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Abstract

Recombinant monoclonal antibodies bind specific molecular targets and,

subsequently, induce an immune response or inhibit the binding of other ligands.

However, monoclonal antibody functionality and half-life may be reduced by the

type and distribution of host-specific glycosylation. Attempts to produce superior

antibodies have inspired the development of genetically modified producer cells

that synthesize glyco-optimized antibodies. Glycoengineering typically requires the

generation of a stable knockout or knockin cell line using methods such as clustered

regularly interspaced short palindromic repeats (CRISPR)-associated protein 9.

Monoclonal antibodies produced by engineered cells are then characterized using

mass spectrometric methods to determine if the desired glycoprofile has been

obtained. This strategy is time-consuming, technically challenging, and requires

specialists. Therefore, an alternative strategy that utilizes streamlined protocols for

genetic glycoengineering and glycan detection may assist endeavors toward optimal

antibodies. In this proof-of-concept study, an IgG-producing Chinese hamster ovary

cell served as an ideal host to optimize glycoengineering. Short interfering RNA

targeting the Fut8 gene was delivered to Chinese hamster ovary cells, and the

resulting changes in FUT8 protein expression were quantified. The results indicate

that knockdown by this method was efficient, leading to a ~60% reduction in

FUT8. Complementary analysis of the antibody glycoprofile was performed using

a rapid yet highly sensitive technique: capillary gel electrophoresis and laser-

induced fluorescence detection. All knockdown experiments showed an increase in

afucosylated glycans; however, the greatest shift achieved in this study was ~20%.

This protocol simplifies glycoengineering efforts by harnessing in silico design tools,

commercially synthesized gene targeting reagents, and rapid quantification assays
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that do not require extensive prior experience. As such, the time efficiencies offered

by this protocol may assist investigations into new gene targets.

Introduction

N-linked glycosylation is an enzymatic process by which

oligosaccharide moieties are covalently linked to Asn

residues. Unlike de novo protein synthesis, glycan synthesis

is a non-templated reaction that results in heterogeneous

glycosylation of proteins. The structure, composition, and

distribution of glycans can affect protein conformation

and function. Indeed, N-glycosylation in the crystallizable

fragment (Fc) region of immunoglobulin G (IgG) regulates

the therapeutic efficacy, immunogenicity, and half-life of the

antibody1 . As such, the quality by design (QbD) paradigm

for the development of recombinant biotherapeutic protein

products naturally identifies glycosylation as a critical quality

attribute (CQA)2,3 . Mammalian cells are often the preferred

expression systems as they inherently produce human-like

glycosylation patterns more closely than bacteria, yeast,

insect, or plant cells. Moreover, Chinese hamster ovary

(CHO) cells are selected over other mammalian cell lines

because they are resistant to human virus infection, secrete

products at high titers, and can be grown in suspension

culture to high viable cell densities4 . With respect to

glycan formation, non-CHO murine production cells generate

immunogenic glycans (α(1-3)-linked galactose [α(1-3)-Gal]

and N-glycolylneuraminic acid [NeuGc]) that impinge on the

safe use of monoclonal antibodies (mAbs)5 . These benefits

make CHO cells the foremost expression system, responsible

for the production of over 80% of new biotherapeutics

between 2014 and 20186 . However, template-independent

glycosylation is a conserved mechanism that leads to CHO-

derived biotherapeutics with an array of glycoforms.

Biotherapeutic development strategies aim to control

heterogeneity in CHO cells by genetic engineering. Some

literature examples include the knockdown of sialidases

(Neu1, Neu3)7 , GDP-mannose 4,6-dehydratase (GMD)

knockout8 , and overexpression of glycosyltransferases

(GnTIII)9 . Advances in glycoengineering are possible due

to a combination of publicly available resources, like the

CHO genome10 , and the ongoing development of genetic

engineering tools, such as transcription activator-like effector

nucleases (TALENs), zinc finger nucleases (ZFNs), and

clustered regularly interspaced short palindromic repeats

(CRISPR)-associated protein 9 (CRISPR-Cas9)11,12 ,13 ,14 .

These tools are typically delivered to CHO cells as plasmid

DNA or as purified ribonucleoprotein (RNP) complexes.

Conversely, RNA interference (RNAi) is a genetic engineering

technology that, in its simplest form, only requires the delivery

of purified short interfering RNA (siRNA) oligonucleotides.

Endogenous proteins process double-stranded siRNA into

single strands, and the nuclease, RNA-induced silencing

complex (RISC), forms a complex with siRNA to cleave target

mRNA sequences15,16 ,17 . Gene silencing via this method is

transient due to RNA instability, but the investigation herein

leverages this feature to assist rapid screening.

The model enzyme selected for the current study, α1,6-

fucosyltransferase (FUT8), produces N-glycans with α-1,6

core-linked L-fucose (Fuc). This modification is a primary

determinant of antibody-dependent cell cytotoxicity (ADCC)

https://www.jove.com
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activity, as evidenced by studies of commercial antibodies.

In the absence of core fucosylation, Rituximab (anti-

CD20 IgG1) increases ADCC 50-fold and increases ADCC

in Trastuzumab (anti-Her2 IgG1) by improving FcgRIIIa

binding18,19 . Core fucosylation is, thus, considered an

undesirable feature of mAbs that warrants efforts to reverse

this phenotype. There are examples of successful Fut8

gene targeting using siRNA with concomitant increases in

ADCC20,21 ,22 , albeit these examples deliver Fut8 siRNA

encoded on plasmid DNA. Such experiments generate

stable gene silencing as plasmid DNA serves as a

template for siRNA synthesis. This allows cells to replenish

siRNA molecules that are degraded by intracellular RNases

and phosphatases. Conversely, the delivery of exogenous

synthetic siRNA only permits transient gene silencing

as siRNA cannot be replenished due to the lack of

an intracellular template. Thus, users should consider if

experimental designs are compatible with plasmid-derived

or synthetic siRNA. For example, studies focused on peak

mAb production, typically day six of the culture23,24 , may

opt for synthetic siRNA that can be delivered to cells

a few days before peak expression. The benefits of a

transient approach using synthetic siRNA include the ability

to outsource production and the fact that multiple siRNA

constructs can be generated in a fraction of the time taken

to generate constructs in plasmids. Furthermore, synthetic

siRNA is efficacious, as evidenced by literature examples of

Fut8 gene silencing that are sufficient to reduce FUT8 protein

expression25  and yield afucosylated IgGs with increased

FCgRIIIa binding and ADCC26 .

The success of this glycoengineering protocol was

determined by the degree of Fc glycosylation. Mass

spectrometry is normally the method of choice for glycomic

analyses; however, capillary gel electrophoresis and laser-

induced fluorescence detection (CGE-LIF) is perfectly

amenable to resolving the glycoprofile of purified IgGs

and has the advantage of greater rapidity and simplicity.

Mass spectrometry protocols must combine the appropriate

chromatographic and derivatization methods, ionization

sources, and mass analyzers27,28 ,29 . In addition to requiring

a trained specialist, mass spectrometry protocols are lengthy,

and the diversity of methods makes data difficult to

compare between laboratories with different setups. In

the context of biopharmaceuticals, CGE-LIF is a sensitive

method that can provide sufficient details of an antibody

glycoprofile and is easily scalable for high-throughput

methods. For low abundance, highly complex mixtures with

poorly characterized glycoproteins, the advantages of mass

spectrometry might remain. However, the high-resolution

and high-sensitivity mAb analytics afforded by CGE-LIF-

based N-glycan analysis serve as a rationale to trial this

method. Furthermore, sample preparation and analysis are

complete in just a few hours30 . Recent studies have shown

that CGE-LIF can be used to monitor glycans derived from

human plasma31 , mouse32 , and CHO IgGs33 . These studies

highlight the use of CGE-LIF for high-throughput sample

analysis and small sample volumes.

The CGE-LIF method has limitations that should be taken into

consideration. Cost is a significant barrier to the use of this

and other devices for glycan analysis. However, these costs

are typical within the field, and CGE-LIF is thought to be a

cost-effective option34 . Labs with smaller budgets may find

it more practical to lease machinery or outsource samples

analysis. Another consideration of any analytical method is

repeatability. Evaluation of CGE-LIF was conducted using

48 replicates of the same sample that were assayed on

different days. The relative standard deviation per capillary

was determined for intrabatch and interbatch repeatability.

https://www.jove.com
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The intrabatch comparison of replicates was found to

have a relative standard deviation of 6.2%, indicating that

capillary performance is not uniform. Further, a comparison

of interbatch data showed a relative standard deviation of

15.8%31 , indicating that the capillary performance changes

over time. The operational shortcomings identified may not

apply in the current study, which uses different machinery and

proprietary reagents. If users intend to develop an in-house

protocol, it would be worth considering the study by Ruhaak et

al.31 , which carefully evaluated the reagents for CGE-LIF. As

such, the reagents for sample injection (Hi-Di Formamide and

DMSO), glycan labeling (NaBH3CN or 2-picoline borane)31 ,

and others have been optimized.

This study presents a time-efficient glycoengineering protocol

that combines the rapidity of direct RNAi with downstream

glycomic analysis. The methodology is illustrated using the

Fut8 gene as a target for the reasons outlined above.

Protocol

1. DsiRNA design and reconstitution

1. Use Safari, Firefox, or Microsoft Edge to access the IDT

website (https://eu.idtdna.com). From the home page,

select the Products and Services tab followed by

RNA interference. To generate custom dicer-substrates

(DsiRNA) constructs targeting the Fut8 gene, select

Design tool followed by the Generate Custom DsiRNA

tab.

1. Enter the Fut8 Accession Number or manually

enter the gene sequence to begin. In this study,

the proposed Fut8 sequences from both "CHO-

K1" and "Chinese Hamster" entries were obtained

from https://chogenome.org and used to generate

DsiRNA. Most genes have several transcript

variants, and it is important to verify that DsiRNA

would be active on all reported variants in the current

assembly.

2. Select the option to perform a "Manual BLAST"

search as the CHO cell genome is currently not

available as a "reference genome" on the IDT

website. This step searches for matches between

custom DsiRNA sequences and the genome of

interest.

3. Click Search to generate DsiRNA sequences.

4. In turn, assess the specificity of each DsiRNA

using the "Manual BLAST" function with the tax

id:10029 (CHO cell lines and Chinese hamster).

Query coverage results indicate DsiRNA constructs

match Fut8 (including Fut8 transcript variants) at

100%, whilst complementarity against unintended

targets is ≤76%35 .

5. Check that the DsiRNA specifically targets Fut8 to

ensure the GC content is between 30%-50%. A low

GC content is associated with weak and unspecific

binding, whilst a high GC content inhibits siRNA

unwinding and loading into the RISC complex36 .

6. Select three DsiRNA for use in transfection studies

(Table 1), each targeting a different location of

the Fut8 gene. Purchase a predesigned non-

targeting or scrambled DsiRNA from IDT for control

experiments.

2. Upon arrival, centrifuge the DsiRNA at 13,300 x g for

1 min to pellet before opening the tube. Reconstitute

each lyophilized DsiRNA in nuclease-free duplex buffer

(provided by IDT) to a 100 μM stock solution. For

example, add 20 μL of buffer to 2 nmol of DsiRNA to

obtain a 100 μM stock.

https://www.jove.com
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1. To ensure sufficient mixing, incubate the stock

solutions at room temperature for 30 min whilst

shaking gently on an orbital shaker (50 rpm, 16 mm

orbit).

2. Create a master mix by combining 20 μL of each

DsiRNA construct that targets Fut8 (100 μM of each

DsiRNA). Prepare aliquots and store at −20 °C.

DsiRNA target Sequence GC (%)

5' GAGAAGAUAGAAACAGUCAAAUACC 3'Structure A

5’ GGUAUUUGACUGUUUCUAUCUUCUCUC 3'

36%

5' AGAAUGAGAAUGGAUGUUUUUCCTT 3'Structure B

5' AAGGAAAAACAUCCAUUCUCAUUCUGA 3'

32%

5' AGAGAAGAUAGAAACAGUCAAAUAC 3’Structure C

5' GUAUUUGACUGUUUCUAUCUUCUCUCG 3'

32%

Table 1. DsiRNA sequences used for Fut8 knockdown. Sequences generated by IDT that target Fut8 in Chinese hamster

and CHO K1 cell genomes. The sense and antisense sequences for each construct are shown (respectively), and the GC

content of each structure is displayed. Reprinted from Kotidis et al.52 .

2. DsiRNA transfection

1. Revive CHO cells expressing an IgG monoclonal

antibody37  using culture conditions suitable for the cell

line of interest.
 

NOTE: The cells used in this study were generated

using the glutamine synthetase (GS) system, where

endogenous GS is inhibited by L-methionine sulfoximine

(MSX) to enhance the selection of rare high-producing

clones. Therefore, only use MSX if required by the cell

line of choice.

1. Defrost a vial of cells for 2-3 min in a water bath set to

37 °C. Clean the vial exterior with 70% (v/v) ethanol

and continue all work in a class II biosafety cabinet.

2. Transfer the cell suspension to a 15 mL centrifuge

tube containing 9 mL of prewarmed medium

appropriate for the cell line of choice. Pellet the cells

by centrifugation at 100 x g for 5 min.

3. Carefully remove and discard the medium without

disturbing the cell pellet. Then, resuspend the cell

pellet in 10 mL of prewarmed medium and take an

aliquot for counting.

4. Stain the cells with Trypan blue if counting with

a hemocytometer, or an appropriate stain to

distinguish live/dead cells when using an automated

cell counter.

5. Following either method of enumeration, transfer an

appropriate volume of cell suspension to a 125 mL

Erlenmeyer shake flask at a viable cell density of 3

https://www.jove.com
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x 105  cells·mL-1  in 30 mL of medium (with optional

supplementation of 50 μM MSX).

6. Transfer cells to an incubator set to 36.5 °C, 5% CO2

and place on a shaking platform at 150 rpm (16 mm

orbit).

7. Passage cells every 3-4 days at a seeding density of

2 x 105  cells·mL-1  and a working volume of 50 mL

in a 250 mL Erlenmeyer shake flask. If using MSX,

discontinue supplementation after the first passage.

8. Passage cells 2x in addition to thawing.

2. Transfection

1. Assess the cell density and ensure the cell viability

is greater than 90%.

2. Carefully clean the biosafety cabinet and all

equipment with 70% (v/v) ethanol and an RNase

inhibitor solution to avoid contamination.

3. Pellet cells at 100 x g for 5 min and resuspend in

prewarmed medium to a viable cell density of 5 x 106

cells·mL-1 .

4. Transfer 8 μL (equivalent to 1 μM) of the DsiRNA

master mix or control to a sterile (0.4 cm)

electroporation cuvette. Then, transfer 800 μL of

the cell suspension (equivalent to 4 x 106  cells) to

the same cuvette and ensure both components are

mixed.

5. Deliver the following pulse conditions: 1200 V, 0.1

ms, square waveform.

6. Transfer the cell suspension from the cuvette to one

well of a 6-well plate, taking care to avoid foam-like

material. Recover the cells in the incubator (36.5 °C,

5% CO2) without shaking for 10 min.

7. Add 800 μL of prewarmed media to make a final

volume of 1.6 mL per well and return the transfected

cells to the incubator for growth (36.5 °C, 5% CO2)

while shaking at 150 rpm (16 mm orbit).

8. Harvest the supernatants and cells at 48 h post-

transfection.
 

Stopping point: The cell culture supernatant can

be kept at -20 °C; however, it is advisable that

cell lysis should be performed immediately after

cell pellet collection to avoid protein degradation.

Supernatants are used in Step 3, Step 4, and Step

5, while cell pellets are used in Step 6.

3. IgG quantification and purification

1. Measure IgG concentration using biolayer interferometry

or another method of choice.

1. Hydrate protein A biosensor tips in sample diluent

for 10-30 min. In the meantime, transfer cell

suspensions into 15 mL centrifuge tubes and pellet

cells at 100 x g for 5 min or remove cells by filtration

through a 0.45 µm nitrocellulose filter.

2. Without disturbing the pellet, carefully transfer the

isolated supernatant containing IgG into a clean

centrifuge tube.

3. Use the following settings for biolayer interferometry:

shaker speed, 2200 rpm; run time, 60 s. These

parameters will be used to measure all samples and

controls.

4. Once the biosensor tips are hydrated, create a

standard curve using an IgG standard (4 μL of each

concentration).

https://www.jove.com
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5. Quantitate sample concentrations by loading 4 μL of

the cell supernatant. Clean the apparatus with lint-

free wipes between each sample.

6. Link the standard curve to the unknown samples to

interpolate the binding rate of the unknown samples.

Save the data and export as a csv or PDF file.

2. IgG purification

1. Prepare elution buffer containing 0.2 M glycine (pH

2.5) and sterilize by passing through a 0.22 μm filter.

2. Filter 1 mL of the isolated supernatant at room

temperature using 0.22 μm microcentrifuge filter

tubes until the entire supernatant flows through.

3. Pellet 150-200 μL of protein A agarose beads in 1.5

mL centrifuge tubes at 100 x g for 3 min and discard

the supernatant. Then, wash the protein A beads

with 150-200 μL of cell culture medium and repeat

centrifugation. Discard the supernatant.

4. Resuspend the equilibrated protein A beads with 1

mL of the prepared supernatants from Step 3.2.3.

and load into a 1 mL polypropylene tube. Affix

the polypropylene tube to a rotary mixer (15 mm

orbit) and spin at 30 rpm for 60-90 min at room

temperature or overnight at 4 °C.

5. After incubation is complete, collect the flow-through

and wash the beads with 1 mL of 1x PBS to remove

any unbound proteins. Collect the wash fraction as

well.

6. Elute IgG from the protein A beads by adding 3 mL

of elution buffer to the polypropylene column. Collect

sequential fractions that drain from the column (500

μL each) into labeled tubes.

7. Optional: If the purified antibody is to be stored,

neutralize the elution buffer by adding 25 μL of 1

M Tris pH 9.5. Skip this step if the antibody will be

processed immediately via buffer exchange, etc.
 

NOTE: All parts of the purification (flow-through,

washes, and all elution fractions) should be kept

ensuring that the target protein is not lost. These

samples can also help during troubleshooting if the

purification is not successful.

8. Use the first elution (elution A) for downstream

processing but keep all other fractions should they

be required in the future.

4. Buffer exchange and sample concentration

1. Exchange IgG elution buffer with 1x PBS.

1. Load elution A onto a 3 kDa molecular weight cutoff

centrifugal concentrator. Refer to the manufacturer's

guide when selecting an appropriate MWCO

column. In this experiment, a smaller pore size

ensures maximal retention of secreted protein but

also increases the centrifugation time.

2. Centrifuge at 13,300 x g for 40-50 min at 4 °C.

Centrifugation is complete once the residual volume

is equal to or less than 50 μL.

3. Discard the flow-through and add 500 μL of

prechilled (4 °C) 1x PBS to dilute the residual

supernatant. Centrifuge the sample again using the

same conditions (13,300 x g for 40-50 min at 4 °C)

until 50 μL of residual supernatant remains.

4. Add 500 μL of prechilled (4 °C) 1x PBS to dilute the

residual supernatant and repeat the centrifugation

https://www.jove.com
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process again to obtain a 100x dilution of the

supernatant.

5. Concentrate the supernatant to a final concentration

of ~2.5 g·L-1  in 40 μL or less to ensure compatibility

with the glycan analysis method.
 

NOTE: 100 µg needs to be loaded for glycan

analysis.
 

Stopping point: The concentrated IgG (in 1x PBS)

can be stored at −20 °C and thawed prior to glycan

analysis.

5. Glycan analysis

1. Perform glycan analysis using capillary gel

electrophoresis according to the manufacturer's

instructions.

1. Transfer 200 μL of the magnetic bead solution to a

0.2 mL PCR tube and place onto the magnetic stand

to separate the beads from the supernatant.

2. Carefully remove the supernatant and remove the

tubes from the magnetic stand. Add the purified

protein sample and vortex to ensure complete

mixing.

3. Add denaturation buffer (supplied) to the sample

tube and incubate for 8 min at 60 °C. Keep

the sample tubes open for optimal reaction

performance.

4. Add PNGase F (500 units per sample) and incubate

for 20 min at 60 °C to cleave glycans from the purified

antibodies.

5. Following the release of N-glycans, close the

sample tube and vortex. Add acetonitrile, vortex, and

incubate at room temperature for 1 min.

6. Place the sample tubes in the magnetic stand to

separate the beads from solution. Use a pipette to

carefully remove the supernatant without touching

the beads.

7. In a fume hood, add the glycan labeling solution

containing a fluorophore to the sample. Vortex to

ensure sufficient mixing and incubate at 60 °C for 20

min (open lids).

8. Wash the sample 3x in acetonitrile to remove excess

dye. Then, elute the labeled glycans in DDI water

(supplied).

9. Place the sample tube in the magnetic stand to

separate the beads from the supernatant containing

purified and labeled glycans.

10. Prepare and load the glucose ladder standard,

bracketing standards, and samples into the

designated tray positions. Run the glycan analysis

protocol.

11. Use appropriate software to analyze and identify the

glycans present in the sample.
 

NOTE: Ensure the temperature in the heat block is

accurate for efficient incubation.

6. Western blot

1. Quantify knockdown efficiency using western blot

analysis with an anti-α-1,6-fucosyltransferase antibody.

Polyacrylamide gels and buffer recipes are available from

commercial suppliers38,39 .

1. At 48 h post transfection, count the cells using a

hemocytometer or an automated cell counter and

determine the volume of cell suspension equivalent

to 5 x 106  cells.

https://www.jove.com
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2. Transfer the appropriate volume of cell suspension

from each experimental condition to a sterile 1.5 mL

centrifuge tube and pellet at 13,200 x g for 10 min at

4 °C. Discard the supernatant.

3. Lyse the cells with 200 μL of lysis buffer (suitable

for the extraction of proteins from mammalian cells)

containing 1% v/v protease inhibitor cocktail at room

temperature for 10 min. Shake the mixture gently

during incubation (50 rpm, 16 mm orbit).

4. To remove the cellular debris, centrifuge the lysate

at 13,200 x g for 10 min and then transfer the cleared

lysate to a sterile 1.5 mL tube.

5. Measure the protein concentration of each

lysate using a spectrophotometer at 280 nm.

Subsequently, prepare aliquots of each sample

adjusted to have the same protein concentration.

6. Denature the protein samples by incubation at 100

°C for 10-15 min in DTT-SDS sample loading dye;

the final dye concentration is 1x.

7. Load 15 μL of the denatured samples and 5 μL

of prestained protein ladder into an SDS-PAGE gel

with 12.5% resolving gel for efficient separation. Run

the samples at 25 mA per gel for 90 min or until the

dye front reaches the end of the gel.

8. Carefully remove the gel from the cassette and

incubate in 1x transfer buffer containing methanol.

9. Prepare the wet transfer system and activate a

PVDF membrane with methanol. Assemble the gel

and PVDF membrane for wet transfer, place an ice

block in the transfer tank, and submerge the entire

tank in ice to ensure the transfer conditions remain

cold. Run at 350 mA/100 V for 60 min.

10. Block the membrane by incubating in a blocking

solution for 30 min at room temperature while

shaking gently on an orbital shaker at 50 rpm (16

mm orbit).

11. Rinse the membrane with sterile water for 5 min and

repeat. Then, use a clean scalpel to carefully cut the

membrane horizontally at ~50 kDa, using the visible

protein ladder as a guide.

12. Incubate the membrane harboring proteins greater

than 50 kDa with anti-α-1,6-fucosyltransferase

antibody at 1:1000 in an antibody diluent buffer.

Incubate the membrane with immobilized proteins

less than 50 kDa with anti-GAPDH at 1:10,000 in

diluent buffer. Membranes may be incubated for 1 h

at room temperature or overnight at 4 °C.

13. Wash the membranes for 5 min (x3) and then

incubate with an appropriate secondary antibody for

at least 30 min at room temperature.

14. Perform 3x washes with a wash buffer for 5 min,

followed by 3x washes with water. Then, develop

the membrane with a chromogenic substrate (or

appropriate detection reagent) until bands appear

(1-60 min).

15. Rinse the membrane 2x with water, and then allow

it to dry. Capture an image of the membrane and

perform densitometric analysis40 .

16. To calculate the relative protein expression in each

sample, first calculate the ratio of the GAPDH signal

in samples. This is the normalization factor for each

sample that corrects for discrepancies in sample

loading.
 

https://www.jove.com
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17. Divide the FUT8 signal intensity (for each lane) by

the normalization factor of the corresponding lane to

obtain the relative FUT8 protein expression.
 

Representative Results

Western blot analysis showed reduced FUT8 protein

expression in cells transfected with a mixture of three Fut8

DsiRNA constructs. In control samples transfected with non-

targeting DsiRNA, FUT8 appeared as a double band at

~65 and 70 kDa. Since the predicted molecular weight of

FUT8 is 66 kDa, a reduction in the signal intensity of the

lower molecular weight band is indicative of gene silencing.

To confirm and quantify gene silencing, the level of FUT8

protein was normalized to the relative GAPDH protein level.

Western blot analysis detected two bands for GAPDH at ~37

and 35 kDa. The higher molecular weight band corresponds

to the predicted protein size and is, therefore, used in

normalization calculations. When normalized against GAPDH

protein levels, FUT8 protein expression was reduced by up

to 60% (Figure 1).

In line with the observation of gene knockdown at 48 h post

transfection, corresponding mAb samples were processed for

analysis by CGE- LIF. Glycan structures from knockdown

cells showed a decrease in fucosylation. This trend was

most pronounced in agalactosylated structures (G0F) and

observed to a lesser extent in galactosylated structures

(G1F, G1F' and G2F). From this dataset, the total IgG

core fucosylation decreased to ~75%, down from ~95%

core fucosylation observed for the negative control condition

(Figure 2). A greater reduction in core fucosylation was

anticipated given the ~60% decrease in FUT8 protein

levels. Upon reflection, it is noteworthy that the glycoprofile

represents glycosylated mAbs that accumulated over a period

of 48 h since transfection, while gene silencing represents

protein levels present at the time of harvesting only.

Further scrutiny of this knockdown method involved varying

the DsiRNA concentration, harvest time, and electroporation

conditions. Each factor was individually probed to determine

its relevance. The impact of electroporation pulse conditions

on core fucosylation and cell viability is captured in

Experiments B, C, D, and E. These results demonstrate a

two-fold reduction in core fucosylation from electroporation

using two square wave pulses (Experiment C) compared to a

single square wave pulse (Experiment B), without significant

differences in cell viability (Table 2). Electroporation condition

e3 (Experiment D) led to the lowest cell viability (~90%)

and IgG yield at this timepoint. However, cells that survived

the electroporation event were moderately transfected, as

evidenced by the ~10% decrease in core fucosylation

(Table 2). Interestingly, Experiment D used electroporation

conditions that provided the greatest reduction in core

fucosylation (14.7%) but were evidently detrimental to cell

viability (91%-93% viability). This limited set of experiments

illustrates the need to determine electroporation settings

that enable sufficient permeabilization of the cell membrane

without causing irrevocable damage. It is also interesting to

note the role of siRNA concentration and harvest time on core

fucosylation. Overall, increasing siRNA concentration has a

greater influence on core fucosylation than increasing the

harvest time (Experiments B, F, G versus Experiments A,

B, H). In future experiments, it would be interesting to titrate

https://www.jove.com
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the siRNA concentrations delivered by the electroporation

method e2.

 

Figure 1. Experimental flow chart. Glycoengineering and sample analysis steps are depicted with the associated time

required for each step. SiRNA design takes a few hours, depending on the number of gene targets or constructs per gene

target. CHO cell transfection with siRNA is complete in a few hours, and transformed cells are left to grow for 48 h. Cell

pellets and supernatants are harvested within a few hours. Cell pellets are lysed, and the intracellular proteins are separated

on an SDS PAGE and subsequently blotted and probed with antibodies against the target gene. Glycans are cleaved from

purified antibodies and analyzed by CGE-LIF. These assays may require 1 day each. Please click here to view a larger

version of this figure.

https://www.jove.com
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Figure 2. Confirmation of RNA interference. Western blot detection of α-1,6-fucosyltransferase (FUT8) protein levels in

samples treated with Fut8 or non-targeting control DsiRNA. Bands corresponding to FUT8 are more intense in control than

Fut8 knockdown samples. The GAPDH protein level was also assessed in order to normalize target gene expression. All

samples were taken from Experiment G (see Table 2). Reprinted from Kotidis et al.52 . Please click here to view a larger

version of this figure.

https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/63872/63872fig02large.jpg
https://www.jove.com/files/ftp_upload/63872/63872fig02large.jpg


Copyright © 2022  JoVE Creative Commons Attribution 3.0 License jove.com June 2022 • 184 •  e63872 • Page 13 of 19

 

Figure 3. Effect of Fut8 knockdown on cumulative IgG glycosylation at 48 h. A shift in glycan distribution is detected

in knockdown samples. In particular, the relative abundance of the main core-fucosylated structures (G0F) is reduced while

the afucosylated species are increased in the knockdown experiment. Measurements were performed from Experiment

G samples (see Table 2). Biological triplicates performed for each experiment were mixed after harvesting to reduce the

burden of downstream analysis. Reprinted from Kotidis et al.52 . Please click here to view a larger version of this figure.
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Experiment name Electroporation

method

DsiRNA

concentration

(nΜ)

Harvest

time

(h)

Viability

(%)
Xv (106

cells·mL-1)

IgG

titer

(mg·L-1)

Difference

in core-

fucosylation

(%)

ExpA_Negative e1 500 24 98.3 4.71 122.5 -

ExpA_Knockdown e1 500 24 98.3 4.9 110.3 4.08

ExpB_Negative e1 500 48 95.6 9.55 453.3 -

ExpB_Knockdown e1 500 48 96.7 9.61 469 5.38

ExpC_Negative e2 500 48 96.3 9.91 449.3 -

ExpC_Knockdown e2 500 48 96.7 11 454.6 11.42

ExpD_Negative e3 500 48 90.6 6.25 318.5 -

ExpD_Knockdown e3 500 48 89.1 6.09 311.85 9.71

ExpE_Negative e4 500 48 91.1 7.2 380.3 -

ExpE_Knockdown e4 500 48 93.3 7.79 422.8 14.7

ExpF_Negative e1 750 48 96.2 9.7 501 -

ExpF_Knockdown e1 750 48 95.7 9.76 504.6 9.9

ExpG_Negative e1 1000 48 96.1 11.1 422.6 -

ExpG_Knockdown e1 1000 48 95.9 9.73 499.3 17.26

ExpH_Negative e1 500 72 94.4 14.3 925.8 -

ExpH_Knockdown e1 500 72 95 13.5 1018.4 7.37

Table 2. Transfection optimization. Iterative modifications of the electroporation method, DsiRNA concentration,

and harvest time led to changes in cell viability, viable cell density, IgG titer at the harvest time, and differences in core

fucosylation. Each experiment compared the knockdown and the respective negative control to determine if the modification

produces the desired effect (i.e., a decrease in fucosylation). Electroporation settings were as follows: e1: 1200 V, 0.1 ms,

square waveform; e2: 1200 V, 2x 0.1 ms, 5 s between pulses, square waveform; e3: 150 V, 20 ms, square waveform; e4:

250 V, 500 μF, exponential decay. Reprinted from Kotidis et al.52 .
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Discussion

Glycosylation pathways involve a complex metabolic network

of enzymes and accessory proteins. Dissecting the function

of pathway constituents is daunting if reliant on conventional

knockout or knockin genetic engineering strategies alone. An

alternative approach is to preliminarily screen members of

a pathway using a transient loss-of-function assay. To this

end, two rapid protocols were combined, RNAi and CGE-

LIF detection, to create a more efficient way to characterize

glycosylation genes. The method described requires 5-7

days for completion compared to conventional methods

that potentially take several weeks for completion. Further,

research environments with automation capabilities could

exploit this method to screen more gene candidates than

feasible with manual handling.

The success of a transient glycoengineering campaign is

largely dependent on the siRNA design. Custom DsiRNA

designs must follow the rules previously outlined, or for

ease, users may opt for commercially available predesigned

sequences. Like other gene modification strategies, RNAi

has the potential for off-target effects. Therefore, users

are encouraged to assess unintentional gene targeting by

computational methods41 . Experimental design choices can

also help limit off-target effects. Kittler et al. showed that

the multiplexed delivery of siRNA led to a reduction in

off-target effects42 . Although this seems counterintuitive, it

is suggested that a master mix reduces the concentration

of each siRNA construct, thus limiting the opportunity

for off-target gene silencing. A further benefit is that the

simultaneous transfection of siRNA structures that target

the same gene increases the likelihood of successful RNAi.

The use of a master mix also ensures consistency between

samples and replicates and speeds up the transfection

process. Following an initial screen of mixed siRNA

constructs, another experiment may be conducted using

individual constructs to ascertain the RNAi efficiency of each

sequence. In this and other knockdown studies, up to three

siRNA have been pooled and delivered to cells43,44 ,45 .

However, it may be desirable to screen more than three

siRNA simultaneously to efficiently target a single gene or

to target several genes. Indeed, one study demonstrated

multiplexed siRNA-mediated silencing of up to six genes

at levels comparable to the silencing of individual genes46 .

However, further studies are needed to determine the

maximum number of siRNA constructs that can be used in

a pool without compromising the silencing efficiency. The

multiplex strategy was proposed by Martin et al. to enhance

the pace of RNAi library screening experiments46 , and a

similar concept may prove useful to screen glycosylation

genes.

The protocol described herein serves as a proof-of-concept

with the expectation that subsequent experiments will be

performed to validate other glycosylation genes. New genes

of interest may be uncharacterized or less popular than Fut8,

and primary antibodies to detect gene silencing may be poor

or unavailable. In this scenario, alternative methods such

as RT-PCR may be used to quantify gene silencing47 , but

it should be noted that RT-PCR detects mRNA rather than

protein. When antibodies for western blotting are available,

a common issue is poor detection or the presence of non-

specific bands. Troubleshooting guides to help users solve

common issues are available, and these tend to include

a range of solutions such as primary antibody titration,

alternative blocking, and detection conditions48,49 . In this

study, FUT8 unexpectedly appeared as a double band at ~65

and ~70 kDa. It is possible that the ~70 kDa band represents

glycosylated FUT8. Literature evidence from human cell lines

describes O-linked glycosylation at Thr 56450,51 , a site

https://www.jove.com
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that is conserved in Chinese hamster, and CHO K1 FUT8

sequences.

As previously mentioned, glycosylation pathways often

involve a complex array of enzymes. The current protocol

has been developed, optimized, and demonstrated using

a monogenic glycosylation reaction controlled by Fut8.

Therefore, further studies are required to confirm the

robustness of this method when the target gene encodes an

enzyme with alternate kinetics and expression levels or a

pathway regulated by isoenzymes with redundant functions.

Taken together, the ability to rapidly silence genes and

detect modified IgG glycoprofiles is a useful tool in the effort

toward custom glycoengineered antibodies. Insights from

similar short-term studies can be applied to generate stable

glycoengineered cells for use in long-term assays like fed-

batch culture. Outside of the pharmaceutical context, this

method contributes toward the study of glycan biology and

highlights the important function of glycans in development,

health, and disease.
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