (n = 50) High-risk (n = 50) P value 

Age mean (Std dev) 36.4 32.9  

Ethnicity    

            White 80.0% 90.0%  

            Non-white 20.0% 10.0%  

Median partners in 6/12 (IQR) 6 (2.75 – 9.35) 30 (5 – 55) <0.05 

            Median regular partners 1 1  

            Median casual partners 4.5 20  

Presence of GCr/CTr/syphilis 1 fifty <0.05 

CD3 % median (IQR) 80.5 (75.4-85.6) 80.5 (77.6 -83.5) 0.342 

Cells/uL (IQR) (300-2000) 2910.0 (2535.0- 3285.0) 1803.0 (1403.5 - 2202.5) 0.427 

CD4 % median (IQR) 39.6 (33.1 - 46.1) 41.3 (36.0 - 46.6) 0.384 

CD4 cells/uL (IQR) (300 - 1400) 1431.0 (1246.0 - 1616.0) 930.0 (723.5 - 1136.5) 0.384 

CD8 % % median (IQR) 40.2 (32.7 - 47.7) 31.0 (27.2 - 34.8) 0.411 

CD8 cells/uL (IQR) (190 - 900) 1453.0 (1239.5 - 1666.5) 694.0 (485.0 - 903.0) 0.427 

CD56 % median (IQR) 12.5 (8.3 - 16.7) 11.6 (9.7 - 13.6) 0.427 

CD56 cells/uL (IQR) (90-600) 443.0 (358.0 - 528.0) 252.0 (163.5 - 340.5) 0.382 

CD19 % median (IQR) 8.2 (6.6 - 9.8) 8.9 (6.7 - 11.1) 0.471 

CD19 cells/uL (IQR) (100 - 1fifty) 291.0 (239.0 - 343.0) 214.0 (1fifty.5 - 277.5) 0.426 

CD4:CD8 ratio 1.0 (0.6 - 1.5) 1.3 (1.1 - 1.6) 0.525 

Table 3.3-1 1 Group A details 
Seronegative population Baseline demographics and peripheral blood mononucleated cell characteristics of Group A. The 
groups have no differences except for median number of partners in 6 months and presence of a rectal sexually transmitted 
infection (p<0.05 for both)  
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3.3.2. Group E seropositive 

Group E samples were used as the positive control. Group E participants were individuals diagnosed 

with HIV infection who had yet to begin taking cART. These individuals were approached at the time 

of first medical visit to ensure samples were drawn in the absence of cART. Details of this group are 

displayed in Table 3.3-2 

 
Median (range) 

Age (years) 31.7 (24.7-50.0) 

Log viral load (copies/ml) 5.4 (2.7-6.9) 

No. partners last 6/12 6 (1-150) 

Regular 0 (0-2) 

Casual 6 (0-149) 

CD3 % 82.8 (70.9-96.2) 

CD3 cells (700-2100) 1512 (948-4378) 

CD4 % 26.2 (12.0-36.8) 

CD4 cells/µL (300 - 1400) 461 (275-915) 

CD8 % 53.5 (37.8-61062.0 

CD8 cells/µL (190 - 900) 965 (488-3868) 

CD56 % 7.0 (2.0-21.1) 

CD56 cells/µL (90-600) 161 (59-368) 

CD19 B cells % 6.9 (1.1 19.8) 

CD19 B cells/µL (100 - 150) 132 (52-409) 

CD4:CD8 ratio 0.5 (0.1-0.8) 

Table 3.3-2 Group E details  
Baseline demographics and PBMC parameters for seropositive group E participants  
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3.4. Selection of participant serum samples 

For this part of the study, two groups of seronegative participants were created and divided according 

to risk of HIV exposure. The risk stratification followed on from findings in the Pre-exposure Option 

for reducing HIV in the UK: immediate or Deferred (PROUD-UK) trial (9).  

3.5.  Serum aliquot allocation 

Each group of fifty participants was randomly allocated into groups of five participants. These groups 

would form the basis for batched serum aliquots. Ten low-risk and ten high-risk serum aliquot pools 

were created.  

I combined five 200µl serum samples into one 1ml aliquot, and created ten aliquots for each risk 

status, as shown in Figure 3.5-1 below. Batching of serum samples allowed screening of a large number 

of participants thought to represent the risk groups of interest. Exploration of individual serum-yeast 

binding was assessed by single clone analysis (see sections 3.6.5, 3.7.4) for cultures displaying viable 

levels of enrichment. 

 

Figure 3.5-1 Schematic of seronegative aliquot creation 
Five individual serum aliquots samples are randomly combined to form one pooled seronegative aliquot  
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3.6. HIV gp160 library analysis of seronegative serum aliquots  

The combined large and small fragment HIV gp160 yeast surface display library were used to 

investigate the serum immune responses to HIV in this seronegative cohort. As the yeast surface 

display system expresses a protein composition more akin to that produced in vivo, this was 

considered this a more accurate way of reviewing antigen recognition by these participant samples.  

Alternative mechanisms considered to screen for antigen recognition include pooled peptide epitope 

mapping to identify T-cell epitope specificities (309,310), phage-displayed peptide libraries to screen 

patient sera for epitope-specific antibodies (311) or mammalian cell lines.  YSD epitope presentation 

on yeast cell surface is preferable to phage (as discussed previously in view of eukaryotic nature of 

cell); and proteins are displayed as constructs fused to Aga2p proteins are projected away from cell 

surface, which minimises obstruction of epitopes (278) 

For this study, as intention was to produce a screening tool to identify B cell responses and then 

subsequently sort B cell populations of interest, yeast surface display was selected due to the ability 

to identify cultures bearing fragments of interest. 

A schematic of the HIV envelope protein is displayed here for reference purposes below in Figure 

3.6-1. 

 

Figure 3.6-1 HIV envelope gp160 schematic 
gp120: signal peptide C1-C5 conserved regions, V1-V5 variable regions. gp41: FP fusion peptide, NHR N-helix, loop, CHR c-
helix, MPER membrane proximal external region TMD transmembrane domain, endodomain including cytoplasmic tail  

MPER 
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3.6.1. Preparation of the patient serum samples  

Serum aliquots were retrieved and underwent CD20 adsorption as previously described. Each serum 

aliquot was diluted by a factor of 1:100 with PBS and prior to adsorption with CD20-bearing yeast. This 

removed anti-yeast antibodies which could have caused non-specific yeast binding irrespective of HIV-

gp160 antigen recognition. All serum processing was done in a containment level 2 laboratory. 

The twenty patient serum sample aliquots (each aliquot = pooled serum of five participants, ten low-

risk and ten high-risk) were analysed alongside experimental and biological controls. The three 

experimental controls were: autofluorescence, unstained and fluorescence minus one, produced as 

described previously. The two biological controls were lab(laboratory)/healthy control (LC) and 

positive control (PC). LC were from healthy HIV-negative heterosexual volunteers with minimal 

reported exposure to HIV infection (“healthy control”) to account for background anti-HIV-1 envelope 

reactivity. PC   were group E participants; patients with early HIV infection who had yet to begin 

antiretroviral medication at the time blood samples were drawn.  

3.6.2. Sample preparation for HIV Envelope library analysis of seronegative aliquots  

Fluorescence-activated cell sorting was used to analyse the participant serum anti-envelope response 

by selecting a PE high population representing yeast cells expressing surface antigen which bound 

serum antibodies, and all experimental analysis performed as described in the previous chapter. All 

samples were prepared as described in materials and methods.  

The yeast library construct contained a C-terminal c-myc tag which allowed for screening of library 

cells to assess success of transformation and assess for differences in fragment expression; this has 

been demonstrated in our lab and by others (279) 

Another consideration was optimal transformation of yeast cells, and how to ensure one transformant 

per yeast cell and not multiple. Optimal transformation conditions have been reviewed and suggest a 

ratio of 100µl yeast culture at OD600 of 1 with 1µg of vector DNA to give an electroporation cell 

density of 1.6 x 109 cells/ml, resulting in transformation efficacy of 3x107transformants, or 
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approximately 2%. A 1:1.5 vector/yeast cell ratio ensures efficient transformation (312). The protocol 

in our laboratory has been previously evaluated by selecting two colonies for sequencing to ensure 

results match each other; rate of sequence multiplicity was approximately 10-15%.  

To set up the flow cytometry work, initial analysis was performed on seronegative samples on a BD 

LSRII cytometer in a CL2 laboratory. Seropositive samples were analysed on the FACS ARIA III in a CL3 

laboratory.  

Samples were labelled as described in 2.6.8.2. These included the three technical experimental 

controls (autofluoresence, unstained yeast and fluorescence minus one), biological controls 

(laboratory control and positive control) experimental samples of the participant sera aliquot. The 

gating strategy was as discussed in 2.6.8.7. 

3.6.3. Initial FACS gp160 screening of serum aliquots 
All twenty serum aliquots (10 low-risk, 10 high-risk) were screened by FACS using the HIV envelope 

gp160 yeast library and approximately 50000 cells were sorted per sample. Any serum aliquot groups 

with a PE positive population greater than that of the LC were considered reactive and selected for 

further analysis.  

Results were displayed as % PE population rather than mean fluorescence intensity (MFI). MFI 

measures expression level of antigen and hence antibody binding, and this project reviewed all 

antigen/antibody and did not discriminate based on level of binding- which may have biased towards 

expression of surface displayed protein by yeast.  
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The positive control showed a large population of PE high yeast cells, in keeping with the known 

serostatus of that sample, shown in Figure 3.6-2. Low-risk and high-risk aliquot screening plots are 

shown in Figure 3.6-3, with the size of the PE high population shown above the gate. All PE high 

population percentages were documented as shown in Table 3.6-1, Figure 3.6-4 and  

Table 3.6-2. 

 

 

Figure 3.6-2 Controls for seronegative FACS analysis 
Gate three shows technical negative control (autofluorescence) and second gate three shows positive control (seropositive 
serum) 
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Figure 3.6-3 3 Representative flow cytometry dot plots of low and high-risk MSM sera sorted with gp160 yeast library 
X axis PE, y axis side scatter area. Gate shows the PE high population and number represents size of population as percentage 
of total. The negative controls were autofluorescence, unstained yeast, fluorescence minus one and laboratory/healthy 
control (not shown here), and the positive control was seropositive serum (shown above). The low-risk serum aliquots were 
L1-L10, and high-risk H1-10.  

Sample PE high yeast population Sample PE high yeast population 

Healthy control 0.00 Positive control 1.33 

L1 0.08 H1 0.16 

L2 0.33 H2 0.07 

L3 0.12 H3 0.04 

L4* 0.05 H4 0.11 

L5 0.13 H5 0.05 

L6 0.10 H6 0.11 

L7 0.03 H7 0.11 

L8 0.10 H8 0.06 

L9 0.11 H9 0.14 

L10 0.10 H10 0.20 

Table 3.6-1  Proportion of low and high-risk MSM sera which react with gp160 yeast expressing clones 
All values represent PE high percentage of total yeast population, PE high yeast population rounded to 2 decimal places  
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Figure 3.6-4 Mean and standard deviation (SD) of percentage of total yeast population expressing gp160 envelope library 
recognized by low and high-risk MSM sera  
Samples grouped as follows: TC technical controls (autofluorescence, fluorescence minus one, unstained), BC biological 
control (lab/healthy control), LR low-risk serum aliquots L1-L10, HR high-risk serum aliquots H1- H10, and PC positive control 

NB: Results displayed as PE population rather than mean fluorescence intensity (MFI). MFI measures expression level of 
antigen and hence antibody binding, and for this project I wished to review all antigen/antibody and not discriminate based 
on level of binding- which may have biased towards expression of surface displayed protein by yeast. This follows for all 
subsequent similar analyses.  

  
Mean Standard 

Deviation 
Number 
samples 

Technical control 0.06 0.02 3 

Biological control 0.14 NA  1 

Low-risk 0.27 0.16 10 

High-risk 0.29 0.06 10 

Positive control 1.61 NA 1 
 
Table 3.6-2 Mean and standard deviation (SD) of percentage of total yeast population expressing gp160 envelope library 
recognized by low and high-risk MSM sera 
Analysis showing mean and standard deviation for PE positive populations across groups of serum samples. NA Not analysed   
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3.6.4. Sequential enrichment  

The yield of PE high populations was assessed following each sort and the numerical value of the PE 

positive population recorded. Serum aliquot/yeast clone pairings with PE high populations greater 

than that of the technical and biological experimental controls were selected for successive rounds of 

flow sorting analysis. Eleven serum aliquot/yeast clones successfully enriched post first sort, five post 

second sort, and four post third sort. The sorted yeast populations were a refined selection of epitopes 

recognised by the serum aliquots, as the aim of sorting was to sort yeast clones displaying epitopes 

most strongly recognised by patient sera. Data from the flow cytometry analysis was plotted as 

percentage positive PE population per sort. 

Two samples from each of the high-risk and low-risk groups enriched to yield viable populations- L6, 

L9, H5, and H9. The negative and positive control samples were also selected. Another sample H3 

initially demonstrated a positive PE population but failed to enrich on subsequent rounds of 

enrichment.  

These results are shown below in plots in Figure 3.6-5 and Figure 3.6-6, and the amounts plotted as a 

graph with PE high/positive population expressed as a percentage of the total yeast population in 

Figure 3.6-6. Figure 3.6-6 Mean and standard deviation (SD) of percentage of total yeast population 

expressing gp160 envelope library recognized by low and high-risk sera 

 The FACS analysis negative control was autofluorescence, and the positive control is as previously 

described, participant serum aliquots L1-10, and H1-10. The plots focus on those serum aliquot/yeast 

clone pairings with successively enriched.  
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Figure 3.6-5 Serial enrichment of seronegative serum binding to the yeast gp160 envelope library following sequential FACS sorting 
FACS plots showing serial enrichment of yeast library with seronegative aliquots. Negative control used is autofluorescence, positive control is seropositive patient sera. First row is FACS plot 
of screening sort, and second row is following two successive rounds of enrichment. The yeast is now a more refined population and better recognised by patient sera.  
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Figure 3.6-6 Mean and standard deviation (SD) of percentage of total yeast population expressing gp160 envelope library 
recognized by low and high-risk sera 
 FACS plots showing serial enrichment from initial screening analysis through successive rounds of flow sorting. TC technical 
controls (autofluorescence, fluorescence minus one, unstained), BC biological control (lab/healthy control), LR low-risk 
serum aliquots L1-L10, HR high-risk serum aliquots H1- H10, and PC positive control. X axis shows sample groups, y axis shows 
p population which is PE positive. Not all sorted yeast enriched and so number of aliquots sorted decreased with each sort; 
initial screening sort round 1 (10 LR and 10 HR), sort round 2 (6 LR and 5 HR) and sort round 3 (2 LR and 3 HR).  
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3.6.5. Single clone analysis 

The selected sorted yeast clones underwent single clone analysis (as described in materials and 

methods) with the respective participant sera by flow cytometry in order to verify affinity of selected 

yeast populations and patient serum samples.  

As described in materials and methods, the yeast library display system possesses a large number of 

fragments. The estimated library size is 1x107-9. This has been estimated previously in the literature by 

using a selection process using FACS and polyreactive single chain variable fragments whereby reactive 

clones are eliminated from a positive population and the total library size estimated based on the 

remaining population (313). 

By mixing the library with patient serum samples, it allows antibody-epitope binding, and selection of 

only those yeast cells to which antibody has attached. Sequence analysis of the selected population 

suggests which antigenic domain is recognised by patient antibodies.  

Single yeast clones were selected from a post sort SDCAA plate to obtain a population of homogenous 

yeast cells bearing a common epitope of the HIV envelope protein. These populations were then used 

for analysis with the respective patient serum. By using approximately sixteen individual clones from 

each patient group, the aim was to produce a diverse group of epitopes to review antigenic regions 

responsible for the serum recognition and to determine discrete epitopes in addition to the major 

antigenic domain (MAD) revealed by overall family sequence analysis.  

Sorted yeast clones underwent single clone analysis (as described in materials and methods) with their 

respective patient serum samples by flow cytometry. A 96-well plate was used to facilitate bulk 

analysis. Sixteen individual clones were picked from each sorted yeast SDCAA plates and cultured in 

liquid SDCAA and SGCAA as previously described.  

Single clone population histograms were defined as positive if the peak population was greater than 

that of negative/healthy controls, indicating the serum had selected epitopes of interest greater than 
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that of background interest. Any clones identified as positive in this fashion were selected for 

downstream DNA extraction and sequence analysis to identify epitopes of interest. The following 

groups underwent single clone analysis- L6, L9, H5, H9. Sixteen individual clones were picked from 

each sorted yeast SDCAA plates. They were cultured in liquid SDCAA and SGCAA as previously 

described in a deep well 96 well plate as shown in Figure 3.6-7. 
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Figure 3.6-7 FACS plate analysis  
96 well plate with selected yeast clones for analysis by flow cytometry 
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The gating strategy for the single clone analysis was as previously described and is shown in Figure 

3.6-8. Also shown are negative and positive controls, and the third sorting gate depicted both as plot 

and histogram. For the experiment setup, the three technical controls were used (autofluorescence, 

unstained, fluorescence minus one) and a biological control (negative healthy/laboratory control, 

positive control Group E early HIV infection).  

 

Figure 3.6-8 Flow cytometric analysis of single yeast clones 
Gating strategy and histograms showing selection of positive single clones as compared to negative and seropositive controls 

The histograms for the single clone analysis indicated affinity of various yeast and serum combinations 

for the yeast library. The peak shifting towards the right axis indicates increasing amount of yeast-

bound PE tagged serum antibody and hence affinity of epitope bearing yeast for patient serum 

antibodies. Any single clones with PE positive populations greater than that of the laboratory controls 

were selected for further analysis.  
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L6, L9, H9 and the positive control sample (see Table 3.6-3 below) serum aliquot/yeast clone pairings 

showed PE high populations greater than the healthy control serum. The histograms for this section 

are shown in Figure 3.6-9. Those with PE high populations greater than the technical control were 

selected for DNA extraction and sequencing as previously described.  

The positive population in the healthy lab control was thought to represent epitope recognition by 

antibodies which recognise some Env structures, perhaps by molecular mimicry and exposure to other 

non-HIV structurally similar epitopes, as suggested in previously published literature (260,263). 

Sample 
No. samples with a PE yeast 

population greater than 
technical control 

Selected for sequence 
analysis 

BC 8/16 Yes 

PC 10/13 Yes 

L6 13/16 Yes 

L9 11/16 Yes 

H5 6/16 No 

H9 9/16 Yes 
Table 3.6-3 Number of single clones which bind to yeast gp160 envelope library  
Samples with a PE yeast population greater than negative controls and which ones were selected for further sequence 
analysis. BC biological control- lab/healthy control, PC seropositive control 
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Figure 3.6-9 Histograms of single yeast clones which bind to the gp160 envelope library  
Histograms showing PE positive populations of H5, H9, L6, L9 and biological (lab) and positive controls with gp160 refined 
yeast clone population. 16 plots shown for each member (13 shown for positive control). X axis- PE, y-axis count (1000) 
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3.6.6. Sequential enrichment summary 

The purpose of selectively culturing the sorted yeast population chosen by serum antibodies was to 

create a refined yeast population bearing a specific set of antigens, and interrogate this yeast 

population to characterise any major antigenic determinants selected by patient serum.  

Low-risk: samples with a yeast PE high population greater than the laboratory control were selected 

from low-risk flow cytometry plots. A degree of non-specific yeast antibody binding was expected 

despite the CD20 yeast adsorption of serum and so the biological control attempts to account for this. 

The following samples qualified and were prepared for a second round of enrichment: L3, L4, L6, L7, 

L9 and L10. The laboratory and positive control samples were also selected for enrichment. 

From second round sorting, the laboratory control yeast PE high population was again chosen as the 

baseline for comparison for serum aliquots considered to respond to yeast displayed antigen. The 

samples with a greater yeast PE population were L6 and L9. Again, laboratory and positive controls 

were also selected for culture and enrichment. All four samples underwent enrichment. For the 

experimental serum aliquots, this yielded a yeast high PE population of 21-27% of the total.  

High-risk: a similar strategy to that described above was used for selecting positive yeast populations 

from high-risk flow cytometry plots. The following samples qualified and were prepared for a second 

round of yeast culture and analysis:  H3, H5, H6, H8, H9. Control samples were again selected for 

enrichment. 

From second round sorting, the samples with a yeast high PE population were H3, H5, H9. Laboratory 

and positive control were also selected for enrichment. All five samples underwent another round of 

culture and sorting, and all but H3 enriched successfully. Experimental serum aliquots yielded a 

positive population of 14-28% of the whole yeast population. In summary, five candidate serum 

aliquots enriched with subsequent rounds of flow cytometry- L6, L9, H3, H5, H9 as shown in Table 

3.6-4.  
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Sample  Sort Single clone 
analysis 1 2 3 

Control 

AF 0.06% 0.05% 0.05% 
 

US 0.08% 0.07% 0.33% 
 

FMO 0.05% 0.02% 0.05% 
 

LC 0.14% 1.77% 19.70% 50.0% 

PC 1.61% 31.20% 44.10% 76.9% 

Seronegative participant 
group 
= pool of 5 participants 

L1 0.11%   
 

L2* 0.58%   
 

L3 0.25% 1.07%  
 

L4 0.22% 0.90%  
 

L5 0.14%   
 

L6 0.21% 5.05% 26.30% 56.25% 

L7 0.31% 1.59%  
 

L8 0.17%   
 

L9 0.20% 6.23% 21.40% 56.25% 

L10 0.54% 0.75%  
 

H1 0.25%   
 

H2 0.25%   
 

H3 0.33% 1.93% 5.87% 
 

H4 0.27%   
 

H5 0.43% 4.18% 27.70% 25.00% 

H6 0.29% 0.31%  
 

H7 0.26%   
 

H8 0.30% 0.42%  
 

H9 0.30% 4.47% 14.90% 43.75% 

H10 0.25%   
 

Table 3.6-4 Summary sequential FACS sorting and single yeast clone analysis  
Table shows successive enrichments of HIV envelope yeast library by serum aliquot pools. Controls LC biological control, PC 
seropositive control. * L2 sample not viable for further analysis after first round of enrichment. Threshold for selection based 
on each sample’s ability to enrich, all samples considered. 
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3.6.7. Sequence analysis plots 

Positive yeast populations were selected for further analysis. Following post sort cell resting, yeast 

cultures were cultured on SDCAA agar plates (for single clone selection) and liquid SDCAA culture for 

DNA extraction and sequencing. DNA was used to transform chemically competent Dh5 alpha cells 

Chemically competent Dh5 alpha cells were transformed with yeast DNA and the cell line was cultured 

and selected as per materials and methods. Sequences were obtained from the reference laboratory 

and analysed using Sequencher v4.92 (Genecodes Corporation) as described in materials and 

methods.  

Figure 3.6-10 below shows returned yeast clone DNA sequences aligned to the parent gp160 

sequence. Approximately 50 clones post culture were selected for sequencing for each of the four 

analysed experimental serum aliquot/yeast clone pairings along with clones from the positive control. 

The yield of interpretable sequences was 30-40 per group, with the remainder unreadable or 

corrupted. As mentioned, H5 failed to enrich as was not sent for sequence analysis. This left L6, L9, 

H9, and positive control sequences available for review. All three experimental samples sequences 

demonstrated recognition of HIV-gp160 epitope as demonstrated below in the figures showing 

sequences aligned to gp160.  
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Figure 3.6-10 Sequences aligned to gp160 parent sequence 

 
L6, L9, H9 and positive control yeast clone DNA sequences Analysed fragments in green, black strip 1-2560 represents gp160 
reference sequence (HXB2, www.hiv.lanl.gov as previously). HIV gp160 schematic shown underneath x axis for reference 
purposes. HIV envelope sequence with initial gp120 components: signal peptide C1-C5 conserved regions, V1-V5 variable 
region. gp41 components: FP fusion peptide, NHR N-helix, loop, CHR c-helix, MPER membrane proximal external region, TMD 
transmembrane domain, endodomain 

 

MPER 
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3.6.8. Sequence analysis histograms 

Returned sequences were aligned to the parent HIV-1 envelope sequence. An algorithm was used to 

determine frequency of amino acid residues recognised by serum aliquots (282) and the results 

plotted as a histogram for healthy and positive controls, low-risk and high-risk.  

The curve produced by the histogram was considered significant for epitope recognition if distributed 

in a Gaussian fashion. Therefore, an epitope was defined as any cluster of residues where the peak 

amino acid frequency was greater than or equal to five, distributed in a Gaussian fashion. 

Once identified, the AUC of this region was calculated as a proportion of the total AUC for the 

histogram (representing all fragments identified). The proportion of the AUC for each cluster/epitope 

was calculated as a percentage of total number of cluster/epitopes recognized in low and high-risk 

sera.  

3.6.8.1. Discrete epitope recognition 

The positive control group seropositive serum recognised one discrete epitope gp41, in keeping with 

known early anti-HIV antibody responses. Healthy control serum recognised two epitopes in gp41, 

with other non-significant areas in gp120.  

Low-risk L6 group serum recognised regions of two regions of gp120 and one in gp41. For epitope 2, 

only the Gaussian curve portion of the AUC frequency was considered, and the left sided tail omitted 

from calculations. L9 group serum recognised regions of both gp120 and gp41.  

High-risk H9 group seronegative serum recognised two regions; one in gp120 and one in gp41. 

The patterns of the high and low-risk serum were similar but different to the patient or healthy control. 

This may have been due to low level exposure to HIV epitopes which has not resulted in infection. This 

differed from the positive control samples from known early HIV infected patients, with a 

predominantly gp41-directed antibody response. There was some overlap between the LR/HR 

samples and the healthy control, suggesting similarity across the three seronegative groups. This is 
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shown in figure 3.6.12 where all seronegative samples recognise the similar gp120 and gp41 epitopes- 

aa151-224 (V1V2, C2 regions) and aa640-694 (C-helical region, MPER). 

These findings are shown in Figure 3.6-11 and Figure 3.6-11, and the relevant findings for epitopes 

summarised in Table 3.6-5. For summary analysis, the two low-risk samples were analysed together. 

This is shown along with the other control and experimental samples in Figure 3.6-12.  

 

Figure 3.6-11 Histograms of gp160 library sorted by serum samples: 
Histogram showing amino acid frequency at each position on the HIV-1 gp160 parent sequence as recognised by positive 
control, healthy control, low-risk serum aliquots L6 and L9, and high-risk serum aliquot H9. X axis is amino acid residue 
position on HIV gp160 sequence, y axis is frequency of recognition of amino acid residue. Epitopes denoted by figures on 
histogram. Regions of the histogram considered significant for epitope if residue frequency greater than five
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Epitopes Sequence 

PC  1 817 gp41 559 637 79 695 85.1% N helical region, Loop, C-helical region (gp41) 
DQQLLGIWGCSGKLICTTAVPWNASWSNKSLEQIWNHTT
WMEWDREINNYTSLIHSLIEESQNQQEKNEQELLELDKWA 

HC  2 885 
gp120 
gp41 

485 551 67 197 22.3% 
C5 (gp120) 
Fusion protein, N helical region (gp41) 

IGALFLGFLGAAGSTMGAASMTLTVQARQLLSGIVQQQN
NLLRAIEAQQHLLQLTVWGIKQLQARIL 

 3 885 gp41 641 694 54 432 48.8% 
C-helical region (gp41) 
Membrane proximal external region, 
transmembrane domain (gp41) 

NWFNITNWLWYIKLFIMIVGGLVGLRIVFAVLSIVNRVRQG
YSPLSFQTHLPTP 

L6 4 668 gp120 44 53 10 60 9.0% C1 (gp120) CVPTDPNPQE 

 5 668 gp120 151 223 73 251 37.6% V1V2, C2 (gp120) 
IIPIDNDTTSYKLTSCNTSVITQACPKVSFEPIPIHYCAPAGFAI
LKCNNKTFNGTGPCTNVSTVQCTHGIRP 

 6 668 gp41 641 678 38 266 39.8% 
C helical region 
Membrane proximal external region (gp41) 

NWFNITNWLWYIKLFIMIVGGLVGLRIVFAVLSIVNRV 

L9 7 835 gp120 152 224 73 282 33.8% V1V2, C2 (gp120) 
IPIDNDTTSYKLTSCNTSVITQACPKVSFEPIPIHYCAPAGFAI
LKCNNKTFNGTGPCTNVSTVQCTHGIRPV 

 8 835 gp41 640 683 44 332 39.8% 
C helical region 
Membrane proximal external region (gp41) 

WNWFNITNWLWYIKLFIMIVGGLVGLRIVFAVLSIVNRVR
QGYS 

H9 9 814 gp41 640 678 39 470 57.7% 
C helical region 
Membrane proximal external region (gp41) 

WNWFNITNWLWYIKLFIMIVGGLVGLRIVFAVLSIVNRV 

Table 3.6-5 5 Summary of findings for gp160 envelope epitopes detected in LR and HR sera 
Epitopes as numbered in previous diagram, total residues of all retrieved sequence fragments, location of epitope as AA position on HIV gp160 parent sequence, start and finish of epitope, 
length of sequence (AA residues), AUC (area under the curve) total AA content for each epitope, AUC as % of total fragment residues, epitopes described as recognised location on gp160 parent 
sequence. PC positive control, HC healthy control.  
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Figure 3.6-12 HIV gp160 library sorted by seronegative serum samples   
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On closer inspection, there are two key features of epitope recognition in gp120 and gp41. By 

overlaying all seronegative histogram curves and comparing to the positive control in Figure 3.6-13 

below, there are epitopes recognised by all seronegative samples- laboratory control, L6, L9 and H9.  
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Figure 3.6-13 Overlay of HIV-1 amino acid sequences detected in HSEN and laboratory control 
X axis shows residue position on gp160, y axis shows frequency of recognition at that position. PC positive control, LC 
laboratory or healthy control. Experimental samples L6, L9 and H9.  
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The gp120 region recognised by all seronegative samples spans the residue positions 151-223. This 

region corresponds to a portion of the V1V2 epitope (69 AA, 127 – 195) and the C2 epitope (104 AA, 

196 – 299).  

The gp41 region recognised by all seronegative samples spans three epitopes from position 640 to 

694. These are the C-helical region (42 AA, positions 622 to 663), the Membrane proximal external 

region (20 AA, position 664 – 683) and the transmembrane domain (40 AA, 684 – 723).  

3.6.9. Single clone analysis of individual participant serum  

In order to review the validity of this epitope recognition, selected gp160 yeast clones were reviewed 

with individual patient serum aliquots. Recalling that each aliquot consisted of five individual 

participant serum samples, these individual serum samples were retrieved from storage and prepared 

them with yeast adsorption as previously described. Yeast clones which produced greatest PE high 

populations during single clone analysis were selected and analysed with individual patient serum 

samples using FACS as previously described using the same gating and controls.  

As all yeast clones had their sequence DNA extracted and sent for analysis, which enabled 

identification of antigen sites selected by the individual participant serum samples.  

For low-risk serum analysis, the aliquot L9 with the individual serum samples from participants A0170, 

A0173, A0182, A0183, A0188 was selected. The low-risk yeast clones L9-05 and L9-06 were selected 

for analysis. These clones both spanned the gp120 amino acid sequence 182-214, representing gp120 

V1V2 and the C2 region. Low-risk serum samples recognised L9-05 most frequently, with all five 

demonstrating a PE high population greater than the control (5/5). Only 2 of the 5 serum samples 

recognised L9-06. What was the difference between L9 05 and L9 06  

L9-05 was recognised by the first four serum aliquots (A0170, A0173, A0182, A0183) with minimal 

recognition by the fifth group member (A0188).  
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For the high-risk MSM serum analysis, the aliquot H9 was selected from individual participant serum 

samples from A0163, A0166, A0180, A0181, A0190. Two high-risk yeast clones H9-01 and H9-16 were 

selected. H9-01 spanned the amino acid sequence 653-676, and H9-16  aa644–676, both 

corresponding to the gp41 C-helix and membrane proximal external region. High-risk serum samples 

recognised both H9-01 and H9-16, with all five aliquot members demonstrating a PE high population 

greater than the control (5/5) for both clones. 

The FACS plots and histograms for these analyses are shown in Figure 3.6-14 and Figure 3.6-15.  
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Figure 3.6-14 FACS plot and histograms individual serum from low-risk gp160 single clone analysis- low-risk 
Control is technical control autofluorescence, five individual serum samples analysed with low-risk clones L9-05 and L9-06, 
represent gp120 epitopes V1V2 and the C2 region. FACS plot X axis is PE population, y axis is SSC-A. Histogram X axis is PE 
population, y axis is count (1000)  

 

Figure 3.6-15  FACS plot and histograms individual gp160 single clone analysis- high-risk 
Control is technical control autofluorescence, five individual serum samples analysed with low-risk clones H9-01 and H9-16, 
represent gp41 C-helix and membrane proximal external region. FACS plot X axis is PE population, y axis is SSC-A. Histogram 
X axis is PE population, y axis is count (1000)  
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3.6.10. Summary of HIV gp160 epitope recognition 

All control and experimental samples recognised epitopes on gp160.  

3.6.10.1. Histogram review- individual 

Healthy controls showed low levels of HIV envelope recognition across the whole sequence (sequence 

histograms Figure 3.6-11, flow data not shown). Positive control serum sample demonstrated a strong 

recognition of the gp160 epitope sequence, predominantly the gp41 sequence as would be expected 

in early infection.  

Low-risk serum analysis (L6 and L9) demonstrated recognition of epitopes across the entire HIV 

envelope sequence (sequence histograms Figure 3.6-11, flow data not shown). The L6 serum aliquot 

recognised two epitopes, one in gp41 and two in gp120. The L9 serum aliquot recognised two 

epitopes, one in gp120 and one in gp41.  

High-risk serum analysis (H9) showed one major peak on the histogram of sequences at gp41, and low 

level recognition of gp120 which did not meet significance for classification as an epitope. The second 

high-risk sample H5 did not successfully enrich and was not available for further analysis.  

3.6.10.2. Histogram review- overlaid 

When the sequence histograms are overlaid, there was consistent recognition of gp120 and gp41 

epitopes- C2 region and C-helical, membrane proximal external region and transmembrane domain 

respectively.  

3.6.10.3. Individual serum single clone analysis  

Analysis of individual serum responses confirmed seronegative serum recognition of the epitopes 

identified by grouped aliquots. Low-risk individual serum identified V1V2 and C2 region of gp120, and 

high-risk serum identified the C helical region and membrane proximal external region of gp41.  

The single clone analysis used yeast clones which had produced greatest PE populations during 

successive sorting rounds. The reasons for this selection were to try and ensure selected clones would 
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be recognised by the patient sera responsible for their enrichment, and to validate the yeast/serum 

pairings by demonstrating binding of serum to yeast clones.  

For the low-risk samples, all five patient serum samples were assessed with the yeast clones L9-05 and 

L9-06, both mapping to an amino acid sequence 182-214 representing V1V2 and C2 region. From the 

low-risk samples, A0170, A0173, A0182, A0183, and to a lesser extent A0188 serum showed binding 

to yeast clone L9-05. When L9-06 was assessed, only A0173 and A0182 showed significant binding to 

this clone. This suggests poorer quality epitope display by L9-06. It also raises the possibility that 

individual patient serum samples in one batched aliquot could influence that aliquot’s binding to yeast 

epitopes, and overrepresent the significance of the result for this aliquot.  

High-risk patient serum samples were assessed for binding to yeast clones H9-01 and H9-16 (aa653-

676 and aa644-676 respectively), both mapping to gp41 C-helical region and MPER regions. All five 

serum samples showed binding to both H9-01 and H9-16, suggesting reliable epitope display in both 

yeast clones, and presence of antibody-recognised epitopes was demonstrated to occur on individual 

as well as batched level. As all HR patient serum samples bound yeast clones, it suggests the HR 

epitope recognition is due to all aliquot members rather than individuals influencing results.  

3.6.10.4. Conclusion 

From this data, humoral responses to Env epitopes were present in participant sera, and seen in 

healthy unexposed, low and high HESN. These findings would not be expected to influence standard 

HIV serology testing, as HIV serology tests use a standard combination of denatured epitopes, 

including gp120 and 41, but also a variety of other HIV proteins which were not reviewed here (314).  
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3.6.10.5. Low-risk vs high-risk serum immune responses  

For this section of analysis, the AUC of fragment sequences located in either gp120 or gp41 was 

calculated for each of the low and high-risk collated histograms. The proportion of discrete regions 

identified by the low and high-risk serum aliquot pools was reviewed.  

The proportions of selected fragments were compared and demonstrated a greater recognition of the 

HIV-Env gp41 epitope by healthy control serum, high-risk participant sera and positive control serum. 

The proportion of either gp120 or gp41 fragments recognised by low-risk serum was similar. This is 

shown below in Table 3.6-6 and Figure 3.6-16.  

 gp120 gp41 

Healthy control 25.6% 74.4% 

Positive control 4.0% 96.0% 

Low-risk MSM 49.8% 50.2% 

High-risk MSM 25.4% 74.6% 
Table 3.6-6 Proportions of fragments recognising discrete region of HIV-1 envelope 
Table shows the proportions of fragments from the control and experimental samples. Low-risk MSM analysis from two 
aliquots, high-risk MSM analysis from one aliquot 
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Figure 3.6-16 Figure 3.6 16 Proportions of fragments recognising discrete region of HIV-1 envelope 
Frequency displayed as discrete area on parent sequence. Proportions of each area recognised expressed as percentage of 
total fragments. Gp41 to 120  
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The next part of this chapter describes analysis of the gp41 epitope recognition in greater detail. The 

focus on gp41 epitope recognition was because results from gp160 library screening suggested overall 

greater recognition of gp41 epitopes as compared to gp120 by all seronegative samples, and 

previously published data on pre-existing anti-HIV humoral responses suggested cross reactivity of 

gp41 and host intestinal microbiota (264). 
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3.7. HIV gp41 library analysis of seronegative serum aliquots  

As described in the introduction to this section, anti-envelope responses have been reported in HIV 

exposed seronegative persons. From the initial work in this part of the study, a greater proportion of 

fragments from high-risk participants recognised gp41 antigens, whereas for low-risk participants 

there was no difference in frequency of recognition of gp120 versus gp41 epitopes. To further explore 

the role of gp41, the participant serum aliquots were reanalysed with a gp41 yeast surface display 

library (combined big and small libraries), to further evaluate the serum immune response to gp41 

3.7.1. Aims 

1. Review the role of the gp41 HIV envelope antigen in highly exposed seronegative immune 

responses 

2. Characterise this response in terms of epitopes  

3. Review any variations in anti-gp41 responses between low and high-risk participants.  

Responses to HIV-1 envelope protein gp41 subunit in low and high-risk MSM serum aliquots were 

reviewed. The same serum aliquots were used (low-risk 1-10, high-risk 1-10) and the gp41 yeast library 

construct was used for analysis.  

Figure 3.7-1 below shows a schematic of the HIV gp41 genome structure with regions of interest.  

 

Figure 3.7-1 HIV gp41 sequence schematic 
FP fusion peptide, NHR N-helix, loop, CHR c-helix, MPER (membrane proximal external region), TMD transmembrane domain, 
endodomain. Numbers 0/100/200/300 indicate amino acid residue position  

MPER 
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3.7.2. Sample preparation for HIV gp41 library analysis of seronegative serum aliquots  

FACS analysis was used to explore participant serum anti-gp41 responses in a similar fashion to that 

described for anti-HIV envelope responses by selecting a PE high yeast population.  

Participant serum aliquots were prepared with the HIV gp41 yeast library construct as described. All 

seronegative samples were initially analysed on the BD LSRII in the CL2 laboratory, and seropositive 

samples analysed on the FACS ARIA III in a CL3 laboratory. Flow controls consisted of three technical 

experimental and two biological control samples. The gating strategy was designed to select yeast 

cells bound to patient serum and was the same as described previously. All twenty serum aliquots (10 

low-risk, 10 high-risk) were again screened by flow cytometry for PE-high populations. Approximately 

50000 cells were sorted per sample. 

3.7.3. Initial FACS gp41 screening of serum aliquots 

All twenty serum aliquots (10 low-risk, 10 high-risk) were screened and all showed a PE positive 

population. Approximately 50,000 yeast cells were sorted by the BD FACS Aria into SDCAA and 

pen/strep collection media. All samples were rested in an incubator for one hour post sorting before 

transfer to SDCAA plates and liquid media for culture as previously described.  

Double positive yeast and PE population proportions were reviewed, and serum aliquot groups with 

a PE high yeast population greater than healthy negative controls were considered reactive and 

selected for further analysis. The positive control showed a large population of PE high yeast cells, in 

keeping with the known serostatus of that sample.  

Low-risk and high-risk aliquot screening plots are shown in Figure 3.7-2 with the size of the PE high 

population shown above the gate. All PE high population percentages were documented as shown in 

Table 3.7-1, Figure 3.7-3, and Table 3.7-2.  
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Figure 3.7-2 Representative flow cytometry dot plots of low and high-risk MSM sera sorted with gp160 yeast library 
X axis PE, y axis side scatter area. Gate shows the PE high population and number represents size of population as percentage of total. The negative controls were autofluorescence, unstained 
yeast, fluorescence minus one (not shown here) and laboratory/healthy control (shown here), and the positive control was seropositive serum (shown above). The low-risk serum aliquots were 
L1-L10, and high-risk H1-10. 
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Sample PE high yeast population Sample PE high yeast population 

Healthy control 0.13% Positive control 1.89% 

L1 0.20% H1 0.30% 

L2 0.60% H2 0.20% 

L3 0.70% H3 0.40% 

L4* 0.40% H4 0.20% 

L5 0.30% H5 0.70% 

L6 0.60% H6 0.30% 

L7 0.30% H7 0.20% 

L8 0.80% H8 0.20% 

L9 0.30% H9 0.30% 

L10 0.70% H10 0.30% 
Table 3.7-1 Proportion of low and high-risk MSM sera which react with gp41 yeast expressing clones 
All values represent PE high percentage of total yeast population, PE high yeast population rounded to 2 decimal places  
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Figure 3.7-3 Mean and standard deviation (SD) of percentage of total yeast population expressing gp41 envelope library 
recognized by low and high-risk MSM sera 
Analysis showing PE positive populations of samples. Samples grouped as follows: TC technical controls (autofluorescence, 
fluorescence minus one, unstained), BC biological control (lab/healthy control), LR low-risk serum aliquots L1-L10, HR high-
risk serum aliquots H1- H10, and PC positive control 

 
Mean Standard 

Deviation 
Number 
samples 

Technical control 0.06 0.01 3.00 

Biological control 0.00 NA 1.00 

Low-risk 0.11 0.08 10.00 

High-risk 0.11 0.05 10.00 

Positive control 1.33 NA 1.00 
Table 3.7-2 Mean and standard deviation (SD) of percentage of total yeast population expressing gp41 envelope library 
recognized by low and high-risk MSM sera 
Analysis showing mean and standard deviation for PE positive populations across groups of serum samples. NA Not analysed 
Sequential enrichment  
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Yield of the PE high populations was assessed following each sort and the numerical value of the PE 

positive population recorded. Any aliquots with PE high populations greater than that of the 

experimental controls were selected for further flow analysis and enrichment. This involved two 

further rounds of flow cytometry sorting and subsequent culture of sorted yeast cells. For each round 

of yeast culture, approximately 5 x 107 yeast cells were prepared. The cell number was estimated using 

the OD600 reading from the healthy control yeast culture and applied to all samples.  

Flow plots for each enrichment event were reviewed and showed an increasingly PE high population 

Successive rounds of flow sorting produced four enriched yeast cell populations. Two samples from 

each of the high-risk and low-risk groups yielded viable populations- L6, L10, H5, and H9. The healthy 

control (LC) and positive control (PC) samples were also selected. 

Data from the flow cytometry analysis was plotted as PE high population as a percentage of total yeast 

cells. The plots and data are shown in Figure 3.7-4 and Figure 3.7-5. 

The healthy control was seen to enrich as much as that seen in L6, and possible reasons include to 

assay technique, in that same epitopes selected by same serum samples, leading to increasing positive 

population, or support findings that seronegative serum can bind Env epitopes as shown in previous 

section.  
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Figure 3.7-4 Serial enrichment of seronegative serum binding to the yeast gp41 envelope library following sequential FACS sorting 
FACS plots showing serial enrichment of yeast library with seronegative aliquots. Negative control used is biological healthy control, positive control is seropositive patient sera. First row is FACS 
plot of screening sort, and second row is following two successive rounds of enrichment. The yeast is now a more refined population and better recognised by patient sera 
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Figure 3.7-5 Mean and standard deviation (SD) of percentage of total yeast population expressing gp41 envelope library 
recognized by low and high-risk sera 
FACS plots showing serial enrichment from initial screening analysis through successive rounds of flow sorting. NC biological 
control (lab/healthy control), LR low-risk serum aliquots L1-L10, HR high-risk serum aliquots H1- H10, and PC positive control. 
X axis shows sample groups, y axis shows p population which is PE positive. Not all sorted yeast enriched and so number of 
aliquots sorted decreased with each sort; initial screening sort round 1 (10 LR and 10 HR), sort round 2 (7 LR and 4 HR) and 
sort round 3 (7 LR and 4 HR).   
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3.7.4. Single clone analysis 

As in the gp160 section, single yeast clones were selected from the following post sort SDCAA culture 

plates L6, L10, H5, H9. Sixteen individual clones were picked from each plate and cultured in liquid 

SDCAA and SGCAA for growth and surface protein expression as previously described. The resulting 

yeast cultures were then analysed with participant serum by flow cytometry. A 96 well plate was used 

to facilitate bulk analysis (Figure 3.7-6). Gating strategy and controls were as described in gp160 work 

(Figure 3.7-7). A summary diagram of the single clone analysis plots is shown in Figure 3.7-8. 
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  L6 L10 H5 H9 Lab C   C 
Figure 3.7-6 96 well plate with selected yeast clones for analysis by flow cytometry 

 

 

Figure 3.7-7 Flow cytometric analysis of single yeast clones 
Gating strategy and histograms showing selection of positive single clones as compared to negative and seropositive controls 
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Figure 3.7-8 Histograms for single clone analysis  
H5, H9, L6, L10 and lab and positive controls with gp41 refined yeast clone population. 16 plots shown for each member. X 
axis- PE, y-axis count (1000)
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3.7.5. Sequential enrichment summary 

As in the first part of this chapter, yeast sorting by participant sera creates a refined yeast population 

bearing a specific set of antigens which may then be interrogated to characterise major antigenic 

determinants selected the humoral immune response. All samples underwent baseline screening by 

flow cytometry, and all samples underwent one round of flow sorting and culture enrichment. This 

differed from the prior gp160 sorting, where only the samples with greatest PE positive yeast 

populations were selected.  

Participant sera sorted PE positive yeast populations were again compared to the laboratory controls. 

The purpose of this control was to account for any remaining non-specific yeast antibody binding. Both 

laboratory and positive controls were selected for all rounds of culture and enrichment. 

Following the first round of enrichment, all samples were again submitted for flow analysis and 

sorting, and the two best performing samples were selected from the low and high-risk groups. This 

was done for two reasons. Firstly, to ensure consistency of methods to those used for the gp160 library 

screening, and secondly in the interests of time as each stage demanded one week of culture and 

preparation.  

Low-risk: samples with a PE positive yeast population greater than the laboratory control were 

selected; these were L6 and L10. L4 demonstrated a positive PE yeast population but unfortunately 

developed bacterial contamination and was not suitable for further analysis. The experimental serum 

aliquots yielded a positive population of 3.9-7.3% of the whole yeast population.  

High-risk: From second round sorting, the samples with a greater yeast PE population were H1, H2, 

H5, H9, with the latter two samples having the greatest PE positive population. Experimental serum 

aliquots yielded a positive population of 8.1-13.3% of the whole yeast population.  

These results are summarised in Table 3.7-3.  
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Sample 1st 2nd 3rd 
Single clone analysis 
(% of 16) 

Controls 

AF 0.3% 0.1% 0.0% 
 

US 0.3% 0.2% 
  

FMO 0.3% 0.1% 0.0% 
 

Lab C 0.6% 1.8% 19.7% 
 

Pos C 1.5% 31.2% 44.1% 
 

Seronegative 
participant group 
= pool of 5 
participants 

L1 0.2% 0.3%   

L2 0.6% 0.4% 0.1% 
 

L3 0.7% 1.8% 0.0% 
 

L4* 0.4% 0.1% 7.9% 
 

L5 0.3% 1.1% 1.0% 
 

L6 0.6% 11.2% 7.3% 68.8% 

L7 0.3% 0.4%   

L8 0.8% 2.6% 1.8% 
 

L9 0.3% 0.4%   

L10 0.7% 1.7% 3.9% 62.5% 

H1 0.3% 0.1% 2.6% 
 

H2 0.2% 0.8% 1.3% 
 

H3 0.4 0.3%   

H4 0.2% 0.1%   

H5 0.7% 0.3% 13.3% 43.8% 

H6 0.3% 0.2%   

H7 0.2% 0.9% 0.3% 
 

H8 0.2% 0.2%   

H9 0.3% 0.3% 8.1% 0.0% 

H10 0.3% 0.2%   

Table 3.7-3 Summary sequential FACS sorting and single yeast clone analysis  
Table shows successive enrichments of HIV envelope yeast library by serum aliquot pools. Controls LC biological control, PC 
seropositive control. Threshold for selection based on each sample’s ability to enrich, all samples considered. 

* sample contaminated, and no further analysis performed 

 

3.7.6. Sequence analysis plots 

The positive experimental yeast populations were selected for further analysis. Following post sort 

cell resting, yeast cultures were cultured on SDCAA agar plates (for single clone selection) and liquid 

SDCAA culture for DNA extraction and sequencing. Forty-eight clones were selected. in total from each 

group. This amount was determined by the capacity of culture incubators and reasonable yield 

expected per experiment. Sequences obtained from the reference laboratory and analysed using 

Sequencher v4.92 (Genecodes Corporation) as described in materials and methods and aligned to the 

parent HIV-1 gp41 sequence as previously described.  
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Figure 3.7-9 below shows the experimental and positive control sequence fragments aligned. 

 

Figure 3.7-9 Yeast clone sequence fragment analysis of H5, H9, L6, L10 and positive control 
Black strip 1536-2560 at bottom of figure represents gp41 DNA sequence (starting point on HIV envelope sequence) 
nucleotide positions, green strips represent sequence fragments aligned   
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3.7.7. Sequence analysis histogram 

Sequences were aligned to the parent HIV-1 gp41 sequence as previously described. A variety of HIV-

gp41 epitopes were recognised by participant serum aliquots and the results plotted as a histogram 

for healthy and positive controls, low-risk and high-risk samples. An algorithm was used to determine 

frequency of amino acid residues at each position on the gp41 sequence (283). 

As previously, the area under the curve (AUC) was calculated if amino acid amino acid frequency 

exceeded five residues, representing an epitope. The AUC for each residue cluster/epitope was 

calculated as described previously in 3.6.8. Epitope recognition was considered significant if 

distributed in a Gaussian fashion. All gp41 x axes begin at 512 as per the position of gp41 relative to 

HIV envelope sequence. 

Positive control serum recognised one epitope of gp41, in keeping with known early anti-HIV antibody 

responses. Healthy control serum recognised two regions of gp41 (data shown in Figure 3.7-10 and 

Table 3.7-4); the first mapping to the fusion protein and N helical region epitopes (aa512-551), and 

the second mapping to the C-helical region, MPER, and transmembrane domain epitopes (aa641-694).  

L6 serum recognised two epitopes of gp41, and L10 serum recognised three epitopes of gp41, but only 

one reached a residue frequency of five. H5 serum recognised two epitopes of gp41. H9 serum 

recognised three regions of gp41, but only two qualified as epitopes according to the prespecified 

criteria- this was an overlapping region. 

These findings are shown in the histograms in Figure 3.7-10 and Table 3.7-4.  
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Figure 3.7-10 Histograms of gp41 library sorted by serum samples 
Histogram showing amino acid frequency at each position on the HIV-1 gp41 parent sequence as recognised by positive 
control, healthy control, low-risk serum aliquots L6 and L10, and high-risk serum aliquots H5 and H9. X axis is amino acid 
residue position on HIV gp41 sequence (begins at AA position 512 according to HIV envelope), y axis is frequency of 
recognition of amino acid residue. Epitopes denoted by figures on histogram. Regions of the histogram considered significant 
for epitope if residue frequency greater than five.
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Epitope Sequence 

Positive 
control 

1 784 559 637 79 695 88.6% 
N helical region 
C helical region 
Loop 

DQQLLGIWGCSGKLICTTAVPWNASWSNKSLE
QIWNHTTWMEWDREINNYTSLIHSLIEESQNQ
QEKNEQELLELDKW 

Healthy 
control  

1 658 512 551 40 170 25.8% 
Fusion protein 
N helical region 

RQLLSGIVQQQNNLLRAIEAQQHLLQLTVWGIK
QLQARIL 

2 658 641 694 54 432 65.7% 
C-helical region 
MPER 
Transmembrane domain 

NWFNITNWLWYIKLFIMIVGGLVGLRIVFAVLSI
VNRVRQGYSPLSFQTHLPTP 

L6  

1 864 570 669 100 427 49.4% 
N helical region 
C helical region 

GKLICTTAVPWNASWSNKSLEQIWNHTTWME
WDREINNYTSLIHSLIEESQNQQEKNEQELLELD
KWASLWNWFNITNWLWYIKLFIMIVGGLVGL
RIVF 

2 864 717 784 68 443 51.3% Endodomain 
RLVNGSLALIWDDLRSLCLFSYHRLRDLLLIVTRI
VELLGRRGWEALKYWWNLLQYWSQELKNSAV
SL 

L10 1 195 703 742 40 74 37.9% 
Transmembrane domain 
Endodomain 

IEEEGGERDRDRSIRLVNGSLALIWDDLRSLCLFS
YHRLR 

H5  
1 660 661 702 42 103 15.6% 

MPER 
Transmembrane domain 

GLVGLRIVFAVLSIVNRVRQGYSPLSFQTHLPTP
RGPDRPEG 

2 660 761 813 53 292 44.2% Endodomain 
EALKYWWNLLQYWSQELKNSAVSLLNATAIAV
AEGTDRVIEVVQGACRAIRHI 

H9  

1 826 607 650 44 196 23.7% C-helical region 
NYTSLIHSLIEESQNQQEKNEQELLELDKWASL
WNWFNITNWLW 

2 826 651 701 51 149 18.0% 
MPER 
Transmembrane domain 

YIKLFIMIVGGLVGLRIVFAVLSIVNRVRQGYSPL
SFQTHLPTPRGPDRPE 

Table 3.7-4 Summary table of epitope recognition and sequences for gp41 yeast library sorting 
Table shows information on all epitopes considered significant in gp41 analysis.  
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Figure 3.7-11 HIV gp41 library sorted by seronegative serum samples  
Histograms of gp41 library sorted by serum samples 
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As in the gp160 histogram analysis, all histogram curves were overlaid as shown below in Figure 

3.6-12. As expected, positive control serum showed prominent recognition of gp41 epitope, but 

otherwise there were no patterns of common epitope recognition by all seronegative samples.  

 

 

Figure 3.7-12 Overlay of HIV-1 gp41 amino acid sequences detected in HESN and controls 
X axis shows residue position on gp41, y axis shows frequency of recognition at that position. PC positive control, LC 
laboratory or healthy control. Experimental samples L6, L10, H5 and H9.   
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In addition, histograms of all samples; lab control and positive control, and low and high-risk samples 

combined were overlaid, but there was no discernible pattern in seronegative sample recognition. See 

Figure 3.7-13 below.  
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Figure 3.7-13 All HIV-gp41 amino acid sequences detected in all samples 
X axis shows residue position on gp41, y axis shows frequency of recognition at that position. PC positive control, LC 
laboratory or healthy control. Experimental samples L6, L10, H5 and H9. 
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3.8. HIV-1 gp41 epitope recognition in low-risk vs high-risk serum aliquots 

The next step of the project looked at variation in the recognition of gp41 epitopes based on exposure 

to HIV.  

3.8.1. Overall gp41 sequence recognition 

Low-risk and high-risk amino acid residue frequencies were combined to compare recognition of gp41 

sequences by low and high-risk serum. This is shown below in Figure 3.8-1. 

5 1 2 5 6 2 6 1 2 6 6 2 7 1 2 7 6 2 8 1 2

0

5

1 0

1 5

A l l  d a t a  l o w  r i s k

g p 4 1  d o m a i n  r e g i o n

F
r

e
q

u
e

n
c

y
 o

f
 o

f
 A

A
 r

e
s

id
u

e

L R

5 1 2 5 6 2 6 1 2 6 6 2 7 1 2 7 6 2 8 1 2

0

5

1 0

1 5

2 0

A l l  d a t a  h i g h  r i s k

g p 4 1  d o m a i n  r e g i o n

F
r

e
q

u
e

n
c

y
 o

f
 o

f
 A

A
 r

e
s

id
u

e

H R

 

Figure 3.8-1 Low and high-risk sequences combined 
Combined frequency of amino acid residue recognition by serum relative to HIV-1 gp41 sequence 

Top row: line graphs showing frequency of amino acid residues (y axis) at position on gp41 sequence (x axis). Low-risk aliquots 
L6 and H10 in left panel, high-risk aliquots H5 and H9 on right panel. Second row: combined histograms showing frequency 
of amino acid residues (y axis) at position on gp41 sequence (x axis). Low-risk aliquots L6 and H10 in left panel (LR), high-risk 
aliquots H5 and H9 on right panel (HR). Amino acid residue frequencies from each risk group added together. 
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3.8.2. Proportion of gp41 sequences recognised by fragments from each risk group.  

For reference here, the total length of the gp41 sequence was 342 amino acids. When sequence 

fragment histograms AUC totals were combined, low-risk serum fragments recognised 57.9% 

(198/342) of all amino acid positions. The total area under the curve was 1069 amino acids. Combined 

high-risk serum fragments recognised 91.8% (314 of 342) of all amino acid positions. The total area 

under the curve was 1486 amino acids. 

The proportions were analysed using 2 tailed unpaired t-test where significance was determined by 

p<0.05. There was a significant difference in the frequency of amino acid residues recognised by the 

two participant serum aliquots, with greater recognition of gp41 in high-risk groups as compared to 

low-risk groups. The combined high-risk serum aliquots identified a greater proportion of the 

sequence than low-risk serum (75.75 ± 7.494) compared to the low-risk serum aliquots (35.1 ± 7.081). 

This difference was significant with a P value 0.0076. This is shown in Figure 3.8-2. 
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Figure 3.8-2 Proportion of gp41 epitope identified by low and high-risk MSM serum aliquots 
X axis- low or high-risk serum aliquots, y axis proportion of selected fragments as percentage of total fragments, P value 
0.0076.   
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3.8.3. HIV-1 gp41 epitope recognition in low-risk vs high-risk serum aliquots 

The proportions of discrete gp41 epitopes recognition by low-risk as compared to high-risk participant 

samples were analysed by calculating the AUC for each epitope as a proportion of the total AUC for 

all fragments. Both low and high-risk MSM sera displayed responses to gp41 epitopes. Overall 

numbers for the AUC proportions were documented. High-risk serum aliquots had greater recognition 

of fusion protein, loop, membrane proximal external region, and endodomain. Low-risk serum 

aliquots had greater recognition of N helical region, C helical region and the transmembrane domain. 

This is shown below in Table 3.8-1 and Figure 3.8-3. 

Gp41 region LR HR 

L6 gp41 L10 gp41 H5 gp41 H9 gp41 

FP 0.50% 0.00% 4.50% 3.40% 

NHR 4.70% 16.40% 2.60% 7.00% 

loop 8.20% 0.00% 6.10% 11.70% 

CHR 34.30% 41.50% 18.90% 22.40% 

MPER 1.60% 4.10% 12.30% 10.50% 

TMD 1.80% 20.00% 3.60% 6.20% 

Endodomain 48.90% 17.90% 52.00% 38.70% 
Table 3.8-1 Seronegative sera recognition of discrete gp41 epitope 
All amounts measured as percentage of total fragments  
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Figure 3.8-3 Seronegative sera recognition of discrete gp41 epitope 
Recognition measured as percentage of total fragments. Frequency of selected fragments from low and high-risk individuals 
displayed as discrete genes on parent sequence, with proportions of each area recognised expressed as percentage of total 
fragments reviewed. FP fusion peptide, NHR N-helix, loop, CHR c-helical region, MPER membrane proximal external region, 
TMD transmembrane domain, ED endodomain  
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3.9. Discussion 

3.9.1. Summary 

The aims of this chapter were to identify B cell responses to HIV envelope antigens present in the 

serum of HIV negative individuals, describe the antigenic determinants of this response, and assess if 

the frequency and character of this response varies with the risk of HIV exposure. 

3.9.2. Cohort recruitment 

A total of 238 participants were recruited to group A. Baseline demographics, behavioural risk 

information and tissue samples were obtained from all. Participants were stratified according to 

history of confirmed rectal sexually transmitted STI, history of unprotected receptive anal intercourse, 

and number of sexual partners in the preceding three months.This was based on information from the 

PROUD-UK study, which identified key behavioural risks for HIV infection, including presence of a 

rectal sexually transmitted infection (STI) in previous 12 months, and 2 or more sexual partners in the 

previous 90 days. Other features including recreational drug use during sex (“chemsex”), use of anti-

HIV medication post sexual HIV exposure (“PEP”, post exposure prophylaxis), and relationship status 

did not affect HIV incidence (113).  

These criteria allowed random selection of fifty low-risk and fifty high-risk participants according to 

history of sexually transmitted infections and number of sexual partners in the previous three months. 

These formed the low and high-risk cohorts studied in this chapter.  

3.9.3. HIV gp160 library analysis of seronegative serum aliquots  

In the initial part of this chapter, humoral immune responses to gp160 were reviewed. Seronegative 

individuals may have had anti-gp160 responses from previous exposure to HIV virus in the absence of 

infection (201,212) or pre education of the immune system by cross reactivity with intestinal 

microbiota (264).  

The initial focused was on serum responses to gp160. FACS screening of patient serum aliquots 

produced PE high populations of <1% total yeast population, but two low-risk (L6, L9) and one high-



189 
 

risk (H9) yeast clone demonstrated increasingly PE high populations with successive enrichment. 

These yeast/sera pairings were further interrogated with single clone analysis and review of gp160 

regions identified.  

3.9.3.1. Seronegative gp160 recognition 

There were two key regions in gp160 recognised by all seronegative serum samples. The gp120 region 

spanning 151 to 223 was recognised by all seronegative aliquots (healthy control, low and high-risk) 

and corresponds to a portion of the V1V2 epitope and the C2 epitope. Single clone analyses of 

individual participant serum and yeast clones revealed high affinity between serum and mapped 

epitopes, supporting group aliquot findings on individual serum sample level.  

The V1V2 epitope recognised by seronegative aliquots was located at aa167–171, which was also the 

region selected by the seronegative fragments.  

The V1V2 epitope is a recognised antibody target. It is structurally diverse across strains, but 

approximately 75% of the residues are conserved, probably due to its role in viral entry, although V1V2 

is not essential for viral replication  (315). Multiple bnAb targeting the V1V2 loops have identified 

including PG9/PG16, CH01-04, CAP256-VRC26, PGT141-PGT145 (130,316), and immunisation 

strategies involving V1V2 epitopes can induce antibodies capable of neutralising a variety of HIV 

subtypes (317–319). 

V1V2 can evade neutralisation by varying sequence and glycosylation to produce a “glycan shield” 

(320). Immunisation of animal models with Env trimer BG505 SOSIP.664 induces antibodies directed 

against residue which is a hole in the glycan shield (321). As many wild type viruses have glycan holes 

and only up-glycosylate in more infection, this suggests glycan shield holes are targets for antibodies 

with neutralising capabilities.   

Anti-V2 ADCC-mediating IgG1 and IgG3 antibodies were associated with reduced infection in the 

RV144 vaccine trial (232). As outlined in the introduction, the correlates of immune protection in 
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RV144 were also seen in the follow-up HVTN 097 and 100 trials, however these failed to protect 

against HIV infection, which raises the question of which immune responses correlate with durable 

immunisation (234,237)(236).  

The C2 epitope is a poorly accessed site. Interrogation of this site by monoclonal antibodies is more 

successful when gp120 is presented in a monomeric form, suggesting this epitope is cryptic in vivo 

presentation. A feature of the yeast display technology is presentation of epitope fragments; despite 

best efforts, it may not mimic in vivo protein conformation, especially if sequence fragments are 

shortened.  

The gp41 region recognised by all seronegative samples spanned three epitopes from position 640 to 

699, corresponding to the C-helical region (42 AA, positions 622 to 663), the membrane proximal 

external region (20 AA, position 664 – 683) and the transmembrane domain (40 AA, 684 – 723). This 

region has been identified in HESN previously by Tudor et al, who showed monoclonal mucosal IgA 

can block epithelial transcytosis and neutralise infection (224). 

When comparing the gp41 epitopes identified by the gp160 and gp41 libraries, commonly identified 

epitopes were the C helical region, and MPER. The gp41 library also identified the fusion protein, N 

helical region, C-helical region, MPER, transmembrane domain, and endodomain epitopes. This could 

be explained by more in depth analysis of these epitopes by the gp41 library.  

While the regions identified by these sera groups did not meet significance for epitopes (peaks <5 

residue frequency, major antigenic determinant (as defined in materials and methods section 2.5), the 

pattern of recognition by all seronegative samples is of interest. But what is the significance of anti-

envelope responses in seronegative individuals? There are reports of anti-HIV gp120/41 IgA in vaginal 

secretions of highly exposed females, and IgG in plasma samples of HESN (218,225), and a study by 

Nguyen et al showed a protective effect of anti-gp120 IgG in HESN (223). As described in the 

introduction chapter, most HESN cohorts reporting mucosal exposure to HIV have evidence of HIV-
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specific IgA (201). This analysis follows those findings, with additional insight into the presence of anti-

envelope plasma IgG in seronegative individuals, and targets selected by seronegative serum.  

3.9.3.2. Seronegative gp160 differential recognition by low and high-risk serum  

The proportions of selected fragments were compared and greater recognition of the HIV-Env gp41 

epitope was seen in healthy control, high-risk participant and positive control sera. Low-risk sera had 

similar proportions of gp120 or gp41 fragment recognition. 

The division of envelope protein into two regions may appear a simplistic arrangement, but Env in vivo 

is a 3-dimensional structure of a trimer with the two glycoproteins occupying different spatial regions 

(50). Moreover, broadly neutralising antibodies discovered in HIV infected patients target 

immunogenic epitopes in distinct regions of gp120 or gp41 (130). With this in mind, proportions of 

fragments recognised by each of the groups relative to gp120 and gp41 areas of the HIV-1 envelope 

parent sequence were compared. In the gp160 seronegative sera and positive control fragment 

analysis there was a clear distinction of recognised epitopes in the two glycoprotein regions. There 

was a variation in frequency of recognition of gp41 fragments in high versus low-risk patients and this 

was further explored. 

3.9.4. HIV gp41 library analysis of seronegative serum aliquots  

There was variation in serum responses to gp41 according to presumed level of HIV risk exposure. 

Combined high-risk serum aliquots sequence recognition frequency was greater than twice that 

recognised by low-risk serum (HR MSM 75.75% ± 7.494 versus LR MSM 35.1 ± 7.081, p value 0076), 

suggesting highly exposed persons have greater breadth and magnitude of immunologic responses, 

possibly due to increased exposure.  

To confirm the gp41 response differences attributed to HIV risk exposure, the gp160 library data for 

high-risk and low-risk sera responses was reviewed.  
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For the gp41 library analysis there were two groups of each of high-risk and low-risk results (L6, L10, 

H5, H9) which allowed a 2-tailed unpaired t-test for comparison of the area under the curve (AUC) for 

each group. In the gp160 library screening, there was only one high-risk aliquot to compare the AUC 

of the different risk groups. By duplicating the data from H9 and performing a 2-tailed unpaired t-test, 

the proportion of the AUC covering the gp41 epitope is significantly greater in high-risk (74.57 ± 0) 

than low-risk groups (53.46 ± 3.31), P value 0.0237. This supports the finding of greater recognition of 

gp41 by high-risk sera samples as seen in the gp41 library analysis. This data is shown in Table 3.9-1 

and Figure 3.9-1.  

 L6 L9 H9 
H9 

(duplicate) 

gp120 49.85% 43.23% 25.43% 25.43% 

gp41 50.15% 56.77% 74.57% 74.57% 

Table 3.9-1 Proportions of total AUC found in each region of gp160 as per aliquot.  
L6, L6, H9, with H9 figures duplicated for comparison purposes. Total AUC 
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Figure 3.9-1 Proportions of total AUC found in each region of gp160  
Low-risk samples L6 and L9, and high-risk sample H9 duplicated 

3.9.5. HIV-1 gp41 epitope recognition in low-risk vs high-risk serum aliquots 

Previous work by Carrillo et al (225) suggested a variation in HIV-envelope binding IgG according to 

exposure risk. The work shown here in chapter three stratified risk groups with measured HIV 

exposure risks and batched serum aliquots to increase the likelihood of this effect being assessed. 
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The Carillo paper reviewed serodiscordant monogamous partnerships and reported IgG and IgA 

recognition of cell-surface expressed Env in 85% of HESN. These findings were not borne out in ELISA 

based methods, nor did they correlate with reported risk exposures. This chapter suggests a variation 

in anti-Env IgG responses based on clearly defined risk exposure groups, which may explain the 

differences reported here as compared to the previous study (225). The “dose” of HIV involved in 

exposure for each risk group is difficult to quantify, as many factors influence viral transmission e.g. 

pre-existing genital mucosal ulceration caused by infection, viral load of partner (39).  

High-risk serum aliquots had greater recognition of fusion protein, C helical region and membrane 

proximal external regions compared to low-risk serum, but these differences were small and not 

tested for statistical significance.  

3.9.6. Limitations of work 

Assessment of the gp160 library revealed gaps in library coverage spanning individual regions of C2, 

C3, and C4. However, these regions were still identified by fragments. Library coverage was assessed 

by randomly selecting 48 clones from the original bacterial transfection plate. Assessment of coverage 

could be improved by selecting a greater number. Also, small fragments were identified in these 

regions, suggesting the library coverage is broader than suggested.   

It must be considered here that the findings could be due to chance. Perhaps presentation of antigens 

influenced epitope recognition, with better expression of certain clones due to more successful yeast 

culture. Also, previously discussed, yeast and mammalian glycosylation are not identical therefore 

recognition of glycan-dependent epitopes may have been missed.  

YSD epitope presentation may have also displayed typically cryptic regions. In vivo, the endodomain 

epitope is concealed in the viral membrane. In addition, YSD may have artificially increased sensitivity 

for usually glycan shielded epitopes e.g. V1V2 in vivo. Perhaps any epitope recognition here is a 
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function of the assay as opposed to truly immunogenic but could also due to abortive infection and 

release of non-intact virus in the setting of apoptosis/pyroptosis (see section in discussion page 309).  

On reflection, constructing one library of whole trimers might have allowed for swifter processing of 

samples, as this would have identified a population of trimer-specific antibodies. One approach could 

have been to screen for initial anti-Env responses using whole displayed trimers, and then reviewing 

discrete epitopes. However, the intention of this project was to review epitopes of interest, and as 

yeast surface display could bias towards gp41/MPER specific antibodies, it may have been better to 

review fragments as the gp120 epitopes were presented in a more accessible fashion.  

Biological controls were prepared (laboratory/healthy control) from individual serum aliquots as 

compared to the aliquots which were made from five samples. This could contribute to better epitope 

recognition due to a more concentrated sample. Conversely, high levels of binding to epitope by one 

patient serum member of an aliquot could skew the whole aliquot response; single clone analysis work 

in the gp160 analysis supported the technical validation that data from batched aliquots can be 

applied to individual samples.  

CD20 adsorption of serum samples by yeast was performed as the original pCTCON2 vector contained 

a CD20 gene which was expressed as part of the yeast surface display. This step removed anti-CD20 

antibodies from experiment sample serum to reduce nonspecific antigen/yeast-antibody binding 

which would give a falsely high readout. Ideally an empty vector with no CD20 or other foreign genes 

would have been used. For this, CD20 was an irrelevant antigen, as genuine HIV specific antibodies 

would not be removed by CD20-yeast adsorption. 

Another limitation of this chapter is the individual single clone analyses were only performed with 

gp160 clones. However, the epitope targets were from gp120 and gp41, supporting the proposal that 

batched aliquots reflect individual participant serum responses.  
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Variation in the quality of epitope displayed by the yeast cells may have contributed to the fluctuations 

in serum responses, however the PE high populations are maintained throughout the groups, 

suggesting serum affinity for the surface displayed protein is maintained. YSD quality of some clones 

was also compromised by bacterial contamination, another risk when using this assay.  

This assay would probably not be suitable for screening seronegative populations, due to the presence 

of anti-Env responses in our “healthy” control population. However, only a small number of healthy 

controls were used (n=5) compared to fifty of each low and high-risk group, and perhaps results were 

skewed by dominant responses of one healthy control volunteer. Also, healthy controls were 

colleagues, and might not have been comfortable disclosing all details of sexual activity.  

Another limitation is the inability to quantify dose expsosure per sexual act. As discussed in the 

introduction, risk exposure based on the PROUD-UK study allowing stratification of participants into 

low and high risk groups. Multiple factors can influence transmission risk e.g. pre-existing genital 

mucosal ulceration caused by infection, viral load of partner (38,39).  

3.9.7. Future Work 

With more time, exploration of individual participant serum single clone responses to gp41 library 

epitopes could show more discrete levels of epitope recognition by individuals. Another project  would 

be to explore the HIV envelope response in a cohort of HESN in receipt of PrEP, to review sera 

responses in the context of ongoing exposure and likely abortive attempts by virus to establish 

infection.  

3.10. Conclusion 

The aims of the chapter were to identify serum responses to HIV envelope antigens in HIV negative 

individuals, describe antigenic determinants of this response, and review variations in response in 

association with risk exposure to HIV in MSM.  
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This chapter suggests that seronegative individuals have humoral responses to Env protein epitopes 

presented on yeast surface display. This can be shown in “healthy” controls as well as HIV exposed 

seronegative people, and findings may be over-emphasised due to enrichment by successive rounds 

of yeast sorting and culture. There is a difference in frequency epitope recognition of gp41 as 

compared to gp120 between self-reported low and high-risk participant sera; this was shown in both 

gp160 and gp41 specific libraries, suggesting the level of risk exposure to HIV increases Env antibody 

recognition.  
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Chapter 4 
Seroconverter cohort 
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Chapter 4  Seroconverter cohort 

4.1. Introduction 

The first chapter of results indicated immune responses exist towards HIV in highly exposed 

seronegative persons. Based on this, initial serum antibody responses could shape the developing 

response to HIV, and that selected epitopes may be responsible for ongoing immune response in 

incident infection. 

This chapter describes longitudinal antibody responses in HIV infection according to HIV-1 envelope 

(Env) epitope recognition, attempts to characterise the serum antibody response at pre-infection, 

early infection and late infection, and to examine if prior exposure to HIV can influence the 

development of anti-HIV antibody response.  

To recap, antibody responses in HIV infection can be categorised into Fiebig stages using plasma 

markers of HIV including HIV viral RNA, p24 antigen, HIV enzyme immunoassay (EIA) and HIV Western 

blot. Fiebig Stage III HIV infection is the first evidence of a humoral response and with the emergence 

of a sensitive HIV EIA at approximately 13.5 days (43). This part of the study aimed to evaluate the 

evolution of this antibody response and to explore if HIV-1 epitope recognition played a part in this 

development, and if epitope recognition persisted throughout the course of infection.  

As discussed in the introduction chapter, humoral responses to HIV are impaired by direct and indirect 

effects on B-cell function and antibody production (131). Direct effects include complement bound 

HIV binding to the B-cell surface complement receptor CD21 to cause apoptosis. This causes B-cell 

depletion and further viral dissemination. HIV gp120 binds to B cells and causes secretion of 

inflammatory cytokines tumour necrosis factor (TNF) and interleukin (IL)-6. HIV-Nef suppresses B-cell 

class switching, reducing diversity of antibody production. Over the longer term, B-cell exhaustion 

appears. This phenotypical change in B-cell functionality is characterised by loss of CD21 cell surface 

marker.  



199 
 

Indirect effects on B-cell function include the following. B-cell hyperactivation by HIV induced immune 

cell activation, caused by increased serum levels of lipopolysaccharide (bacterial from leaky gut in 

early HIV), B-cell activating factor (BAFF), TNF, interferon alpha INF-α), IL-6 and IL-10. Depletion of TFH 

CD4 T cells causes an increase in number of immature transitional B cells (131). Depletion of the 

antibody response also permits to spread of HIV from cell to cell.  

The initial humoral response to HIV is unable to control viral replication. As discussed in the 

introduction, the initial IgM anti-gp41 response is non neutralising (143). The first autologous 

neutralising antibodies appear several months following incident infection, and the inhibitory nature 

of this response results in replacement of the neutralisation-sensitive virus by a resistant viral 

population. Genetic analysis of this viral population shows occasional Env mutations and increased 

levels of N-glycosylation (145,146). The majority of PLWH develop these responses which have cross 

clade neutralising ability and up to 30% develop antibodies with broadly neutralising properties 

appearing two to four years post infection (148). This is associated with increased viral load and lower 

CD4+ in early infection (149) The production of neutralising antibodies is associated with Env 

structures of shorter V1-5 envelope lengths and fewer glycosylation sites at V1V2 (150). Identification 

of germline precursors and serial analysis of the maturing humoral response shows continual somatic 

hypermutation of antibody structures including the complementarity determining region 3 and 

occasionally framework regions (152,231). As viral escape mutations contribute to an altered progeny 

population, neutralising antibodies do not contribute to viral control in the host (153).  

However, in vitro studies with these antibodies show cross clade neutralisation (154,155), protection 

and reduction of infection in animal studies, and provide insights for immunogenic epitopes (156–

158). 

In summary, HIV creates a multi-level attack on the immune system’s humoral response to HIV 

infection by direct action on B cells, and indirect actions on B-cell stimulatory pathways and T cell 

activation.  
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4.2. Aims 

The key aims for this part of the project were 

1. Characterise the serum antibody responses/antigen recognition in HIV envelope protein for pre-

infection, early infection and late infection 

2. Characterise antigen recognition by host immune response 

3. Identity common antigen recognition 

As in the previous chapter, the HIV gp160 yeast surface display library was used to investigate the 

serum immune responses to HIV in this seronegative cohort. Again, the aim was to review immune 

responses to conformational as opposed to linear epitopes. A schematic of the HIV envelope protein 

is displayed below in Figure 4.2-1 for reference purposes. 

 

Figure 4.2-1 HIV gp160 envelope sequence schematic 
Figure shows HIV envelope sequence with initial gp120 components: signal peptide C1-C5 conserved regions, V1-V5 variable 
region. gp41 components: FP fusion peptide, NHR N-helix, loop, CHR c-helix, MPER membrane proximal external region, TMD 
transmembrane domain, endodomain  

4.3. Group B cohort 

4.3.1. Identification of candidate samples 

I undertook longitudinal follow-up of all new HIV infections at the study site and identified nine 

individuals in Group A who seroconverted from HIV negative to positive during the study period from 

2015-2017. The rate of seroconversions in this cohort was impacted by significant developments in 

HIV prevention and care and will be discussed in the final chapter. Hence, group B numbers are 

modest.  

MPER 
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I approached all nine seroconverter patients and asked them to participate in longitudinal follow up 

visits which would include regular blood sampling and demographic information. This would be done 

in parallel with standard HIV care but did not replace routine clinical care. Participants were offered 

travel expenses. To improve compliance with return visits, study visits were scheduled concurrently 

with routine clinical follow-up where possible. 

4.3.2. Baseline demographics group B 

Nine individuals in Group A were identified as having seroconverted during the study period from 

2015-2017. Five individuals agreed to participate in longitudinal follow-up with blood sampling. These 

patients were coded B001, B002, B003, B004 and B005. The baseline demographics and peripheral 

blood mononucleated cell and baseline patient characteristics shown in Table 4.3-1 and Table 4.3-2. 

The median age of the five patients was 34.0 years (29.8 - 37.8). As numbers were small, no statistical 

analysis was attempted to determine association of risk factors and disease incidence.  
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Study No. B0001 B0002 B0003 B0004 B0005 

Consent Date 04/02/2016 05/02/2016 10/03/2015 31/03/2016 23/04/2015 

DOB 18/04/1979 15/04/1978 24/01/1983 02/06/1986 17/04/1981 

Age at consent date 
(years) 

36.8 37.8 32.1 29.8 34.0 

Gender 1 = male 1 1 1 1 1 

No. partners last 6/12 4 50 30 6 18 

No. regular 1 0 1 0 1 

No. casual 3 50 29 6 17 

STI in last year (1= yes, 
0=no) 

1 1 1 1 1 

CD3 cells % 82.3 78.8 81.5 82.5 89.3 

CD3 cells/µl (700-2100) 1736.0 1577.0 1622.0 1686.0 2486.0 

CD4 % 21.5 20.4 41.9 25.3 24.0 

CD4 cells/µl (300 - 1400) 456.0 403.0 827.0 519.0 657.0 

CD8 % 58.0 55.7 36.8 56.3 64.7 

CD8 cells/µl (190 - 900) 1228.0 1099.0 727.0 1153.0 1774.0 

CD56 % 9.4 15.2 14.0 12.5 5.0 

CD56 cells/µl (90-600) 198.0 308.0 281.0 254.0 142.0 

CD19 cells % 8.1 5.7 4.5 43.4 6.1 

CD19 cells/µl (100 - 150) 170.0 116.0 91.0 89.0 174.0 

CD4:CD8 ratio 0.4 0.4 1.1 0.5 0.4 
Table 4.3-1 Group B baseline information 
Baseline demographics and peripheral blood mononucleated cell characteristics of seroconverter population 

Characteristics Median Min Max 

No. partners last 6/12 18 4 50 

No. regular 1 0 1 

No. casual 17 3 50 

CD3 cells % 82.3 78.8 89.3 

CD3 cells/µl (700-2100) 1686.0 1577.0 2486.0 

CD4 % 24.0 20.4 41.9 

CD4 cells/µl (300 - 1400) 519.0 403.0 827.0 

CD8 % 56.3 36.8 64.7 

CD8 cells/µl (190 - 900) 1153.0 727.0 1774.0 

CD56 % 12.5 5.0 15.2 

CD56 cells/µl (90-600) 254.0 142.0 308.0 

CD19 cells % 6.1 4.5 43.4 

CD19 cells/µl (100 - 150) 116.0 89.0 174.0 

CD4:CD8 ratio 0.4 0.4 1.1 
Table 4.3-2 Distribution of baseline patient characteristics 
Baseline partner and lymphocyte subset information of Group B participants 
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4.3.3. Group B visits 

Group B participants attended for blood sampling according to the following schedule: monthly for 

the first six months following diagnosis and subsequent visits at 12, 18 and 24 months to complete 2 

years of follow-up. Not all patients were able to attend for each monthly follow-up. Total visit number 

ranged from 3-9 visits, with the maximum number of study visits achieved by B004. 

Blood samples were obtained at each visit at the study site, transported to the research laboratory 

and processed and stored as previously described. Follow-up blood sampling was not possible beyond 

December 2016 due to time limitations and the need to focus on the following part of the project 

4.3.4. HIV seroconversion assessment 

Several key factors were sought regarding group B individual’s diagnosis of HIV including estimated 

date of seroconversion, the assurance that any seronegative samples were obtained prior to HIV 

infection, and assurance that samples obtained during the period considered seronegative had no 

evidence of HIV infection.  

I reviewed two pieces of information for each group B participant pertaining to their HIV diagnosis.  

Recent Infection Testing Algorithm: In 2009 Public Health England introduced the recent infection 

testing algorithm (RITA)(322). This is a serology test which measures anti-HIV antibodies using the 

AxSym avidity assay (Abbott Laboratories). Other disease parameters, including CD4 count (low count 

being less than 200 cells/mm3), and presence of an AIDS-defining illness are also considered when 

applying the test. An avidity of <0.8 indicates HIV infection acquired in the previous 4 to 6 months. All 

patients diagnosed with HIV undergo RITA testing to estimate the timing of infection. On a population 

level this offers information on the profile of newly diagnosed HIV infections. All but one of our 

patients had a RITA test available for analysis.  

Last negative HIV test: All group B participants had their records reviewed for the most recent previous 

negative HIV screening test.  
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Using both RITA and documented evidence of previous HIV testing, the more recent test was used as 

confirmation of the individual’s HIV negative status at the point of blood sampling when termed 

“seronegative”.  

4.3.4.1. Ensuring seronegative samples were obtained prior to HIV infection 

For all group B participants, samples termed “seronegative” were checked to ensure they were drawn 

prior to date of HIV diagnosis.  

4.3.4.2. Ensuring samples termed seronegative had no evidence of HIV infection 

I confirmed the seronegative status of group B participant pre-infection samples by Western Blot 

assay. This detects antibodies to HIV proteins (p) and glycoproteins (gp) p17, p24, p55, p31, p66, gp41, 

gp120, gp160 and gp36 (specifically HIV-2) (314). 200ul aliquots of pre-infection plasma samples were 

sent to the National Infection Service at Public Health England Colindale and underwent Western Blot 

analysis. All five patient samples were confirmed negative on Western Blot analysis as listed in Table 

4.3-3. B001 sample was described as indeterminate due to a trace reactivity against p17 but all other 

antibodies were negative, and PHE laboratory confirmed this as a negative result. 

Group B participant Anti-HIV-1 and 2 

B001 Indeterminate* 

B002 Negative 

B003 Negative 

B004 Negative 

B005 Negative 
Table 4.3-3 Western blot analysis of Group B participants 
Group B participant Western blot analysis of pre-infection plasma samples  
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4.3.4.3. Estimating date of HIV seroconversion and subsequent sampling 

I estimated the date of HIV seroconversion based on either the RITA or previous negative HIV test and 

considered this would provide the most conservative estimate of the date of seroconversion. Ideally, 

infection would have described according to Fiebig acute HIV infection (AHI) staging system (43) but 

this data was not available for each group B member.  

Samples were grouped into “early” and “late” infection. The dates were based on the greatest interval 

of time possible since incident HIV infection. The group B participants occasionally volunteered 

possible dates for infection based on a personal risk assessment of sexual contacts, but for consistency 

of data the time estimation was maintained as discussed above. Early infection samples were 

estimated to have been taken on average 18.8 to 123.4 days post-infection, and late infection samples 

taken 177.6 to 282.2 days post-infection. 

The following tables Table 4.3-4 and Table 4.3-5 document the chronology of HIV infection- the 

estimated date of seroconversion based on the above details, and the schedule of follow-up visit 

attended by the group B participants.  
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Estimated 
last date 

HIV 
negative by 

RITA 

Last HIV 
negative 

test 

HIV 
negative 

HIV 
diagnosis 

date 

Early sample 
date 

Possible 
maximum 
days since 
infection 

Days since 
diagnosis 

Late sample Date 
Days since 
infection 

Days since 
diagnosis 

B001 23/09/2015 15/10/2015 15/10/2015 21/01/2016 04/02/2016 112 14 VISIT 6 18/07/2016 277 179 

B002 21/08/2015 03/09/2015 03/09/2015 19/12/2015 05/01/2016 124 17 VISIT 4 16/06/2016 287 180 

B003 11/08/2015 17/09/2015 17/09/2015 09/12/2015 07/01/2016 112 29 VISIT 4 04/07/2016 291 208 

B004 24/11/2015 08/09/2015 24/11/2015 23/03/2016 07/04/2016 135 15 VISIT 5 01/09/2016 282 162 

B005  29/12/2015 29/12/2015 22/04/2016 11/05/2016 134 19 VISIT 3 28/09/2016 274 159 

     MEAN 123.4 18.8   282.2 177.6 

 Table 4.3-4 Chronology of Group B HIV infection 
Estimated date of HIV infection, known date HIV diagnosis, and the dates that early and late blood samples obtained 

Study 
No. 

Date of HIV 
diagnosis 

Date started 
ARV 

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8 Total visits 

B001 21/01/2016 04/02/2016 ✓ ✓ ✓ ✓ ✓ ✓ ✓  8 

B002 19/12/2015 05/01/2016 ✓ ✓ ✓ ✓ ✓ DNA DNA  6 

B003 09/12/2015 07/01/2016 ✓ ✓ ✓ ✓ ✓ ✓ DNA  7 

B004 23/03/2016 07/04/2016 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 9 

B005 22/04/2016 11/05/2016 ✓ ✓ DNA ✓ DNA DNA   4 

B006 17/05/2016 09/06/2016 ✓ ✓ ✓ ✓ DNA DNA   5 

B007 29/07/2016 01/08/2016 ✓ ✓ DNA DNA DNA DNA   3 

Table 4.3-5 Group B longitudinal follow-up schedule 
ARV antiretroviral therapy, ✓ indicates visit complete, DNA patient Did Not Attend for scheduled visit 
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All patients agreeing to follow-up post diagnosis entered a care structure. At the study centre, it is 

standard practice for all patients diagnosed with HIV to attend a review with a health counsellor on 

the day of diagnosis. This appointment includes discussion about HIV medication and the patients are 

offered literature to review prior to their initial clinical visit with a HIV specialist doctor. At the first 

clinical visit with a HIV specialist, all patients are offered standard HIV medication as per current 

guidelines (323).  

4.3.5. Group B antiretroviral therapy 

All five group B patients began antiretroviral therapy within one month of diagnosis. The median time 

to initiation of medication was 17 days with a range of 3-29 days as shown below in Table 4.3-6. This 

is in keeping with standard practice at the study centre, as on the day of diagnosis multiple blood 

testing samples are obtained to inform choice of medication. These tests include measurement of viral 

load, a baseline viral resistance assay to check for the presence of viral mutations which could impact 

efficacy of antiretroviral medication, viral tropism, and other biochemical and haematological assays 

relevant to patient care. It takes 7-10 days for all results to be made available, and initial clinical visits 

were scheduled to allow for these results to return.  

Study No. Date dx Started medication Days 

B001 21/01/2016 04/02/2016 14 

B002 19/12/2015 05/01/2016 17 

B003 09/12/2015 07/01/2016 29 

B004 23/03/2016 07/04/2016 15 

B005 22/04/2016 11/05/2016 19 

B006 17/05/2016 09/06/2016 23 

B007 29/07/2016 01/08/2016 3   
Median 17 (3-29)   

Minimum 3   
Maximum 29 

Table 4.3-6 Details of antiretroviral initiation 
Table shows details of cART for group B participants B001-B005 
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4.3.6. Group B baseline HIV characteristics 

Patient viral load ranged from 5-6 log copies RNA per ml. This is in keeping with early HIV-1 infection, 

where a high viral load emerges in concert with typical symptoms and signs of “seroconversion”. This 

viraemia usually drops within 3 months of incident infection, albeit more rapidly with use of 

antiretroviral medication.  

Patient HIV subtype/clade was documented. This information is captured at the time of diagnosis. All 

viral load samples are interrogated to retrieve the genomic sequence of the protease (PR) and reverse 

transcriptase (RT) regions. The majority sequence (expressed as a percentage) is then applied as that 

strain’s subtype.  

The most frequently seen HIV-1 variety was subtype B. This subtype is most widely distributed across 

western Europe, north America and Australia, and in keeping with the demographics of this group. 

One participant, B002, acquired HIV-1 subtype F. This subtype is usually seen in west Africa along with 

subtypes G, H, J, K, CRF01 (Circulating Recombinant Forms). Both subtype B and F are members of the 

HIV-1 M (major) group which is the most widespread circulating viral group globally (324).  

These findings are summarized in Table 4.3-7.  

Study No. Viral load at diagnosis (copies RNA/ml) Subtype/clade info 

B001 24924 
1. PR: B (95.6%) 
2. RT: B (92.9%) 

B002 421909 
1. PR: F (93.3%) 
2. RT: F (93.5%) 

B003 1134266 
1. PR: B (95.6%) 
2. RT: B (94.7%) 

B004 528964 
1. PR: B (95.6%) 
2. RT: B (94.3%) 

B005 140726 
1. PR: B (94.6%) 
2. RT: B (95.3%) 

Table 4.3-7 Characteristics of HIV infection in Group B.  
RNA ribonucleic acid copies/ml blood sampled, PR protease, RT reverse transcriptase 
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4.3.7. Viral load dynamics of Group B 

All five participants began taking antiretroviral medications soon after diagnosis with the intention of 

suppressing HIV viral load. All patients achieved an undetectable viral load by the time of their second 

study visit which was a median of 40 days post diagnosis (range 29-112). This time to undetectability 

was within 3 months of starting medication which is expected as per current guidelines. B003 took 

longest to achieve an undetectable viral load. This participant had the highest viral load at diagnosis 

and therefore the time taken to achieve viral suppression is in keeping with this finding. This is shown 

in Table 4.3-8 and Figure 4.3-1. 

 Days to undetectable viral load 

B001 32 

B002 57 

B003 112 

B004 29 

B005 40 

Median 40 
Table 4.3-8 Viral load dynamics Group B 
Details of time taken to achieve an undetectable viral load since starting cART medication 

 
Figure 4.3-1 Group B viral load dynamics 
Study visit (x-axis) and plasma viral load (y axis, RNA copies per ml in logarithmic scale) 
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4.4. gp160 library analysis of seroconverter serum aliquots  

In this part of the study anti-Env responses were reviewed in five individuals who underwent 

seroconversion from HIV negative to positive. As this was a longitudinal study design, serum samples 

were collected from three timepoints to assess the immune response: prior to infection, early 

infection and later infection. This schedule is described in the materials and methods chapter. 

All seronegative samples were confirmed initially by serologic testing using ARCHITECT HIV Ag/Ab 

Combo (Abbott Diagnostics) assay which tests for p24 antigen positivity (anti p24 MAb) and anti-HIV 

antibodies directed at gp41 of HIV-1 group M/O and gp36 of HIV-2. They were then tested by western 

blot to confirm true seronegative status, results on Table 4.3-3. 

The post infection samples were again confirmed with the ARCHITECT HIV Ag/Ab Combo assay and 

HIV RNA sampling. Infection duration was estimated based on time since previous HIV testing and 

result from recent infection testing algorithm (RITA). This test measures the avidity of anti-HIV 

antibodies; lower scores indicate recent infection within the previous four months (92,325). 

These samples did not undergo further positive tests e.g. ELISA or western blot; these tests may have 

facilitated classification of group B participants into the relevant Fiebig stage, or to examine serum 

binding to full glycoproteins or specific epitopes. However, the intention of this chapter was to review 

antibody binding to epitopes rather than whole Env structures. 

By recruiting seronegative individuals and following seroconversion events, incident HIV infections 

were captured. All five group B members who were followed longitudinally had blood samples drawn 

prior to seroconversion when they were members of the seronegative cohort. These were the pre 

infection samples. The same gp160 yeast library was used to interrogate these samples. As previously 

described, yeast surface display of antigen represents a conformational epitope more akin to that seen 

in infection in vivo. 
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Serum aliquots were retrieved and adsorption CD20 performed as previously described. In contrast to 

the previous experiment, all samples were used individually and did not batch. The following samples 

were analysed: fifteen patient serum (pre, early and late infection from participants B001-B005), 

technical negative controls (autofluorescence, unstained and fluorescence minus one), a biological 

negative control (healthy laboratory samples), and a positive control (group E seropositive cART naïve 

participant). 

Samples were prepared as described in materials and methods and the HIV gp160 envelope library 

was used. Each serum sample was added to an aliquot containing HIV-gp160 envelope library and 

sorted using a BD FACS ARIA III in a CL3 laboratory. The same gating strategy was used as described in 

the previous chapter to select yeast cells bound to patient serum and sorted approximately 50000 

yeast cells per experiment. Successive rounds of sorting, enrichment, subsequent culture and re-

sorting for each sample were performed.  

4.4.1. Seroconverter serum FACS results 

The fifteen experimental samples were analysed by FACS (BD FACS Aria III) and yield and percentage 

of total population of PE high populations assessed following each sort. The positive control showed 

a large population of PE high yeast cells, in keeping with the known serostatus of that sample. 

The healthy control PE high yeast population was 0.25% and the positive control was 0.77% of the 

total population. All fifteen experimental samples showed a PE high population. Approximately 50,000 

yeast cells were sorted into SDCAA and pen/strep collection media for each sample. Sorted cells were 

vortexed, refrigerated until the end of the experiment. Samples were transferred to an incubator to 

rest for one hour post sort and then transferred to SDCAA plates and liquid media for culture as 

previously described. 

Table 4.4-1 below shows PE high yeast population for each patient sample.  
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Sample 
PE high yeast 

population 
Sample 

PE high yeast 
population 

Sample 
PE high yeast 

population 

NC 0.25%     

PC 0.77%     

Pre B001 0.62% Early B001 0.44% Late B001 0.28% 

Pre B002 0.28% Early B002 0.97% Late B002 0.79% 

Pre B003 0.21% Early B003 0.23% Late B003 0.17% 

Pre B004 1.36% Early B004 0.26% Late B004 0.23% 

Pre B005 0.23% Early B005 0.47% Late B005 0.24% 

Median 0.28% Median 0.44% Median 0.24% 

Range 0.21- 1.36 Range 0.23-0.97 Range 0.17-0.79 
Table 4.4-1  Percentage of gp160 envelope expressing yeast cell reactive with patient sera  
Table shows first FACS analysis of HIV gp160 library sorted by seroconverter serum samples from pre, early and late HIV 
infection  

. NC negative biological control, PC positive control 

4.4.2. Sequential enrichment plots 

I performed two further rounds of FACS and culture on each patient yeast sample and reviewed the 

data plots. Each enrichment produced an increasingly PE high population for all fifteen patient samples 

(5 pre-infection, 5 early infection, 5 late infection) and the positive and healthy controls. This is shown 

in Figure 4.4-1, Figure 4.4-2, and Figure 4.4-3 below.  
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Figure 4.4-1 Flow cytometric dot plots of proportion of yeast cell expressing HIV gp160 envelope which react with patient 
sera before and during HIV infection after 1st round of FACS sorting  
First row pre-infection, second row early infection, third row late infection, from B001-B005.Exp control- technical negative 
control, lab control- biological negative control, positive control as described.  
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Figure 4.4-2 Flow cytometric dot plots of proportion of yeast cell expressing HIV gp160 envelope which react with patient 
sera before and during HIV infection after 2nd round of FACS sorting  
First row pre-infection, second row early infection, third row late infection, from B001-B005.Exp control- technical negative 
control, lab control- biological negative control, positive control as described.  
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Figure 4.4-3 FACS analysis of seroconverter samples 3rd round flow cytometric dot plots of proportion of yeast cell 
expressing HIV gp160 envelope which react with patient sera before and during HIV infection after 3rd round of FACS 
sorting  
First row pre-infection, second row early infection, third row late infection, from B001-B005.Exp control- technical negative 
control, lab control- biological negative control, positive control as described. 
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Figure 4.4-4 below shows the progressive increase in the PE high yeast population with successive 

round of flow sorting and culture (enrichment). Technical negative control (autofluorescence), 

positive control and experimental B003 preinfection samples are shown here for demonstrative 

purposes.  

 
Figure 4.4-4 Sequential enrichment of yeast gp160 envelope positive cells which bind to patient sera  
Figure showing progressive increase in PE high yeast population through successive enrichment. X axis PE- area, y axis side 
scatter area. Samples used for illustrative purposes- technical negative control, positive control and B003 pre infection.  
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4.4.3. Sequential enrichment graph 

As shown, successive rounds enrichment produced an increasing PE high yeast population. These 

represent a more select population of yeast cells being sorted per experiment as the same patient 

serum samples were used each time. This sorted yeast population now contains yeast cells bearing 

epitopes selectively recognised by the patient’s serum. Data from the flow cytometry analysis was 

recorded as percentage PE high of total yeast population per sort. With each successive enrichment, 

a greater population of the yeast was PE high, representing a greater volume of patient serum binding 

to surface bound yeast epitopes. All samples demonstrated enrichment, as did the positive control. 

These results are shown in Table 4.4-2 and Figure 4.4-4. 

 NC  Lab C PC   

1 0.15 0.25 0.77   

2 0.03 1.45 21.8   

3 0.07 11.5 65   

 

 PreB1 PreB2 PreB3 PreB4 PreB5 

1 0.62 0.28 0.21 1.36 0.23 

2 23.2 0.24 1.83 1.45 1.86 

3 49.6 13.1 33.2 8.01 27.5 

 

 Early1 Early2 Early3 Early4 Early5 

1 0.44 0.97 0.23 0.26 0.47 

2 11.5 11.1 2.05 8.32 4.5 

3 39.3 48.2 25.1 37.4 38.4 

 

 LateB1 LateB2 LateB3 LateB4 LateB5 

1 0.28 0.79 0.17 0.23 0.24 

2 3.18 2.93 2.11 2.83 1.12 

3 43.1 35.2 40 25.9 23 
Table 4.4-2 Percentage of gp160 envelope positive yeast cells which bind to control and patient sera following sequential 
FACS sort enrichment  
Left column indicates sort round, numbers indicate PE high yeast population shown as a percentage of the total yeast 
population. NC technical negative control (autofluorescence), Lab C biological negative control, PC seropositive positive 
control.  
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Figure 4.4-5 Mean and standard deviation (SD) of gp160 envelope positive yeast cells which bind to control and patient 
sera after sequential FACS sort enrichment  
The graphs show the pre, early and late infection samples grouped according to enrichment round 1, 2, or 3. Controls include 
negative (technical- autofluorescence) and positive controls, patient serum samples pre/early/late B001-B005  
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4.4.4. Single clone analysis 

I used single clone analysis to verify affinity of selected yeast populations and patient serum samples. 

As described, this process uses homogenous yeast cells bearing a common HIV envelope epitope for 

analysis of the respective patient serum. Sixteen individual clones were used to review the discrete 

antigenic regions responsible for antibody recognition. Single clone analysis also provided the base 

material for the next section of the project.  

The criteria for a positive single clone population was as previously; if the PE high population peak was 

greater than biological negative control, this was considered significant. These clones were then 

processed for DNA extraction and sequencing to identify epitopes of interest. The gating strategy and 

controls for single clone analysis were as previously described.  

Figure 4.4-6 shows the controls and gating strategy using negative biological and positive controls and 

serum/yeast pairing B003 late infection. The PE high population is shown on the x axis and side scatter 

shown on the y axis.  
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Figure 4.4-6 Single clone analysis gating and controls 
Gating strategy and plots with histograms for single clone analysis of seroconverter serum. Negative control (biological), positive control and sample serum B003 late infection 
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I reviewed the single clone flow plots. Any yeast and serum plots with a PE high population greater 

than that of healthy controls were selected for further analysis. Not all patient yeast/serum groups 

had single clone samples with a greater frequency than the experimental controls and these were not 

submitted for sequence analysis.  

Positive control, B003 and B005 pre infection, B003 and B004 early infection, and B001, B003 and 

B004 late infection histograms had a PE high population greater than negative/laboratory control. 

The successful single clone analyses are shown in  

Table 4.4-3 below, and Figure 4.4-7 and Figure 4.4-8 show selected histograms for yeast/serum 

pairings where the PE high histogram plot was greater than that of the biological control. 

Sample 

No. Samples with a PE 
yeast population 
greater than lab 

control 

Selected for sequence 
analysis 

Pre B1 1 No 

Pre B2 5 No 

Pre B3 13 Yes 

Pre B4 5 No 

Pre B5 15 Yes 

   

Early 1 6 No 

Early 2 4 No 

Early 3 6 Yes 

Early 4 12 Yes 

Early 5 3 No 

   

Late B1 12 Yes 

Late B2 3 No 

Late B3 15 Yes 

Late B4 12 Yes 

Late B5 6 No 
 
Table 4.4-3 No of single yeast gp160 envelope clones which react with patient sera 
Table shows instances where PE high population was greater than biological negative control sample 
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Figure 4.4-7 Representative histograms of single gp160 envelope yeast cells which react with patient sera (1) 
Positive control, B003 and B005 pre infection, B003 early infection where PE high population was greater than 
negative/laboratory control 
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Figure 4.4-8 Representative histograms of single gp160 envelope yeast cells which react with patient sera (2) 
B004 early infection, B001, B003 and B004 late infection histograms where PE high population was greater than 
negative/laboratory control  
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4.4.5. Sequential enrichment summary 

The patient serum aliquots enriched with subsequent rounds of flow cytometry, representing a 

progressively refined yeast population bearing epitopes recognised by the patient serum antibodies. 

For each round of sorting, the biological controls were the healthy control and positive control 

samples. Table 4.4-4 below shows the increasingly PE high yeast population as a percentage of the 

total yeast population.  

  
%- yeast population PE high 

  
1 2 3 

Control AF 0.18% 0.03% 0.04% 
 

US 0.18% 0.04% 0.18% 
 

FMO 0.15% 0.03% 0.07% 
 

Lab C 0.25% 1.45% 11.5% 
 

Pos C 0.77% 21.80% 65.00% 

Sample Pre B1 0.62% 23.20% 49.60% 
 

Pre B2 0.28% 0.24% 13.10% 
 

Pre B3 0.21% 1.83% 33.20% 
 

Pre B4 1.36% 1.45% 8.01% 
 

Pre B5 0.23% 1.86% 27.50% 
 

Early 1 0.44% 11.50% 39.30% 
 

Early 2 0.97% 11.10% 48.20% 
 

Early 3 0.23% 2.05% 25.10% 
 

Early 4 0.26% 8.32% 37.40% 
 

Early 5 0.47% 4.50% 38.40% 
 

Late B1 0.28% 3.18% 43.10% 
 

Late B2 0.79% 2.93% 35.20% 
 

Late B3 0.17% 2.11% 40.00% 
 

Late B4 0.23% 2.83% 25.90% 
 

Late B5 0.24% 1.12% 23.00% 

Table 4.4-4 Summary table of proportion of yeast gp160 envelope yeast cells which react with patient sera following 
sequential FACS sort and enrichment 
Table shows gp160 yeast library sorted by seroconverter participant serum samples 
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4.4.6. Sequence analysis plots 

I aligned sorted yeast sequences to the parent gp160 reference sequence as described in section 4.4.7. 

The number of sequences retrieved per patient sample is documented in Table 4.4-5. The following 

pages display the aligned sequences in Figure 4.4-9, Figure 4.4-10, and Figure 4.4-11.  

 
Pre Early Late 

B001 16 38 15 

B002 24 34 49 

B003 39 42 38 

B004 41 48 34 

B005 39 45 38 
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Table 4.4-5 Number of sequences available from 50 clones submitted 

 

Figure 4.4-9 HIV gp160 library sorted by pre- infection samples  
Sequences obtained from parent yeast sequences sorted by pre-infection yeast samples. HIV gp160 big and small libraries 
combined for use here. X-axis black bar indicates gp160 reference sequence HXB2 as previously. N = number of sequences 
returned from 50 sent clones. HIV envelope schematic shown below for illustrative purposes. 

  

MPER 
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Figure 4.4-10 HIV gp160 library sorted by early infection samples 
Sequences obtained from parent yeast sequences sorted by early infection yeast samples. HIV gp160 big and small libraries 
combined for use here. X-axis black bar indicates gp160 reference sequence HXB2 as previously. N = number of sequences 
returned from 50 sent clones. HIV envelope schematic shown below for illustrative purposes. 

MPER 



   
 

228 
 

 
Figure 4.4-11 HIV gp160 library sorted by late infection samples 
Sequences obtained from parent yeast sequences sorted by late infection yeast samples. HIV gp160 big and small libraries 
combined for use here. X-axis black bar indicates gp160 reference sequence HXB2 as previously. N = number of sequences 
returned from 50 sent clones. HIV envelope schematic shown below for illustrative purposes. 

 

MPER 
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4.4.7. Sequence analysis histograms 

I used an algorithm to determine the amino acid residue frequency at each position on the reference 

gp160 sequence HXB2 (282). The first part of the histogram review looked at the distribution of 

fragments on the parent sequence. The next part of the review identified major antigenic domains 

identified by serum samples. Epitope recognition was significant if the peak of the amino acid 

frequency curve was greater than greater than 5 residues. The area under the curve (AUC) for each 

epitope allowed direct comparison of proportion of sequences recognised by the participant serum, 

and a comparative analysis was performed using an unpaired t-test. 

The figures below show amino acid frequencies for the two control samples (negative healthy control, 

seropositive control) and the fifteen seroconverter samples. Histogram curves were grouped in two 

different ways to allow comparison of findings; first by timepoint (pre, early, late; Figure 4.4-12) and 

then by participant number (B001-B005; Figure 4.4-13).  

By arranging the data by timepoint, common antigenic regions of the Env responsible for the serum 

immune response were observed at the three time periods- pre, early and late infection.   

When observing the sequences grouped by individual participant, specific patterns emerged showing 

regions of gp120 and gp41 recognised by patient serum samples repeatedly at sequential time points.  

The positive and healthy control epitope recognition have been described in the previous chapter.  
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Timepoint serum recognition   

On review of the sequence histograms arranged by timepoint (Figure 4.4-12), there is a key finding; 

gp160 epitopes are recognised by pre infection serum. 

Pre infection serum samples recognised regions of both gp120 and gp41. Two regions of gp120 were 

identified; AA region 177-219 (B002, B003, B005) corresponding to the V1V2 and C2 regions, and the 

AA region 240-289 (B004) corresponding to the C2 region. Two regions of gp41 were recognised by 

pre infection serum; AA region 585-614 (B001) corresponding to the loop and C-helical region, and AA 

region 643-677 (B001, B003) corresponding to the C-helical and membrane proximal external region 

(MPER) regions.  

The epitopes recognised by group B seronegative patient serum samples were similar to those 

recognised by the seronegative batched aliquots in chapter 3; these include the gp120 V1V2 and C2 

regions, and the gp41 N helical region, C helical region, MPER and endodomain. 

The epitopes of interest are also similar to that observed in the larger seronegative cohort study; the 

V1V2 loop and the C2 region. As previously discussed, the V1V2 region is of interest having been 

identified as a target epitope for vaccine induced ADCC responses in the RV144 trial. The C2 epitope 

is usually hidden and may be recognised due to the nature of yeast surface display technology.  

Early and late serum samples recognised gp160 antigens in the gp41 region. As these samples were 

drawn at median duration of 123 (early) and 282 (late) days since infection, these findings are in 

keeping with the known initial antibody responses to HIV. These are typically anti-gp41, later evolving 

to more a heterogenous population as time since diagnosis passes (130).  

Individual early infection serum samples recognised the gp120 V1V2 and C2 epitopes (B003 and B005). 

Two gp41 epitopes were recognised by the early infection samples; the N helical region and loop 
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domain (B001, B002, B003, B004), and the C helical and Membrane proximal external region regions 

(B001, B003).  

Individual late infection serum recognised non overlapping gp120 epitopes; V1V2 region (B003), C2 

region (B002), and later part of C2 region (B005).  

No common gp120 epitope targeted by late serum but within a given patient (B003) there were gp120 

epitopes recognised across all time points. This most likely represents variation in the time since 

diagnosis to date of blood sampling, and a developing humoral response to gp120 epitopes.  

Late serum samples were obtained at different timepoints of infection for each participant. As shown 

in table 4.3.4, the time from infection and diagnosis to early and late samples was estimated based on 

recently infected testing algorithm and the most recently documented HIV negative test; the earlier 

of these two dates was considered the date of infection. Ideally, samples taken at fixed timepoints  

would have been used, but as date of infection was not available, and blood sampling was subject to 

participant’s availability, all available samples were reviewed and selected those with similar 

estimated time since infection. This is the difference between animal models where infection 

challenges are scheduled according to a protocol, and real world observational studies where 

identifying infection and organising sampling require logistical efforts. 

The late serum samples did recognise common gp41 epitopes; the N-helical, loop, and C-helical 

regions (B002 and B003) and the pre and transmembrane and endodomain (B001, B003, B005).  

The positive control was an aliquot containing samples from patients with early HIV infection, who 

would be expected to show a predominantly gp41 antibody response (143). Clinic attendees are 

encouraged to undergo routine testing every three months, or more frequently if engaging in high risk 

behaviour. These findings are shown in Figure 4.4-12 below and Table 4.4-6 at the end of this section. 
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Figure 4.4-12 Control and seroconverter sequence analysis histogram- timepoints 
Histograms of control (negative healthy, seropositive) and seroconverter samples arranged by infection status (pre, early 
and late). X axis shows amino acid position on HIV envelope sequence, y axis shows amino acid frequency at each position 
on the HIV-1 envelope parent sequence. Gp160 schematic shown at bottom for reference purposes 
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Participant serum recognition   

I will now describe the epitopes recognition by pre and post infection serum samples for all five 

participants. My key finding here is that epitopes recognised by pre infection serum samples are 

recognised again by post infection serum  

B001 pre, early and late infection serum samples recognised the gp41 region AA 571-678 with two 

distinct regions; the loop and C helical regions (571-628) and the C helical and transmembrane 

domains (628 678). B002 pre and late infection serum samples recognised an overlapping region of 

gp41 AA 752 – 805 (transmembrane and endodomain). B003 serum samples displayed pre and post 

overlapping areas of recognition. All three serum timepoints recognised a region of gp120 and gp41; 

AA 174 – 224 (V1V2 and C2 regions) and AA 639 – 688 (MPER and transmembrane domain). B005 pre, 

early and late serum samples had one overlapping area of recognition on gp41; AA 639 – 680 (C helical 

region, Membrane proximal external region. B004 serum samples had no pre and post infection 

overlapping regions. These findings are shown in Figure 4.4-13 below and Table 4.4-6 at the end of 

this section. 

I consider the findings of overlapping pre and post infection recognition sites as pivotal for my thesis, 

as it supports the initial hypothesis of pre exposure to epitopes influencing future humoral responses, 

or the possibility of cross-reactivity of humoral responses to unrelated/non-HIV antigens. 

Seronegative and seropositive serum samples which select overlapping epitopes suggest persistent 

recognition of an epitope, and a response similar to prime and boost vaccination strategy. These 

findings suggest prior recognition of discrete HIV envelope surface proteins may be responsible for 

directing the evolution of the post infection serum antibody response. 

This part of the study was purely observational. Due to the small size of the group and varying numbers 

of sequences retrieved, there were no attempts to draw statistical conclusions relating to epitope and 

risk exposure or demographics from the results.   
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Figure 4.4-13 Control and seroconverter sequence analysis histogram- participant 
Histograms of control (negative healthy, seropositive) and seroconverter samples arranged by participant. X axis shows 
amino acid position on HIV envelope sequence, y axis shows amino acid frequency at each position on the HIV-1 envelope 
parent sequence. Gp160 schematic shown at bottom for reference purposes 
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Region Sequence 

B001 gp41 

1 571 628 

Pre 20 

Yes Loop, C helical region 
KQLQARVLAVERYLRDQQLLGIWGCSGKLICTTAVPWNT
SWSNKSMEEIWENMTWMQW 

Early 18 

Late 3 

2 628 678 

Pre 6 

Yes C helical region, MPER 
WEREIDNYTELIYGLLEKSQNQQEKNEQELLELDKWANL
WNWFDITSWLW 

Early 8 

Late 9 

B002 

gp120 
1 189 216 Pre 10 No V1V2 region, C2 region YMLINCNTSVITQACPKVSFEPIPIHFC 

2 252 287 Late 14 No C2 region VVSTQLLLNGSLAEEEIVIRSENIMD 

gp41 

1 575 638 
Early 25 

Yes 
N-helical region, loop, C-helical 
region 

ARVLAVERYLRDQQLLGIWGCSGKLICTTAVPWNTSWS
NKSMEEIWENMTWMQWEREIDNYTEL Late 18 

2 752 805 
Pre 12 

Yes Transmembrane, endodomain 
LIWDDLRSLWLFIYHRLRDLLLIAARIVELLGRRGWEALKY
WWNLLQYWRQELQ Late 5 

B003 

gp120 1 174 224 

Pre 14 

Yes V1V2 region, C2 region 
FNTLDVVPIDNDDKSYMLINCNTSVITQACPKVSFEPIPIH
FCTPAGFAII 

Early 9 

Late 20 

gp41 

1 583 606 Early 11 Yes N helical region, loop region YLRDQQLLGIWGCSGKLICTTAVP 

2 639 688 

Pre 9 

Yes MPER, TMD 
IYGLLEKSQNQQEKNEQELLELDKWANLWNWFDITSWL
WYIKLFIMIVGG 

Early 12 

Late 4 

B004 

gp120 1 240 289 Pre 25 No C2 
VSTVQCTHGIKPVVSTQLLLNGSLAEEEIVIRSENIMDNTK
TIIVQLKEA 

gp41 1 575 604 
Early 35 

Yes N helical region, loop domain ARVLAVERYLRDQQLLGIWGCSGKLICTTA 
Late 22 

B005 

gp120 1 176 222 Pre 27  V1V2 region 
C2 region 

TLDVVPIDNDDKSYMLINCNTSVITQACPKVSFEPIPIHFC
TPAGFA 

gp41 

1 639 680 

Pre 3 

Yes C helical region, MPER 
IYGLLEKSQNQQEKNEQELLELDKWANLWNWFDITSWL
WYIK. 

Early 9 

Late 6 

2 778 810 
Early 14 

No Endodomain IVELLGRRGWEALKYWWNLLQYWRQELQKSALS 
Late 5 

Table 4.4-6 Summary of gp160 epitope recognition by seroconverter serum  
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4.4.8. Single clone sequence analysis 

I performed single clone analysis as previously described and selected those with a PE high population 

greater than negative (healthy) controls. These single clones were sequenced as they represented a 

homogenous population all bearing similar epitope, allowing me to create a library of specific epitope 

fragments for future use. Single clone sequence analysis was done on the samples shown below in 

Table 4.4-7. 

Sample No. Samples > lab control Selected for sequence analysis 

Pre B003 13 Yes 

Pre B005 15 Yes 

Early B003 6 Yes 

Early B004 12 Yes 

Late B001 12 Yes 

Late B003 15 Yes 

Late B004 12 Yes 

Positive control 6 Yes 
Table 4.4-7 Single clone analysis of seroconverter samples 
Samples with PE high population greater than controls were submitted for sequencing 
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4.5. Major antigenic domain/determinant for selected samples 

I selected participant B003 for further analysis of major antigenic determinants for two reasons: peak 

frequency of epitope recognition and single clone analysis. B003 pre, early and late samples had 

consistent and sequential recognition of HIV envelope protein with peak amino acid frequencies of 

13, 6, and 15 respectively. In addition, the single clone analysis for all three serum timepoints 

demonstrates a reliable PE high population for the clones reviewed. For this part of the work, the 

major antigenic determinant (MAD) is discussed in terms of percentage total of the area under the 

curve (AUC), and region of gp160. The seropositive control was also shown for comparison.  

Figure 4.5-1 and Table 4.5-1 show the MAD for the positive control and experimental B003 samples. 

One MAD was identified for the positive control serum, located in gp41. This is in keeping with the 

previously identified antigenic region for this sample as described in the previous chapter (Table 

3.6-5). MAD were also located within overlapping regions of recognition. All three timepoints 

recognised gp120 and gp41 regions, corresponding to C2 and C-helical regions respectively.   
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Figure 4.5-1 Sequence histograms for PC and B003 
Histograms of positive control (seropositive) and B003 pre, early and late serum samples arranged by infection status. X axis 
shows amino acid position on HIV envelope sequence, y axis shows amino acid frequency at each position on the HIV-1 
envelope parent sequence
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Env location Sequence 

PC 1 817 695 586 604 18 24 85.10% 
NHR (gp41) 
Loop (gp41) 

DQQLLGIWGCSGKLICTTA 

Pre 
1 1074 479 198 213 16 14 45.00% C2 (gp120) VITQACPKVSFEPIPI 

2 1074 334 641 666 26 9 31.00% C-helix (gp41) GLLEKSQNQQEKNEQELLELDKWANL 

Early 

1 1175 322 192 214 23 19 27.40% C2 (gp120) INCNTSVITQACPKVSFEPIPIH 

2 1175 380 644 671 28 12 32.30% 
CHR (gp41) 
MPER (gp41) 

EKSQNQQEKNEQELLELDKWANLWNWFD 

Late 
1 1062 599 198 215 18 20 56.40% C2 (gp120) VITQACPKVSFEPIPIHF 

2 1062 99 747 759 13 5 9.30% 
Endodomain 
(gp41) 

HGFLALIWDDLRS 

Table 4.5-1 Summary table of major antigenic determinants for B003 
Table shows information on major antigenic determinants considered significant in gp160 analysis in B003 pre early and late infection. PC seropositive control, MAD major antigenic determinant, 
AA amino acid, AUC area under the curve.  
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4.6. Direct comparison of all samples and stages 

I proceeded to review each stage of the study group samples in grouped and individual format. This 

was to explore if there were similarities in recognition of the gp120 and 41 epitopes across the three 

stages of the study- pre, early and late infection. Gp41 epitope recognition by participant and domain 

was reviewed to see if patterns emerged.  

This part of the study was purely descriptive and aims to outline the variations in serum recognition 

of HIV envelope epitope amongst the group B participants. As the group number is small (n=5) it was 

not possible to determine epitope frequency as it related to baseline demographics and risk exposure. 

 

  



   
 

240 
 

4.6.1. Individual gp120 vs gp41 responses 

I reviewed the total number of selected sequences in the pre, early and late-infection groups which 

preferentially recognised either the gp120 epitope or the gp41 epitope. The selected fragments were 

separated into the proportions which recognised gp120 and gp41.  

There was variation in individual responses. In pre infection samples, most individuals demonstrated 

recognition of both gp120 and 41, however B001 had no serum recognition of gp120. Early and late 

serum samples were directed against gp41 and gp120 epitopes respectively, which is in keeping with 

known antibody response in progressive HIV infection. This is shown in Table 4.6-1 and Figure 4.6-1.  

  gp120 gp41 gp120 gp41 gp120 gp41 

Pre Early Late 

B001 0.0 100.0 12.4 87.7 13.2 86.8 

B002 34.7 65.3 7.5 92.5 35.3 64.7 

B003 57.4 42.6 38.7 61.3 63.4 36.6 

B004 72.2 27.8 0.0 100.0 18.0 82.0 

B005 86.5 13.5 23.0 77.0 37.0 63.0 
Table 4.6-1 Pre, early and late infection sequence fragment review 
Fragment location in gp160. Numbers are percentage proportions of total fragments recognised 
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Figure 4.6-1 Seroconverter differential response to gp120 and gp41 
X axis shows participant, y axis shows proportion of selected fragments as percentage of total. Gp120 black bars, gp41 grey 
bars. 
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4.6.2. All infection samples- gp120 individual epitope recognition 

Summary of gp120 epitope recognition 

I reviewed the epitope recognition at each stage of serum sampling for each of the recognised gp120 

epitopes. This is shown in Table 4.6-2 and Figure 4.6-2.  

The following epitopes had minimal recognition by participant serum at all stages of infection: signal 

protein, C1, C3, V4, C4, V5, C5. Two reasons were considered- perhaps a function of the yeast display 

system, or stearic hindrance to epitopes. The constant regions are targets for neutralising MAb. The 

anti-CDbs neutralising MAbs 1b12, HG16, VRC01 and VRC03 and anti-CD4 induced MAb 2G12 

recognise discontinuous epitopes of C2-5 and V5 and the carbohydrate moieties in C2, C3, V4 

respectively. Perhaps the fragmented nature of YSD does not allow for presentation discontinuous 

epitopes as they require long env sequences translated into folded protein structures (315). 

Alternatively, inaccessibility to certain epitopes in vivo may explain lack of anti-constant region serum 

binding. Phage display studies show C1 and C5 regions are accessible on monomeric gp120 but 

concealed on native gp120 viral surface by gp41. Hence this epitope may not be accessible in vivo HIV 

infection (326).  

The V1V2 epitope was recognised by pre-infection serum with nearly 40% B005 pre-infection sorted 

fragments matching this epitope. There was minimal recognition by early infection serum and some 

recognition by late stage serum. As previously described in chapter three, this is an epitope of interest 

as ADCC mediating antibodies from RV144 directed towards epitopes at gp120 C1 region were 

associated with reduced HIV infection whereas anti-gp120 IgA Abs blocked binding and effects of 

ADCC (186). In seronegative samples, recognition of a pre-fusion V1V2 epitope may be due to 

exposure to epitopes in the absence of infection, as suggested by results in chapter 3.  

There was minimal recognition of V1V2 by post infection samples, which may be due to differences of 

V1V2 presentation in vivo. In HIV infection, the V1V2 epitope undergoes structural changes after 



   
 

242 
 

binding to CD4 to allow the fusion peptide of gp41 to insert onto the host cell membrane (50,327). 

This may differ from the YSD presented V1V2 structure. 

The C2 epitope was recognised by participant serum at all stages of sampling. Pre-infection serum 

recognised C2 with 63.1% and 52.6% of B004 and B005 fragments recognising this epitope. Early and 

late participant serum had moderate recognition of this epitope. B002 showed affinity for this epitope 

at pre and late infection sampling stages (27.1% and 29.4% respectively). B003 showed an affinity for 

this epitope at all three sampling stages (28.1% of pre, 21.5% of early and 45.1% of late infection 

sequenced fragments).  

The V3 epitope was recognised by B005 early and late infection serum samples (13.7% and 14.7% of 

sequenced fragments respectively). V3 can induce anti-Env antibody responses (144,295,328), is a 

determinant of tropism/coreceptor usage for CCR5 or CXCR4 and may evolve over time resulting in 

altered tropism (53,329). So this level of epitope recognition is less than would have been expected, 

and the following was considered. Native trimer presents V3 with glycosylation at N332, which may 

not be present in a YSD model due to variations in glycosylation (330). In addition, native V3 may be 

shielded by V1V2 (331). 

Other factors contributing to variations in recognition of previously described targets could include 

variation between YSD and in vivo glycosylation and an inability of seropositive serum to recognise 

non-glycosylated structure. Ideally, commercial anti-Env MAb binding to the yeast displayed trimer 

structure would have been reviewed to assess binding characteristics to yeast and proceed with 

fragmented trimer thereafter. Another factor could be the progressive glycosylation of the native Env 

trimer structure/V1V2 in vivo and corresponding evolving humoral response means less-glycosylated 

Env structures of YSD not recognised by later infection stage serum antibodies.  
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SP C1 V1V2 C2 V3 C3 V4 C4 V5 C5 

Pre infection B001 0 0 0 0 0 0 0 0 0 0  
B002 0 0 7.66 27.08 0 0 0 0 0 0  
B003 0 6.52 19.74 28.12 0 2.98 0 0 0 0  
B004 1.91 1.37 0 63.08 0 0 0 0 1.46 4.38  
B005 0 1.12 32.81 52.56 0 0 0 0 0 0 

Early infection B001 1.26 1.17 0.58 6.81 0 0 0 0 0 2.53  
B002 0 0 0.78 3.89 0 2.85 0 0 0 0  
B003 6.81 0 9.19 21.45 1.28 0 0 0 0 0  
B004 0 0 0 0 0 0 0 0 0 0  
B005 0 0 0 6.07 13.69 1.71 0 0 0 1.54 

Late infection B001 0 4.25 0 8.96 0 0 0 0 0 0  
B002 0 2.27 0.32 29.41 0 2.03 0 1.22 0 0  
B003 0 0 16.72 45.06 0 0 0 0 0 1.66  
B004 2.53 0 4.18 11.28 0 0 0 0 0 0  
B005 0 0 5.3 14.02 14.68 0 0 0 0 2.98 

Table 4.6-2 gp120 epitope recognition 
Numbers represent proportion of fragment as percentage of total fragments identified. 

SP signal protein, epitope C1, V1V2, C2, V3, C3, V4, C4, V5, C5. 
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Figure 4.6-2 Seroconverter gp120 epitope recognition 
Superimposed scatter plots showing affinity of patient serum samples for each gp120 epitope at each stage of study sampling. X axis shows pre, early and late infection for all 5 participants, y 
axis is proportion of fragment as percentage of total fragments identified.  

SP signal protein, epitope C1, V1V2, C2, V3, C3, V4, C4, V5, C5. 
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4.6.3. All infection samples- gp41 epitope recognition 

I reviewed the epitope recognition at each stage of serum sampling for each of the recognised gp41 

epitopes. This is shown in Table 4.6-3 and Figure 4.6-3. 

Pre infection serum most frequently recognised the endodomain, and the least recognised was the 

fusion protein region. Two participant serum samples showed a strong preference for particular 

epitopes; 50.3% of B001 recognised the loop region, and 50.9% of B002 recognised the endodomain 

region. These samples displayed an oligoclonal preference for their respective epitopes, compared to 

B003 and B004, which demonstrated broader recognition of most epitopes. C-helical region and 

membrane proximal external regions were recognised by most of the pre-infection serum samples.  

Early infection serum had a broad response to all epitopes. The most frequently recognised epitope 

was the loop region, and the least was the transmembrane domain. 53.8% of B002 fragments 

recognised the loop region. B004 showed recognition of the N helical and loop regions (25.4% and 

53.8% respectively), and B005 showed recognition of the endodomain (33.8% of fragments).  

Late infection serum recognised a variety of gp41 epitopes. The most frequently recognised epitope 

was the endodomain, and the least recognised was the fusion protein. B001 serum preferentially 

recognised the C helical and membrane proximal external regions (38.0% and 31.8% respectively). 

B004 serum showed recognition of the N helical and loop regions (29.3% and 29.4% respectively). 

To explain why early infection responses are broader and differ from those of pre infection, consider 

the following biological rationale. In seronegative serum responses, there are two mechanisms for 

epitope recognition; exposure to epitope in the absence of infection, or cross-reactivity with intestinal 

microbial antigens. In seropositive samples, exposure to replicating virus stimulates B-cell activity. The 

early group B participant samples were from an estimated four months post infection. Studies of B-

cell activity at approximately 12 weeks post infection show induction of class switched polyclonal B-
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cell populations and increased numbers of terminally differentiated cells in blood and GALT, creating 

a diverse population of antibodies including autologous neutralising antibodies (332)l. 

Considering the epitopes individually, there were certain epitopes which generated more responses 

across all sampling stages. The N helical region, loop, C helical region, membrane proximal external 

region and endodomain were recognised at all stages of study sampling. Minimally recognised 

epitopes included the fusion protein and transmembrane domain.  

The strongly recognised epitopes can be considered in the context of regions commonly targeted by 

immunisation strategies. The following gp41 regions- N helical region, loop, C helical region, MPER 

and the endodomain- were identified.  

MPER recognition is of interest, as it is a highly conserved epitope known to stimulate formation of 

broadly neutralising antibodies capable of preventing infection in non-human primate models 2F5, 

4E10, and 10E8 (253,254,333,334). MPER is highly conserved, lacks excessive N-glycosylation and 

plays a key role in viral fusion and infectivity. This suggests that as an epitope it is a target for vaccine 

strategies. However, incorporation of bnAb-specific MPER epitopes into vaccines results in non-

neutralising antibodies, suggesting the epitopes necessary for neutralisation require extra features 

such as membrane presence or intermediate structural states to generate bnAbs (335,336) 

Anti-MPER antibodies exhibit autoreactivity with host antigens; 2F5 and 4E10 to cardiolipin, 2F5 to 

kinureninase, 4E10 to splicing factor-3b subunit-3 and type I inositol triphosphate, and 10E8 to 

FAM84A protein. This suggests that if anti-host antigen antibodies occur, they may be suppressed by 

B-cell maturation pathways in order to maintain immunological tolerance of host antigens, thus 

impairing the serum antibody response to MPER (337).  
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FP NHR loop CHR MPER TMD ED 

Pre 
infection 

B001 0 15.5 50.3 15.4 8.9 3.8 6 

B002 0 0 0 5.8 6.9 1.7 50.9 

B003 0 0 0 16.6 14.2 0.4 11.6 

B004 8.8 3.5 0 5.3 4.6 0.6 5.1 

B005 0 0.8 0.8 4.3 4.2 0 3.4 

Early 
infection 

B001 1.1 17.4 30.5 18.4 8.3 3.7 8.4 

B002 0 25.4 53.8 7.4 5.8 0 0 

B003 3.5 8.5 10.1 19.3 13 0 6.8 

B004 0 38.2 36.6 14.3 1.9 0 9.1 

B005 1.9 4.3 7.3 17.6 11.5 0.7 33.8 

Late 
infection 

B001 0 3.8 8.5 38 31.8 2.6 2.1 

B002 0 15.8 21.9 4.3 0.2 0.5 22.2 

B003 0 2.8 2.4 7.6 5.6 0 18.2 

B004 1.8 29.3 29.4 2.5 1.8 3 14.2 

B005 4.6 8.8 4.2 15.8 9.7 0.7 19.2 
Table 4.6-3 gp41 epitope recognition 

Numbers represent proportion of fragment as percentage of total fragments identified. FP fusion peptide, NHR N-helix, loop, CHR c-helix, MPER membrane 
proximal external region, TMD transmembrane domain, ED Endodomain.  
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Figure 4.6-3 Seroconverter gp41 epitope recognition 
Superimposed scatter plots showing affinity of patient serum samples for each gp41 epitope at each stage of study sampling. X axis shows pre, early and late infection for all 5 participants, y 
axis is proportion of fragment as percentage of total fragments identified. FP fusion peptide, NHR N-helix, loop, CHR c-helix, MPER membrane proximal external region, TMD transmembrane 
domain, ED Endodomain 
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4.7. Cross reactivity with gut microbiota 

All pre-infection sequences which had a peak amino acid frequency of greater than five residues were 

selected (described in 2.5), and intestinal microbial antigen data detailing the E.coli bacterial RNA 

polymerase protein from the NCBI GenBank resource accessed 31/07/2019 

(https://www.ncbi.nlm.nih.gov/protein/WP_001162094, accession no. WP_001162094). The BioEdit 

sequence alignment tool was used to review each gp41 epitope against the three protein subunits 

(alpha, beta 1, and beta 2. 

4.7.1. Pre infection serum selected epitopes and E.coli RNA polymerase 

There were five instances where epitopes selected by pre infection serum had structural similarities 

to E.coli RNA. These are described in Table 4.7-1, and used Pre infection B001 gp41-1 as an example.  

The gp41-1 epitope was selected by B001 pre infection serum with a peak frequency of 20 residues. 

This epitope was located at amino acid positions 571- 628 (representing loop and C helical regions, 

sequence KQLQARVLAVERYLRDQQLLGIWGCSGKLICTTAVPWNTSWSNKSMEEIWENMTWMQW). The gp41-1 sequence 

was aligned to each of the three protein subunit sequences in BioEdit. The subunit beta 2 amino acid 

position 962 to 968 sequence (SGKLVIT) was similar to that seen in SGKLICTT gp41-1 (SGKLICT). This is 

shown in Figure 4.7-1 below. The five gp41/E.coli overlap instances and sequence details are shown 

in Table 4.7-1 below. 

 

Figure 4.7-1 E.coli subunit beta AA and gp41-1 sequences aligned 
Image shows E.coli and gp41 sequences aligned using BioEdit sequence editor. The scale represents amino acid residues and 
the red box shows the area of commonality 

 

https://www.ncbi.nlm.nih.gov/protein/WP_001162094
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Epitope Pre B001 gp41-1 Pre B001 gp41-2 Pre B002 gp41 Pre B003 gp41-2 Pre B005 gp41-1 

Epitope 
location 

571- 628:  628-678:  752-805:  639-688 639-680:  

Epitope 
sequence 

KQLQARVLAVERYLRDQQLLGI
WGCSGKLICTTAVPWNTSWS
NKSMEEIWENMTWMQW 

WEREIDNYTELIYGLLEKSQNQ
QEKNEQELLELDKWANLWN
WFDITSWLW 

LIWDDLRSLWLFIYHRLRDLLLI
AARIVELLGRRGWEALKYWW
NLLQYWRQELQ 

IYGLLEKSQNQQEKNEQELLEL
DKWANLWNWFDITSWLWYI
KLFIMIVGG 

IYGLLEKSQNQQEKNEQELLEL
DKWANLWNWFDITSWLWYI
K 

Epitope 
region on 
gp41 

Loop  
C helical region  

C helical region 
MPER  

Transmembrane domain 
Endodomain 

MPER 
Transmembrane 
Endodomain 

C helical region 
Transmembrane domain 

Subunit 
alpha 

No match MATCH 
AA position 286 to 290 
EVELL 
EQELL 

No match No match No match 

Subunit 
beta 1 

No match MATCH  
AA position 1197 to 1201 
ELLKL 
ELLEL 

No match MATCH 
AA position 1197 to 1201 
ELLKL 
ELLEL 

No match 

Subunit 
beta 2 

MATCH 
AA position 962 to 968 
SGKLVIT 
SGKLICT 

No match MATCH 
AA position 278 to 283 
RLKRLL 
RLRDLL 

No match No match 

Table 4.7-1 Pre infection serum gp41 epitopes  
Pre infection epitopes Pre B001 gp41-1, Pre B001 gp41-2, Pre B002 gp41, Pre B003 gp41-2 and Pre B005 gp41-1 reviewed against E.coli RNA polymerase subunits alpha, beta 1, and beta 2. 
Included are gp41 sequence location, sequences, region, and matching E.coli RNA subunit 
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4.8. Summary 

In summary, the work in this chapter demonstrates that seronegative humoral responses to HIV 

envelope antigens persist through seroconversion and recognise similar epitopes.  

4.8.1. Serum antibody responses to HIV envelope antigens at pre, early and late 
infection 

This chapter describes the work done on serum from seroconverting participants. The aims were to 

characterise serum antibody responses to HIV envelope antigens at pre, early and late infection, to 

identify the antigens recognised by host immune responses, and to examine common antigens. 

I have demonstrated the presence of humoral immune responses against the HIV envelope protein, 

in all participant serum samples, both from pre and post seroconversion samples. While this is to be 

expected from seropositive samples, my key area of interest was in seronegative samples, as it builds 

on work from the previous chapter. As outlined, the group B sample size was too small to draw 

conclusions regarding exposure risk and anti-envelope responses, therefore no attempt has been 

made to attribute variation to these causes, suffice to say more work is needed here.  

Two participants pre infection samples showed recognition of both gp120 and gp41 glycoproteins 

prior to HIV infection (B002, B003), and the remaining three recognised only one glycoprotein; (B001 

gp41, B004 and B005 gp120).  

The seropositive samples were, as expected for a developing immune response, with a predominantly 

gp41 response in early serum samples progressing to an equivocal gp120/41 response at later time 

point. While not novel, this finding supports the method used to interrogate participant immune 

response.  

4.8.2. Identification of antigens recognised by host immune responses 

Pre infection serum samples recognised epitopes of gp120 and gp41. Recalling the results from the 

previous chapter, pre infection samples had greater recognition of gp41, but this is a small study group 
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size and was not powered to detect differences in recognition based on demographics and HIV 

exposure risk.  

Pre infection serum recognised the gp120 epitopes V1V2 and C2. These findings are in keeping with 

the epitopes of interest in the previous chapter. To recall the relevance of these structures, anti-V1V2 

antibodies were associated with increased levels of IgG1 and IgG3 ADCC-mediated protection from 

infection in vaccine recipients in the RV144 trial (338), and the C2 epitope is usually hidden when in 

vivo conformation. The persistent finding of anti-V1V2 antibodies in seronegative participants 

validates the results of the previous chapter and confirms that batched aliquot analysis reflects 

individual serum components.  

Pre infection serum recognised the following gp41 epitopes in order of decreasing frequency: 

endodomain, C helical region, and membrane proximal external region. The most frequently 

recognised epitope was the endodomain, and the least frequent the fusion protein region.  

The presence of anti-endodomain antibodies in seronegative serum is of interest. This region of gp41 

is approximately 100 amino acid residues in length and contains components responsible for viral 

function. This is shown in  below in Figure 4.8-1 (339) 

 

Figure 4.8-1 Schematic representation of gp41 endodomain  
Reproduced from (17) (CC BY-NC 3.0). Black lines overlapping open reading frames (ORFs) of nef and the second exons of tat 
and rev in the proviral genome. MSD, membrane-spanning domain; EC, endocytosis; HIR, highly immunogenic region 
(Kennedy epitope); NA, NF-κB activation; LLP, lentivirus lytic peptides 2, 3, and 1 
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The endodomain provides stability for the envelope trimeric structure, supports viral replication, and 

may have direct cellular cytopathic effects (339). It also contains a highly immunogenic region known 

as the Kennedy epitope. Despite its proposed intracellular location, anti-Kennedy antibodies are 

frequently found in HIV patient serum (340,341). 

Abortive infection results in apoptosis of cells, releasing intracellular debris including partially 

synthesised virions. These may act as epitope and adjuvant to stimulate a humoral response (81,82). 

In addition, partially degraded Env on the surface of cells may serve as an epitope for antibody 

responses (342). 

The endodomain does not necessarily occupy a uniquely intracellular space .Serum from HIV patient 

serum contains anti-Kennedy antibodies- suggested this region has multiple membrane spanning 

domains occupying intra and extra cellular regions (339,343). Moreover, anti-Kennedy epitope MAbs 

can bind to Env-expressing cells, reinforcing an extracellular component available for epitope 

recognition (344) 

 One hypothesis suggests lentiviral lytic proteins 1, 2, and 3 embed themselves within a lipid bilayer 

resulting in partial exposure of the whole endodomain (345), and may explain why in vivo antibody 

responses are found against these presumed intra-cellular epitopes. The main endodomain epitope 

locations on the HXB2 reference sequence are shown in  below (324) 

Endodomain epitope Start Finish 

Kennedy epitope 724 745 

LLP-2 768 787 

LLP-3 789 815 

LLP-1 828 855 
Table 4.8-1 Endodomain epitope locations 
Start and finish locations of amino acid residues listed. LLP lentivirus lytic peptide 

B002 and B003 pre infection sequences recognised portions of the endodomain at positions 752-805 

and 639-688 respectively. The B002 endodomain region maps to the lentiviral lytic peptide-2, and the 

B003 maps to an endocytosis region.  
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As previously considered in this work, the presence of anti- intracellular epitope antibodies may be 

due to the conformational nature of yeast surface display. However, it may be that exposure to this 

highly immunogenic region stimulates an anti-endodomain response in the absence of established 

infection.  

Another feature attributed to the endodomain is a role in function and replication. Studies reviewing 

truncation of this region show a decrease in susceptibility to neutralising antibodies (346). This 

suggests the endodomain plays a role in anti-HIV immunogenicity. With more time, this the work from 

this study could be brought forward to review the properties of these anti-endodomain antibodies 

and their functionality.  

The other two epitopes identified by pre infection serum samples were the C-helical region (CHR) and 

the membrane proximal external region (MPER). The finding of anti-MPER antibodies is of interest as 

the MPER is a known target for broadly neutralising antibodies. This epitope is tryptophan rich and 

highly conserved across clades and connects the extracellular portion of envelope protein to the 

intracellular endodomain, playing a key role in facilitating viral fusion and entry into cells. For this 

reason, anti-MPER antibodies effect neutralising function and protect against viral challenge in non-

human primate studies, and is described as a major gp41 neutralising determinant (337,347).  

The site of MPER vulnerability is a 22 residue length sequence ALDKWASLWNWFDITNWLWYIK located 

at position 662-683 in the HIV envelope sequence. 2F5, 4E10, and 10E8 are naturally occurring broadly 

neutralising antibodies which target a variety of linear epitopes within this region (253,348). A portion 

of this highly conserved MPER epitope was recognised by three of my study participants at all stages 

of serum sampling; B001 (gp41 region AA 628-678), B003 (gp41 region AA 639-688), and B005 (gp41 

region AA 639-680) (sequences previously listed in Table 4.4-6).  

 



   
 

251 
 

Figure 4.8-2 MPER and group B epitopes aligned 
BioEdit aligned amino acid sequences; MPER membrane proximal external region vulnerable region 632 to 683. B001, B003 
and B005 epitopes shown beneath.  

The presence of these serum responses invites further analysis. This region is conserved across clades, 

however a feature of anti-MPER antibodies from HIV-infected patients is their preference for binding 

the intermediate and post-fusion MPER structure. In native formation, access to the envelope protein 

MPER structure is obstructed by two glycans at positions N88 and N625. As the pre fusion hairpin 

forms and transitions to the intermediate state, MPER is exposed and becomes a target for bnAbs 

(349).  

Bringing this back to the B001, B003 and B005 epitopes, the fragmented nature of the yeast surface 

display means epitopes are more readily exposed. But how could anti-MPER antibodies form in the 

absence of established infection, given the necessary conformational change required for epitope 

exposure as experienced in viral infection as opposed to seronegative status? One theory for gp41 

exposure in absence of viral membrane fusion is the formation of “junk Env(elope)”. This is formed 

during viral budding from infected cells when gp120 dissociates from the intact gp160 trimer structure 

due to lack of inter-glycoprotein stability, leaving a gp41 stump (342,350). These stumps have been 

described as bnAb targets, but only in seropositive candidates (351). Review of the literature did not 

locate evidence to support the presence of viral proteins on cell surface membranes in the absence of 

infection and so a mechanism is proposed in the final discussion chapter Error! Reference source not 

found..  

Another consideration is the conformation of epitope display. As mentioned, YSD presents 

fragmented epitopes, therefore future work could focus on the binding of the B group anti-MPER 

antibodies to varying trimer conformations and review binding to native or intermediate/post fusion 

envelope trimers. In addition binding by MPER antibodies to different Env conformations by using 

commercially available anti-gp41/MPER MAb could be used to interrogate the responses found here 

and compare to target epitopes of known MAbs.  
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4.8.3. Overlapping epitope recognition 

The pattern of responses recognising epitopes at progressive stages of the study timeline point to a 

possible role for preexposure to antigen that informs future humoral immune responses.  

Samples where seronegative epitope recognition was echoed by post infection serum include B001 

(gp41 epitope AA 571- 628, loop and small portion of C helical region), and B003 (gp120 epitope AA 

174-224 V1V2 and C helical region, gp41 epitope AA 639-688, transmembrane domain). This is shown 

in Figure 4.4-13. This data was an important piece of this work and highlights the concept of antigens 

shaping a pre-exposed immune response that matures on contact with second antigen.  

In this part of the study, it was not possible to determine if pre and post humoral responses were 

towards similar viral clades. Presuming viral quasispecies differ at each sexual exposure, the humoral 

response seen here is to similar antigen targets conserved across different viruses. Conserved 

epitopes are desirable vaccination targets (352), therefore if resulting antibodies are functionally 

useful, these regions could be considered as vaccine targets.  

Another consideration about anti-epitope response is the persistence of antibody in the presence of 

viral suppression. As all B group candidates achieved an undetectable viral load within 90 days, it is 

interesting to note an ongoing anti-envelope response.  

Anti-HIV antibodies develop during exposure to virus, and early treatment halts evolution of antibody 

responses. Seropositive individuals treated at early stages of infection who achieve viral suppression 

may abolish the formation of detectable HIV specific antibodies (353,354). Most involve young 

patients treated immediately, but some ultimately progress to seroconversion at later stages.  

Anti-Env antibodies persist despite initiation of cART, but levels vary according to ongoing viral 

replication; viraemic individuals have high Env titres, elite controllers have lower Env titres, and those 

taking cART have lowest Env titres, supporting the concept of ongoing antigen exposure as necessary 

for maintenance of antibody levels (355).  
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Low levels of Env in virally suppressed patients may be due to persistence of Env expression in infected 

follicular T-cells within the B-cell follicle allowing direct stimulation of antibody producing cells (356). 

The candidate selected for ongoing work was B003, who presented with the highest viral load, and 

took the longest to achieve viral suppression. The greater viral exposure during seroconversion and 

time to suppression may have been the reason for this individual’s pronounced epitope recognition.  

4.8.4. Intestinal microbiota 

As outlined in the introduction section 1.11.2, there is evidence intestinal microbial antigens 

influences development of the serum antibody response to pathogens. Liao et al extracted CD19+ 

CD27hi CD38lo CD20lo/hi plasmablasts/plasma cells from blood/bone marrow of acute HIV infected 

patients and performed RT-PCR to amplify rearranged variable regions of Ig heavy and light genes and 

compared these sequences to those induced by primary Env vaccination (gp120/NefTat/AS01B). They 

reported higher levels of somatic hypermutation seen in VH and VL of acute HIV patients, MAb 

produced from these sequences bound intestinal microbial antigens (IMA) with one MAb significantly 

mutated and demonstrating polyreactivity with gp41 and IMA. This suggested immature B-cell 

exposure to IMA in intestinal mucosa as a mechanism for polyreactivity with Env and IMA (260).  

This was further explored by Trama et al who reviewed anti-HIV antibody responses in terminal ileal 

B cells. A whole cell gut lysate was probed with anti-gp41 monoclonal antibodies and the antigenic 

target determined to be a 37 kDa α subunit of recombinant E. coli RNA polymerase (263). This antigen 

was confirmed by Williams et al who noticed the E.coli α subunit H1 helix had structural similarities 

with a short segment of the gp41 HR1 region (264). 
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Williams et al then proposed this mechanism of polyreactivity as responsible for diversion of vaccine-

induced antibodies away from protective immune responses. They reviewed the efficacy of HIV-1 DNA 

rAd5 boost vaccine with main components were gag, pol, nef and gp140 env genes. The resulting 

vaccine responses were mainly towards gp41 and were non-protective and mirrored by low 

frequencies of gp120-memory B cells in these patients; 0.05% population were gp120-specific memory 

B cells vs 0.28% gp140-specific memory B cells. As other studies using Env gp120 immunogens showed 

a memory B-cell population of 0.73%, the reduced was not attributed to a fault of immunogen.  

The authors then searched for anti-gp41 unmutated common ancestor B cells. They identified B cells 

from the pre-vaccine samples with VHDJH rearrangements matching those of the Env-specific memory 

B cells, indicating a clonal lineage. The resulting pre vaccine IgM MAb reacted with vaccine Env, MN 

gp41 and IMA, and the post vaccine MAb reacted with gp41 and IMA. There was greater binding to 

IMA of preMAb vs post MAb, and greater binding to Env of postMAb vs preMAb, suggesting Env 

vaccination induced polyreactive non-neutralising anti-gp41 responses from pre-existing B cells, and 

this response can cross react with IMA (264).  

My work in this chapter describes serum selection of gp41 epitopes by pre infection serum samples. 

Considering the potential cross reactivity with intestinal microbiota, epitope sequences selected by 

seronegative serum were reviewed against reported immunogenic intestinal microbiota sequences.  

There was common structural areas between epitopes recognised by pre infection serum and those 

of intestinal E.coli RNA sequences, with five instances of similar sequences, shown in Table 4.7-1. 

These similarities could explain the presence of anti-gp41 antibodies. Further work here could include 

fully demonstrating this using the E.coli protein constructs and monoclonal antibodies, but this has 

not been attempted here. 

The possibility of the recognised gp41 epitopes and E.coli epitopes aligning due to chance must also 

be considered. One scoring system addresses this concern by calculating the strength of the alignment 



   
 

255 
 

between two sequences and could this be attributed to chance. The “chance” element here involves 

comparing the strength of alignment of the sequence of interest (in this case the gp41 epitope) and, 

and a randomly generated sequence of similar length sequences. This was done using the online 

reference NCBI protein basic local alignment sequence tool (NCBI protein BLAST, website 

https://blast.ncbi.nlm.nih.gov/Blast.cgi) and shown below in Table 4.8-2. The expectant (E) value is 

the chance that this sequence would occur randomly. The closer to zero the E value, the less likely this 

alignment is due to chance, and hence an increase in strength.  

From the data below, the strongest alignment was Pre B002 gp41_1 (transmembrane domain and 

endodomain sub-epitope lentiviral lytic peptide-2) and the E.coli RNA polymerase subunit beta 2. 

Three of the alignments were between 0-1, indicating a very small chance these sequences aligned 

due to chance. 

Name E value 

Pre B001 gp41_2 subunit alpha 2.10 

Pre B001 gp41_2 subunit beta 1 0.97 

Pre B003 gp41_2 subunit beta 1 0.97 

Pre B001 gp41_1 subunit beta 2 3.70 

Pre B002 gp41_1 subunit beta 2 0.64 
Table 4.8-2 Review of gp41 epitope and E.coli alignment 
Name: name of alignment, gp41 epitope with one of the three E.coli RNA polymerase subunits. E expectant value; possibility 
of alignment  

To further explore the finding of cross reactivity with E.coli cells, in vitro binding to the sequences of 

interest could be reviewed by obtaining peptide sequences for ELISA or cellular display and participant 

serum binding reviewed. In addition, binding of known anti-MPER antibodies to these peptides could 

be reviewed to validate the findings. 

4.8.5. Limitations 

On reviewing this chapter, there are some limitations to consider. The proposed longitudinal follow-

up blood sampling for group B was not possible beyond December 2016. This was a strategic decision, 

as focus turned to progressing the laboratory component of this work rather than the logistics of 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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obtaining further tissue samples. Considering the work involved, and following discussion with study 

supervisors, it was agreed there was adequate material to continue this project.  

Another limitation was the number of subjects available for pre and post seroconversion analysis. As 

detailed, nine participants were approached for follow-up, but due to other commitments it was not 

possible to obtain tissue samples for all.  

Another limitation was the stability of yeast clones once sorted. Yeast cultures may fall victim to 

bacterial contamination, and despite the creation of frozen stocks occasional batches of cultures were 

lost. Optimisation of media with addition of antimicrobial agents helped avoid this outcome.  

4.8.6. Future work 

Other avenues emerging from this work include further interrogation of endodomain epitopes 

responsible for pre infection humoral responses given the known immunogenicity of the Kennedy 

epitope and the existence of the anti-endodomain response. Also, exploration of anti-MPER 

antibodies in a cellular as opposed to yeast based method could elucidate which MPER configuration 

allows maximal binding of antibodies.  

To demonstrate these are similar and not de novo, similar techniques to Williams et al (264) could be 

used; isolation of memory B cells specific for certain epitope e.g. MPER, and  comparison of VHDJH¬ 

rearrangement sequence for the pre and post B cells. If these were similar it would imply clonal lineage 

responsible for initial exposure and subsequent antibody development and maturation.  

To prove antigen pre-exposure drives future serum antibody responses, animal models could be 

vaccinated with isolated epitopes and humoral responses tracked to increasing amounts of epitope in 

similar manner to work presented here. Another model would be to review epitope recognition in 

seroconverters with no/minimal previous HIV exposure, but these candidates may be more difficult 

to locate.  
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Conclusion 

In conclusion, these results show anti-HIV envelope responses are present in the serum of 

seronegative individuals, and similar epitopes are recognised by pre and post infection patient serum. 

Epitopes identified include the gp120 V1V2 and C2 epitopes, and the gp41 MPER, endodomain and 

loop regions. This aspect of my study is novel and has not been described previously for HIV-1. These 

anti-Env antibodies are further explored in the following chapter.
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Chapter 5 
Monoclonal antibody production  
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Chapter 5  Monoclonal antibody production 

5.1. Introduction 

Having demonstrated the existence of antibody responses to epitopes in seronegative participants, 

these antibodies were developed in large quantities to assess their function. The next part of the work 

describes how yeast clones of interest were selected by pre-infection serum to sort B cells and produce 

monoclonal antibodies specific to any specific yeast clone.  

A method for producing monoclonal antibodies was first published in 1975 by Köhler and Milstein, 

who would later win the 1984 Nobel Prize in Medicine for this discovery (357). The technique used 

mice immunised by a specific antigen. The antigen-specific murine splenic B cells were then fused with 

murine myeloma cells to create hybridomas capable of antigen-specific antibody secretion for an 

indefinite period. Murine derived monoclonal antibodies were rarely used in human clinical trials as 

by their nature they were too immunogenic to be tolerated by the human immune system. 

Immunogenic monoclonal antibodies are undesirable as a treatment option, as the antibodies 

themselves become targets for the host immune system, leading to reduced therapeutic efficacy. 

Human derived antibodies manufactured by similar processes were developed during the early 1980’s 

but were not widely developed due to difficulties with production processes (358). The key difficulty 

with murine (mouse developed), chimeric (murine variable and human constant region) and 

humanised (human with murine complementarity determining regions) monoclonal antibodies was 

the persistence of murine derived protein sequences.  
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Newer methods for B cell isolation monoclonal antibody production have gained popularity. These 

methods aim to produce antibodies with a greater proportion of human components to reduce 

immunogenicity and improve therapeutic efficacy. These include phage display systems, B cell cloning 

from immunised rabbits, and the single B cell isolation and cloning.  

The method used in this chapter utilises both the yeast surface display system described in the 

materials and methods chapter, and a monoclonal antibody generating technique described by Smith 

et al (284). The yeast library identifies HIV envelope antigen specific antibodies at known time points 

in HIV infection (pre, early and late). These antibodies have been generated by B cells undergoing 

somatic hypermutation and maturation as a direct result of exposure to the HIV viral envelope (160). 

This B cell population was the target for the B cell baiting and potential isolation of multiple anti-HIV 

envelope antibodies. The isolated B cells are processed to extract heavy and light chain insert DNA 

sequences, which are then transfected into a human cell line. This method contrasts with previously 

described monoclonal antibody generation processes and has some distinct advantages.  

Antibodies produced by the Smith method have a human Fc backbone and are expressed by a human 

cell line. Potential downstream therapeutic applications are not hindered by the steps required to 

transform phage or mice generated antibodies into those compatible with human tissue.  

The advantage with using a yeast surface display system is the isolation of antigen specific B cells and 

antibodies. The Smith method used blood drawn from vaccinated individuals seven days post 

inoculation and identified plasmablasts by gating for a CD19hiCD20lowCD27hiCD38hi. The method used 

gated for baiting and selecting CD19hi cells represents most of the B cell population except plasma and 

follicular dendritic cells. The yeast bait aims to select HIV envelope antigen specific B cells.  
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In the previous chapter, epitopes were identified which generated an immune response in 

seronegative and seropositive populations. Of interest are seronegative antibody responses which are 

echoed following seroconversion with recognition of the same epitopes. This chapter describes the 

process developed to extract B cells specific for these epitopes and produce the epitope-specific 

antibodies. The protocol aims capture a specific population of B cells, referred to as yeast antigen 

baiting. Briefly patient PBMCs were incubated with a yeast clone bearing a known epitope. B cells 

expressing the corresponding surface bound receptor would then bind the expressed yeast surface 

antigen. Fluorescence activated cell sorting (FACS) was used to identify and sort this double positive 

population onto 96-well plates, and extraction/cloning of B cell DNA to produce heavy and light chain 

pairs representing the B cell receptor/secreted antibody. Heavy and light chain pairs were transfected 

into a HEK293T cell line which was cultured to produce monoclonal antibodies for further analysis. 

Yeast clones were selected using principles from the previous chapter; if patient sera showed affinity 

for a yeast clone, it was selected it for B cell baiting.  

5.2. Aims 
The aim of this chapter was to develop a technique merging yeast surface display technology with 

fluorescence activated cell sorting, and to subsequently generate monoclonal antibodies using B cell 

expression cloning. From the previous results, it was decided to proceed with the analysis of one 

participants pre-infection anti-gp41response; B003 pre-infection serum was selected as it recognised 

a major antigenic determinant of the HIV gp41 epitope. 
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5.3. Basic experiment setup 

5.3.1. Experimental controls and samples 
Controls and experimental samples were prepared as described in the previous chapter. Each 

experiment consisted of ten controls and the desired number of experimental samples. This 

experiment setup was designed to closely resemble the flow sorting work done with patient serum, 

as the intention was to sort B cells of interest by antigen binding to surface antibody. Table 5.3-1 shows 

control and experimental aliquots. The experimental controls are described in the following pages.  

PBMC controls Unstained PBMC 

PBMC + CD3/14/16 FITC 

PBMC + CD19 APC 

PBMC + CD3/14/16 FITC + CD19 APC 

Yeast controls Unstained yeast 

Stained yeast 

Unstained yeast + stained yeast 

Unstained yeast + cell surface markers 

Stained yeast + cell surface markers 

PBMC + cell surface markers + unstained yeast 

Experimental samples PBMC with all lymphocyte cell surface markers and stained yeast 
Table 5.3-1 FACS experiment setup 
Table shows all control and experimental aliquots 
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The plots below in Figure 5.3-1 show the PBMC controls. The cell group of interest is the APC/CD19 

high FITC/ CD3/14/16 low population shown in Q1 of row 2. This is the B cell population of interest. 

 
Figure 5.3-1 PBMC controls 
Row 1: 1: x axis forward scatter area, y axis side scatter area; captures all PBMC. 2: x axis forward scatter area against y axis 
forward scatter width; single PBMC. Plots from 1 experiment, 250,000 to 300,000 cells sorted  

Row 2: PBMC control samples for lymphocyte cell surface markers. X axis FITC CD3/14/16 representing dump channel, y axis 
APC CD19 representing B cells. 1: unstained PBMC with no cell surface markers. 2: PBMC stained for cell surface markers 
CD3/14/16 (FITC/dump channel, non B cells). 3: PBMC stained for cell surface marker CD19 (B cell population of interest, 
APC). 4: PBMCs stained for all cell surface markers (CD3/14/16 FITC, CD19 APC).  

9.523E-3 = 009523 

  

PBMC + Yeast 
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The yeast control samples consisted of separate aliquots of unstained yeast, stained yeast and 

unstained and stained mixed together (see Figure 5.3-2 below). This control demonstrated successful 

uptake of the dye into the yeast population. The fluorochrome Pacific Blue (BV421, Invitrogen) was 

selected for yeast dyeing to prevent spectral overlap with lymphocyte cell surface markers. The mixed 

unstained and stained yeast cell aliquot plot demonstrates clear separation of two yeast populations 

and successful yeast uptake of Pacific Blue dye.  

 

Figure 5.3-2 Yeast controls 
Yeast cell gating strategy and populations. Plots from 1 experiment, 250,000 to 300,000 cells sorted  

Row 1: 1 x axis forward scatter area y axis side scatter area; all yeast cells. 2: x axis forward scatter area y axis forward scatter 
width; single yeast cells.  

Row 2: X axis side scatter area, y axis Pacific Blue 1: unstained yeast cells, 2: stained yeast cells, 3 mixed stained and unstained 
yeast cells.  
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The PBMC and yeast controls were used to assess non-specific yeast cell binding to PBMC and review 

non-specific PBMC affinity for yeast surface bound epitopes. These are shown in Figure 5.3-3. 

Healthy volunteer PBMC were added to aliquots of stained and unstained E016 yeast clones. The cell 

surface markers CD3/14/16/19 were also added to replicate experimental conditions. The population 

of interest was the double positive CD19 high/Pacific Blue high Q2 window.  

Most of the unstained yeast population inhabited Q4, and the stained population inhabited Q1, with 

a negligible population in Q2. This demonstrated an absence of significant non-specific PBMC and 

yeast cell binding. Subsequent experiments assessed successful PBMC/yeast cell binding.  

 

Figure 5.3-3 PBMC and yeast controls 
FACS plots show unstained and stained yeast added to non-specific PBMCs and CD19 APC cell surface marker. Plots from 1 
experiment, 250,000 to 300,000 cells sorted  

Row 1: 1 x axis forward scatter area y axis side scatter area; all PBMC and yeast cells. 2 and 3: x axis APC CD19 y axis Pacific 
Blue for unstained and stained yeast cells.  

4.99E-3 = 0.00499 
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PBMC and yeast cell ratio was optimised using increasing concentrations of yeast cells at ratios of 1:1, 

1:5, 1:10 and 1:20. This was to assess if nonspecific yeast binding to PBMC influenced the efficacy of 

downstream sorting  

The double positive APC high/Pacific Blue high population in Q2 was reviewed and found a progressive 

decrease in the total number of cells in Q2. At a ratio of 1:1, the double positive population is 1.08 e-

4% of the total cell count. This population becomes zero i.e. negligible progressively with increasing 

yeast ratios. At a yeast/PBMC ratio of 1:20, the Q2 cell population is 0. This stage of optimisation 

suggests that non-specific yeast and B cell binding does not occur at higher yeast cell concentrations. 

Following this review, each experiment used with approximately five million PBMC and five million 

yeast cells.  

 

Figure 5.3-4 PBMC and yeast increasing ratio control 
FACS plots with PBMC to an increasing yeast cell ratio. The figure shows PBMCs and stained yeast added to unstained yeast 
aliquots at ratio 1:1:1, 1:1:5, 1:1:10, and 1:1:20. Plots from 1 experiment, 250,000 to 300,000 cells sorted  

Row 1: x axis forward scatter area y axis side scatter area. 1: all PBMC and yeast cells, 2: single events 

Row 2:  x axis FITC CD3/14/16 dump channel, y axis APC CD19 B cells. 1-4 yeast to PBMC ratio of 1:1, 1:5, 1:10 and 1:20 
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PBMC/lymphocyte cell surface marker binding to yeast cells was reviewed for the possibility of non-

specific fluorochrome binding to yeast cells which would result in a non-specific double positive 

population.  

Figure 5.3-5 below shows the lymphocyte cell surface markers CD3/14/16/19 added to yeast cells. The 

plots did not show a significant population of FITC (CD 3/14/16) or APC (CD19) high cells in Q6 and 

demonstrated negligible binding of PBMC cell surface markers to yeast.  

 

Figure 5.3-5 PBMC cell surface marker and unstained yeast cell control 
FACS plots showing yeast mixed with CD19 APC cell surface marker. Flow cytometry profiles of unstained yeast cell and PBMC 
labelled with CD19 and combination FIC markers T, monocyte and NK cell markers. Plots from 1 experiment, 250,000 to 
300,000 cells sorted  

Row 1: 1 x axis forward scatter area y axis side scatter area, all yeast cells, 2: forward scatter area to width; single yeast cells, 
3: x axis FITC CD19 y axis; single yeast cells with CD3/14/16 cell surface markers 
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5.3.2. Optimisation of sorting experiment 
This section describes optimisation of the B cell baiting flow cytometry process using varying 

concentrations of cells and reagents.  

5.3.2.1. Varying concentrations of yeast/PBMC cell surface cell marker 

The effect of an increasing yeast cell ratio to PBMC and fluorochrome cell surface markers was 

reviewed. PBMCs with yeast cells at a ratio of 1:1, 1:10, 1:25, 1:50 and 1:100 were reviewed (data not 

shown here). On review, the number of APC+/Pacific Blue+ cells in Q2 remained similar despite an 

increasing yeast population. Following this review, a PBMC/yeast ratio of 1:1 was selected and the 

concentration of cell surface markers kept as described in the methods section.  

5.3.2.2. Selection of appropriate positive control to optimise flow sorting 

For this section of work, the performance of seropositive PBMCs sorted by selected yeast clones was 

reviewed. This was to evaluate if PBMCs binding yeast cells via cell surface receptor binding to yeast 

membrane displayed antigen. Seropositive participant samples were selected from group E to 

optimise the yeast antigen baiting experiment. These participants were E0016, E0017, E0018, E0019 

and E0020. PBMCs were prepared and stained as previously described.  

Three yeast clones with antigenic determinants defined in the previous chapter were selected. These 

clones were Pos-C01, Pos-C02, Pos-C06 representing an amino acid sequence located in the N helical 

region and loop (AA 559-628) within the HIV envelope subunit gp41. The yeast clones were cultured 

in SDCAA and SGCAA to promote surface expression of protein and then stained them with Pacific 

Blue dye. Eighteen samples were analysed in total to review which yeast epitope was most recognised 

by patient serum. 
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APC high/Pacific Blue high PBMC and yeast samples were sorted using the BD FACS Aria III. The gating 

strategy was as described in materials and methods section 2.6.8.7. For each sorting experiment, the 

Q2 window was the population of interest; a double positive APC high/Pacific Blue high population 

and represented CD19+ B cells bound to epitope on the surface of the yeast cells. For all but one of 

the seropositive participant samples (E018), the yeast clone with the greatest affinity for CD19 positive 

B cells was PosC-01. This clone was selected for all further optimisation and sorting. The PBMCs from 

participant E016 were also used for further work due to a sorted Q2 population of 0.077% of all cells 

in total. These results are shown in Table 5.3-2 and Figure 5.3-6.  

 
Yeast clone 

Participant PosC-01 PosC-02 PosC-06 

E016 0.077% 0.041% 0.047% 

E017 0.025% 0.018% 0.011% 

E018 0.013% 0.018% 0.003% 

E019 0.015% 0.009% 0.010% 

E020 0.029% 0.011% 0.013% 

E019-5 0.002% 0.002% 0.002% 
Table 5.3-2 Q2 cell population  
Described as proportion of all cells sorted for all five participant PBMC and yeast clones 

 

 

Figure 5.3-6 Double positive PBMC/yeast Q2 cell population  
X axis participant, E019-5 was assayed at fivefold yeast-PBMC ratio. Y axis frequency of all cells as percentage/proportion of 
all cells sorted for each participant. Patient results are grouped, and individual yeast clones represented by shading as clone 
1, 2, or 6.  
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5.3.2.3. Backgating on APC and FITC channels 

The Q2 APC/Pacific Blue population was selected and backgated this using APC and FITC to ensure the 

population of PBMCs selected was APC high (representing CD19 B cells) and FITC low (representing 

other lymphocytes labelled with CD 3/14/16). The first plot has a Q2 with population of 0.061 (CD19 

Pac Blue high yeast cells). This population is then backgated on FITC and APC and is shown in the 

second plot- all events are located within FITC low and APC high population. All E016-E020 Q2 plots 

were backgated and most cells found to be APC high/Pacific Blue high were FITC low/APC high. This is 

shown in Figure 5.3-7 and Figure 5.3-8.  

 

Figure 5.3-7 Backgating on APC and FITC channels 
PBMC from seropositive participant E016 sorted with the HIV gp41 envelope clone PosC-01.1: x axis APC/CD19 representing 
B cells, y axis Pacific Blue representing yeast cells. 2: x axis APC/CD19 representing B cells, y axis FITC CD3/14/16 representing 
dump channel  

 

Figure 5.3-8 Backgated FITC/APC high Q2 population  
Population backgated using APC and Pacific Blue. X axis participant and quadrant indicated by colour, y axis proportion of 
events as percentage of total population. 
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5.3.2.4. E016 optimisation 

Study participant E016 PBMCs were used used for optimisation. E016 was a sample drawn from a 

participant with early HIV infection who had not yet started antiretroviral medication. PBMCs were 

stained with cell surface markers as previously described and added these to the dyed yeast clone 

PosC-01. The experimental controls and sample were set up as described previously. Three separate 

aliquots of PBMC and yeast clones were used for optimisation and designated these Positive control 

A, B, and C (PosC A, B, C). All samples were analysed by FACS (BD FACS Aria III) and gated as previously 

described.  

The results showed 0.03 – 0.04% of all cells were yeast/PBMC dyad representing epitope/B cell surface 

receptor binding. This double positive population was sorted onto a 96-well plate containing catch 

buffer. Eighty double positive population and five bulk sort events (described below) were sorted onto 

the 96-well plate. The results from the APC high/Pacific Blue high Q2 window are displayed in Table 

5.3-3 below.  

 Q1: CD19- APC+ Q2: CD19+ APC+ Q3: CD19+ APC- Q4: CD19- APC- 

E016 PosC A 97.20% 0.03% 0.80% 2.01% 

E016 PosC B 96.80% 0.04% 0.72% 2.43% 

E016 PosC C 96.90% 0.03% 0.75% 2.33% 

Table 5.3-3 Sorted population proportions 
Figures are proportion of all selected PBMC and yeast cells 
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5.3.2.5. Index sorting of double positive population 

Index cell sorting for these cell populations was reviewed. Index sorting records each sorted cell’s 

phenotype and can be used to retrospectively analyse any cell sorted with this feature. This ensured 

sorted cells originated from the double positive population. This is shown in Table 5.3-4 and 

demonstrated the intended population was captured by this method. Having reviewed cell 

proportions from optimisation steps, the experimental stage of yeast cell baiting was next. 

 Q1: CD19- APC+ Q2: CD19+ APC+ Q3: CD19+ APC- Q4: CD19- APC- 

E016 PosC A 97.20% 0.03% 0.80% 2.01% 

E016 PosC A index 0% 100% 0% 0% 

E016 PosC B 96.80% 0.04% 0.72% 2.43% 

E016 PosC B index 0% 100% 0% 0% 

E016 PosC C 96.90% 0.03% 0.75% 2.33% 

E016 PosC C index 0% 100% 0% 0% 
Table 5.3-4 Index sorting yield 
Sorted populations as proportion of all selected PBMC and yeast cells. Q2 population of interest contains only CD19/APC 
high phenotype in keeping with the desired target sort population 
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5.4. Experimental B cell antigen baiting 
Having optimised B cell sorting, experimental samples were sort. Samples and corresponding PBMCs 

were determined in the previous chapter. By using participant sera samples to sort yeast cells based 

on surface displayed epitope, it followed that the B cells responsible for secretion of these antibodies 

would display surface receptors complementary to those epitopes selected by serum samples.  

To this point, the purpose was to isolate anti-Env epitope antibodies from pre infection samples by 

PBMC sampling. However, it must be remembered that most adult Ig-secreting cells are located in 

bone marrow.  

Recalling the activation pathway of B cells, exposure to protein antigen requires activation by T helper 

cells in primary follicles resulting in formation of the germinal centre. Ongoing isotype switching and 

antibody maturation results in high affinity memory B cells and plasmablasts. The plasmablasts from 

follicles and mesenteric lymph nodes migrate to gut lamina propria and mesenteric surfaces, and 

those from lymph nodes or splenic follicles migrate to bone marrow at 2-3 weeks. Here, they 

differentiate to form plasma cells with a half-life of months-years, and bone marrow is now principle 

site of antibody production (127) 

The ideal tissue type for sampling here would be plasmablasts from bone marrow, but the study would 

have relied on bone marrow sampling of all seronegative candidates in an effort to capture 

seroconversion events; this was not logistically possible. Another approach might have been to sort 

CD19+CD27+CD38+ plasmablasts only, but they exist as a small population of 0·6–1·6% of in adult PBMC 

populations compared to 7·2–11·2% for CD19+ B cells (359). Following this it was decided to select 

CD19+ cells with paratope specificities identified by yeast epitopes.  
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Multiple PBMC and yeast clone combinations including one seronegative participant sample from the 

first chapter of results, A0181 were analysed. This sample was a component of the seronegative H9 

aliquot sample. The bulk of my analysis focussed on longitudinal PBMC samples from participant B003 

who displayed repeated epitope recognition at all timepoints. Relevant samples were selected for 

monoclonal antibody work. Table 5.4-1 shows PBMC and yeast clones (AA = amino acid).  

PBMC used 
Yeast 
clone 

Epitope 
AA 

position 
AA sequence 

Negative control (lab) Pos C Gp41 586-604 DQQLLGIWGCSGKLICTTA 

Positive control E016 Pos C Gp41 586-604 DQQLLGIWGCSGKLICTTA 

Seronegative A0181 H9-01 gp 41 653-676 KLFIMIVGGLVGLRIVFAVLSIVNR 

Seronegative B003 
PreB3-
03 

gp 120 198-213 VITQACPKVSFEPIPI 

Seronegative B003 
PreB3-
04 

gp 41 643-676 LEKSQNQQEKNEQELLELDKWANLWNWFDITNWL  

Seropositive B003 
(early) 

Early 
B3-02 

gp 120 192-214 INCNTSVITQACPKVSFEPIPIH 

Seropositive B003 
(early) 

Early 
B3-15 

gp 41 644-671 EKSQNQQEKNEQELLELDKWANLWNWFD 

Seropositive B003 
(late) 

Late B3-
09 

gp 120 198-215 VITQACPKVSFEPIPIHF 

Table 5.4-1 Yeast clones selected for B cell baiting 
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5.4.1. Flow sorting plots- experimental 
Serum/yeast pairs were sorted as listed above, and APC CD19 high/Pacific Blue high population- 

representing B cells bound to yeast epitopes recorded. The PBMC negative (lab/healthy) and positive 

control samples were prepared as previously.  

All experimental samples contained a double positive population which was measured as a percentage 

of the total yeast population. This ranged from 0.01-0.23%. Index plots for each sample were reviewed 

and showed all sorted cells as being CD19 high/APC high. 

These results are shown in Table 5.4-2 and Figure 5.4-1 

 
FITC low as 

frequency. of 
parent population 

FITC low /Q2: 
CD19+/Pac Blue+ 

Index sort 

PBMC (negative) control 37.50% 0.02%  
Positive control 64.10% 0.05%  
Seronegative A0181 H9-01 58.50% 0.21% 100% 

Pre infection B003 gp41 92.90% 0.03% 100% 

Pre infection B003 gp120 48.80% 0.23% 100% 

Early infection B003 gp41 33.40% 0.06% 100% 

Early infection B003 gp120 10.80% 0.22% 100% 

Late infection B003 gp120 81.90% 0.01% 100% 
Table 5.4-2 Summary of APC high/Pacific Blue high sorted population 
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Figure 5.4-1 FACS plots for B cell baiting 
X axis APC CD19 representing B cells, y axis Pacific Blue representing yeast cells 

Row 1: controls; negative healthy and seropositive PBMC. Row 2: experimental sorted plots. Row 3: index plot for sorted cells. Q2 is population of interest representing PBMC/yeast cell dyad.  
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5.5. Monoclonal antibody optimisation 
The sorted B cell/yeast population plates were stored at -80°C until required. For use, plates were 

retrieved and thawed in a sterile hood in the containment level 2 laboratory. The E016 yeast/PBMC 

samples were for optimisation. 

5.5.1. Single cell reverse transcriptase (RT-PCR) and cloning polymerase chain reaction  
Single cell RT-PCR was performed as previously described and then loaded PCR product onto TBE gel 

electrophoresis to confirm presence of the correct bands. Heavy and light chain wells were matched 

to ensure chain pairs were available for future work steps and documented well numbers for 

purification and cloning PCR steps and used the well number to identify all antibody products 

originating from this well. Kappa sequencing was performed (Genewiz, UK) to determine which 

primers were required for the subsequent kappa cloning PCR. Sequences were trimmed using BioEdit 

and uploaded to the IMGT website to identify the correct gene family specific primers for use in the 

cloning PCR step.  

5.5.2. Cloning PCR 
Any positive wells in the RT-PCR stage were then submitted for cloning PCR. The resulting PCR 

products were then analysed in a 1% TBE gel. The wells were noted, and heavy/light chain matched 

pairs were considered indicative of one yeast/PBMC dyad sorted per well and chain pairings recorded.  

A total of 85 wells were sorted in total for the optimisation. Four wells (PosC 22, PosC 29, PosC 66 and 

Pos C B-05) contained a corresponding pair representing a potential monoclonal antibody product.  

The TBE gel is shown in Figure 5.5-1 and the chain outcomes in Table 5.5-1.  
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Figure 5.5-1 Positive control cloning PCR TBE gel analysis 
TBE gel electrophoresis showing heavy and light (kappa and lambda) chains for PosC E016 PBMC and yeast sorting 

 Total % of sorted wells 

Heavy 31 36.5% 

Kappa 3 3.5% 

Lambda 5 5.9% 
Table 5.5-1 Outcomes for chain pairs 
Total heavy, kappa and lambda chains located in TBE gel post cloning step 

5.6. Monoclonal antibody- experimental results 

5.6.1. Cloning PCR results 
Table 5.6-1 below shows outcomes for cloning PCR steps. For the purposes of downstream 

monoclonal antibody production, considered wells into which one yeast/B cell dyad had been sorted 

were considered a successful sorting event. For each single double sort event, two potential antibodies 

are removed from further analysis. The table also shows the ratio of antibody light chain kappa to 

lambda ratio. For reference, healthy individuals usually have a kappa to lambda ratio of approximately 

2:1 for immunoglobulin light chains, usually varying only in the context of disease (360).  

0.4 kB 

0.4-0.5 kB 

0.4-0.5 kB 
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Sample 
No. wells 
sorted  

 No. 
chains 

% sorted 
wells 

No. light 
chains with 
heavy chain 
present 

% total 
light 
chains 

K:L 
ratio 

Total 
potential 
Ab 

Double 
sort 
events 

Available 
Ab pairs 

Seronegative 48 

Heavy 14 29.17%   

1.17 13.00 3.00 7 Kappa 7 14.58% 7 53.85% 

Lambda 10 20.83% 6 46.15% 

Pre B003 
gp120 

96 

Heavy 10 10.42%   

6.00 7.00 0.00 7 Kappa 1 1.04% 6 85.71% 

Lambda 6 6.25% 1 14.29% 

Pre B003 gp41 96 

Heavy 65 67.71%   

1.79 67.00 8.00 51 Kappa 52 54.17% 43 64.18% 

Lambda 24 25.00% 24 35.82% 

Early B003 
gp120 

96 

Heavy 55 57.29%   

1.56 41.00 2.00 37 Kappa 25 26.04% 25 60.98% 

Lambda 16 16.67% 16 39.02% 

Early B003 
gp41 

96 

Heavy 63 65.63%   

0.96 51.00 5.00 41 Kappa 25 26.04% 25 49.02% 

Lambda 26 27.08% 26 50.98% 

Late B003 
gp120 

96 

Heavy 64 66.67%   

4.43 38 1 36 Kappa 31 32.29% 31 81.58% 

Lambda 7 7.29% 7 18.42% 
Table 5.6-1 Cloning PCR outcomes 
Listed in order are the sample details: number of wells sorted, chain insert type, no of each chain sorted and then as a percentage of total wells sorted, whether each light chain insert contained 
a corresponding heavy chain insert, and then as a percentage of the total, the kappa and lambda ratio, the total potential antibody pairings, the presence of double sort events, and finally the 
potential available antibody pairs. Double sort events indicate a well containing both kappa and lambda chains, where greater than one yeast/B cell dyad had been sorted into that well. 
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The seronegative A0181 H9-01 gp41 sample yielded thirteen chain insert pairs, six kappa and one 

lambda. All were single sort events and considered viable candidates.  

The pre infection B003 gp120 sample yielded seven chain insert pairs; six kappa chains and one lambda 

chain, all with single sorting events. The overall yield of antibodies was comparatively low and was 

likely due to optimisation reasons, as successive experiments were yielded greater numbers of 

potential antibody pairs. The pre infection B003 gp41 sample yielded 67 chain insert pairs; 43 kappa 

chains and 24 lambda chains. This sample had 8 double sort events and so 51 antibodies were 

considered viable.  

The early infection B003 gp120 sample yielded 41 chain insert pairs; 25 kappa and 16 lambda chains. 

There were two double sort events, yielding 37 potential antibody pairs. The early infection B003 gp41 

sample yielded 51 chain insert pairs; 25 kappa and 26 lambda chains. There were five double sort 

events, yielding 41 potential antibody pairs. 

The late infection B003 gp120 sample yielded 38 chain insert pairs; 31 kappa and 7 seven lambda 

chains. There was one double sort event, yielding 36 potential antibody pairs 

5.6.2. Kappa chain sequence analysis 
As discussed in the optimisation section of the PCR cloning process, kappa chain sequences were 

obtained to identify the correct gene family specific primers for downstream cloning.  

Chains were named according to PBMC sample timepoint (P/E/L B3 as pre, early, late), epitope 

location (gp120 or gp41) and well of origin. Therefore, sample EB3gp41-76 is from early B003 PBMC, 

identifying and epitope on gp41, and the chain was in the 76th well of the TBE gel.  
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5.6.3. Flow sorting and PCR cloning yields  
The outcomes for experimental samples are summarised in Figure 5.6-1. Outcomes are described as 

wells sorted, total wells containing either heavy or light chains, wells where the presence of one heavy 

and one light chain indicating a possible antibody, and the proportion of wells containing either a 

single or multiple yeast/PBMC dyad. The trend line shows the yield of antibodies described as a 

percentage of the total number of wells sorted. The graph describes each sorting experiment and the 

date it was undertaken, and the table beneath the graph give the absolute figures. All experiments 

contained 96 sorted events.  

Pre infection seronegative PBMCs were sorted with clone PreB3-03 (gp120) and clone PreB3-04 

(gp41), with sort yields of 7.4% and 61.5%. Seropositive PBMCs from two timepoints were sorted; late 

PBMCs were sorted with clone PoB3-09 (gp120) to give an antibody yield of 37.5%, and sorted early 

PBMC samples with clone AcB3-15 (gp41) and clone AcB3-02 (gp120), giving sort yields of 48.4% and 

38.5%,  
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Figure 5.6-1 Yields from successive experiments 
X axis experiment name and date, bars indicate the following; total wells sorted, total wells containing chains, total potential antibody pairs, single vs double sorted events, and yield of potential 
antibody pairs 
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In summary, the greatest yield of antibodies was produced from the seronegative PBMC from B003 

sorted with the gp41 yeast clone PreB3-04; possible reasons include ongoing optimisation of the 

experimental processes.  

SGCAA yeast cultures were harvested at an OD600 measurement of 2-5 to ensure an adequate cell 

density and cell number for sorting. The number of PBMCs was increased to 5 million per experiment 

which ensured a greater availability of candidate B cells for sorting.  

For every step involving a 96-well PCR plate, the plate was centrifuged at 1000RPM for one minute to 

settle all contents to the bottom of the wells, as tiny reagent volumes meant they adhered easily to 

the inner surface walls of the wells.  

For the PCR stages of the experiments, master mixes of all reagents were created save for PCR 

templates and enzymes, to ensure enzymes did not suffer degradation due to temperature or handling 

and added them at the final stage. 

As outlined, the greatest yield from B cell yeast sorting was the B003 pre infection seronegative PBMC 

sorted with the gp41 yeast clone PreB3-04. These 51 potential antibody heavy and light chain pairs 

were selected for further workup and analysis.   
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5.6.4. PreB3 anti-gp41 monoclonal antibody production- digestion, ligation 
A digestion reaction was performed on 51 candidate heavy and light chain inserts in preparation for 

ligation to the corresponding vector. The products underwent PCR purification and were run on a 1% 

TBE gel with a 1kb molecular reference ladder. Any visible bands present at the appropriate molecular 

weights were considered as successfully digested. A total of 38 chain insert pairs were harvested from 

the original 51 submitted for digestion. These consisted of 38 heavy, 15 lambda, and 23 kappa chain 

inserts. The other 13 heavy/light chain pairings did not appear on the gel and could not be analysed. 

A digestion was performed on the corresponding chain insert vectors. Two vectors were prepared for 

each chain insert; heavy 1 and 2, kappa 1 and 2, lambda 1 and 2. This is shown in Figure 5.6-2.  

Insert and vector product concentrations were measured in preparation for ligation at a 3:1 ratio. 

Concentrations for this step are in the appendices. The ligated chain insert and vector constructs were 

used to transform DH5 alpha cells, incubated overnight. The following day colonies were harvested 

and cultured in preparation for DNA extraction and digest. This digest step was to ensure presence of 

PCR product post ligation that was then sent for sequencing analysis. 

 

Figure 5.6-2 TBE digest gels;  
Name and number of bands visible in brackets. 100bp DNA ladder and NC negative control. First two rows: heavy (38), lambda 
(15) kappa (23). Blue linear arrows = wells 1-48. Third row chain insert vectors H1,2, K1,2, L1,2. All insert kB sizes as previous  
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5.6.5. PreB3 anti-gp41 monoclonal antibody production- miniprep and digest outcome 
Following the miniprep and digest stage, 38 chain insert pairs were sent for sequencing analysis 

(GeneWiz UK). 21 pairs returned viable sequences, the remaining 17 did not and were removed from 

future use.  

The following 21 candidate antibody chain insert pairs were produced:  

10, 14, 16, 17, 22, 27, 33, 38, 46, 48, 51, 54, 63, 64, 68, 77, 81, 83, 87, 89, 94.  

To recap, the number assigned to each antibody relates to the well of the 96-well plate into which the 

original double positive yeast/PBMC dyad was sorted. Each antibody insert pair consisted of a heavy 

and light chain insert and is named according to the wells and the experiment from which they 

originated; H01-10 is heavy chain insert 10 from the first cloning and digestion experiment. The 

sequences were uploaded to the online IMGT database for analysis.  

Information on antibody gene family, framework region and complementarity determining lengths for 

all anti-gp41 antibodies is shown in Table 5.6-2. From this point, chain insert pairs are referred to as 

antibody pairs.
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Chain 
type 

Insert name V-gene and allele J- gene and allele D- gene and allele FR lengths CDR- lengths 

Heavy H01-10 IGHV3-43*01F IGHJ5*02F IGHD2-8*01 F [25.17.38.11] [8.8.X] 

Light K01-10 IGKV1-5*03F IGKJ1*01F   [23.17.36.10] [6.3.10] 

Heavy H01-14 IGHV1-18*04F IGHJ4*02F IGHD3-22*01 F [25.17.38.11] [8.8.15] 

Light L01-14 IGLV1-40*03F IGLJ3*02F   [25.17.36.10] [9.3.11] 

Heavy H01-16 IGHV3-43*01F IGHJ6*02F IGHD3-22*01 F [25.17.38.11] [8.8.21] 

Light K01-16 IGKV1-39*01F or IGKV1D-39*01F IGKJ2*01F   [23.17.36.10] [6.3.9] 

Heavy H01-17 IGHV1-46*01F or IGHV1-46*03F IGHJ4*02F IGHD3-3*01 F [25.17.38.11] [8.8.14] 

Light L01-17 IGLV2-23*02F IGLJ2*01F or IGLJ3*01F  [25.17.36.10] [9.3.10] 

Heavy H01-22 IGHV4-4*02F IGHJ4*02F IGHD6-19*01 F [25.17.38.11] [9.7.19] 

Light K01-22 IGKV1-39*01F IGKJ1*01F   [23.17.36.10] [6.3.9] 

Heavy H01-27 IGHV1-18*01F IGHJ6*02F IGHD5-18*01 F [25.17.38.11] [8.8.18] 

Light K-02-27 IGKV1-39*01F IGKJ2*02F   [23.17.36.10] [6.3.9] 

Heavy H02-33 IGHV3-53*01F IGHJ6*02F IGHD2-2*01 F [25.17.38.11] [8.7.14] 

Light K01-33 IGKV1-06*01F IGKJ1*01F   [23.17.36.10] [6.3.9] 

Heavy H01-38 IGHV4-30-4*07F IGHJ5*02F IGHD5-18*01 F [25.17.38.11] [10.7.13] 

Light K01-38 IGKV3-20*01F IGKJ5*01F   [23.17.36.10] [7.3.9] 

Heavy H01-46 IGHV4-4*02F IGHJ4*02F IGHD6-19*01 F [25.17.38.11] [9.7.19]C 

Light L01-46 IGLV2-14*01F IGLJ3*02F   [25.17.36.10] [9.3.10] 

Heavy H01-48 IGHV4-39*01F IGHJ4*02F IGHD2-21*02 F [25.17.38.11] [10.7.11] 

Light K02-48 IGKV1-06*01F IGKJ1*01F   [23.17.36.10] [6.3.9] 

Heavy H01-51 IGHV3-23*04F IGHJ6*02F IGHD2-15*01 F [25.17.38.11] [8.8.21] 

Light K-02-51 IGKV3-11*01F IGKJ3*01F   [26.17.36.10] [6.3.9] 

Heavy H02-54 IGHV1-3*01F IGHJ5*02F IGHD6-13*01 F [25.17.38.11] [8.8.17] 

Light K02-54 IGKV1-39*01F IGKJ3*01F   [23.17.36.10] [6.3.9] 
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Chain 
type 

Insert name V-gene and allele J- gene and allele D- gene and allele FR lengths CDR- lengths 

Heavy H01-63 IGHV3-15*01F IGHJ4*02F IGHD1-26*01 F [25.17.38.11] [8.10.10] 

Light K02-63 IGKV1-09*01F IGKJ2*01F   [23.17.36.10] [6.3.9] 

Heavy H02-64 IGHV4-39*01F IGHJ6*02F IGHD5-18*01 F [25.17.38.11] [10.7.21] 

Light K02-64 IGKV3-11*01F IGKJ5*01F   [22.17.36.10] [6.3.10] 

Heavy H01-68 IGHV3-30*04F or IGHV3-30-3*03F IGHJ5*02F IGHD4-11*01 [25.17.38.11] [8.8.12] 

Light L02-68 IGLV2-14*01F IGLJ3*02F   [25.17.36.10] [9.3.10] 

Heavy H02-77 IGHV3-30*04F or IGHV3-30-3*03F IGHJ6*02F IGHD4-11*01 [25.17.38.11] [8.8.18] 

Light K02-77 IGKV1-39*01F or IGKV1D-39*01F IGKJ1*01F   [26.17.36.10] [6.3.9] 

Heavy H01-81 IGHV3-30*04F or IGHV3-30-3*03F IGHJ6*02F IGHD2-21*01 F [25.17.38.11] [8.8.14] 

Light K02-81 IGKV1-09*01F IGKJ4*01F   [22.17.36.10] [6.3.9] 

Heavy H02-83 IGHV4-59*08F IGHJ5*01F IGHD1-7*01 F [25.17.38.11] [8.7.12] 

Light K02-83 IGKV1-9*01F IGKJ4*01F   [26.17.36.10] [6.3.9] 

Heavy H01-87 IGHV4-39*01F IGHJ4*02F IGHD3-22*01 F [25.17.38.11] [10.7.15] 

Light K02-87 IGKV3-20*01F IGKJ4*01F   [23.17.36.10] [7.3.9] 

Heavy H01-89 IGHV1-46*01F or IGHV1-46*03F IGHJ5*02F IGHD2-2*01 F [25.17.38.11] [8.8.24] 

Light L02-89 IGLV1-51*01F IGLJ2*01F or IGLJ3*01F  [25.17.36.10] [8.3.12] 

Heavy H01-94 IGHV1-18*04F IGHJ3*02F IGHD1-1*01 F [25.17.38.11] [8.8.10] 

Light L02-94 IGLV2-14*01F IGLJ3*02F   [25.17.36.10] [9.3.10] 

Table 5.6-2 Antibody gene family, framework region and complementarity determining lengths for all anti-gp41 antibodies (continued) 

The tables contain information describing the antibodies retrieved. This includes the variable (V), joining (J) and diversity (D) gene and allele for each heavy chain, the V and J gene and allele for 
each light chain, the length in amino acids of each of the four framework regions for each variable chain regions (FR length; 1, 2, 3, 4), the length in amino acids of each of the three 
complementarity determining region amino acids for each chain (CDR length; 1, 2, 3). 
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5.6.6. Transfection of HEK293 cells 
HEK293 were prepared cells for culture and passaged them as described previously. Transfections 

were performed in duplicate to increase possible yields. The 6-well culture plates were prepared for 

the 21 antibody pairs, and cell wells assessed to ensure adherence on the day on transfection. The 

correct amounts of heavy and light chain vectors and inserts were calculated and added to PEI and 

D10 media, this mixture added to the corresponding well and media changed to serum free. After five 

days of culture in an incubator, supernatant was harvested and transferred to a labelled cryovial.  

5.6.7. ELISA screening of supernatants 
An enzyme-linked immunosorbent assay (ELISA) was used to screen supernatants from transfections 

1 and 2 for antibodies. The plate setup is shown in Table 5.6-3 with controls occupying columns 1 and 

2 and row H. The ELISA assay screened supernatant for presence of IgG and used a colour change to 

measure antibody concentration. A 96-well plate was coated with a target-specific capture antibody, 

(anti-human CD93 monoclonal antibody) which bound human IgG. The supernatant was added to 96-

well plate and any IgG present bound to the capture antibody. The detection antibody, protein-specific 

biotinylated anti-human antibody (horseradish peroxidase) was added to detect presence of primary 

antibody; A substrate solution was added and underwent enzymatic colour change. The level of colour 

change was quantified by measuring the optical density of the solution, results compared to a 

standard curve, and the corresponding antibody concentration calculated 

 
1 2 3 4 5 6 7 8 9 10 11 12 

A NS NS 10 14 16 17 22 27 33 38 46 48 

B 1:2 1:2 10 14 16 17 22 27 33 38 46 48 

C 1:4 1:4 10 14 16 17 22 27 33 38 46 48 

D 1:8 1:8 51 54 63 64 68 77 81 83 87 89 

E 1:16 1:16 51 54 63 64 68 77 81 83 87 89 

F 1:32 1:32 51 54 63 64 68 77 81 83 87 89 

G 1:64 1:64 94 94 94        

H 0 0 D D D        

Table 5.6-3 ELISA plate setup 
NS = neat standard, D = serum free media. Numbers indicate antibodies  
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The ELISA readouts for transfection 1 and 2 are shown in Table 5.6-4 and Table 5.6-5. Transfection 1 

yielded four well groups with an OD greater than controls- 27, 51, 77, 83, and transfection 2 yielded 

eight well groups with OD’s greater than controls- 17, 22, 27, 46, 63, 77, 83, 87. Two transfections 

were performed to increase the yield of antibodies.  

 
1 2 3 4 5 6 7 8 9 10 11 12 

A 0.51 0.572 0.058 0.056 0.057 0.062 0.081 0.119 0.054 0.068 0.066 0.056 

B 0.413 0.392 0.056 0.055 0.053 0.061 0.083 0.178 0.053 0.055 0.067 0.055 

C 0.265 0.253 0.055 0.057 0.055 0.072 0.083 0.128 0.054 0.055 0.068 0.055 

D 0.173 0.165 1.212 0.061 0.055 0.057 0.055 0.475 0.054 0.76 0.058 0.058 

E 0.112 0.103 1.172 0.056 0.078 0.054 0.05 0.442 0.053 0.811 0.054 0.057 

F 0.075 0.079 1.152 0.057 0.055 0.054 0.054 0.489 0.054 0.722 0.056 0.061 

G 0.07 0.069 0.056 0.054 0.055 0.054 0.054 0.055 0.055 0.054 0.054 0.055 

H 0.053 0.061 0.054 0.054 0.054 0.056 0.052 0.053 0.058 0.056 0.056 0.06 

Table 5.6-4 ELISA plate readout for transfection 1 
Highlighted wells are those with OD greater than standards and correspond to monoclonal antibodies 27, 51, 77, 83 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 0.808 0.817 0.052 0.052 0.051 0.064 0.080 0.077 0.054 0.055 0.089 0.057 

B 0.450 0.391 0.053 0.055 0.057 0.064 0.103 0.088 0.056 0.054 0.089 0.059 

C 0.278 0.239 0.053 0.052 0.054 0.066 0.096 0.081 0.055 0.054 0.057 0.055 

D 0.169 0.159 0.051 0.055 0.266 0.057 0.055 0.224 0.054 0.563 0.069 0.059 

E 0.113 0.102 0.050 0.050 0.268 0.056 0.053 0.225 0.056 0.536 0.066 0.058 

F 0.087 0.075 0.052 0.051 0.270 0.056 0.054 0.236 0.056 0.534 0.068 0.059 

G 0.067 0.064 0.056 0.054 0.051 0.057 0.056 0.058 0.055 0.056 0.059 0.057 

H 0.063 0.060 0.052 0.053 0.053 0.054 0.055 0.055 0.055 0.054 0.060 0.059 

Table 5.6-5 ELISA plate readout for transfection 2 
Highlighted wells are those with OD greater than standards and correspond to monoclonal antibodies 17, 22, 27, 46, 63, 77, 
83, 87  
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The optical density of the standards (columns 1 and 2) was used to create a mean optical density for 

each concentration which allowed the construction of a standard curve of concentration against 

optical density. As the three most dilute standards fell below a mean OD of 0.01, they were omitted 

from the standard curve. This is shown in Table 5.6-6 and Figure 5.6-3.  

 

Standard 1 
OD 

Standard 2 
OD 

Concentration of 
standard solution 
(ng/ml) 

Mean OD 

A 0.510 0.572 0.5 0.541 

B 0.413 0.392 0.25 0.403 

C 0.265 0.253 0.125 0.259 

D 0.173 0.165 0.063 0.169 

E 0.112 0.103 0.031 0.108 

F 0.075 0.079 0.016 0.077 

G 0.07 0.069 0.008 0.07 

H 0.053 0.061 0 0.057 
Table 5.6-6 Standards for ELISA and mean optical density 
Standard 1 and 2 optical density and concentration of each standard solution in ng/ul 

 

Figure 5.6-3 Standard curve to determine IgG concentration 
X axis displays concentration of known standards (ng/ml) against optical density. Equation of the line shown as R2 

y = 0.9006x + 0.1213
R² = 0.9474
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This allowed calculation of monoclonal antibody concentrations. The mean and standard deviation for 

the optical density readings was calculated and the equation of the line used to solve x (MAb 

concentration) from y (optical density). The transfection 1 equation of the line was y = 0.9006x + 

0.1213; R² = 0.9474, and transfection 2 equation of the line was y = 1.4969x + 0.0606; R² = 0.999. These 

results are shown in Table 5.6-7 and Figure 5.6-4.  

 
Monoclonal 

antibody 

OD value (Y) using 
the average of 3 

readings 

Standard deviation 
of the OD readings 

X (concentration) 
value calculated 
from Y (ng/ml) 

Transfection 
1 

27 0.142 0.032 0.023 

51 1.179 0.031 1.174 

77 0.469 0.251 0.386 

83 0.764 0.385 0.714 

Transfection 
2 

17 0.065 0.001 0.003 

22 0.093 0.012 0.022 

27 0.082 0.006 0.014 

46 0.078 0.018 0.012 

63 0.268 0.002 0.139 

77 0.228 0.104 0.112 

83 0.544 0.277 0.323 

87 0.068 0.005 0.005 
Table 5.6-7 ELISA concentration calculations 
Monoclonal antibody concentration (ng/ml) from OD450 of transfection solution 
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Figure 5.6-4 Monoclonal antibody concentrations 
X axis shows neat standard at 100ng/ml and 1:64 diluted standard at 1.56ng/ml, and all experimental monoclonal antibody 
results. Y axis is concentration in ng/ml 
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The ELISA results confirmed presence of antibody and estimate the concentration. The yield of 

antibodies transfections 1 and 2 were as follows: Transfection 1: 27, 51, 77, 83 (named T1-XX), and 

Transfection 2: 17, 22, 27, 46, 63, 77, 83, 87 (named T2-XX). The following antibodies were selected 

for anti-HIV envelope affinity studies: T1-27, T1-51, T1-77, T1-83 (transfection 1) and T2-17, T2-22, T2-

46, T2-63, T2-87 (transfection 2).  

5.6.8. Sodium dodecyl sulphate (SDS) polyacrylamide gel electrophoresis  
An SDS-PAGE was used gel to analyse the molecular weights of the antibodies. The four monoclonal 

antibodies from transfection 1 (27, 51, 77 and 83) and a protein standard ladder (10 – 250 kiloDaltons) 

were loaded onto the gel and ran this for 40 minutes at 200V, the gel  retrieved and stained, and 

viewed using the Gel-Doc XR light box. On inspection, the antibodies had separated into heavy and 

light chains. A protein ladder was used as standard to estimate chain insert molecular weights. Heavy 

chain inserts had a molecular weight of 50-75 kiloDaltons, and light chains 10 kiloDaltons. Figure 5.6-5 

shows the gel on the right with a reference ladder to the left. 

 

Figure 5.6-5 SDS-PAGE gel of transfection 1 
Gel shows antibodies 27, 51, 77 and 83 from transfection 1. Left panel- kilodalton reference ladder 
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5.6.9. Monoclonal antibody anti-HIV specificity screening 
FACS was used to assess each monoclonal antibody affinity for HIV envelope proteins. A 96-well plate 

was used to perform primary labelling of the HIV gp140 coated CEM.NKr cells and then added a 

secondary anti-human IgG- FITC conjugated antibody. Following incubations and washes, cell aliquots 

were placed in individual FACS tubes and these FACS analysis. This produces CEM.NKr covered in HIV 

gp140 epitopes which can bind experimental monoclonal antibody, which then bind anti-human FITC 

conjugated IgG as the secondary antibody. Figure 5.6-6 shows the controls and gating strategy used 

for anti-HIV specificity screening, and Figure 5.6-7 shows the control and experimental FACS plots for 

the antibodies screened.  

A total of nine antibodies were analysed for anti-HIV specificity - T2-17, T2-22, T1-27, T2-46, T1-51, 

T2-63, T1-77, T1-83, T2-87-. Each was tested in triplicate to reduce variation due to operator error and 

calculated the average of the three results, displayed below in Table 5.6-8 and Figure 5.6-8. Multiple 

t-tests were performed with IgG negative control as the baseline comparator to describe the data 

shown in Table 5.6-9. 

Ideally, mAb binding to the yeast clone of interest would have been reviewed, however several 

months had passed between yeast sorting and mAb production, and the original yeast clones were 

contaminated.  Another strategy would have been to review mAb binding to an ELISA coated using 

known specific epitopes/peptides or gp140 structures. 
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Figure 5.6-6 Transfection controls 
Experimental controls for transfection. The FITC high population is displayed as plot and histogram to assess the mean 
fluorescence intensity (MFI) and distribution of the cell data. As the positive population is normally distributed, the MFI is 
used for the analysis. 

Row 1: Plots. 1 x axis forward scatter area, y axis side scatter area; natural killer cells (NK). 2: forward scatter area y axis 
forward scatter width: single NK cells.3 and 4: x axis FITC-A and y axis side scatter area for negative biological IgG control and 
seropositive HIVIG control  

Row 2: Histograms; x axis FITC-A and y axis side scatter area for negative biological IgG control and seropositive HIVIG control  

  



   
 

306 
 

 

Figure 5.6-7 Monoclonal antibody anti-HIV specificity screening FACS plots 
X axis FITC-A, y axis side scatter area. Two controls- IgG negative and HIVIG positive controls shown first. Plots show indirect 
binding of control and monoclonal HIV antibodies to gp140 coated CEM NKr cells  

Positive monoclonal antibodies, T1-27 and T1-83 

  

25.4 24.5 
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Monoclonal antibody 
Mean fluorescence 

intensity 
Average mean 

fluorescence intensity  
Autofluorescence 0 

0 Fluorescence minus one 0 

Unstained 0 

IgG control 1 5.03 

4.8 IgG control 2 4.98 

IgG control 3 4.26 

HIVIG positive control 1 16.40 

33.8 HIVIG positive control 2 36.10 

HIVIG positive control 3 48.90 

T2_17_01 9.38 

12.6 T2_17_02 19.10 

T2_17_03 9.26 

T2_22_01 10.20 

7.7 T2_22_02 8.66 

T2_22_03 4.15 

T1_27-01 25.00 

29.9 T1_27-02 32.50 

T1_27-03 32.20 

T2_46_01 1.75 

0.9 T2_46_02 0.93 

T2_46_03 0.00 

T1_51-01 11.00 

7.5 T1_51-02 7.75 

T1_51-03 3.85 

T2_63_01 4.65 

4.7 T2_63_02 5.04 

T2_63_03 4.33 

T1_77-01 7.55 

9.9 T1_77-02 10.60 

T1_77-03 11.40 

T1_83-01 36.00 

28.6 T1_83-02 25.40 

T1_83-03 24.50 

T2_87_01 1.71 

1.5 T2_87_02 1.27 

T2_87_03 1.55 
Table 5.6-8 Analysis of mean fluorescence intensity of control and HIV monoclonal antibodies to gp140 coated CEM.NKr 
cells 
Results of monoclonal antibodies assayed using FACS and gp140 coated CEM.NKr cells. Cut off for positive binding taken as 
any value greater then negative control IgG MFI of 4.8 
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Figure 5.6-8  Mean and standard deviation of mean fluorescence intensity of control and HIV monoclonal antibodies to 
gp140 coated CEM.NKr cells 
X axis controls (negative healthy IgG and positive control HIVIG), and experimental antibodies). All experimental antibodies 
colour coded by key at right panel. 

Comparison P value P value summary 
Significantly different (P 

< 0.05)? 
95% confidence 

interval 

HIVIG 0.0951 ns No -12.52 to 70.61 

T2-17 0.1313 ns No -5.747 to 21.39 

T2-22 0.205 ns No -3.849 to 9.676 

T1-27 0.0104 * Yes 14 to 36.29 

T2-46 0.0059 ** Yes -5.145 to -2.582 

T1-51 0.2707 ns No -5.148 to 10.7 

T2-63 0.6309 ns No -0.7217 to 0.555 

T1-77 0.0644 ns No -0.7558 to 10.94 

T1-83 0.0214 * Yes 8.615 to 39.14 

T2-87 0.0079 ** Yes -4.499 to -1.995 
Table 5.6-9 Paired t-tests for comparison of control and experimental monoclonal antibodies 
Analysis of multiple comparisons for each monoclonal antibody MFI against negative control IgG. Multiple t-tests used to 
compare all monoclonal antibodies against IgG 
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On review, some conclusions can be drawn regarding the controls and the experimental antibodies.  

The negative control IgG had an MFI of 4.8, and this value was used as the cut-off value to determine 

all experimental sample positivity. The positive control HIVIG MFI was 33.8 (CI -12.52 to 70.61), which 

was significantly greater than that of IgG (p = 0.0033). HIVIG is a polyclonal preparation of antibodies 

and hence the MFI for this control was greater. In conclusion, HIVIG was a good positive control for 

this experiment.  

Four of the monoclonal antibodies had an MFI which differed significantly from the negative control. 

Two of these antibodies (T2-46 and T2-87) had minimal MFI with both significantly less than IgG. T1-

27 and T1-83 had MFI greater than IgG and closer to that of the positive control HIVIG. T1-27 average 

MFI was 29.9 (95% confidence interval 14 to 36.29, p = 0.0104) and T1-83 average MFI was 28.6 (95% 

confidence interval 8.615 to 39.14, p = 0.0214).  

5.7. Review of HIV specific monoclonal antibody properties 
Antibody properties to account for variations in epitope binding were selected to review the two 

antibodies with the greatest HIV gp140 affinity.  

5.7.1. Gene family usage 
Gene family usage was reviewed, and with only two antibodies of interest, statistical analysis and 

conclusions was not attempted. High affinity antibodies used differing heavy chain V, J, and D genes. 

For light chains, both antibodies used VH1. These findings are shown in Table 5.7-1.  

Chain type Insert 
name 

Variable gene and 
allele 

Joining gene and allele Diversity gene and 
allele 

Heavy H27 IGHV1-18*01 F IGHJ6*02 F IGHD5-18*01 F 

Heavy H83 IGHV4-59*08 F IGHJ5*01 F or IGHJ5*02 F IGHD1-7*01 F 

Light K27 IGKV 1-39*01 F IGKJ 2*02 F 
 

Light K83 IGKV1-9*01 F IGKJ4*01 F 
 

Table 5.7-1 MAb gene family usage  
Experimental monoclonal antibodies T1-27 and 83 V, D, J gene family usage. 
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5.7.2. Variable region analysis 
As described in the introduction, variable regions give antibodies unique characteristics. Each heavy 

and light chain contains a variable region, which is composed of two key structures- the framework 

region (FR) and the complementarity determining region (CDR). FR remain conserved across antibody 

groups, but CDR are hypervariable with individual characteristics. CDR3 is the most variable structure.  

5.7.2.1. Framework region (FR) analysis 

The amino acid length of the framework regions of the two high affinity monoclonal antibodies was 

reviewed. There was no difference between the framework region lengths for heavy chain inserts; all 

possessed framework regions of similar amino acid length. For the light chain inserts, minimal 

variability was present in the 1st framework region (FR1). T1-27 and T1-83 kappa light chains had an 

FR1 of 23 and 26 AA respectively. These findings are in keeping with known properties of framework 

regions, which tend to be conserved, in contrast to the complementarity determining regions. Table 

5.7-2 and Figure 5.7-1 show the properties of each monoclonal antibody framework region.  

 FR1 FR2 FR3 FR4 

H27 25 17 38 11 

H83 25 17 38 11 

K27 23 17 36 10 

K83 26 17 36 10 
Table 5.7-2 MAb heavy and light chain framework regions 
Lengths in amino acid residues 

 

Figure 5.7-1 Amino acid length of pre infection HIV heavy and light chain framework regions 
Lengths in amino acid residues 
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5.7.2.2. Complementarity determining region (CDR) analysis 

Antibody CDR are unique structures of varying lengths, which may explain the high affinity for HIV 

gp140 displayed by T1-27 and T1-83. Heavy chain CDR 1 and 2 lengths did not vary greatly across the 

monoclonal antibodies. Median CDR1 length was 8.75 AA (range 8-10, SD 1.07), median length CDR2 

7.25 AA (range 7-8, SD 0.5). The CDR3 length for heavy chains were reviewed. T1-27 and T1-83 had 

long heavy chain CDR3 (18 and 12 respectively). For light chains, both kappa chain CDR3 lengths were 

9 amino acids long. These data are shown in Table 5.7-3 and Figure 5.7-2.  

Chain type Insert name CDR-IMGT lengths   
CDR1 CDR2 CDR3 

Heavy H01-27 8 8 18 

Heavy H02-83 8 7 12 

Light K02-27 6 3 9 

Light K02-83 6 3 9 

Table 5.7-3 MAb heavy and light chain complementarity determining regions 
Length in amino acid residues 

 

Figure 5.7-2 Amino acid of pre-infection HIV monoclonal MAb heavy and light chain complementarity determining regions 
Length in amino acid residues 
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5.9. Functional assay using rapid fluorometric ADCC assay  
One antibody, T1-27 was selected for assessment by RFADCC. The negative (1) and positive controls 

(2) used were IgG, A32 and HIVIG respectively. Percentage ADCC was defined as the proportion of 

CEM.NKr cells which had lost intracellular CFSE expression but retained membranous PKH-26 

expression. Plots are representative of experimental conditions where each antibody was assessed in 

triplicate. There was no discernible ADCC activity mediated by T1-27, as the percentage population in 

Q1 was similar to that of the negative control. This is shown in Figure 5.9-1 and Figure 5.9-2.  

 

Figure 5.9-1 RFDACC results- plots 
X axis aliquots, y axis ADCC as percentage of total cell population. Three plots showing IgG negative control, A32 and HIVIG 
positive controls and experimental monoclonal antibody T1-27 RFADCC assays. Q1 is quadrant of interest indicating lysed 
cells. X axis CFSE, y axis PKH-26. 
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Figure 5.9-2 RFDACC results- graph 
X axis aliquot, y axis percentage ADCC expressed as CFSE low PKH-26 high population in Q1 of plots.  
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5.10. Summary 
This chapter describes my attempts to generate monoclonal antibodies by harvesting B cells baited by 

yeast-surface bound HIV envelope fragments. This method has not previously been described in the 

literature. 

5.10.1. B cell antigen baiting and monoclonal antibody production 
Optimisation of this process resulted in greater yields of antibodies per plate sorted throughout 

successive rounds of experiments. This was most likely due to better experimental technique and 

familiarity with the procedures.  

One consideration of the overall yield from this process is the fragility of B cells and RNA during 

processing. The frequency of recovery of antibody secreting cells from cryopreserved samples can be 

equivocal to that of fresh samples, but retention of flow cytometry cell surface markers may be 

reduced (361). In addition, dead cells can pick up dyes and contribute to increased non-specific 

background (362). Future work could include the use of a live/dead stain to differentiate viable cells.  

The recovery of RNA from frozen tissue may also influence the yield of monoclonal antibody. Two 

options for RNA recovery are to either thaw tissue on ice (which I did) or use ground homogenised 

frozen tissue. Reports from other sites suggest there is more degradation and less retrievable RNA in 

thawed tissue (21% intact in thawed vs. 95% intact in frozen) (363–365).  

The Smith paper on which this work is based anticipates expected antibody yields of 20 antibodies per 

half plate (42 wells) of sorted B cells. Reasons for the fall in yield include flow and PCR limitations. The 

authors draw attention to the instability of the B cell’s genetic material once captured within the 

sorting plate well. This was mitigated by preparation of catch buffer in 96-well plates which were 

centrifuged and frozen until the point of use. The flow cytometer plate mounting platform was also 

called to maintain stability of sorted products. Once sorting was complete, plates were immediately 

centrifuged and frozen. One difference in my work was the use of full 96-well plates as opposed to 
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half filling the plates. This extended time taken to fill plates may have contributed to degradation of 

product.  

The Smith paper also describes the occasion of empty wells not filled by the sorter. This may be due 

to a machine calibration to leave wells empty rather than fill with a doublet. Certainly, in my results, 

there were double sorting episodes clearly indicated by the [presence of lambda and kappa light 

chains in one well. From this, it is also possible that some wells contained double sorted lambda and 

kappa chains which affected downstream processing. Another reported limitation is during PCR 

processing, where non amplification of the V gene segments may originate from V genes not covered 

by the set of primers. In addition, use of a primer pool for kappa sequencing may have saved time.  

The authors conclude that from their initial 42 well sorted plate, an expected yield would be 10-16 

valid transfectable heavy and light chain inserts. This represents a sorted well to antibody chain pair 

yield of 23.8-38.1%. In my work, initial antibody yields from a fully sorted 96-well plate was 4.2-14.6% 

potential transfectable antibody chain pairs. This subsequently improved to 37.5-61.5%. A reason for 

the variation in my antibody yields may have been trying to manage multiple rounds of experiments 

at different time points. Following optimisation with seropositive PBMC and related yeast clones, 

PBMCs from multiple infection timepoints were sorted. As work proceeded, the scale of the project 

to manufacture antibodies from all infection timepoints would require a significant amount of time 

became apparent. At this stage, focus turned to identifying pre infection anti-gp41 specific B cells as 

this was the population of interest identified at the beginning of the project.  

The PreB3-04 clone covers the gp41 sequence 643-676 which spans the MPER site of vulnerability 

discussed in the previous chapter. This region is well conserved across HIV viral clades and was 

considered a reasonable epitope to have used for B cell baiting.  
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5.10.2. Monoclonal antibody anti-HIV specificity 
The assay used to review monoclonal antibody affinity for HIV envelope protein used gp140 coated 

CEM.NKr cells as a target. As seen in the results section, two of nine antibodies demonstrated gp140 

affinity significantly greater than the controls. Ideally with more time the transfection process would  

be repeated and the experiments performed with larger volumes of cell culture to improve the 

antibody yield. These large volume experiments are ongoing in our laboratory at present using the 

source material generated here.  

The two antibodies T1-27 and T1-83 demonstrated HIV specificity and proves the hypothesis that anti-

HIV antibodies are present in HIV-exposed seronegative individuals and that these antibodies are 

specific to gp41 envelope proteins. 

In retrospect, regarding the positive control, use of a known monoclonal antibody rather than HIVIG 

might have been a more appropriate, as one of the three positive control samples failed to show 

significant binding to the cell-displayed gp140.  

5.10.3. Monoclonal antibody properties 
Various antibody properties to elucidate reasons for the anti-HIV activity of T1-27 and T1-83 were 

explored. These observations were not assessed by statistical methods as the number of antibodies 

produced was too small. The gene families used by the V/D/J genes of the heavy chain and V/J genes 

of the light chain inserts were varied with no pattern emerging. Framework region lengths were of 

similar in the high affinity antibodies. Complementarity determining regions 1 and 2 were of similar 

length in heavy and light chains and in keeping with expected dimensions. HCDR1 was 10-16 AA 

(normal 8-10), and HCDR2 was 7-8 (normal 8-15), light chains included LCDR1 with 6-9 AA (normal 10-

17) and LCDR2 with 3 (normal 3-8) (366). The 3rd complementarity determining regions of the 

antibody light chains were 6 amino acids long which is similar to lengths of anti-HIV antibodies 

published previously (260).  
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As previously outlined, the heavy chain CDR3 (CDRH3) is responsible for inter-antibody antigen binding 

site specificities. Human HCDR3 length is usually 12 amino acids long with can range from 4 to 35 

residues (367). The HCDR3 lengths found in the monoclonal antibodies generated in this study range 

from 12 to 19 amino acid residues, and these longer CDR3 regions were found in high affinity 

antibodies.  

Previously it has been shown that antibody affinity for HIV is associated with long heavy chain CDR3 

regions in three monoclonal antibodies with proven anti-HIV activity. The CD4 binding site targeting 

monoclonal antibody b12, and the anti-gp41 membrane proximal external region monoclonal 

antibodies 2F5 and 4E10 were shown to have heavy chain CDR3  regions of approximately 15 

residues. Three of the four antibodies isolated have CDR3 regions of 15 residues or greater, but this 

was not associated with increased affinity for the target epitope.  

Long HCDR3 are seen in many HIV-specific bnAbs and provide a structural advantage in accessing 

glycan-obstructed or recessed epitopes (178). Initially these were thought to arise from extensive 

rounds of somatic hypermutation (151). There is evidence to suggest they arise at original 

recombination events, and are selected from the naïve reservoir as opposed to arising from de novo 

insertions during somatic hypermutations, as suggested by the presence of long HCDR3 in healthy 

unexposed controls (368). 

I was unable to account for the variations in HIV gp140 affinity due to antibody structural properties. 

This project is being continued in our laboratory at present, with large scale quantities of these 

monoclonal antibodies being produced. This may reveal more information about binding qualities and 

may result in improved affinity for target epitopes.  

5.10.4. Functional assay using Rapid Fluorometric ADCC 
Only one of the two high gp140 affinity antibodies, T1-27, was submitted for functional analysis. There 

was no evidence of ADCC mediated by this antibody. Reasons may have included minimal quantities 

of available monoclonal antibody, or poor quality product. While this is disappointing, it would be 
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worth considering other functional assays such as neutralisation to assess this antibody’s 

characteristics. Again, this step was limited by time constraints, but future work could focus on 

assaying these two antibodies across a wider spectrum of functionality.  

5.10.5. Assessment of mAb binding specificity 
Another strategy to assess the mAb produced would be to assess binding to a variety of constructs to 

demonstrate these mAb were specific for the epitopes described in chapter four. Assays could have 

included mAb binding to HIV-infected cells, or mAb binding to ELISA coated with either peptides of 

the sequences identified in chapter four or known commercially available Env structures.  

5.11. Summary 
The aims of this chapter were to develop a technique merging yeast surface display technology with 

fluorescence activated cell sorting to sort B cells of interest. From this, monoclonal antibodies were 

generated using B cell expression cloning, and their affinity for HIV envelope protein demonstrated, 

proving specificity.  

Structure and function of the two HIV-specific monoclonal antibodies were assessed to elucidate 

reasons for variations in binding affinity and function, but results were unable to account for the 

differences, and no functional activities were demonstrated.  
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Chapter 6 
Discussion and Conclusion  
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5.12. Discussion 

The intention of this project was to review host immune response to the HIV surface envelope protein 

(Env), and to describe the response at various time points- seronegative people exposed to but not 

infected by HIV, and seropositive people at early and later stages of HIV infection. Once these 

antibodies were identified, a B cell sorting technique was developed to produce monoclonal 

antibodies, which, in future, could allow precise epitope mapping. The hypothesis suggested the 

presence of anti-Env immune responses in seronegative individuals either from previous exposure to 

Env protein in the absence of established infection, or from pre-education of the immune system by 

gut microbiota. These pre-existing responses could influence development of anti-Env responses 

during a future HIV seroconversion event.  

The project was conceived during a period of increasing HIV diagnoses among men who have sex with 

men (MSM). As most of these diagnoses were made at a clinic within our NHS foundation trust, this 

was an opportunity to capture HIV seroconversion events based on identifying individuals likely 

seroconvert. All individuals considered high risk for HIV acquisition were invited to participate in risk 

reduction strategies developed by the clinic which included increased frequency of HIV testing, access 

to counselling sessions, provision of barrier protection and advice on substance use. Moreover, any 

individuals recruited to this study who were not yet formally identified as high risk patients were 

directed towards these resources. At no point were high risk individuals denied access to services in 

the interest of the study.  

Approximately 300 participants were recruited to this study during a period of 45 weeks. From 238 

seronegative group A recruits (seronegative MSM attending for routine sexual health screening), nine 

individuals transferred to group B once they were identified as having seroconverted (newly 

diagnosed HIV infection confirmed with HIV RNA sampling), and six of the nine agreed to participation 

and serial phlebotomy as per the study schedule. Monthly blood draws were not always possible for 

logistical reasons. Where feasible, efforts were made to coordinate study visits with routine clinical 
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care appointment. Where extra visits were required to comply with the proposed phlebotomy study 

schedule, time constraints meant not all individuals were available to attend as planned.  

All B group study participants were in employment, and further absence from work to attend study 

visits was not heavily pursued. However, most group B participants were eager to support this 

research and often voluntarily attended for extra visits before and after normal working hours. It is to 

their credit that this study was able to gather such a valuable resource of information and tissue 

samples. In total, for the five group B seroconverter participants who were analysed in further detail, 

of a total of 35 scheduled study visits, 28 were completed (median number of study visits completed 

6, range 3-7). This represents an 80% study visit completion rate.  

On reviewing the recruitment strategy, the seroconversion rate was well below that proposed by the 

UK PROUD study which reported an incidence rate of 9.1 new HIV infections per 100-person years 

(113). Here, the high risk group was defined as six or greater sexual partners and the presence of a 

rectal sexually transmitted infection. There were three seroconversion events in the high risk patient 

group during a 34 month period of follow-up, equating to three events per 213 years of follow-up, or 

an incidence rate of 1.4 new HIV infections per 100-person years.  

Reduced rate of HIV acquisition was due to a fall in incident HIV infection in men who have sex with 

men. PROUD recruited patients from 2012 to 2014, whereas this study recruited patients from 2015 

to 2016. These data were described by Nwokolo et al in 2017 (275). Annual Public Health England data 

on new HIV infection MSM showed a steady increase since 2007, and data from 2016 showed an 

overall decrease of 18% in new HIV diagnoses, with a decrease of 21% in MSM. This was most 

pronounced in London, with a 29% decrease in new MSM infections, compared to 11% reported from 

testing sites outside the capital. The study recruitment clinic reported an 80% decrease in new MSM 

infections, despite an increase in HIV testing during the same period. This was a remarkable 

achievement due to multifaceted approaches to HIV treatment and prevention. This clinic prioritises 

access to therapy for people with newly diagnosed HIV infection, and most patients begin 
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antiretroviral treatment within seven days of diagnosis. The clinic also supported seronegative 

patients who used pre-exposure prophylaxis as a risk reduction strategy. As a group, MSM and the 

wider LGBTIQA+ (lesbian, gay, bisexual, transgender, intersex, queer/questioning, asexual and others) 

community have worked tirelessly to raise awareness and improve access to the healthcare services 

which benefit their community. More must be done to support other communities which may not 

recognise the healthcare issues that disproportionately target them. 

In addition, a reduction in a community viral load could contribute to a reduction in HIV transmission 

and incidence (369). The UK has managed to achieve the UNAIDS 90-90-90 target (92) with 92% of 

PLWH aware of their status (92%, credible interval (Crl) 88 to 94%), with 98% of those diagnosed in 

receipt of treatment and 90% of those who are virally suppressed (97%). Meeting these targets has 

also contributed to a reduction in onward HIV transmission.  

This study reviewed incident seroconversion in one specific community group, men who have sex with 

men, and was conceived in an era where young MSM continued to experience an increase in new HIV 

diagnoses. This clinic diagnosed one in every three HIV infections in London and provided care for one 

in every four newly diagnosed HIV infections in the UK. Therefore, this study addressed a very 

accessible population, making use of frequent health attenders. The previously cited report by Public 

Health England acknowledges other community groups where HIV testing uptake requires 

improvement, particularly heterosexual women of black and minority ethnic groups, and people living 

outside urban centres. Therefore, while this study focused on a specific community, the hope is that 

the work presented on immune responses that can be applied across a broader spectrum 

Considering the change in incident HIV infection in MSM and the ensuing reduction in expected 

numbers of patients seroconverting to HIV, could there have been ways to increase number of group 

B participants? Retrospectively, an earlier start to the project may have improved these figures. 

Otherwise, as HIV diagnoses continue to fall in all sections of the community, it is difficult to propose 

methods for increased recruitment of seroconverting participants. In conclusion, our rate of 
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seroconversion was below that which was initially expected. However the nature of the work involved 

in this project was such that the numbers seroconverting provided adequate material to work with.  

Methods 

Within our research group there was expertise in yeast surface display technology reviewing of host 

responses to simian immunodeficiency virus (303), severe acute respiratory syndrome (SARS) and 

Middle Eastern respiratory syndrome (MERS-CoV) (data not published). The creation of the HIV-Env 

protein library was a novel task but was supported by these colleagues.  

On completion of the project, there are some areas where processes could be improved. Firstly, the 

initial design of the yeast surface display system used two libraries of varying sizes. The “small” library 

fragments were 100-300bp, and the “big” library fragments were 100-500bp in length. The big library 

was preferential to the small, and on reflection it was not necessary to create two. From an 

optimisation perspective, it was useful to understand the experimental conditions responsible for 

each batch of fragment size.  

Another feature of working with yeast was the vulnerability of clones to bacterial contamination. 

Advised storage of yeast is at 4°C for 2-4 weeks in SDCAA culture, or frozen glycerol stocks at -80°C. 

With refrigerated stocks, despite use of anti-microbial containing culture media, bacterial 

contamination occurred towards the end of storage periods, creating a pressure to use fresh aliquots 

and protect and secure sorted aliquots.  

Yeast surface display technology has now been available for two decades. As described in the 

introduction, it compares favourably to other protein engineering techniques due to a eukaryotic 

expression system and suitability for fluorescence activated cells sorting. A limitation of yeast surface 

display is the breadth of screening diversity. Flow cytometers can typically screen 50,000 yeast cells 

per second, resulting in an upper limit of 108 or 109 yeast cells per library sort. This is compared to 1012 

– 1014 for phage and ribosome display libraries. However, the quality of yeast libraries can be improved 
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through techniques including magnetic activated cell sorting which removes poor quality protein 

epitopes (370).  

Another concern of yeast technology is the post-translational modification of surface bound proteins. 

Yeast use a high mannose glycosylation mechanism resulting in proteins with a short half-life in vivo 

(371). However, as this project was in vitro with no intended therapeutic application, it was not felt to 

be of concern. Future directions involving humanized glycosylation could address this.  

For the purposes of this project, yeast surface display was a robust technology and provides a way to 

interrogate antibody response to pathogens. It provided an array of epitopes allowing assessment of 

antibodies present within patient serum at given timepoints. Individual yeast clones of interest 

provided a reliable method to review serum responses and formed the basis of the B cell baiting 

method.  

As B cell baiting was a novel technique, the concept of B cell baiting with yeast was discussed with 

colleagues in our research group who had pre-exiting expertise with yeast cell sorting and B cell 

cloning. The experience gained in yeast surface display technology formed the basis for the baiting 

material.  

The optimisation steps used seropositive PBMC baited with yeast clones. As seropositive serum 

samples had identified yeast bound HIV-Env epitopes, it was feasible to consider the possibility of 

PBMC binding similar epitopes using cell surface receptors. The samples used for optimisation were 

seropositive PBMCs from group E participants which avoided using experimental aliquots 

unnecessarily. A good availability of candidate PBMC and yeast clones allowed optimisation using 

various combinations. As shown in chapter five, the actual yields of sorted cells, PCR products and 

subsequent antibody chain inset candidates took time to develop with sequential experiments. In 

retrospect, I suspect repeating the processes with more time and practice could yield greater numbers 
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of candidate monoclonal antibodies. Further optimisation of this B cell baiting technique could include 

using peptide bait based on the epitopes identified by the seronegative patient sera samples.  

The advantages of this method is using known epitopes to bait participant B cells. Any epitope 

identified by screening patient sera can theoretically be reproduced by capturing the B cell of interest 

using this baiting technique. Theoretically, this method could be extended to other pathogens if paired 

participant PBMC and serum samples are available.  

A drawback is time taken from inception to product yield. Yeast clones must be cultured for one week, 

meaning serial sorting and culture takes one month. Another consideration is the technical expertise 

of other involved personnel. Yeast flow sorting success relies on the expertise of the sort facility 

manager and a degree of confidence in sorting both B cells and yeast cells. At the planning stages of 

this project, in depth discussions were had with a dedicated facility manager covering all aspect of 

sorting from sample preparation to post sorting machine care, which helped this project due to the 

reliance on sorting in all stages of the work.  

The B cell cloning technique described in the methods (284) can be completed in 28 days, but took 

longer to complete all stages of the protocol. In practice, multiple candidate antibodies from various 

infection timepoints were assayed simultaneously in the hope of successful monoclonal antibodies. 

With more time and confidence, B cell baiting, and cloning could be completed in 60 days, depending 

on number of successive rounds of yeast sorting and culturing.  

The seronegative results chapter looked at the presence of anti-HIV-Env response in seronegative 

MSM and sought to determine of HIV exposure influenced the scale of the response. The groups were 

divided into high and low risk according to the UK PROUD criteria based on an individual’s reported 

number of sexual partners, and the presence of a sexually transmitted rectal infection.  

The results supported the hypothesis that individuals with greater levels of HIV exposure were more 

likely to develop anti-HIV responses and demonstrated two points. Firstly, anti-gp41 responses are 
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present in seronegative MSM, and presence varies according to levels of exposure to HIV. Secondly, 

yeast surface display (YSD) technology provides a method of examining humoral immune responses 

against HIV.  

The advantages of YSD have been discussed previously in this results chapter, to recap; YSD allows 

precise epitope mapping of known protein structure, presents these epitopes in a eukaryotic fashion, 

and may display cryptic epitopes not typically displayed in vivo, nor in cellular/ELISA based assays. 

Differences in glycosylation between YSD and in vivo viral production may hinder identification of 

glycosylation-dependent epitopes, and future work could include enzymatic additions to more 

accurately match that seen in vivo.  

As discussed, Carrillo et al reported on anti-Env IgG and IgA responses in HESN, but no variation in 

magnitude according to their presumed HIV exposure (225). The results presented here suggest high 

risk HIV exposed seronegative MSM have greater recognition of HIV gp41. Deviation from the 

published data may be explained by the risk stratification adopted each study. All recruits to this study 

were MSM as compared to heterosexual couples. Secondly, I reviewed a larger number of HESN (50 

high risk and 50 low risk compared to 27 couples). Thirdly, the nature of risk exposure was different. 

In this study, a high risk sexual exposure was defined according to PROUD-UK criteria; multiple sexual 

partners and the presence of a rectal sexually transmitted infection. This differs from the referenced 

study where monogamous couples were recruited and reported only 56% reported unprotected 

sexual intercourse. Finally, the referenced study reported 66% of the HESN seropositive partners had 

an undetectable viral load at time of enrolment, and the median viral load in the remaining partners 

was approximately 5000-50000 copies HIV RNA/ml.  Data from the pivotal HPTN 052 study showed 

suppression of an individual’s viral load reduced risk of transmission to seronegative partners (95). In 

this study, serostatus of all partners were not known, and despite the recent achievement of the 

UNAIDS 90-90-90 target in the UK, individuals engaging in unprotected sex with multiple unknown 

partners probably have greater viral exposure than HESN in serodiscordant monogamous 
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relationships. Therefore, a reduced amount of available circulating virus in the Carrillo couplings could 

explain the differences between previously reported humoral responses and the findings observed 

here.  

Considering the HESN in this study displayed anti-MPER responses, it would be interesting to track 

development of this response in seronegative individuals who have recently become sexually active 

to review if this response occurs within the same timeframe, as specific anti-MPER responses occur 

approximately one year post seroconversion (36,66,130). 

In conclusion, the presence of anti-Env humoral responses in highly exposed seronegative individuals 

and provided the foundation for the next part of the work. These results showed the proportion of 

epitope recognition was approximately twice as much in high compared to low-risk participant sera 

(gp160 library HR 74.57, LR 53.46, HR:LR 1.39; gp41 library HR 75.75, LR 35.1, HR:LR 2.16).  

Anti-Env immune responses were examined at pre, early and late infection in five individuals and 

responses to HIV-Env epitopes was found at all three timepoints. The epitopes recognised by the 

seroconverter pre-infection samples were similar to those seen in the seronegative cohort, validating 

the YSD method when used with batched and individual aliquots, and indicated the epitopes selected 

by seronegative serum are similar across both seronegative exposed and healthy control groups.  

The hypothesis pre-existing exposure to HIV-Env generated serum epitope responses that influenced 

future immune response development was borne out by participant samples. Anti-Env responses 

were selected based on previously published data describing initial antibody responses to gp41 

epitopes (36,130). As all seronegative samples had some degree of HIV-Env recognition, and the most 

frequently recognised epitopes (gp120 V1V2, C2, gp41 MPER and endodomain) were similar across all 

risk groups, it may be the case that it is the immunogenicity of the epitope itself rather than the degree 

of exposure which provokes response.  
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It may also be the case that these immunogenic epitopes are presented differently to that experienced 

in vivo by B cells, as previously discussed in the context of YSD vs mammalian epitope presentation, 

and presentation of fragmented epitopes may be an over-simplification. Yeast surface display 

presents a fragmented epitope which may be recognised by a narrow subset of B cell receptors, 

whereas the natural history of infection may require antigens presented to multiple naïve B cells which 

produces the in vivo humoral response. Given more time, I would have liked to explore the anti-Env 

response in healthy controls, as this would help determine the significance and magnitude of the anti-

Env response in genuinely unexposed individuals.  

The nature of viral exposure required to generate the humoral response merits discussion. As touched 

upon in the summary in chapter four, anti-Env responses must be considered in terms of a three 

dimensional structure. Anti-Env responses in seronegative individuals coupled with the major 

antigenic determinant locations in typically cryptic regions suggests exposure to non-intact trimeric 

structure occurs in abortive infection attempts.  

Sexual transmission of HIV does not occur at every opportunity. As quoted in the introduction chapter, 

the rate of HIV infection per sexual act is approximately 0.001, 0.003, and 0.01 for female-to-male, 

male-to-female, and male-to-male respectively (per contact transmission on logarithmic scale) (103). 

The mucosal barrier offers protection as transmission via vaginal and rectal intercourse is more likely 

due to a single viral quasispecies, as opposed to injection drug users where multiple virions may be 

responsible for infection. Numerous HIV virions may breach a mucosal barrier but fail to establish 

infection, with failed attempts including infection with defective or less fit virions (36). Therefore, viral 

exposure occurs in the absence of established infection. 

To consider exposure to cryptic epitopes and generation of immune responses, the concept of 

ineffective cellular infection and cryptic epitope exposure may be responsible for epitope recognition 

in seronegative individuals. These methods could be explained by abortive CD4+T cell infection 

resulting in caspase-1 mediated pyroptosis, where intense inflammatory reactions cause programmed 
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cell death, releasing intracellular contents including degraded cellular debris and drives further 

inflammation by the release of pro-inflammatory cytokines (81,82). This innate inflammatory reaction, 

which is not necessarily epitope specific, may act as an adjuvant to formation of a humoral response. 

Another theory is the formation of “junk Env” occurring in ineffective processing of HIV glycoproteins 

to produce gp41 stumps on cell surfaces.  

There was sequence similarity of epitopes recognised by seronegative pre-infection samples and Ecoli 

RNA polymerase subunit motifs. This had been described by Liao et al (263) who reported one 4-amino 

acid residue motif commonality in an unmutated common ancestor antibody. This work builds on 

these findings and goes further; epitope sequences selected by seronegative sera were compared to 

the published microbiota epitopes to identify regions of similarity. Areas of variation could be 

explained by somatic hypermutation of an evolving antibody response. To further explore these 

responses, an assay designed to review participant sera binding to cell-based gp41 antigen would 

confirm the anti-Env specificity of these responses. In addition, the mAb produced from the work in 

chapter five could be assayed for gp41 binding and confirmed by competitive assays with known 

commercial anti-gp41 mAb.  

To consider; are intestinal microbial antigens responsible for these gp41-directed responses? Or 

abortive HIV-1 exposure as discussed earlier? Structural similarity of these epitopes could be due to 

chance or given the nature of lentiviruses and their ability to integrate into host DNA, another 

explanation could be prior inclusion of lentiviral sequences in Ecoli RNA polymerase. Viruses are the 

most abundant and diverse genetic entities present on earth, with the potential to infect all life forms. 

During infection, viral DNA or reverse transcribed RNA may become incorporated into host genome  

creates a heritable genetic legacy in all progeny from the host (372–375). This is a particular 

characteristic of retroviruses and could explain sequence similarity between elements of a retroviral 

pathogen (HIV) and a bacterial protein (Ecoli RNA polymerase). Further work here would be to screen 

HESN sera for anti- Ecoli RNA polymerase responses. As most people should have anti-Ecoli RNA 
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polymerase serum responses, it would be interesting to see any variation in HESN vs normal 

population.  

The final results chapter described development of a novel technique to bait B cells of interest in 

preparation for B cell cloning. From the work detailed in results chapter four, serial responses of B003 

at pre, early and late infection serum were reviewed, and sera recognised gp120 and gp41 epitopes 

at all timepoints. The yeast clone selected to bait B cells covered the highly conserved MPER region 

(aa643-676, sequence LEKSQNQQEKNEQELLELDKWANLWNWFDITNWL) and had been recognised by 

B003 pre-infection serum. As the B cell population of interest was small, preservation of the target 

cell population was aided by epitope-specific serum-yeast sorting to identify the key epitope of 

interest.  

The final antibody yield in chapter five was low, with only two HIV specific antibodies, but the results 

show a novel method to extract epitope specific B cells for specific monoclonal antibody generation. 

Future optimisation would aim to increase the epitope-specific B cell population. Methods could 

include screening PBMC using whole Env trimer or peptides based on epitopes of interest. As 

mentioned in chapter five, bulk sorting was attempted but no there was no improvement in sorted 

cell yield. Further work here could review the generated antibodies in terms of antibody engineering. 

As the extracted antibody was MPER region specific, alteration of the Fab region sequence to enhance 

binding properties, or the Fc portion to explore a variety of effector functions could be reviewed.  

In conclusion, to review the intentions of the project; I have described anti-Env responses in 

seronegative populations, tracked serial anti-Env responses in a group of five seroconverting 

participants and shown similarity in epitopes recognised in the humoral response to established 

infection, and developed a novel technique to extract B cells and generate monoclonal antibodies. I 

have also demonstrated similarities in recognised Env epitopes and amino acid sequences of the E coli 

proteins, contributing to the current literature and proposing a mechanism for this finding. 
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Supplemental material 3 Nanodrop readings for PCR products 
Digested library product concentrations for envelope and gp41 big 
and small libraries 

Volume (µl) Conc (ng/µl) 260/80 ratio 260/30 ratio Total (ng) 

HIV Env small library 50 55.8 1.88 1.9 2790 

HIV Env big library 50 68.4 1.95 2.1 3420 

gp41 small library 50 25.7 1.87 2.31 1285 

gp41 big library 50 30.6 1.88 2.31 1530 
 

A-tailed PCR library fragments Volume (µl) Conc (ng/µl) 260/80 ratio 260/30 ratio Total (ng) 

HIV Env small library 50 36.6 1.92 2.51 1830 

HIV Env big library 50 64.5 1.86 2.39 3225 

gp41 small library 50 22.9 1.69 1.72 1145 

gp41 big library 50 30.6 1.88 1.9 1300 
 

pCTCON2-T vector digest concentration Volume (µl) Conc (ng/µl) 260/80 ratio 260/30 ratio Total (ng) 

pCTCON2-T 25 273 1.87 2.17 8190 
 

Ligated fragments and vector yield  Volume (µl) Conc (ng/µl) 260/80 ratio 260/30 ratio Total (ng) 

HIV Env small library + vector 50 85.4 1.92 2.19 4270 

HIV Env big library + vector 50 99.3 2.04 2.36 4965 

gp41 small library + vector 50 65.7 1.79 1.95 3285 

gp41 big library + vector 50 69.1 1.77 2.01 3455 
 

Library fragment plasmid DNA concentrations Volume (µl) Conc (ng/µl) 260/80 ratio 260/30 ratio Total (ng) 

HIV Env small library plasmid 500 962.6 1.89 1.06 481300 

HIV Env big library plasmid 500 1175.7 2 1.89 587850 

gp41 small library plasmid 500 856.3 1.79 1.95 428150 

gp41 big library plasmid 500 894.5 1.77 2.01 447250 

Ul microlitre, Conc concentration, 260/80 and 260/30 ratio indicate quality and contamination of product, ng nanogram  
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Supplemental material 4 RNA polymerase sequences 

Subunit alpha MQGSVTEFLKPRLVDIEQVSSTHAKVTLEPLERGFGHTLGNALRRILLSSMPGCAVTEVEIDGVLHEYSTKEGVQEDILEILLNLKGLAVRVQGKDEVILTLNKSGIGPVTAADITHDGDVEIVKPQHVICHLTDENASISMRIKVQRGRGYV

PASTRIHSEEDERPIGRLLVDACYSPVERIAYNVEAARVEQRTDLDKLVIEMETNGTIDPEEAIRRAATILAEQLEAFVDLRDVRQPEVKEEKPEFDPILLRPVDDLELTVRSANCLKAEAIHYIGDLVQRTEVELLKTPNLGKKSLTEIKDVLASR

GLSLGMRLENWPPASIADE 

Subunit beta 1 MVYSYTEKKRIRKDFGKRPQVLDVPYLLSIQLDSFQKFIEQDPEGQYGLEAAFRSVFPIQSYSGNSELQYVSYRLGEPVFDVQECQIRGVTYSAPLRVKLRLVIYEREAPEGTVKDIKEQEVYMGEIPLMTDNGTFVINGTERVIVSQLHRSP

GVFFDSDKGKTHSSGKVLYNARIIPYRGSWLDFEFDPKDNLFVRIDRRRKLPATIILRALNYTTEQILDLFFEKVIFEIRDNKLQMELVPERLRGETASFDIEANGKVYVEKGRRITARHIRQLEKDDVKLIEVPVEYIAGKVVAKDYIDESTGELI

CAANMELSLDLLAKLSQSGHKRIETLFTNDLDHGPYISETLRVDPTNDRLSALVEIYRMMRPGEPPTREAAESLFENLFFSEDRYDLSAVGRMKFNRSLLREEIEGSGILSKDDIIDVMKKLIDIRNGKGEVDDIDHLGNRRIRSVGEMAENQ

FRVGLVRVERAVKERLSLGDLDTLMPQDMINAKPISAAVKEFFGSSQLSQFMDQNNPLSEITHKRRISALGPGGLTRERAGFEVRDVHPTHYGRVCPIETPEGPNIGLINSLSVYAQTNEYGFLETPYRKVTDGVVTDEIHYLSAIEEGNYVI

AQANSNLDEEGHFVEDLVTCRSKGESSLFSRDQVDYMDVSTQQVVSVGASLIPFLEHDDANRALMGANMQRQAVPTLRADKPLVGTGMERAVAVDSGVTAVAKRGGVVQYVDASRIVIKVNEDEMYPGEAGIDIYNLTKYTRSNQ

NTCINQMPCVSLGEPVERGDVLADGPSTDLGELALGQNMRVAFMPWNGYNFEDSILVSERVVQEDRFTTIHIQELACVSRDTKLGPEEITADIPNVGEAALSKLDESGIVYIGAEVTGGDILVGKVTPKGETQLTPEEKLLRAIFGEKASDV

KDSSLRVPNGVSGTVIDVQVFTRDGVEKDKRALEIEEMQLKQAKKDLSEELQILEAGLFSRIRAVLVAGGVEAEKLDKLPRDRWLELGLTDEEKQNQLEQLAEQYDELKHEFEKKLEAKRRKITQGDDLAPGVLKIVKVYLAVKRRIQPGDK

MAGRHGNKGVISKINPIEDMPYDENGTPVDIVLNPLGVPSRMNIGQILETHLGMAAKGIGDKINAMLKQQQEVAKLREFIQRAYDLGADVRQKVDLSTFSDEEVMRLAENLRKGMPIATPVFDGAKEAEIKELLKLGDLPTSGQIRLYD

GRTGEQFERPVTVGYMYMLKLNHLVDDKMHARSTGSYSLVTQQPLGGKAQFGGQRFGEMEVWALEAYGAAYTLQEMLTVKSDDVNGRTKMYKNIVDGNHQMEPGMPESFNVLLKEIRSLGINIELEDE 

Subunit beta 2 MKDLLKFLKAQTKTEEFDAIKIALASPDMIRSWSFGEVKKPETINYRTFKPERDGLFCARIFGPVKDYECLCGKYKRLKHRGVICEKCGVEVTQTKVRRERMGHIELASPTAHIWFLKSLPSRIGLLLDMPLRDIERVLYFESYVVIEGGMTNL

ERQQILTEEQYLDALEEFGDEFDAKMGAEAIQALLKSMDLEQECEQLREELNETNSETKRKKLTKRIKLLEAFVQSGNKPEWMILTVLPVLPPDLRPLVPLDGGRFATSDLNDLYRRVINRNNRLKRLLDLAAPDIIVRNEKRMLQEAVDAL

LDNGRRGRAITGSNKRPLKSLADMIKGKQGRFRQNLLKRVDYSGRSVITVGPYLRLHQCGLPKKMALELFKPFIYGKLELRGAKKMVEREEAVVWDILDEVIREHPVLLNRAPTLHRLGIQAFEPVLIEGKAIQLHPLVCAAYNADFDGDQ

MAVHVPLTLEAQLEARALMMSTNNILSPANGEPIIVPSQDVVLGLYYMTRDCVNAKGEGMVLTGPKEAERLYRSGLASLHARVKVRITEYEKDANGELVAKTSLKDTTVGRAILWMIVPKGLPYSIVNQALGKKAISKMLNTCYRILGLK

PTVIFADQIMYTGFAYAARSGASVGIDDMVIPEKKHEIISEAEAEVAEIQEQFQSGLVTAGERYNKVIDIWAAANDRVSKAMMDNLQTETVINRDGQEEKQVSFNSIYMMADSGARGSAAQIRQLAGMRGLMAKPDGSIIETPITANF

REGLNVLQYFISTHGARKGLADTALKTANSGYLTRRLVDVAQDLVVTEDDCGTHEGIMMTPVIEGGDVKEPLRDRVLGRVTAEDVLKPGTADILVPRNTLLHEQWCDLLEENSVDAVKVRSVVSCDTDFGVCAHCYGRDLARGHIINKG

EAIGVIAAQSIGEPGTQLTMRTFHIGGAASRAAAESSIQVKNKGSIKLSNVKSVVNSSGKLVITSRNTELKLIDEFGRTKESYKVPYGAVLAKGDGEQVAGGETVANWDPHTMPVITEVSGFVRFTDMIDGQTITRQTDELTGLSSLVVLDS

AERTAGGKDLRPALKIVDAQGNDVLIPGTDMPAQYFLPGKAIVQLEDGVQISSGDTLARIPQESGGTKDITGGLPRVADLFEARRPKEPAILAEISGIVSFGKETKGKRRLVITPVDGSDPYEEMIPKWRQLNVFEGERVERGDVISDGPEA

PHDILRLRGVHAVTRYIVNEVQDVYRLQGVKINDKHIEVIVRQMLRKATIVNAGSSDFLEGEQVEYSRVKIANRELEANGKVGATYSRDLLGITKASLATESFISAASFQETTRVLTEAAVAGKRDELRGLKENVIVGRLIPAGTGYAYHQDR

MRRRAAGEAPAAPQVTAEDASASLAELLNAGLGGSDNE 

Sequence information for alpha, beta 1 and 2 subunit protein components of E coli RNA polymerase   

 


