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Abstract

The antigenicity of cobra venom factor prevents it from
producing a state of prolonged decomplementation in normal animals;
This has limited its use in the investigation of the role of
complement in chronic diseases and as a potential therapeutic
agent., In this study, an attempt was made to circumvent this creblem
by the use of human complement components.

Reaction between the fourth, the oxidised second and
the activated first components of human complement generated a
stable enzyme capable of cleaving the third component and achieving
decomplementation in whdle human serum., Evidence was produced that
this was associated wifh activation of the positive feedback cycle.
Preliminary experiments showed that such an enzyme could be formed
in vivo in the rat accompanied by changes of decomplementation.

The analogous enzyme of the alternative pathway was
built up from_ its constituents, Factors B and B and the b fragment
of the third component. It was similarly shown to be an effective
decomplementing agent when reacted with whole human serum. Chemical
modification of its constituents failed to increase significantly
the potency of the enzyms. Preliminary expériments in the rat
demonstrated the formation of the enzyme in vivo to inactivate
complement by consumption.

In the guinea pig, treatment of the eighth component
of complement with mildly alkaline conditions of low ionic strength

or with low concentrations of trypsin was regorted to generate an



inhibitor in the terminal stage of complement activatinn. However,
attempts to produce a similar inhibitor from the eighth component
of human complement were not successful.

As a byproduct in the stﬁdy of the enzymatic cleavage
of the third component of complemént, two methods were developed to
assay this component Tunctionally in agarose gel.

The problem of complement inactivation in general

was discussed,
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List of abbreviations

A - antibody ( rabbit Igh anti-sheep erythrocyte )
ATEe - N~acetyl-L-tyrosine ethyl ester

Cl-9 - the first to the nineth component of complement
C-KCONS - guinea pig serum treated with potassium thiocyanate
CFO - complement fixation diluent

CM - carboxymethyl ( cellulose )

CVF ~ cobra venom factor

CW-~C3PA ~ cobra venom factor C3 pfoactivator

DEAE - diethylaminoethyl ( cellulose )

DFP - di-isopropyl-fluorophosphate

E - erythrocyte ( sheep )

EDTA -~ ethylene-diamine~tetra-acetate

EGTA - — ethyleneglycol-bis-(beta-amino-ethyl-ether) N,N?-tetra-
acetate

IgG, A, M, D, E - immunoglobulin G, A, ¥, D, E

KAF - conglutinogen activating factor

NHS ~- normal human serum

PBS - phosphate buffered saline

p-ChB - p—-chloromercuribenzoate

R3 - human or guinea pig serum treated with yeast
R4 -~ guinea pig serum treated with ammonia.

Tris-HC1 - Tris-hydroxymethyl-aminomethane-hydrochloric acid buffer
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Introduction

Camplement was first recognised at the turn of the
century as a heat-labile serum co-factor in immune haemolysis and
bactericidal reactions ( Bordet 1895 and 1898 ). It was soon
established as an immunblogical entity by the demonstration of its
quantitative involvement in antigen-entibody reactions ( Bardet &

" a system

Gengou 1901 ). In general terms, it is now defined as
of factors occurring in normal serum that are.activated
characteristically by antigen-antibady interaction and subsequently
mediate a nu;ber of biologically significant conseqguences " ( W,H;U;
Memorandum 1968 ]; Following the isolation and char=zcterisation of

tha majority of ifs constituent factors, the last decade saw a pro-
gressive understanding of the intricate sequence of reactions involved
in complement activation and the role of complement in health and

disease. This topic has been reviewed recently in some detail by

Lachmann ( 1973 & 1975a) and Ruddy, Gigli & Austen ( 1972 );



The Classical Pathway of Complement Activation

The model’used for years for the study of comple-
ment has been the lysis of sheep erythrocytes ( E ) coated with
rabbit antibody ( A ) by human or guinea pig complement. Eleven
serum proteins constitute the components of this classical reaction
and they are designated Cl to 09 in numerical sequence, 01 being a
complex of three proteins Clg, Clr and Cls, while for historical
reasons the first four reacting combonents are still called C1, G4
G2 and C3 in that order. The physico—phemical properties of these
proteins are summarised in Table 1,1 These components circulate
in the blood generally in inactive form and undefgo sequential
activation, the active form being designated by a bar, e,q, cl is
the enzymatically active form of C1l ;

Five stages of the reaction =~ usually recognised,
as shown schematicerlly in Figure 1;1

Stage 1 -~ the initistion of complement fixaticn

EA + C1 calcium dons >  EAGL

Calcium ions are rz=quired to hold the components
Clg, Clr and Cls together as a macromelecular complex ( Naff, Pensky
& Lepow 1964 ); Upon combination with antigen, the Fc portion of the
immunoglobulin molecule acquires the ability to bind Cla., Human IgM,
IgGl, IgG2 and IyG3 are all capable of initiating this reaction. The
binding of Clg is followed by the proteolytic action of Clr upon Cls
( Naff & Ratnoff 1968 ). Cls is thus activated to Cls which possessas
ésterolytic activity ( Heines & Lepow 1964 ); Under physiological
conditions its only known substrates are the two succeeding components

of complement , C4 and G2,
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Teble 1.1 - Physicochemical properties of the complerent components

Approximate Electrophoretic Sedimentation Molecular
serum coafficient
concentration mobility (s) weight
( pg/m1 )

Clg 150 gamma 2 11 400,000
Clr - beta 7 170,000
Cls 20 alpha 2 4 79,000
Ca 450 beta 1 10 240,000
c2 30 beta 2 5.5 120,000
C3 1,200 beta 1 9.5 200,000
Cs 75 beta 1 8.7 185,000
C6 60 beta 2 5.8 150,0(30
7 50 - 100 beta 2 5.7 140,000
ce <10 gamma 1 8 150,000
C9 <10 alpha - 4.5 79,000

o
Components destroyed by heating to 56 C for 30 minutes :

Clgy Clr, C2, C6 and CB

Components destroyed by hydrazine or ammonia : C4 and C3

Components destroyed by potassium thiocyanate : C4, C3 and CS5




Figure 1.1

REACTION SEQUENCE OF THE CLASSICAL PATHWAY

Antigen/Antibody

|

Cl—>C1
C4 + C2——=C42 + Cda + C2 fragments

C3 —>>C3b + C3a

C5 + C6 + C7 & l »(C567 + C5a

:

c8 + C9 »LYSIS

i1
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Stage 2 - the generation of C3 convertcase

EAC1 + C4 + g2 -[ognesium 1ons . cap142

C4 is split by activated Cl into two fragments; A
small fragment, Cda, is released into the fluid phase while a
major fragment, C4b, becomes bound to the cell, forming EACl4
( Patrick, Taubman & Lepow 1970; Budzko & Nuller-Eberhard 1970 ).
In the presence of magnesium ions, G2 binds to EAC14 while the
reaction of Cl with C4 uncovers the capacity of Cl to cleave C2
( Bigli & Austen 1969 ). This reaction results in the attachment
of a major fragment of C2, C2b, to C4, the complex forming the
enzymg ' C3 convertase ' or C42. The complex EAC142 is very
unstable, with a half-life of about 7 minutes under physiological
conditions. Once C3 convertase is generated at the complemen;
fixation site, there is no further requirement For CI.

Stage 3 - the fixation of C3

EAC142 + C3 - EAC1423

The enzymatic cleavage of 03 by C3 convertase
results in the formation of a small fragment, C3a, which is
liberated into the fluid phase, and a large fragment C3b, which
becomes attached to the cell ' membrane ( Muller-Eberhard, Polley
& Calcott 1967 ). This is the bulk reaction of complement, as it
.can be shown by electron microscopy that C3 fixation is associated
with the formation of a protein sheath that completely covers the
sensitised virus particle or bacterial flagellum ( Berry & Almeida
1968; Munn, Feinstein & Lachmann 1968 ). The C3b which is not

bound to the complement fixation site is liberated into solution
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and is rapidly broken down in serum to form C3c and more slowly
C3d. These C3 frzgments are distinguishable by virtue: of their
antigenic structure and electrophoretic mobility ( West et al

1966; Pondman, Hanneman & Wolters 1971 ; Laurell & lLundh 1967 ). There
are three antigenic determinants A, B and D, Nétive C3 contains
both the A and B antigens, while the D antigen is hardly detectabk .
Both the A and D antigens are found in C3b but the B antigen is
lost. C3c carries the A determinént while C3d carries the D deter-
minant. On slectrophoresis C3c moves faster towards the anode than:
native C3, while C3d is even Faster.VCSb moves only frectionally
faster than native C3, | |

Stage 4 The gencraetion of the heat stable intermediate

EAC1423 + C5 + 06 + C7? — EAC1423567

Both C42 and C3b are required for the sequential
activation of G5 and 06 ( Bitter-Suermann et al 1970 ). A small
fragment of CS, CS5a, is released, while the major fragment, C5b,
binds to the complement fixation site. The subsequent binding of
C6 results in the formation of a complex which moy sometimes be
released into the fluid phase as C56. Reaction of C7 with C56
leads to the formation of a trimolecular complex CS567. Once this
is formed, the cellular intermediate EA6i423567 is heat-stable
with no further requirement for C42 or C3. The binding of nascent
C567 to a bystander cell or eny suitable hydrophobic surface
enables the latter to be lysed by the two subsequent components
of complement CB and C9, without any prior activetion of complement
through antibody and the early components acting before C5. This

phenomenon is knovwn as reactive lysis ( Thompson & Lachmann 1970;
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Hadding, Bitter-Suermann & \lellensiek 1970; Goldman, Ruddy & Austen
1972 ]. In human sera, dueing the acute phase of inflammation,
there is a relative excess of C5 and C6 over C7 so that activation
of complement in vitro results in the formation of the activated
complex C56. When this is mixed with C7, C567 is generated which
will bind to a bystander cell causing lysis when C8 and C9 are
present.

Stege 5 - the terminal stades of complement mediated lysis

EAC1a23567 ( or EC567 ) + C8 + C9 > 1lysis

There is good evidence thet C8 is the major component
producing lysis. CB fixation alone can lead to a slow lysis in the
absence of C9 ( Tamura, Shimada & Chong 1972 ). Iron chelating agents
such as phenanthrolene and bipyridine are able to abolish the
requirement for C9 ( Hadding & Muller-Eberhard 1969 ). Furthermore
there is a great specificity in the ability of CB of various species
to lyse erythrocytes of different origin ( Lechmenn et a1 1972 7.
Thus, in the reactive lysis system esing huran C56, C7 and C9, human
C8 is most effective in lysing guinea pig erythrocytes, while guinea
pig 0B is more effective against sheep erythrocytes. Characteristk
lesions occurring 2s a result of complement mediated lysis can be
demonstrated by election mecroscopy ( Borsos, Dourmashkin & Humphrey

1964 ; Humphrey & Dourmashkin 1961 ; Hesketh et 21 1971 ).
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The Altermative Pathway of Complement Activation

Besides the classical reaction initiated by
complement fixing classes of antibody comnlexed with antigen,
there are numerous other mechanisms whereby the complement cascede
can be activated, as reviewed in detail by Gewurz.( 1972 ]}.

Firstly, activeted complement components can be
tronsfemwed from one site to another. Thus the binding of Cl to EA
under physiological conditions is so loose that activated Cl can be
transferred to neighbouring unsensitised erythrocytes ( Rapp & Borsoz
1963 ; Borsos & Rapp 1955 ). Another éxample. where complement
activation can become contagious is provided by the transfer of
C567 in reactive lysis. |

Secondly, Cl can be activated by mechanisms other
than antigen-antibody complexes. Complement-fixing classes of antibody
when agtiregated by agents other than antlgen can still bind to Clg
and initiate activation of the coaplement séquence. These agents
include heat and chamicals such as bisdiazo—bengidine, tannic ecid,,
uric scid crystals ( Barnett, Bienenstock & Block 1966 ) and staphy-
lococcal protein A { Forsgren & Sjoquist 1966 ). Highly charged
polyanions such es deoxyribonucleic acid ( Agnello et al 1969 ) and
polyinosinic acid ( Yachnin, Rosenblum & Chatman 1964 ), bacteriel
endotoxins { Muller-Eberhard, Bokisch & Budzko 1967 ) and their
derivative 1lipid A ( Nicol 1973 ) 211 have tﬁe property of binding
directly and thereby activating Cl. The fixation of conglutinin, a
naturally occurring serum factor found in cattle and other ruminants

capable of powerfully clumping complement coated cells, to its



mannose-pepfide reactant-the conglutinogen-hzs also been found to
bind Clg ( Lachmann, Elias & Moffett 1972 ).

Thirdly, a number of enzymes have been shown to -
activate Cls to CIs. These include plasmin ( Pillemer et al 1953;
Lepow et al 1954; Ratnoff & Naff 1967 ), trypsin ( Ratnoff & Naff
1967 ), kininogenase ( Donaldson 1968 ), lyso;omal enzymes from
human leucocytes ( Taubman, Goldschmidt & Lepow 1970; Ward & Hill
1970 ) and C1 itself ( Lepow,Ratnoff & Levy 1958 ).

All the preceding mechanisms involve the subsequent
splitting of C3 by CZ§, the classicalvpathway C3 convertase.
Several proteases have been recognised with direct C3 converting
activity, as exemplifiesd by plasmin, thrombin and trypsin

( Bokisch, Muller-Eberhard & Gochrane 1969; Taylor & Ward 1967;

b

Ward 1967 ). C3 activation as producedi%hese enzymes have been
found to be inefficient in the subsequent activation of C5-9.
However, there is now unequivocal evidence fcr the existence of a
physiological mechanism capable of efficiently cleaving C3 and
subsequently activating C5-9 with no requirement for the early
components Cl, C4 and C2. It is to this particular sequence of
reactions that the term ' alternative pathway of complement
activation ' is generally applied.

In contrast to the classical pathway, much
controversy end confusion still surround thé exact mechanism of
reaction of the alternative pathway, not the least the noménclature

of the multitude of factors thought to be inveolved. However, much

progress has been made in the latter area as Members of the

16



Complement Nomenclature Committee agreed to a provisional
nomenclature for the factors of the alternativé pathway during
the Second International Congress of Immunology in 1974.This is
summarised in Table 1.2

Three distinct lines of study contributed to our
current knowledge of the alternative pathway : complemeht
activation by zymosan, endotoxin, inulin and ' non-complement

fixing ' antibody; the anti-complementary activity of cobra venom;

17

and the effects of the deficiency or depletion of the C3b inactivator.

Studies by Fillemer and his coworkers on the
activation of complement by zymosan, an insoluble extract from
yeast cell walls, provided an early evidence for the existence of
an alternative pathway ( Pillemef & Ecker 1941; Pillemer, Seifter
é Ecker 1942 ). Subsequent studies confirmed and elaborated cn the
preferential consumption of C3 and later components without
detectable depletion of Cl, C4 or C2 when serum was reacted with
zymosan ( Pille@% et al 1954 ), endotoxin ( Gewurz, Shin &
Mergenhagen 1968 ), or complexes or aggregates of immunoglobulins
that do not activate the classical pathway ( Sandberg et al 1970;
Hobart & Feinstein 1968; Spiegelberg & Gotze 1972 ), as reviewed
in great detail by Gewurz { 1972 ). The ééct that magnesium is the
only divalent cation required in these reactions mekes the
participation of calcium-dependent Cl activity unlikely ( Sandberg
& Ogler 1971 ). The inability of anti-C2 antibody to inhibit the
€3 convertase activity generated by thesé activators provided

further evidence for the lack of requirement for C2 ( Marcus, Shin
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Table 1.2 ~ Provisional nomenclature of the factors of the alternative

pathway

Approved name

Synonyms

Alternative or properdin

pathway

Bb

Ba

ol

-al

Alternate pathway ; C3 activator

system; C3 by-pass; C3 shunt.
C3 proactivator (C3PA); Glycine-
rich beta~glycoprotein (GBG); heat

labile factor; beta-2-glycoprotein II.

C3 activator (C3A); glycine-rich

gamma-glycoprotein (GGG).
Blycine~rich alpha-glycoprotein (GAG).

Pro-GBGase; precursor of C3 proactivator

convertase (C3PAse].

GBG-ase; C3 proactivator convertase

(carAse)

Properdin

“Activated properdin
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& Mayer 1970 ). Furthermore, these éubstances have been shown to
activate complement in sera from humans geneticélly deficient in
G2 ( Nicol 1973 ) and guinea pigs genetically deficient in C4
( Frank et al 1971 ). Much less clear, however, is the exact
sequence of reactions leading to the formation of the alternative
pathway C3 convertase. As reviewed recently by Kuller-Eberhard
( 1974 ), at least four serum protein factors are required :
properdin, Factor B, Factor D and C3. Whether antibody or antibody-
like factors are required is another subject of controversy.
Studies on the action of cobra venom dated back to
the turn of the Century { Flexner & Noguchi 1903 ). More recent
investigations by Muller-Eberhard and his coworkers led to the
isolation of a distinct protein component of cobra venom, labelled
cébra venom factor, which upon reaction with whole serum resulted
in the consumption of C3 and later components by a mechanism
different from the classical pathway ( Muller-Eberhard et al 1965;
Muller-Eberhard 1967; Muller-Eberhard & Fjellstrom 1971 ). For the
generation of C3 convertase by cobra venom factor, at least two
factors are required : Factor B and Factor D ( Hunsicker, Ruddy &

Austen 1973; Alper, Goodkofsky & Lepow 1973; Cooper 1973; Vogt et

al 1974 ). Notable is the lack of requirement for either properdin
or C3. Again magnesium is the only divalent cation involved in this

reaction.

The role of C3b as a key component of the alternative
pathway was highlighted by intensive studies of an unique patient

deficient in its physiological inactivator, the so called C3b
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inactivator or conglutinogen activating factor, abbreviated as
KAF ( Alper & Rosen 1971; Alper, Rosen & Lachmann 1872 }. The
serum of this patient was characterised by spontaneous activation
of the alternative pathway as evidenced by low levels of Factor B
and the factors required for the generation of C3 convertase with
cobra venom factor. In vitro studies in which the C3b inactivator
was depleted immunochemically from normal human serum reproduced
the complement abnormalities found in this patient ( Nicol &
Lachmann 1973 ). On the other hand, immunochemical depletion of
C3 from normal serum prevented the activation of the alternative
pathway achieved by depletion of the C3b inactivator or by reaction
with zymosan or inulin, but not by cobra venom factor. In another
patient with genetical deFiciencyIOF C3 zymaosan was unable to
éctivate the altemative pathway ( Alper et al 1972 ). Using
purified components Muller-Eberhard and Gotze ( 1972 ) succeeded
in building up the alternative pathway C3 convertase with C3b,
Factor B and Factor D. The existence of a positive feedback pathway
for C3 is therefore established ( Lachmann & Nicol 1973 ). C3b feeds
back by being necessary for the activity of the alternative pathway
C3 convertase. Indeed, kinetic studies produced evidence that
nascent C3b controls the rate of assembiy'of the enzyme ( Nicholson
et al 1974 ).

Much work has already been done on the purification
andlphysicochemical characterisation of properdin ( Pensky et al
1968; Minta & Lepow 1974 ), Factor B8 ( Gotze & Muller-Eberhard

1971; Alper & Rosen 1971 ), and Factor D ( Hunsicker, Ruddy &



Austen 1973; Dierich et al 1974; Brade et al 1974a ). Recent
investigations have been focused on the delineation of the exact
sequence of interactions between them in the generation of the
alternative pathway C3 convertase. To summarise, in the presence

of magnesium, C3b forms a complex with Factor B which upon reaction
with Factor D acquires C3 convertase activity; cobra venom factor .
acts as a C3b analogue and can replace C3b in this reaction ( Vogt
et al 1974; Nicholson et al 1974 ). C3 is then cleaved into C3b
and C3a, the nascent C3b so generated being available to form

more 03 convértase with Factors B and D thus cqmpleting the positive
feedback cycle. Three guestions must now be ansvered. Firstly, how
is the initial C3b generated to start the cycle? Secondly, has
Factor D to be activated before it can act on the C3b-Factor B
complex? Thirdly, where does properdin come into this cycle?

As proposed by Lachmann & Nicol ( 1973 ), trivial ‘
amounts of C3b may continuously be formed Ffom €3 in vivo, but its
activity is normally held in checkvby the C3b inactivator. This
might explain the spontanepus activation of the cycle when the C3b
inactivator is absent in genetical deficiency or removed
experimentally. In the case of alternatige pathway activation by
cobra venom factor, no C3b is needed to initiate the reaction since
cobra venom factor acts as a C3b analogue. However, when the
pathway is activated by zymosan, inulin or endotoxin which require

the participation of properdin, the initiating mechanism is still

not entirely clear.
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The role of Factor D as an enzyme was suggested by
the work of two laboratories ( Fearon,Austen & Ruddy 1974a & b;
Brade et al 1974b ). It appeared to be a serine esterase and could
be replaced by proteolytic enzymes such as trypsin, pronase and
plasmin in the generation of C3 convertase by zymosan. llhether
the active enzyme is already present in normal serum or reguires
activation from a precursor remains to be resclved.

Properdin plays an essential role in the early events
of the alternative pathway as activated by zymgosan, inulin‘or
endotoxin ( Gotze & Muller-Eberhard 1574 ). Stitzel & Spitzer
( 1974 ) reported on the isolation from serum of a properdin
convertase, When activated by zymosan, properdin convertase interacts
with properdin to convert C3 to C3a and C3b. Johnson ( 1974 ) found
that isolated properdin, presumably activated, can cleave C3 to
generate C3b. The postulated role of properdin as a C3 convertase
is very attractive, as a minute amount of 03b so0 generated would be
sufficient to prime the C3 feedback cycle. Indeed, activation of the
classical pathway, by generating C3b, would be expected to accelerate
the formation of the altermative pathway C3 convertase ( Brade et al
1973; Nicholson et al 1874 ). The recent work of Schreiber et al
( 1975 ) appeared to clarify the reactiﬁn mechanism of properdin.
They showed that activated properdin interacted with native G3,
Factors B and D to generate a C3 convertase,-distinguishable from
that formed between C3b, Factors B and D. Besides utilising native
C3 as opposed to C3b, Factor B was not cleaved, much less Factor D

but more magnesium was required and the convertase was more stable



at 3700. The C3b cleaved by this ' initiating ' enzyme would then
function in the positive feedback cycle. How is properdin activated
by zymosan, inulin or endotoxin has yet to be determined.

In Figure 1.2, an attempt was made to put all these
findings together as a schematic representation of the reaction
mechanism of the alternative pathway of complement activation.

Much further work is obviously needed.

Once the C3 convertase of the alternative pathway
is formed, activation of the subsequent components proceeds in a
manner similar to that of the classicél pathway, leading to
cytolysis under appropriate conditions ( Pickering et al 1969; Gotze
& Muller-Eberhard 1972; Fearon, Austen & Ruddy 1973; Arroyave,

Vallota & Muller-Eberhard 1974 ).
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PROPOSED SCHEME FOR THE REACTION MECHANISM
OF THE ALTERNATIVE PATHWAY
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Homeostasis of complement activation

An important control mechanism of complement
activation lies in the instability of certain complement enzymes.
This is exemplified by the very short half-life of the enzyme caz,
The C5 fragment of the EAC14235 complex also decays rapidly.

There exist in normal serum control proteins which
function as complement inhibitors. C1l inhibitor was first described
by Lepow, Ratnoff & Levy ( 1958 ). It inhibits stoichiometrically
the activity of Cls as a serine-histidine esterase. In addition,
it also inhibits the action of Clr on Cls, and that of plasmin,
kininpgenase, activated Hageman Factor and activated plasma
thromboplastin antecedent ( Ratnoff et al 1969v). Its main function
appears to be the limitation of the action of C1l on C4 and C2 in
solution and the prevention of the autocatalytic activation of C1.

| As reviewed in the section on the alternative
pathway, the C3b inactivator ( KAF ) plays a central role in the
homeostatic control of C3 activation in the positive feedback
cycle., Its properties and its action on C3b have been well
characterised { Tamura G Nelson 1967; Lachmann & Muller-Eberhard
1968; Lachmann, Nicol & Aston 1973 ). The enzymatic action of the
C3b inactivator on C3b results in =z losérﬁf its haemolytic, immune
adherence and phagocytosis enhancing activities and its capacity
to activate the feedback cycle of the alternative pathway. At the
same time C3b acquires reactivity with conglutinin and becomes
extremely sensitive to proteolytic enzymes such as trypsin.

Cooper ( 1975 ) recently reported on a new



complement inhibitor isolated from normal human serum which he
termed C4b inactivator. It was found to destroy the ability of
C4b to participate in haemolytic reactions or to interact with
cells bearing receptors for C4b, However, it is very likely to be
identical with the C3b inactivator.

The se-called ' C6 inactivator ' as first described
by Nelson & Biro ( 1968 ) has now been identified tentatively
with Factor B of the alternative pathway ( Martin 1975 ). The

observed inactivation probably occurred as a result of competition.



Biological activities of complement

Completion of the whole sequence of complement
activation on the surface of a cell produces characteristic
membrane lesions resulting in cell death or lysis. As reviewed
in the section on reactive lysis, transfer of C557 to bystander
cells leads to the same result in the presence of C8 and C9. A
third mechanism of cytolysis results from interaction between
complement and unsensitised mononuclear cells, as exemplified by
the lysis of EAC1-7 by purified lymphocytes ( Perlmann et al
1969 ). '

However, it is not necessary for complement
activation to reach the terminal stage before biological effects
can be produced. This is achieved by two mechanisms: the adherence
reactions of fixed caomplement components to verious types of cells,
and the release of biologically active fragments during the
reaction sequence.

Bound C3 in the form of C3b adheres to cells bearing
receptors for C3b. These include erythrocytes of primates ( Nelsan
1953 ), certain species of non-primate platelets ( Henson 1969 ),
neutrophils, macrophages and lymphocytes ( Huber et al 1968; Lay
& Nussenzweig 1968 ). The most significéé% result of this resaction
is the enhancement of phagocytosis of the particle or cell to which
C3b is bound by neutrophils and macrophages ( Gigli & Nelson 1968;
Johnson et al 1969 ). Erythrocytes may act as relatively rigid
objects against which adherent particles such as micro-organisms

may be held by phagocytes thus facilitating their ingestion.
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Adherence to platelets leadsto platelet aggregation with the release
of procoagulant factors and mediators of inflammation ( Henson 1972 ).
Adherence to B-lymphocytes may play a role in the induction of the
allergic response ( Pepys 1972; Dukor & Hartmann 1973 ). However,
the finding of normal levels of immunoglobulins and normal antibody
producing capacity in the patient genetically deficient in C3

.( Alper et al 1972 ), and the failure to show a requirement for C3
in antibody formation in vitra ( Waldmann & Lachmann 1975 ), would
preclude a necessary role for C3 in the induction of the allergic
response. Besides C3b, bound C4 at high concentrations may also
mediate immune adherence ( Cooper 1969 ).

During the formation of C42, a kinin-like fragment is
split probébly from C2, and shown to increase vascular permeability
( Donaldson et al 1969; Klemperer, Rosen & Donaldson 1969; Lepow
1972 ). The action of C42 on C3 releases a small fragment, C3a,
which acts as an anaphylatoxin ( Dias da Siiver, Eisele & Lepow
1967 ) and possibly possesses chemotactic activity ( Ward 1987 ).
The cleavage of C5 in the next step of complement activation also
releaées a small fragment, CSa, which is.a more paowerful anaphyla-
toxin and a potent chemotactic factor ( Jensen 1972; Snyderman &
Mergenhagen 1972 ].The complex C567 has chematactic activity even
after its release into the fluid phase ( Ward, Cochrane & Muller-
Eberhard 1965 ). These anaphylatoxins and chemotactic factors are
normally under the control of the anaphylatoxin inactivator which
aéts on C3a, and the chemotactic factor inactivator which acts on

C3a, C5a and 0567, as reviewed by Ward, Data & Till ( 1974 ).



Furthermore, a factor with the ability of mobilising polymorpho-
nuclear leucocytes from the bone marrow has been described as a

possible product of C3 { Rother 1971 ).
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The role of complement in health

Consideration of the biologicel activities of
complement highlights the possible role complement plays in vivo
as an important defence mechanism against infection. Completion of
the full seguence of complement activetion leading to membrezne
damage can cause lysis of some, mainly Gram negative, strains of
bacteria, possibly mediated by the action of lysozyme on a muco-
peptide substrate exposed by the attack of complement on the cell
wall ( Wardlaw 1962 ). However, the major role of complement in
defence probably lies in the enhancemént of phagocytosis mediated
through adherence reactions. The anaphylatoxins, C3a and CSa;
through histamine relesse, increase vascular permeability and
hence the flow of serum antibody and more complement into the
infected aresn. Chemotactic factors and the leucocyte mchilising
factor co-operste to increase the influx of neutrophils which take
part in phagocytosis and release bactericidél factors such as
lysozyme. Immunoconglutinins, which are autcentibodies directed
against hidden determinants on complement components ( C3 and C4 )
exposed upon fixation, may have a protective function through the
aggregating effect on complement-coated particles thus reducing
the active invading dose ( Ingrem 1959 ).

The ability of natural polysaccharides bresent an
the surfrce of pathogens to zctivate the alternative pathway raises
the possibility that complement may play a significant part in body
defence in the ecrly phase of infection before the participation

of specific antibodies ( Nicol 1973 ). Similar activation of this



pathway by IgA may be of importance in the defence against pathogens
in external secretions ( Heremans & Vaermen 1971 ; Kaplan, Dalmasso
& Woodson 1972 ). Data from ontogenetic and nhylogenetic studies
which demorstrated the development of complement well before the
acquisition of the machinery to mount %h'allergic response give
further support to the importance of complement in body defence

( Day et al 1968 ; Day et el 1970 )

More direct evidence for the role of complement in
defence against infection comes from the studies of patients with
genetical déFiciencies_of cemplement, as reviewed recently by Alpar
& Rosen ( 1974 ). Genetic deficiency has now been describad for
most of the complement components in man. As emphasised in the
preceding section, C3, acting through its edherence reactions, plays
é central part in defence against infection. Indeed, severe immunity
deficiency towards bacterial infections is found in patients '
genetically deficient in C3 or its inactivaﬁor ( Alper et al 1972 ;
Alper & Rosen 1971 ). In the latter case, very low C3 levels occur
as a result of exhaustionathrough spontaneous activation of the
alternative pathway. On the other hand, deficiency of the>ear1y
complement components Cl, C4 and C2 is ngt associated with severe
bacterial infection. However, they tend to be associated with
diseases such as systemic lupus erythematosus, glomerulonephritis
and Henoch-5chonlein purpura, which may reflect a more subtle type
of immunity deficiency facilitating the dccurrence of persistent

infections with viruses or mycoplasma ( Sussmen et al 1973 ).
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Deficiency of C5, 06 or C7 appears to be compatible with good
health, although a phagocytic defect with bacterial infections
has been described in a kindred with ' functional abnormality '

of 5 ( Miller & Nilsson 1970; Nilsson, Miller & ilyman 1974 ).
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The role of complement in disease

It is now clear that activation of.complement plays
an important part in the pathogenesis of allergic tissue damage
( Cochrane, Muller-Eberhard & Aikin 1970; Schur & Austen 1968 ).
5o far there is.no evidence for the participation of complement in
Type I reactions in which histamine release is mediated by IgE
antibodies. Similarly Type IV reactions of delayed hypersensitivity
do not reguire complement, but it is not known how relevant is the
observation that sensitised target cells which have bound the
first seven ;omponents of complement are susceptible to cytolysis
by unsensitised lymphacytes ( Perlmann et al 1969 ). On the other
hand, there is little doubt that complement is instrumental in
producing Type I1 and Type III allergic tissue damage,

In Type II reactions, combination of antibody with
antigen, which is either a component of or becomes intimately
associated with a cell, activates complemenf thus resulting in
cytalysis., This is well exemplifiea by haemalysis in incampatible
blood transfusion, thes autoimmune heemolytic anaemias and other
auto-allergic blood diseases ( Leddy 1966; Petz et al 1968; Dacie
& Worlledge 1975 ). It is of note that edherence reactions mediated
lthrough C3 enhances the sequestration and subsequent destruction
of sensitised erthrocytes in the reticulo-endotheliazl system
( Perlmann et al 1969 ). Anather example is provided by nephritis
mediated by antibodies against glomerulaf basement membrane, as in

Goodpasture's syndrome and some cases of glomerulonephritis ( Dixon

1968 ]. Again, fixation of C3 and the attraction of polymorphs by
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chemotactic-factors appear to be of greater pathogenetic
significance than the producticon of membrane lesions through
completion of the whole sequence of complement activation

( Rother et al 1966; Hawkins & GCochrane 1968 ]- Compl=ment may also .
be involved in allograft rejection. In cases of renal allograft
rejection decreased serum levels of 02 and increased catabolic

rates for 04 znd C3 have been reported ( Austen & Russel 1966G;
Carpenter et al 1969 ). -

In Type III reactions, antigen-antibody complexes
produce tissue damage through the activation of complement. The
resultant 03 mediated adherence reactions help to bind the immune
complexes to the vessel wall to which neutrophils are attracted by
chemotactic factors thus leading to the characteristic vasculitis.
WNany examples of immunz complex disenase are well known. In systemicd
lupus erythematosus with nephritis, deposits of Glg, C4 and GC3
together with IgG and deoxyribonucleic acid { DNA ) can be detected
in the glomeruli and specific anti-DNA antibody can be eluted from
the kidney ( Koffler, Schur & kunkel 1967 ). Depressed serum levels
of C1, C4, and C3 are associated with and in fact precede clinical
exacerbations of the dissase ( Kohler & ten Bensel 1969 ). In
rheumatoid arthritis, complement activéﬁgon occurs predominantly
intra-articularly, nresumably initiated by reaction of IgG with IgG
rheumetoid factor ( Winchester, Agnello & Kunkel 1957 ). The synovial
fluid levels of Cl, C4 ,C2 and C3 are depressed with the appearance

of C3 cleavage products and incressed C3 catabolic r=te ( Ruddy &

Austen 1970; Zvaifler 19G9; Ruddy, Muller-Eberhard & Austen 1971 ).
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In a number of infections, imwune complexes formed between specific
antibody and the invading pathogen have been shovn to producs allergic
tissue damage associated with depressed serum levels of early com-
ponents, Examples. are provided by post-streptococcal glomerulo-
nephritis ( Feldman, Mardiney & Shuler 15G6; West, Northway & Davis
1964; Kofler & ten Bensel 1969 ), the nephrotic syndrome associated
with plasmodium malariae infection ( Allison et al 19G9 ), subacute
bacterial endocarditis ( Wwilliams & Kunkel 1962; Gutman et al 1972 ),
and viral hepatitis ( Alpert, Isselbacher & Schur 1971 ).

Recent studies of endofoxin shock in rabbits ( Brawn
& Lachmann 1973 ) and the interactions of the complement and blood
coagulation systems ( Zimmerman, Arroyave: & Kuller-Eberhard 1971;
Brown 1974 ] revealed a further mechanism whereby complement activation
may produce pathological effects. Earlier studies heve alreasdy shown
that the Schwartzmen reaction ( endotoxin sheeck ) can be effectively
prevented by decomplementation ( Polak & Tufk 1969; Fong & Goed 1971 ).
Endotoxin activates the alternative pathway. Rabbit nlatelets, being
immune adherence Positive, bind to fixed C3. Subsequent transfer of
nga'to the bound platelets results in platelet lysis by C8 and 89;
This in turn leads to the release of plaEelet factor 3 which triggers
disseminated intravascular coagulation via the extrinsic limb of
the coagulation cascade. The anaphlatoxins C3a and GSa act on basophils
end mast cells to liberate, on the one hand,-histamine and serotonin
which increase vascular permeability, and on the other, a platelet
éctivating factor which is capablz of aggregeting platelets with

further release of procoagulants ( Benveniste, Henson & Cochrane 1972 ).



Furthermore widening of the critically narrow junction between
endothelial cells produced by permesbility incremsing factors
exposed: the basement membrane with consequent activation of Hageman
factor and triggering of coaguletion via the intrinsic pathway
( Brown 1974 ). In man, platelets ore immune adherence negative,
but they posszss receptors for the Fc fregement of IgG and Gram
negative septicaemias areroften assoclated with shock, disseminated
intravescular coagulation and decressed complement levels ( Corrigan
et al 1968; McCabe 1973 ). These pathological findings aere very
similar to those of endotaxin shock in rabbiis and a similar mechenism
in pethogenesis may be inferred. A similar situation is well documented
in Dengue haemorrhegic fever in whichssvere viraemia in subjects
producing high titres of antibody results in the release of large
guantities of viral antigens to form huge amounts of immune complexes.
This leads to massive complement activation, disseminated intrava-
cular coagulation and clinical shock ( W.H.b. Report 1973 ).

| In chronic membranoproliferative glomerulcnephritis,
there is evidence of activation of the alternative pathway of
complement fixztion mediated through‘an abnormal serum protein known
as C3 nephritic factor or C3Nef. ( Peters et sl 1972; Thompson 1972 j
Vallota et al 1974 ). However, the relation of complement sctivation
to the pathogenesis of this disease is not clearly known.

Complement also plays a prrt in the pathogénesis

of non-allergic conditions. In paroxysmal nocturnzl haemoglobinuria,

there is a population of erythrocytes with alterations in their



membranes rendering them highly susceptible to the lytic effects

of the terminal complement components as seazn in reactive lysis

( Botze & Muller-Eberhard 1970 & 1972; Lachmann & Thompson 1970 );
In hereditary angio-oedema, there is a genetic deficiency of the

C1 inhibitor ( Donaldson & Evens 1963 ; Alper & Rosen 1971 ;
Hadjiyanneki & Lachmann 1971 ). Attacks are probably triggered by
local exhaustion of the inhibitor as a result of its binding to

any of the plasma enzymes such as blasmin, activated H=geman f=ctor,
activnted plasma thromboplrstin anteqedent and kininogenase with
which it can react. Cl is then activated autocatalytically resulting
in the cleavage of a kinin-like fragment from G2 which 1is responsible

for producing the oedema,
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The ipactivation of complement

An understahding of the role played by complement
in the pathogenesis of disease makes it desirable to inhibit the
-action of complement in & number of clinical situations. Although
it has long been known that complement can be inhibited in vitro by
a number of chemical and physical agents, very little work has been
or indeed can be done on the in vivo effect of these inhibitors in
experimental animals, let alone in the humen. There =re tvo approaches
to the inactivation of complement : firstly, the disruption of the
cascade of complement activation by destruction of or interference
with the activity of certain of its components ; secondly, the
deliberate activation of the complement system resulting in consumption
of its components thus rendering the system refractory to further
activetion.

In the first approach, heating to 56°C for thirty
minutes has besn a long and well establishea method of inactivsting
complement in vitro { Goombs, Coombé & Ingram 1951 ). The components
susceptible to heat are now known to be Clg, Clr, C2, C6, CB and
Factor B ( Lachmann 1975 ). Chelating agents such as _gthylenediamine
~tetraacetate ( EDTA ) at a concentrrotion of 107 inhibits the
calcium dependent ‘activation of Cl, and the magnesium dependent.
formation of C42 and the alternative pathway C3 convertase ( Levine,
Osler & MNayer 1953; Sandberg & Osler 1971 ). At a higher concentration
of 0,09M, EDTA inhibits the terminal stage of complement lysis by
its effectvon c8 ( Frank, Rapp & Borsos 1965; Schultz & Zarco 1970 ):

Sulphydryl keagents such as p-chloromercuribengzoate inhibits the
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activity of 82'(Lébn11955}Wdrazine or ammonia inactivates C3 and Ca
( Ecker, Pillémer & Seifter 1943; Pillemer, Seifter & Ecker 1941;
Taylor & Leon 1959 )}, while potassium thiocyanate has been shown to
inactivate C3, C4 and C5 ( Dalmaso & Muller-Eberhars 1966 ). Certein
_dyes such gs Congo red was known a long tims ago to inhibit
complement but the exact mode of action has naot been clarified
'( Gordon 1930 ), Vitamin A inhibits the lysis of sensitised erythro-
cytes by guinea pig complement at several steps but its mods of
~action is believed to be a membrane effect ( Major, VWestfall & Wirtz
1969 ). Much work has: been done on the inhibition of Cl on account
of its well defined esterase activity. Thus £l can be inactivated by
diisopropylfluorophosphate { OFP ) ( Becker 1960 ), omega-amino and
omega—-guanidino acid esteré ( Muramatu, Shireishi & Fujii 1972 ), ana
.benzamidine and pyridinium sulphonyl fluorides { Bing, Cory & Doll
1974 ). Epsilon-aminocaproic acid inhibits the activation of Cl to
CI ( Soter, Aus'ten & Gigli 1975 ). Of much clinical interest is the
report that gold compounds, established therapeutic agents in
rheumatoid arthritis, are capable of inactivoting Cl in rheumatoid
synovial' fluid, purified Cl and Cl esterase ( Schultz et al 1974 ),
It is understandable that much of the research along this line has
been focused on the study of inhibitoré.gf tryptic enzymes ( Muschel
& Larsen 1970 ; Baker & Cory 1963, 1971a & 1971b; Baker & Erickson
1969 ); 0f the synfhetic tryptic inhibitors, deriv~tives of m-
( ﬁ-phenoxy-propoxy ) benzamidine have been shown to be most potent
( Glovsky,'Cory & Alenty 1974 ). They act upon the renctions between

Cl, C4 and C2 and also the C5, 6, and 7 step. Derivativas of aromatic
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amino acids such as acetyl-L-tyrosine ethyl ester are also capable
of inhibiting multiple steps in the complement sequence involving

Cl, C42 and €423, presumably by steric hindrance of protein binding

( Baisch 1965 ); Suramin, or antfypol, long used as a therapeutic
agent against trypanosomiasis, has been demonstrated ip be a very
potent inhibitor of ectivated complement components. The steps
affected include the reaction between EA and €1, EACl and C4, EACl4
and G2 and EAC142 and C3-C9 ( Fong & Good 1972 ). The reaction of
suramin with bound C3 renders the latter irreversibly resistant to
the action of C3b inactivator while maintesining its haemolytic and
immune-adherence activities ( Tamura & Nelson 1957 ). Weak carboxylic
acids such as maleopimaric acid and fumaropimaric acid have also been
_shown to inhibit complement activation at several stages ( Glovskyy,
Becker & Halbrook 1968 ).These include the fixation of Cl, the formation
of C42, the reaction of C6 and C7 with EAC1-5, and chemotactic
activity of C587. Hydrocortisone, the most>widely used immuno-
‘suppressive and anti-inflammatory agent, is capable of inhibiting
the activity of Cl, C4,C2 and C2 including adherence res=ctions

( Gewurz et al 1965 ). Perhsps the most interesting discovery along
this line is the isolation of a specif?g inactivetor of mammalian

4 from nurse shark serum ( Jensen 1969; Garces , Jensen & Iglesias
1571 ). Another very promising specific complement inhibitor has
bgen réported by Stolfi ( 1970 ) who succeeded in generating an
analogue of guinea pig C8 which was capable of binding to Eacl-7

.but prevented its nubsequent lysis in the presence of €8 and (9.

As emphasised earlier, much of the preceding work
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hag been limited to in vitro studies; Many of these inhibitors are
obviously far too toxic to be used in vivo. Some preliminary studies
hatte, nevertheless, shown that fumaropimaric acid is capable of
inhibiting, in the guinee pilg, the Forssman and reversed passive
Arthus reactions which are complement-dependent ( Glovsky et el
1969 ; Feinman, Cohen & Becker 1970 ). However, non-complement
dependent reactions such as passive cutaneousanaphylaxis and delayed
hypersensitivity are also inhibited. The benzemidine derivative has
similarly been shown to offer slight protection against Forssman
shock in the guinea pig ( Glovsky, Cory & Alenty 1974 ). The C4
inactivator ishiated from the nurse shark is another materizl
demonstrated to be effective in preventing the development of the
_Arthus reaction in the guinea pig ( Jensen, Barces & Iglesias 1971 ).
In the second approach, deliberate activation of the
complement cascade can be readily achieved in vitro. Thus the classical
pathway can be activated by antigen—antiﬁody complexes or aggregated
gamma~-globulin, while the alternative pathwey can be activated by
inulin, zymosan, endotoxin or cobra venom factor, s reviewed earlier.
So far, the only substence that has been widely used as an in vivo
decomplementing agent is cobra venom Faqpor ( Cochrane, Yuller-
Eberhard & Aikin 1970 ). Injection of cobre venom factor into
rabbits generated a C3-convertase in vivo with a half-life of as
1qng as 32 hours. This was associated with almost total depletion of
C3 in the circulation aend depletion of the later components to a

varying extent in different species. Such a state of decomplentation



was shown to protect the animal from the development of lesions of
allergic damage that were complemeﬁt —~dependent : notably nephro-
toxic nephritis and Arthus reaction. The major disadvantage that
limits the use of cobra venom factor is the fact that it is a very
potent antigen. Antibodies against cobra venom vactor are formed
_very rapidly so that even when repeated injections of the factor
are given the C3 level returns to normal sfter about one week, and
the enimal becomes refractory to %urther injections ( Cochrane,
Muller-Eberhard & Aikin 1970 ). It is for this resson that cobra
venom factor cannot be used in investigating the part played.by
complement in models of chronic disesses in experimental animals.
Indeed, so far the only repori of successful chronic decomplement-
ation by cobra venom factor involved the use of thymus-—deprived mice
which viere incapable of producing entibodies to the factor ( Pryima
& Humphrey 1975 ).

Perhaps one apprcach to circumvent this problem of
antigenicity is to employ as complement activators reagents derived
from human complement components, which are much less likely to be
antiéenic. A logical way whereby this may be achieved is to build up
the C3-convertase from its constituent components. Such an approach
thus forms the basis of this study. Furthermore the dsscription by
Stolfi ( 1970 ) of an enalogue of guinea pig C8 as an inhibitor of
the terminal ctage of complement activation is very pertinent to
this theme. It is therefore most interesting to examine whether a

similar analogue cen be generated from human C8.
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Most of the methods used in this study are well
established techniques in immunology and complementology, as detailed

by Lachmann, Hobart & Astan ( 1973 ).

Buffers

.PhOSQhatQIHUFFBred saline ( FBS )} ~ A 0.2M solution of di-potassium

hydrogen phosphate ( KZHPOA') was titrated against a 0.2M solution:

of sodium di-hydrogen phosphate ( NéHzpoa ) to the desired pH

( 7.2 unless otherwise stated ). 2 parts of this 0.24 buffer were
035

then added to 98 parts of a 8:5% sodium chloride solution.

Ethylene-diamine-tetra—acetate ( EDTA ) - A 0.2M solution of the

di-sodium salt of EDTA was titr-ted against e 0.2M solution of the
tetra-sodium salt of EDTA to the desired pH ( 7.2 unless otherwise
stated ).

Ethyleneglycol-bis-{ beta-amino-ethyl ether ) N,N'-tetra-ascetic

acid ( EGTA ) ~ A stock solution of D.2W was made by dissolving the

solicd at 5500 in distilled water with minimsl buffering 2t a slightly
alkaline pH. The pH of the solution was subsequently adjusted to 7.2
with»minimal amounts of aﬁid phosphate. A solution of magnesium
chloride, with the amount of magnesium accurately determined by
atomic absorption spectrometry ( carried out by the Department of

~ Biochemistry, Royal Postgraduste Medical School ), was then added

as desired.

PBSZEDTA - 1 part of 0.24 EDTA at pH 7.2 was added to 19 parts of
éBS. The final concentration of EBTA in the buffer was 0.01M

Complement Fixation Diluent ( cFD ) - This wes most readily prepared

from * Complement Fixation Test Diluent Tablets " sold by Oxoid Ltd.,



L
ot

London, by dissolving one tablet in 100ml of distilled water. This

was essentially veronal buffered saline at pH 7.2 containing 0,168
gm/Litre of megnesium chloride and 0.028 gm/Litre of calcium chloride.
Belatin was added to the diluent to a final concentration of lgm/Litre,
and sodium azide to a final concentrotion of 0.003!1 ( 2:i0mg/Litre )

as 8 bacteriostatic agent.

Veronal buffered saline - To make 10 litres of the buffer for use
in electrophofesis, 89.8 gm of barbitone sodium was dissolved in
distilled water and the pH of the solution adjusted to 8.6 with 0.1F
hydrochloric acid., 500ml of 0.2M EDTA‘solution at pH 8.6 were addad
with 5 gm of sodium azide.'The mixture wes than made up to 10 litres
with distilled water.

Tris-hydroxymethyl-amimomethane-hydrochloric acid buffer ( Tris-HC1

buffer ] = A 0.IM solution of tris-hydroxymethyl-mino-methane vas

made and the pH adjusted as reguired with 0.1IN hydrochloric acid.



Chemicals

Di-isopropyl-flusrophasphate ( oFP ) - This was obtained from

Sigma Chemical Company. Strict precautions were undertaken in the
handling of this extremely toxic material.

Suramin ( antrypol ) - Sodium suramin was obtained from Bayer

Pharmaceuticals Ltd,, Haywards Heath, Sussex, England.

zIodine - Iodine ( analytical reagent ) was obtained from BDH .
Chemicals Ltd, Poole, England. It was dissol@ed in distilled water
containing a 50-fold mnlar excess of potassium iodide ( analytical
reagent ), obtained from the same source. The solution was then
diluted in phosphate buffered saline at the desired pH.

p~chloro-mercuri-benzoate [ p-CMB ) - This was obtained from Sigma

Chemical Compaty as the sodium salt of p-hydroxy-mercuribenzozte,
the " chloro- " being converted to " hydroxy- "'during the prepardtiom
of the sodium salt. The solid was dissolved in 0.1N sodium hydroxide

and then diluted for use in phosphate buffered saline pH 7.6

Jodoacetamide - This was obtained from BDH Chemicals Ltd., Poole,
England and stored at 408. In experiments in which the free icdine
liberated dﬁring storage had to be eliminated the solid iodoacetamide
was recrystallised as follows. AbsoluteVEIODhol, prewarmed in a
water bath to about 9008, was added to the solid in small quantities
until the latter was just dissolved. Another quarter volume of hot
alcohol was added and the solution guickly filtered., The filtrate
was allowed to cool slowly, first to room temperature, then AOC,

. (<]
and finally -20 C. The crystals were harvested by suction in a
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Buchner funnel and washed with very small guantities of ice-cold
absclute alcchol until the effluent from the funnel was clear. The
crystals'were then allowed to dry and dissolved in PBS pH 7;6 to
be used immediately.

2-gthoxy-6,9-diaminoacridine lactate ( Rivenol ) - This was obtained

from Koch-light Labaoratory Ltd., Colnbrock, Bucks, England.

N-acetyl-L-tyrosine ethyl ester ( ATEe )} - This was obtained from
Sigma Chemical Company. A 1M solution was made in methyl cellosalve

( 2-methoxy ethanol ).



Enzymes
Trypsin - This was obtained from Sigma Chemical Company as the
salt free, twice crystallised, ethanol precipitate prepared from
bovine pancreas, and stored dessicated below ODG. WWhen used, it
was allowed to reach room temperature before the bottle was opened.
The solid was weighed and dissolved in N/16 hydrochloric acid and
incubated at 3708 for 1 hour, This was then diluted with an equal
volume of distilled water and the pH adjusted to 7.8 with 0.2M
di-potassium hydrogen phosphate and diluted in saline.

Alpha~chymotrypsin ~ This was prepared from bovine pancreas, thrice

crystallised, lyophilised and salt free ( Sigma Chemical Company ).
It was stored as for trypsin. ‘hen used, it was dissolved in saline.

Soybean trypsin inhibitor - This was chromatographically prepared

from soybean, lyophilised ( Sigma Chemical Company ) and stored

o .
dessicated at 0 - 5 C, Solution of the inhibitor was made in saline.
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Serum and plasma

Normal human serum ( NHS ) - Venous blood was collected from

healthy individuals and allowed to clot and retract at room
temperature. The serum was separated on a bench centrifuge and
dispensed into glass screw-top vials to be stored in liquid nitrogen
at —19600. For use, quick thawing was achieved by immersion in
water at 3700. Once thawed, the sample was held in an ice-bath

to be used for the working day.

Normal human plasma ( NHP ) - Venous blood was collected from

healthy individuals and immediately mixed with 0.2M EDOTA at pH 7.2
at a ratio of 19 to 1. The plasma was separated on a bench centrifuge,
dispensed and stored as abave.

C2 deficient human serum - This was collected from a patient genetically

deficient in C2 and was kindly donated by DOr. F. Stratton.

C4_deficient human serum - This was kindly donated by Dr. G, Hauptman

and was collected from the patient with total absence of C4 ( Hauptmann
et al 1974 ),

C3 deficient human serum - This was collected from a patient with

homozygous deficiency uf C3 ( Alper et al 1972 ) and was kindly

donzted by Professor F.S5.Rosen.

Normal guinea pig serum - Blood was obtained from normal guinea pigs

by cardiac puncture under anaesthesiz . The serum was separated and
stored as in the case of human serum.

04 deficient guinea.pig serum - C4 deficient guinea pigs were obtained

from Dr.M.M. Frank ( Frank et al 1971 ); Serum was collected as in

the normal.

Normal r-bbit serum - Normal rabbits were bled from the ear. Serum

was separated and stored as usual,



Erythrocytes

Sheep erythrocytes ( E ) = A sheep of blood group "ii" ( cor-

responding to the " Bombay " blood group in man was preferably used,
Blood was collected from the juguler vein under sterile conditions

into acid citrate dextrose solution ( 3 parts of blood to 1 part of
solution ) and stored at 400. It was not uscd until after storage

for a few days in order to allow the effete cells to lyse spontansously,
The plasma was removed by centrifugétion and the erythrocytes were

- washed twice in at least twenty volumgs of phosphate buffered saline.
The erythrocytes were finally made up in phosphate buffered saline

to 10 per cent of packed cell volume, corresponding to spproximately
2.5x109wcells per ml.

Guinea pig erythrocytes — Blood was collected by cardiac puncture

into acid citrete dexirose solution. After separation of hlasma, the
erythrocytes were washed twice in phosphate buffered saline and
suspended to 10 % as in the case of sheep erythrocytes. Freshly
collected cells were usually stable for the working day only. In the
following two or three days, these cdlls might still be used provided

they were thoroughly waeshed again.



Antibodies

Anti-sheep erythrocyte antibody (A ) ~ This was raised in rabbits

by repeated intravenous injections of autoclaved erythrocyte straoma.
1 to 2 mg of stroma were given at each injection. Repeated courses
of three injections per week were usually given. The rsbbit was bled
and the serﬁm separated as usual. It was first fractionated on
diethyaminoethyl( DEAE } cellulose, the starting huffer consisting
of 0,01M phosphate at pH 7.6 The column was eluted with a gradient
rising to G.25M salt. The exclusion peak which contained the bulk
of the IgG antibody was collected and concentr-ted. A secﬁnd antibaody
peak which eluted late in the gradient contained the Igl antibody;
This was pooled, concentrated and refrsctionted on G-200 sephadex,
The exclusion peak was used as IgM anti-E antibody. This was prepared
by members of the staff of the M.R.C. Reasearch Group on Serum
Complement, Royal Postgraduate Medical School, for general use ia
the complement laboratory. |

Antibodies against complement components - These were prepared for

general use in the 1aborapory by members of the staff of the M.R.G
Hesaérch Group on Serum Complement, employing techniques as discussed
by Lachmenn, Hobart & Acton ( 1973 ).Therantiserum most frequently
used in this study was anti-human C3. Two methods had been used for
its préparation. In the first, 20 parts of normal human serum were
treated with 1 part of zymosan at 37°C with continous stirring for

1 hour. The zymosan was then washed six fimes in 24 sodium chloride
.solution and then made up in Freund's adjuvant to be given to a

sheep'by deep intramuscular injection at four sites. The whole



procedure was repeated after three weéks, and then again after ten
days, The sheep was bled seven days later, the serum was separated
and used as sheep anti-human C3. In the second method, a purified

preparation of C3 ( vide infra ) instead of C3 absorbed on zymosen:
was used in the same immunisation procedure. Althoughvfhe antiéera
raised in these ways were not monospecific, at the apnropriate

concentration they served well as a measurement for human C3 in

32

" Rocket immunoelectrophoresis " aﬁd the Laurell technique of crossed-

immunoelectirophoresis to be described later. Rabbit anti-rat C3

was prepareé aﬁd kindly donated by Mr. J. Maﬁbwskﬁ; Normal rat

serum was reacted with zymosan for 1 hour at 3700. The zymosan was
then washed six times in 1.5M sodium chloride solution and injected
into a rabbit intremuscularly in complete Freund's adjuvant. Booster
doses were then given at three-weekly intervals and the rabbit bled
and serum collected as usual. F(@b’TZ‘speciFic antibodies were p;e-

pared by the pepsin digestion of antigen-antibody precipitetes

according to the method of Lachmann { 1971 ).
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Preparation of complement components

Blood was collected from healthy donors. It was allowed
to clot and the serum separated in the wusual way. .EDTA was added
to a concentration of O;DlM and the pH adjusted to 6 with minimal
quantities of phosphate: The serum was then warmed to 37°C and
anhydrous sodium sulphate was added to 20 per cent ( weight/volume )
with stirring until dissolved. The mixture was allowed to flocculate
at room temperature for 3 hours or more. The globulins were separated
by centrifugation at 8000g for 20 minutes at room temperature, and
washed twice with 20 per cent weight/volume sodium sulphate
solution. The supernatant was chilled to O - 408 to allow the
sodium sulphate to crystallise, the crystals being separated by
centrifugation in porous-bottomed tubes. The fluid was then dialysed
against physiological saline to remove the rest of the sodium
sulphate, and diisopropylfluorophosphate ( DFP ) added to a
concentration of ID-SM to inhibit activated Cl, which might other-
wise destroy some of the C2 present. The washed sodium sulphate
precipitate was dissolved in a minimal quantity of ice-cold
distilled water, about 50 ml per pint of blood . From this point
on, care was taken to keep both the temggrature and the oxygen
tension of the preparation low. The separation of the globulins
as precipitated by sodium sulphate into euglobulins and pseudo-
globulins was achieved by exhaustive dialysis against 0,01M
phosphate buffer containing 0.002K EDTA, pH 5.6 The euglobulin
Afraction was separated by centrifugation at 1000g for 20 minutes
at 4°C. The precipitate ( euglobulin ) was washed twice with the
same buffer. The supernatant ( pseudoglobulin ) was brought to

pH 6.0 with minimal guentities of phosphate and DFP added to
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-3 ' .
10 "M to inhibit activated Cl which might otherwise destroy some
of the C4 present.

Preparation of C4 - 04 was prepared from the pseudoglobulin

Fréction of the sodium sulphate precipitate. It was first dialysed
against 0.01M phosphate buffer containing 0.075M sodium chloride

at pH 7.0 and conductivity of 7 mmho/cmz. A column of diethlyamino-
"ethyl ( DEAE ) cellulose was packed and equilibriated with the

same buffer, 500 ml of packed volume being allowed for each pint

of blood. The pseudoglobulin was then applied to the column and the
chromatogram was developed with a concave gradient rising to 1.5M
sodium chloride over two column volumss., C4 was eluted at a
conductivity of about 10-13 mmho/cmz, following the blue caerulo-
plasmin fractions. Fractions cnnfaining haenolytically active G4

( méthod of assay to be described later ) were pooled, OFP again
added to 10_3M, and concentrated using ' DIAFLO ' ( Amicon )
pressure dialysis equipment at 40C. The concentrated material was
then applied to a sephadex G-200 cpnlumn. Fractions containing
haemolytically active C4 were similarly pooled, treated with DFP,
and concentrated,

Preparation of €3 - Two methnds had been used in the preparation

of €3, In the first, the euglobulin Fréﬁ%ion of the sndium sulphate
precipitate was fractionated by inn-exchange chromatography on

DEAE cellulose, 300 ml of packed bed volume being allowed for each

piﬁt nf blopnd. The DEAE cellulose was equilibfiated with O.01IM

EDTA and 0.01M sodium azide at pH 7.0, with a conductivity of

6.5 mmho/cmz. The euglobulin fraction was dissolved in this buffer,
complete solution being asided by the drnpwise acddition of saturated
sodium chlpride if necessary. The conductivity of the solutipon was

adjusted to 6.5 mmho/cm2 either by dilution to a vonlume not exceeding
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100 ml per pint of blood or by dialysis against the phosphate
buffer. It was then applied to the DEAE celluloée column, followed
by two column volumes of the startiﬁg buffer. The chromatogram

was developed by a concave gradient rising to 0.3M sodium chloride
over two to five column volumes. C3 was eluted at a conductance

of 9-11 mmho/cmz. Fractions containing C3, as determined antigenically,
were pooled and refractionated on hydroxyl-apatite, 100 ml of
packed bed volume being used for each pint of blood with a starting
buffer of phosphate at pH 7.9, conductivity 10 mmho/cmz; The

sample was abplied direct fram the DEAE cellulose column following
adjustment of the pH to 7.9 The column was eluted stepwise at
three conductivities : 12.5, 14 and 17 mmho/cmz. C3 was eluted at
the 17 mmhé/cm2 step. The fractions were pooled and concentrated

as usual. This method was employed by Mrs. E. Sherington who
prepared C3 for general use in the complement labhoratory. C3
prepared by the second method was kindly donated by Mr. J. Majewski.
Polyethylene glycaol precipitation of whole human plasma was
performed according to the method of Prahl ( 1973 ). 1 part of a
15% solution of polyethyléﬁe glycol ( 4000 ) in PBS pH 7.4 at

room temperature was added to two parts of normal human plasma in

an ice-bath. This was done slowly so thét the temperature of the
mixture did not rise above 4°C. The suspension was then stirred
at 400 for 30 minutes and the precipitate separated by centri-
fugation at 6000 r.p.m. for 30 minutes at'4°c. To 2 parts of the

supernatant, 1 part of a 26% polyethylene glycol ( 4000 ) solution
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'in PBS pH!7;4 was added as befcre: The precipitate was separated

by centrifugation and dissolved in D:lM phosphate a2t pH 7. EDTA wes
added to 0.005M and DFP to ID"EM. This was then fractionated on DEAE
cellulose equilibriated with 0.025M phosphate buffer at pH 7 containing
D;OOSM EDTA. The chromatogram wos developed with a linear gr-dient
rising to 0.3M sodium chloride. Fractions containing C3, eluted at

a conductivity of 7 to 11 mmhc/cmz, were pooled, concentrated and
further frectionated by gel filtration with sepharose 48.

Preparation of C? - This wes performed by Mrs.E.Sherington. When

the euglobulin fraction of the sodium/sulphate precipitate wes
fractioned on DEAE cellulgse in the preparetion of C3, C7 was eluted
in the " breakthrough " pesk. The latter wes refractionated on a
column of DEAE cellulose equilibriated with 0,01 phosphate buffer
at pH 7 containing 0.002M EDTA and 25 per cent volume/volume
glycerol, Before application to the column concentration of the
sample was effected by dialysis against the'glycercl-ccntaining
buffer. 100 ml of packed bed vclume/were allowed per pint of blood.
The chrcmatogram was developed with a gradient rising to 0.2M sodium
chloride over five column vclumgs. C7 was eluted at a conductivity
of 2.0 mmhc/cmz; Further purificetion of C7 was achieved by chromto-
graphy on hydroxylapatite, starting wit%fﬁhcsphate buffer pH 7.9 at
3 mmho/cm2 and using 100 ml packed bed volume per pint of blood. A
gradient rising to 17 mmhc/cm2 was establishéd over five column volumes,

Fractions containing haemolytically active C7 were pooled and

concentrated.
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Preparation of C9 -~ A preparation of C9 was made by Dr. M.J. Hobart.

C9 was eluted late Frﬁm the same DEAE cellulose column used for

the preparation of G3 and C7 from the euglobulin fraction of the
sodium sulphate precipitate. The fractions were pooled, concentrated
and applied to a column of sephadex G—2OD..It was eluted in the
region of albumin.,

Preparation of C2 - The sodium sulphate supermatant was dialysed

against 0.01M phosphate buffer, pH 6.0, containing 0.01M EDTA. A
carboxymethyl ( CM ) cellulose column was packed and equilibriated
with this buffer, 500 ml of packed coiumn volume being allowed per
pint of blood. The dialysed sodium sulphate supernatant was then
applied to the column; The chromatogram was developed with a
§0ncave gradient rising to 0,3M sodium chloride; Haemolytically
active C2 was eluted at a conductivity of 5-9 mmho/cmz, pooled,
treated again with OFP to a final concentration of 10_3M, and

then concentrated. |

Preparation of Factor B - Factor B was eluted from the same CM

cellulose column used for the preparation of 82; Elution of Factor
B occured at a conductivity of 9-11 mmho/cmz. Factor B and G2 were
not fully separated on this column. It was usual to discard the
middle fractions containing both C2 and Factor B activity, while
the earlier and later fractions were separately pooled and
bopcentrated as 02 and Factor B respectively. The methods used to
detect functional CZ‘and Factor B activity will be described later.

Preparation of Factor D - Factor D was conveniently prepared from

the same CM cellulose column used for the fractionation of G2



598

and Factor B. On éompletion of the chromatogram with the gradient,
Factor D was obtained by elution of the column with the phasphate
buffer containing 0.3M sodium chloride. Haemolytic assay for
Factor D will be described later.

Preparation of C8 -~ Faor the preparation of 08, EDTA was not added

to the serum. Seodium sulphate precipitation was carried ocut as

usual at pH 6.0 The precipitate was harvested, redissolved in
distilled water, and then dialysed against distilled water, buffered
tao pH 6.0 with minimal quantities of phosphate, until the
conductivity was less than 3 mmho/cm?’The pH was raised tao 8.0

by addition of 0.IN sodium hydroxide. Rivannl ( 2—ethoxy—5;9—diamino-
acridine lactate ) wa s added with stirring in the cold te a
cancentration of 10 mg per ml. The precipitation was allowed to
praceed at 4°C aovernight with cantinuous stirring; The precipitate
was separated by centrifugation at 8000g for 20 minutes, the
supernatant being re-precipitated with a Fufther 10 mg per ml of
Rivanol. The sticky Rivanol precipitate was washed twice with an
ice-cold sclution of Rivanol at 2 mg per ml. It was then resuspended
in 200 ml of cold distilled water and potassium bromide added to

a final concentration of 25 mg per ml with stirring. This procedure
'competitiﬁely released the Rivenol from the protein in 5 to 8 hours.
The Rivanol bromide precipitate was separated by centrifugation

and wa#hed with a 25 mg per ml sclution of pﬁtassium bromide, the
washings being added to the supernatant. The latter was dialysed
égainst 0.01M phosphate buffer at pHG.0 containing 0.05M sodium

chloride and 0,014 sodium azide, conductivity 6.1 mmho/cmz. This



was then fractionated on a CM cellulose column equilibriated with
this buffer, 200 ml packed column volume being required for each
pint of blood. The chromatogram was developed with a concave
gradient rising to 0.3M sodium chloride over five column volumes.
The C8B was eluted late in the gradient, concentrated and further
purified by gel filtration with sephadex G-200,.

Preparation of C56 - By special arrangement with the Obstetric

Unit of the West Middlesex Hospital, London, smail samples of

blood were collected from mothers 3 to 8 days after a normal
spontaneous delivery. Serum was separéted as usual and treated

with yeast at room temperature overnight, as described later. The
yeast was removed by centrifugation and the supernatant was tested
for C56 activity ( method to be described later ). Samples containing
active C56 were then pooled and dialysed against 0.02M phosphate
buffer at pH 5.4 to allow the euglobulins to precipitate. The
euglobulin precipitete was separated by cenfrifugation and re-
dissolved in saline. The $56 euglobulin, contsining CE6, CB and C9
was used in the functional assay of C7, as described later. Further
purification of C56 was performed by Mrs, E. Sherington. This was
achieved by fractionation on DEAE cellulose, using as starting

buffer 0.01M phosphate, pH 7.0, with 0.05M sodium chloride and

25 per cent ( volume/volume ) glycerol. The chromatogram was developed
with a gradient rising td 0.25L sodium chlofide over five column
volumes. 200 ml of packed column volume were needed for euglobulin

from 100 ml of acute phase serum. The C556 was eluted late in the
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gradient, pooled, dialysed to remove the glycerol and concentrated.
It was then fractionated again on sephadex G-200,

Preparation of Cl - This was performed by Mrs. L., Hawkins for use

in the Cl inhibitor assay., 1 part of serum was diluted with 3 parts
of distilled water. The pH was adjusted to 7.4 - 7.5 with 1.0M
phosphoric acid or 1.0N sodium hydroxide, the ionic strength

'being kept as low as possible. This was chilled to DOC in an
ice-bath, the pH being checked. Precipitation was allowed to
proceed for one hour at 200, the pH again being checked periodically.
The precipitate was separated by centrifugation at 1000g for 10
minutes at 2OC, and re—-dissolved in 0.09 per cent sodium chleride
éolution, the volume being adjusted to that of the original serum.
The pH was brought down to 5.4 with 1.0M phaosphoric acid;
?1oc§u1ation was allowed to occur at 208, the precipitate harvested
as before, and re-dissolved in 1.8 per cent sodium chloride solution
to a volume about one-fFifth to one-tenth that of the original serum
and the pH adjusted to 7.2 with minimal buffering;

All complement components fractionated were
dispensed into small vials to be stored in liquid nitrogen until
use, when quick thawing was achieved by immersion in water at 3708.
A flow diagram for fractionation of theé; complement components

from whole human serum was presented in Figure 2.1
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Figure 2.1

FLOW DIAGRAM FOR FRACTIONATION OF COMPLEMENT COMPONENTS
FROM WHOLE HUMAN SERUM
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Assay of complement comnonents

Most dF the complement components were assayed
functionally using reagents depleted of the comnonent to be
measured, such reagents being traditionally referred to as ' R '
reagents, Sera with genetical complenment deficiencies formed a
new and often superior source of * R ' reagents.

Preparation of sensitised sheep erythrocytes ( EA ) - Babbit

anti-sheep erythrocyte IgM ( A ) was first titrated for haemolytic
activity using guinea pig serum diluted 1 in 50 as a source of
complement; 6 to 10 minimal haemolytic doses of antibody were
added to a 10 per cent suspension of sheep erythrocytes. The
latter were stirred at AOC far ;5 minutes. The cells were
sepqrated by centrifugation and washed twice with at least S0
volumes of complement fixation diluent { CFD ). EA should be
lysed within twa minutes at 37°C by 1/50 guinea pig serum ( 50 pl
of 1% EA in 0.2 ml of 1/50 guinea pig serum ).

Treatment of serum with yeast - Béker's yeast was treated by a

modification of the method of Hadding ( 1967 ) and titrated
according to the method of Lachmann & Liske ( 1966 ). A stock
suspension of yeast was prepared and titrated by members of the
staft of the M.R.C. Research Group on Serum Complement for
general use in the laboratory. Treatment of guinea pig serum
with the titrated amount of yeast at 3700 For 45 minutes resulted
in almost complete depletion of C3 and C5 while leaving Cl, C4

and C2 unaffected. After centrifugation to remove the yeast, this

was used as guinea pig ' R3 ' reagent. Human serum similarly
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treated with 25 per cent of the amount of yeast used for treating
guinea pig serum retained considerable C3 activity, After centri-
fugation to remove the yeast, this was used as human ' R3 ' reagent.
For the preparation of C56, treatment of acute phase serum at room
temperature overnight rather than at 37°C for 45 minutes yielded
better results.

Preparation of EAC142, EAC14, and EAC4 - Guinea pig ' R3 ' reagent

made with yeast was titrated as detailed by Lachmann, Hobart &
Aston ( 1973 ). To make EAC142, 1} EA was First warmed to 37°C
with stirring. The titrated amount oé guinea piQ ' A3 ' reagent
was added and stirring continued for exactly 5 minutes. The
suspension was rapidly chilled to U—ﬂaC in an ice-bath. The cells
were separated by gentle centrifugation, washed twice in ice-cold
CFD, and finally resuspended to 1%. The amount of guinea pig ' R3 '
reagent used should not lyse the EA on its own and 50 ul of 1%
EACLA2 so made should be lysed within 2 minutes by 0;2 ml of
guinea pig serum diluted 1/50 in PBS/EDTA. To make EAC14, EAC142
were stirred at 37°C for 90 minutes in the presence of CFD diluted
with an equal volume of a 9% sqlution of sucrose to lower ths
ionic strength. The cells were harvested by washing twice in the
same diluent. To make EAC4, EAC142 weré‘;tirred at 3700 for 90
minutes in P8S/EDTA and similarly harvested.

Preparation of EAGC1423, EACA3 ( antrypol ) and EAC143 { antrypol ) -

o]
5 ml of 1% EA were warmed to 37 C with stirring. 0.5 ml of human
' R3 ' reagent made with yeast was added and stirring continued

for 75 seconds. 0.1 ml of a solution of antrypol ( 50 mg per ml )
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was added with further stirring for 2 minutes. The cells were
washed twice in CFD and used as EAC1423 ( antrypol ) on which the
C3 was in the hasmolytically active state permanently resistant

to the action of the C3b inactivator. On storage, both Cl and C2
were lost, the intermediate being in actual fact EAC43 ( antrypol ).
To make EAC143 ( antrypol ), freshly made EAC1423 ( antrypol )

.were washed twice and resuspended in CFD diluted with an equal
volume of a 9% solution of sucrose. This was then stirred at 3700
for 90 minutes and washed twice with the same diluent.

Ammonia treated guinea pig serum ( C--NH3 or guinea pig ' R4 ! ) -

A 14% solution of 880 ammonia was made in Qater. 1 part of the
dilute ammonia was added to 19 parts of normal guinea pig serum

to be incubated at 37°C for 45 minutes. The pH was restored to 7.2
with normal hydrochloric acid,

Potassium thiocyanate treated guinea pig serum { C-KCNS ) - This

- reagent was depleted of C3, C4 and CS. Guinéa pig serum was chilled
to a°c and an equal volume of cold i.DM potassium thioccyanate

added dropwise with stirring. The mixture was made to 15mM with
hydrazine and incubated at 3708 for 45 minutes. It was then dialysed
against CFD in the cold.

Normal human serum depleted of Factor B - Normal human serum was

heated to 50 C for 15 minutes.

Normal human serum depleted of Factor D - Normal human serum was

applied to a sephadex G-75 column and the exclusion peak was used
as a source of ' RD ' ( Martin et al 1975 ). This was prepared and

kindly donated by Dr. L Halbwachs.
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Preperation of EC567 - The equivalent doses of C56 and C7 were
first determined by titretion. Twe rows of dilutions of C56 weré
made. To the first row, a dilution: of C7, estimated to be less tham
the equivalent to the highest concentration of C55, was added to be
incubated at 3700 for 5 minotes. To both rows 0.05 ml of 1 per cert
guinea pig erythrocytes was added with mixing. 0.1 ml of human serum
diluted 1 in 100 on PBS/EDTA was then added to each tube. Incubation
at 37°C was continued for 38 minutes. The last tuhe in the second row
to show lysis gave the fitre of C56. In the first row, the first tube
not to show lysis contained Jjust an excess of C7 over 056 and gave
the equivalence of the two reagents. To meake 50567, 5% guinea pig
erythrocytes were stirred at 3?08. 10 minimal haemolytic doses of
C56 were added follaowed by an eguivalent daose of C7. Stirring was

(<] —
continued for S5 minutes at 37 C. The EC567 were washed twice in PBS.

Haemolytic test in tube -~ Serial dilutions of the samnle to be tested
were made in 0.2 ml of CFD or PBS/EDTA. After addition of the appro-
priate reagents, incubation was carried out st 3700 for 30 minutes.
The reaction volume was usually around 0.3 ml containing 0.05 ml of

a 1% suspension of the appropriate cells. The amounts of the sample
which hzemnlysed 50% of the cells added was designated at 1 CH50 unit.
Accurate measurement of haemolysis was made by estimaﬁicn for hae-
moglaobin spectro~-photometrically at 415 nm in the supernctant fluids
after centrifugatirn of the tubes. In prectice, =n approximate
estimete of 50% lysis could be conveniently made by comparing with
fhe naked eye the colour of the supernctants with that of a S0%

haeralysis tube prepared by lysing the same number of red cells with
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a volume of distilled water twice that of tha reaction mixture.

Haemolytic test in plate -~ 1% or 0.5% of cells end the appropriate

reagent(s) were incorporested into 1.2% agarose containing CFD or PBS/
EDTA at 4200. The mixture was immediately poured onto a glass plate,
avoiding 211 unnecessary heating., 10 ml of mixture were used for a
8.2 x 8.2 cm plate. Wells with a diameter of 3mm were cut ernd 8 ul

of the sample to be tested were placed in esch well. Several dilutions
of a standard ( ususlly normal human serum ) were included in each
plate. The =samples were allowed to diffuse radially overnight at

doC. Aings 6% haemolysis were developéd by incubesting the plate.in

a 3700 oven. The areas of haemolysis were enlarged and traced on
paper to be measured with a planimeter. A stenderd curve was obtained
by plotting the areas of heaemolysis against the logarithm of the

dose of thz standard and the activity of the samples was then
expressed as a percentage of that of the standsrd. This was con—.
veniently done with o progreamme on = Hewletf—Packard 910C8 calculztor.
For tests emnloying reactive lysis“; the plates could be left at room
temperature overnight to allow diffusion and hzemolysis to take place
simultaneously., |

-Assay of totel haemolytic complement - The 50 per cent haemolysis

time assay was uséd. The reaction mixture consisted of 0.5 ml of
0.1 per cent EA and 0.5 ml of the test serum diluted 1 in 40, Both
were prewarmed to 3700 and mixed repidly in a2 4 mm x 1 cm cuvette
and incubated at 3708 in a Unicam SPSUO'spectrophotometer with the
fhermostatically controlled four-cuvetts changer and a plotter, The

reaction was followed at 630 nm where haewolysis was seen as reduction
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in the optical density. A 0 per cent and a 100 pe: cent hsemolysis
tube were inleded. The time required to obtein 50 per cent hzemolysis
was recorded. Using normal human serum, a standard line was plotted
on log-ing paper of the 50 per cent haemolysis time against the number
of CHSO uniis present in the diluted sample. From this line the number
of CH‘5O

plication with the dilution factar.

units per ml of the test serum could be obtained after multi-

Test for Cl - Two methods wers used for the functional ascay of C1l

( 1) Haemolytic assay in tube - The sample to be tested was incubated
with EACa»in CFD for ‘15 minutes at 3?00. 10 minimal haemolytic
doses of a purified preparation of C2 were then edded snd incubat-

ion continued at 3700. for another 5 minutes., This would lead
to the formation of EAC1l42 if Cl was present. A 1/50 dilution
of guinea pig serun in PB5/ENTA was then added and haemolysis
read after 30 minutes at 3700.

( 2 ) Esterase assay - The =ctivity of Cl as an esterase could be

measured with a Radiometer pH-stat autom=tic titrator. A 2;5 ml
burette containing W/SD sodium hydroxide was used for titration
“”The reaction mixture consisted of 0.85 ml saline plus 0.05 ml
1.0M N-acetyl-L-tyraosire ethyl ester ( ATEe ) dissolved in
methyl cellealve. The pH of this mexture was first adjusted
to 7.2 with the titr-tor and 0.05 ml of the test sample then
added, Temperature was kent at 3700. The amount of alkali suded
‘to keep the pH at 7.2 after a peridd of time was recorded and
the rate of hydrolysis thus calculnted. One unit of esterase
activity was defined as that which hydrolysed ImM of the sub-

strate per minute,



Test for C4 - The renction mixture was formed by EA and a 1 in 20
dilution of C4 deficient guinea pig serum in TFD. The presence of G4
in the test sample would result in haemolysis. The test could be done
in tube or plate.

Test for C2 - Two methods were used.

( 1) Using C2 deficient human serum - G2 deficient human serum diluted

1 in 20 in CFD was used with EA in the reaction. Haemolysis in
this system would depend on the presence of C2 in the tast
sample, Both the tube and plate method could be used.

( 2 ) Using EAC143 ( antrypol } - Serial dilutions of the test sample

were made in GFD to which EAC143 ( antrypol ) were added for

incubation at 3700 for 5 minutes. The presence of C2 led to

the formation of EAC1423 ( antrypol )} which would be indicated

by haemolysis after incubation at 3700 for 30 minutes in the

presence of a 1/50 dilution of guinea pig serum in PBS/EDTA.
Test for C3 - Two methods had been used For'the assay of C3.

( 1 ) Heemolytic test in tube - Serial dilutions of the test semple

were made in 0.2 ml of CFD. EAC142 and a dilution of guinea- pig
hd which did not lyse the former cells were added, Haemolysis
after 30 minutes at 3708 gave a measure of C3 in the test
sample. This ﬁethod cannot be used in a plate because EACl42

is very labile.

( 2 ) Antigenic assay for C3 - This was done by the method of " Rocket

immunoelectrophoresis " to be described in a later section,
Sheep anti-human C3 was incorporated into the agarose.

Test for C5 - The reaction mixture was formed by FAC43 ( antrypol )

and a 1 in 200 dilution of C-KCNS. Haemolysis in this system required



the addition of C5. The test was done either in tube or in plate. The
diluent used was CFD,

Test for 06 - The reaction mixture wes formed by EACA3 ( antrypol )

and a 1 in 30 dilution of G6 deficient rabbit serum. Haemolysis in
this system gave a meazsure of 06 added in the test sample, CFD was

used as diluent.in eithar the tube or plate method;

Test for 07 - C56 euglobulin made from acute phase sera as described
in the prepsration of G358 contained, in addition to G55, G8 and G9.
Vihen it was mixed with guinea pig érythrocytes, rzactive lysis would
depend on the presence of 07 added in fhe test sample, This was most-
conveniently done in a plate using PBS/EDTA as diluent , and containing
0.5} of guinea pig erythrocytes with 10 minmal haemolytic doses of C56
euglobulin,

Test for 08 - 0.05 ml of 1¢h £C0557 was added to serial dilutions of

the test sample in PBS/EDTA. A dilution of purified C9 was added and
haemolysis after 30 minutes at 37°C gave e méasure of G8. This test
could also be done on an agarose pléfe containing 0;5% EGC567 and 10
minimal haemolytic dbses of G9.

Test for 09 -~ The test was similar to that for C8, except that 10
minimal heemolytic doses of purified C8 were used instead of G9 in

the reaction mixture.

Test for Fector B - This method was newly developed by tartin &

Lachmann ( Kartin et sl 1975 ). It dapends on the activetion of the
alternative pathway by magnesium in agarose containing ethyleneglycol-
bis~ ( beta-amino-ethyl-ether ) N,N'-tetraacetic acid ( EGTA ) which
selectively chelates calcium and allows only the alternative pathway

to be activated. All the'FactDrsArequired with the exception of
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Factor B.were supplied by normal human serum which had been heated
to SDOC for 15 minutes. Thus in an agrose plate were incorporated.
PBS with 10 mM EGTA, 7 mi magnesium chloride, 1 in 20 heated sefum
and 0;75% guinea pig erythrocytes. The presence of Factor B in the
test sample added to the wells would be indiczted by reactive lysis
of the guinea pig erythrocytes. The plate was usually left at 490
6vernight and warmed to 37OC in an oven for 2 toc 4 hours;

Test-for Fector D - This follows the same principle as for Fector B

and the method.was developed by Halbwachs & Lachmann ( Martin et al
1975 ). instead of heated human serum, the exclusion peak of normal

human serum passed through a sephadex G-75 column was used to supply
all the components of the alternative pathway with the exception of

Factor D ( molecular weight only 22,000 ).

Ci inhibitor assay - 0.1 ml of the sample to be assayed, 0;85 ml cf saline

and 0.05 ml  of 1M solution of ATEe were mixed and stirred at_37oC .
A pH-stat titrator employing M/S0 sodium hydfoxide as titr-nt was
used. A preparation of Cl was added“in 10 pyl drops and after e=ch
addition 2 minutes were allowed to elapse to see if any hydrolysis

of the substrate occurred. The first apperrance of hydrolysis was
tzken as the endspoint of the titretion.gthe C1 inhibitor activity
was then exoressed és a percentage of that of normal human serum. The
concentretion of the Cl was adjusted so that with 0.1 ml of a normal

human serum about 200 pl of Gl were reguired. This allowed a sensitivity

of detection of 5% of the normal value.
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Electrophoretic technigues

" Rocket immunoelectrcnhoresis "

This technique , first developed by Learell ( 1966 ),
was used for the estimation of proteins with a charge differing from
thzt of antibody proteins. In this study it was used for the antigenic
quantitation of C3. Agarose containing veronal buffered saline pH 8;6
mixed with an appropriate amount of the antibody ( sheep anti-human
C3 at 1 per cent ) was poured onto = plzte. Holes ( 2.mm diameter and
at least 8 mm apart ) were cut along one side of the plate and filled
with the test-samples. Several dilutioas of a standard ( normal human
serum ) were included. Electrophoresis was peerrmed with a potential
drop of 10 volts per cm., the holes being nerrer the cathode.
Electrophoresis was complete after 2 to 3 hours. Migrating peak-formed
precipitation zones originating from the circular wells weras developed.
The plate was washed in saline and then distilled water, dried at Toom
temperature after being covered with a piecelof moistened Whatman 52
filter paper and stained with amido black. Destaining wes achieved
with a 2 per cent acetic acid soluticn in 50 per cent methanol. These
peaks weres énlarged onto paﬁer and the distance from the origin to

the peak measured. A standard line was then plotted of the height

of the peak against-the concentration of the standard. The concentra-
tion of C3 present in the test samples was then expressed as a per-—
centage of the standard.

Antiagen-antibody crossed electrophoresis ( Two-dimensicnal immuno-

electro-horesis, the Lzurell technique )

This method, first developed by Laurell & Lunch ( 1967 )
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was used for the quantitation &f conversion of C3 into fragments with
faster electrophoretic mobility, C3b, C3c and sometimes C3d. Electro-
phoresis was performed in agarsse-using veronzl buffered saline, pH 8.6,
containing 0.01IM EDTA. The first dimensicnal electrophoresis performed
with a potential drop of 10 to 15 volts per cm, was complete in 1.5
hours. Longitudinal strips along the direction of the first electro-
phoresis we;e cut Aand transferred to a 8.2 x 8.2 cm glass slide onb
which were poured 10 ml of agarose with the same veronal buffered
saline but containing in addition 1 per cent of sheep anti-human G3.
The second dimensional electraophoresis was performed perpendicular

to the first, using a voltage of 10 volts per cm. This was complete

in 3 hours. The plate was washed, dried and stained as usual. The
precipitation peaks corresponding to native C3 and ( C3b + C3@ + C3d )
were enlarged onto paper. The two peaks were resolved by eye, the area
of eesch measured with a planimeter and the percentage of C3 conversion

calculated,



Protein Determination

This was done according to the Folin method. 50 parts
of a 2% solution of sodium carbonate in 0.1N sodium hydroxide were
mixed with 1 part of a 0.5} solution of copper sulphate containing
1% sddium potassium tartrate. To 1 ml of this solution was added
0.2 ml of the sample to be tested, estimated to contain 5 to lOO'pg
of protein. The mixture was left at room temperature for 10 minutes.
0.1 ml of Folin & Ciocalteu's phenol reagent ( BDH laboratory
reagents ) diluted with an equal volume of distilled water was then
added. After 30 minutes, the absorbance was read at 700 mp. A
standard curve employing bovine serum albumin mas plotted. The
amount of protein present in the sample was then read from the

curve.
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Introduction

Activation of the clazsical pathwey of complement
fixation by antigen-zntibody interaction as a method of decomple-~
mentation is unlikely to be of potential therapeutic value because
of ths well known pathological effects of antigen-antibody complexes.
These latter effects may be avoided by activ-oting the classical pathway
in the fluid phase in the absence of antibody. As reviewed in Chapter 1,
this may be ~chieved By a number of ;gents through their action on
Cl ( deoxyriuonucleic acid, polyinosinic acid, kininogenzse, plasmin
and trypsin ). However, these agents are inefficient in cleaving T3
and activating the late components. Their action 6n whole serum is
subject to the effects of physiological inhibitors. Furthermore
proteolytic enzymes are not suitable for use in vivo because of
their indiscriminéte effect so far as proteins are concerned.

It is possible to form the classical pathway C3 converéase
{ ca2 ) in the fluid phase by rescting C4 wiﬁh C2 in the presence
of activated Cl and magnesium ions ( Muller-Eberhard, folley &
Calcott 1967 ). G4 and C2 tend to interact in free solution to form
a reve;sible protein-protein complex which is converted to a more
"stable" complex with C3-cleaving activitx by the action of Cl. This
enzyme complex, however, is characterised by its pronounced lability,
which had hitherto presented a great problem in the characterisation
of the enzyme in vitro. In exploring the effect of sulphydryl reagents
on the haemolytic activity of human G2, Poiley & Muller-Eberhard ( 1967 )

found that , by defined chemicnl modification of the G2 molecule,

it was possible to generate a much more stable C3 convertase, both



in the fluid phase and bound to sensitised erythrocytes. This was
associated with a greater than ten-fold enhancehent of £2 hzemolytic
activity. The "half-life" of the EAC142 generated with modified C2
was found to be 150 minutes at 3200, compared to 9 minutes when
unmodified 02 was used. Similarly, in the fluid phase, the "half-life"
of C42 was prolonged from 17 minutes at BSDC to 200 minutes by
chemical modification of C2. The latter was achieved by treating C2
with a critical concentration of iodine at a pH of 6.0 TEe effect

. of iodine was attributed to oxidation of one or more sulphydryl
groups within the C2 molecule. Such a strong and stable C3 convertase
formed in the fluid phase vwould be a very promising ag?nt for
inactivating complement by consumption, Besides circumveﬁting the
possible pathogenetic effects of én antigen-antibody interaction,

aé a ﬁolecular complex derived from human complement components, it
would be expected to pose a far less serious pfoblem of antigeniciiy
as in the case of cobra venom factor.

Experiments will first be described on the formation
of a stable C3 convertase using oxidised C2. The effectiveness of
this eﬁzyma as a decomplementing agent will next be tested in vitro.
I shall then proceed to examine ﬁhether the observed in vitro effects

could be produced in vivo.
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Oxidation of C2

Reagents

G2 was fractionated from whole serum as described
in Chapter 2. The activity of the preparation as tested on a
haemolytic plate was 2.4 times that of normal human serum. Assuming
the concentration of 82 in the latter to be 30 pg per ml, this
ﬁreparation was estimated to contain 73 pg of haemolytically active
C2 per ml, It had a protein concentration of 0.65 mg per ml, and
was contaminated complement-wise by trace amounts of C5, C6, C7, C8
and C9. ‘

A stock solution of 5 x 10_3M iodine was made in

distilled water containing 0.25M potassium iodide.
P;ocedure p ' ;

Tfeatment of C2 with iodine was carried out according
to the method of Folley & Muller-Eberhard ( 1967 ). Care was taken
to render all reactants free of sodium azide; which was found to
inhibit this reaction. The C2 preparétion was first dialysed against
PBS at pH 6.0 The stock solution of iodine was diluted 100-fold in
PBS pH 6.0 Equal volumes of this solution and the C2 preparation
were mixed and allowed to stand at room temperature for five minutes,
A knife-edge of glucose was then added tﬁ stop the reaction. Oxidised

C2 could be stored in liguid nitrogen.

Haemolytic activity of oxidised G2 ( oxyG2 )

C2 haemolytic activity was first estimated in tube

qéing EAC143 ( antrypol ). The activity of oxidised G2 was compared
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to that of the unmodified G2 preparation mixed with an equal volunme
of PB5 at pH 6.0 at room temperature for 5 minutes, at the end of
which glucose was similariy added., It was found that while the

unmodified C2 preparation had 2,700 CH., units of G2 per ml, the

50

oxidised C2 had 24,300 CH units per ml. Enhancement of G2 haemolytic

50
activity as tested an EA0143 ( antrypol ) was thus of the order of
ﬁine—Fold.

Another method was used to test the activity of €2,
using EAC14 prepared by sequential treatrent of EA with Cl and C4.
The latter two components were fractionated from whole human serum
as described in the preceding Chapter. The Cl preparztion was estimated
to contain an esterase activity of 0.44 units per ml, with a protein
cpncentratinn of 8 mg per ml. Its complement contaminants included
€3, G5, €7, C8, bQ and Factor D. The haemolytic activity of C4 in
the preparation was found to be only 20 per cemt of that of normal
human serum, This was accounted for by the ektreme lability of C4,.
C4 freshly pooled from the sephadex G-200 column and concentrated
had a haemolytic activity 2.5 times that of normal human serum.
After being frozen in liquid nitrogen and subsequently thawed, only
10 per cent of the original haemolytic ac?ivity could be detected.
This loss of activity was praportinnal to the duration of storage
in liquid nitrogen, four to five months being sufficiént to cause
almqst total inactivation. Assuming the normal concentration of C4
in whole serum to be 450 ug per ml, this prepsration as used in the
e#periments was estimated to contain 90 pg of €4 per ml., Its protein

content was 1.3 mg per ml, C8 and C9 being the only contaminants so

far as complement was concerned,



-3
(v

EAGla vere prepared as follows. EA were suspended to
1 per cent in CFD diluted with an equal volume of a 9 per cent solution
of sucrose in distilled water to keep.the ionic strength low. Cl was
added and the suspension was stirred at 37°C for 15 minutes. The cells
were washed once in the same diluent and a dose of C4 vas fhen adcded
for incubation at 3700 for another 15 minutes. The sample to be
tested for C2 was then added and incubation at 3708 continued for
anéther 5 minutes. The mixture was immediately cooled to OOG and tte
supernatant removed after centrifugation. The formation of EACl4Z2
wa tested by adding guinea pig serum diluted 1 in 50 in FBS with
0.01M EDTA. Hzemolysis after incubation at 37°C for 30 minutes
indicated the presence of G2 in the test sample. The amounts of Cl
and C4 usgd in making EAC14 were first determined by titration
using an excess of C2. To make 4 ml of 1% EAC14, an amount of C1l
corresponding to 0.02 unit of esterase activity and 20 ug of T4 were
found to be sufficient. Using this method, the haemolytic activity
of C2 treated with iodine was compared to that of C2 treated with
the phosphate buffer only. The results were shown in Table 3.1 The
amounts of C2 or oxidised C2 added to EACl4 were plotted on log-log
paper against the function y/l—y., where y represented the percentage
of EAC14 lysed in the test., An example oF/such a plot was shown in
Figure 3.1 A straight line was obtained in either instance. Vhen
50% of the cells were lysed, y eaualled 0.5, and y/l-y equalled 1.
From the graph, the amount of untreated C2 required to produce 50%
haemolysis of 0.1 ml of 1% EAC14 ( corresponding to 2.5 x 107 cells )
was 2.8 pg, while that of oxidised 02 was 0.83 pg. Thus a 3.4-fold
enhancement of haemolytic activity was achieved by oxidation as

tested an EACl4,
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Table 3.1 - Percentage haemolysis of 2.5 X 10 ° EAC14 produced by

varying amounts of C2 and oxidised C2

Amount ( Mg ) % haemolysis
c2 0.18 12,5 %
0.36 : 18.8 %
0.72 T 31.3 %
1.44 37.5 %
2.88 . o 50.0 %
oxy C2 0.05 - 128 %
0.69 : 18.8 %
0.18 25.0 %
0.37 37.5 %

0.74 ' 50,0 %
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Rate of formation and decay of EAC142 and EACIdoxy2

Again this was tested using both EAC143 ( antrypol )
_and EAC14.

EAC143 ( antrypol )} were made as usual and divided
into two halves. fo one an amount of oxidised C2 estimested to be
just insufficient tc cause complete lysis of the cells was added,
while an equal amounf of G2 was added to the other. Incubation was
carried out at 37C. Aliquots were removed from each mixture at
intervals and the activity of EAC1423 ( antrypol ) or EACldoxy23
( antrypol ) so formed tested as usuallwith guinea pig serum diluted
1 in 50 in PBS/EDTA. The percentage of cells lysed in each aliquot
was piotted against the time of incubation at 3700. The results of
this experiment were shovn in Figure 3.2 Maximal formation of both
EAC1423 ( antrypol ) and EACldoxy23 ( antrypol ) was achieved in
5 minutes. The cell intermediate formed with oxicdised C2 was much
more stable at 37°C than that formed with untreated G2. The time
of incubation at 3700 required to halve the percentage of the cells
subsequently.lysed by guinea pig serum in EDTA was 4 hours in the
case of oxidised €2, compared tp only 40 minutes in the case of

untreated C2.

—_

A similar experiment was performed using EACl4., EAC14
made with optimal amounts of Cl and C4 were prepared as described in
the preceding section and divided into two haives. To one, an amount
of oxidised €2 estimated to be just insufficient to caused complete
lysis of the cells was added. An equal amount of untreated G2 was

o
added to the other. Both mixtures were incubated at 37 C., Aliquots

§2
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Figure 3.2 DECAY OF EAC 1423 AND EAC 140XY23
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were removed at intervals to test for the activity of EACl42 or
EACJdoXyZ as indicated by hezemolysis praoduced by guinea pig serum
diluted 1 in 50 in PBS/EDTA. The percentage of haemnlysis in each
aliquot was similarly plotted against the duration of incubation
at 37°¢c yas shown in Figure 3.3 laximal formation of EAC142 took
about 2 minutes, while for EACldoxy2 it took about 5 minutes. The
EACldoxy2 so formed were again more stable than the EACl42. The
"half-1life" of EAC142 at 37°C vas only about B minutes while that

of EACl4oxy2 was increased to 65 minutes.

84



Figure 3.3 DECAY OF EAC 142 AND EAC 140XY 2
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Formation of fluid phase C42 using oxidised G2 ( ClAoxy2 )

The fluid phase GC3 convertase was formed from its
constituents as follows. The Cl preparation was activ-ted auto-
catalytically by incubcting with an equal volume of distilled water
at 37°C for 15 minutes. C4 and C2 ( or ogidised C2 ) were mixed at
3708 in PB5, pH 7.2, containing 0.5mM of magnesium chloride. The
activated Cl was then edded to the mixture to be incubated at 3700
for 2 minutes when untreated G2 was used, or 5 minutes when oxidised
C2 was used. The activity of C3 convertose so generated was tested by
adding the mixture to a preparation ovaS which contained 1.2 mg of
C3 per ml as determined by "rocket:.immunoelectrophoresis ". Incubation
was carried out at 3708 for 45 minutes. The amount of C3 conversion
produced was then quantitated using the Laurell technique of two-
dimensional immuﬁoelectrophoresis, as described in Chapter 2.

The optimal amounts of Gl, G4, C2 or oxidised C2 to be
used in the formation of C3 convertase were determined by titrations,
employing in each instancz an optimal amount of the other two components.

Titration for G1

Varying aounts of activated Cl wers added to a series
of tubes each containing 0;2 Mg of C4 and 1.5 pg of oxyC2 diluted in
PBS with 0.5m4 of magnesium chloride at S;OB. Incubation of the
mixture was continued for 5 minutes. 60 pg of G3 were then added to
each tube. After another 45 minutes at 37°c the percentage of C3
converted was deternined by the Laurell technique. The results were
shown in Table 3.2 Maximal C3 convertase activity was generated with

1;1 P 10_3 units of CL under these experimental conditions. A " prozone "

effect was observed as the C3 convertsse activity decrcased with
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Table 3.2 - Formation of Cdoxy2 with 0.2 ug of C4 and 1.5 ug of oxyC2 -

Titration for C1

Amount of C1 % conversion of
( units ) 60 ug of C3
1,796 x 1072 47.4 9%
8.8 x 1073 | 56,7 %
4.6 x 107 _ 58.8 %
2.2 x 1073 ] 64.9 %
1.1 x 1073 © 92,9 %
5.5 x 1077 " 51.9 %
2,75 x 1074 - 50.0 %

0 " | 5.0 %




incrensing doses of Cl. Incubation of the C3 preparation with the

‘buffer on its own resulted in 5 per cent conversion as was the case

when incubated with only C4 and oxyC2 in the absence of Cl.

Titration faor C4

This was carried out in a similar manner, employing
1.1 x 1073 units of CGI and 1.5 Mg of axyC2 in each mixture. C3
convertase activity was gssessed by feacting each mixture with 60 pg
of CS. The results werzs shown in Tabie 3.3 0.23 pg or 0.45 pg oF G4
was found to produce maximal C3 convertase activity. Again a " prozone "
effect was abserved with ingreasing dosed of 4. In the absence of C4
the mixture of C1l and oxyC2 preduced only 9,.5% Eonversion ar the C3.

Titration for 52 and oxyCZ2

The ability aof 02 and oxyC2 to genmerate C3 convertase
with Cl and G4 were compared. 1.1 x 107 3 units of Cl and 0.2 pg of
C4 were used in each reaction. After addition of 02 or oxyCzZ, incubation
at 37°C was carried out For 2 minutes in the former case, and 5 minutes
in the latter., Each mixture was then reacted with GO pg of 3 and the
percentage af conversion of the latter messured. The results were
shown in Table 3.4 Untrected C2 was found to be much less efficient
in generating C3 canvertase activity with C1 and C4 compared to oxidised
C2., In Figure 3.4 , the percentage of 03 canvertase was plotted against
the:logarithm of the amount of G2 or oxidised $2 used. A straight line
was produced with either 02 or oxidised C2. It could be seen readily
that to produce 20 per cent canversion of GO fEiss of C3, appraxim=ately-

3 pg of C2 were required in cantrast to only 0,03 pg of oxidised G2,

Thus the enhancement by oxidation of the activity of C2 in generating



Table 3.3 - Formation of CAoxyd with 1.1 x 107 units of C1 and

1.5 pg of oxyC2 - Titration for C4

Amount of C4 % conversion of
( pg ) 60 pg of C3
1.8 | k 39.4 %
. 0.9 50.8 %
p.s 70.0 %
0.2 . 67.6 %
0.1 ) 52.8 %




Table 3.4 - Formation of C3 convertase with 1.1 x 10-3 units of C1

and 0,2 pg of C4 - Titration for C2 and oxyC2

o/ .
Amount ( pg ) % conversion of

60 pg of C3
c2 1.5 14.6 %
2.3 ) 15.8 9
3.0 19.5 %
oxyC2 0.02 11.9 %
0.05 27.5 %
0.09 ‘ 35.0 %
0.19 42,9 %
0.38 56,5 %
0,75 | 63.8 %
1.5 75.2 %

No C2 or oxyG2 5.0 %
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C3 convertase was of the order of one hundred-fald. However, this
factor of enhancement might be more apparent than real as the instability
of CAZ compared to C4oxy2 must also be taken into account.

Rate of formatiaon and decay of C42 and Choxy?

Optimal amounts of C4 and oxyl2 were mixed at 3700 in
PBS containing 0.5mM magnesium chloride. A similar mixture was set
up but using instead of oxyCZ2 twice the amount of unoxidised C2. To
each mixture aﬁ optimal dose of activated Cl ws=s added and incubation
at 37°C was continued. Alinuots estimated to contain 1.1 x 10-3 units
of C1 y 0.2 pg of C4 and 1.5 pg of oxyC2 or S.Blug of C2 were removed
from each mixture ot intervals and reacted with 60 pg of C3 at 3703
for 45 minutes to determine the activity of the C3 convertase. The
results were shown in Table 3.5 and Figure 3.5 Two minutes weré

sufficient for maximal formation of C4?2 and Cloxy2. The rate of decay

of CAaxy? was slower than thzt of C42. The time token to halve the
amount of C3 conversion produced by the Former -was approximate=ly 90

minutes, while in the case of the latter it was only about 3 minutes.

To summarise, it was found that resctinon

between 1.1 x 10—3units of Ci, 0.2 pg of 94 and 1.5 pg of oxidised

G2 produced a C3 convertase with optimal activity, capable of converting
about 70 per cent of 60 pg of C3 into its electrophoretically faster-
moving fregrments. To Facilitate presentaticn,.the activity of the
enzyme formed with thesz amount of Ci, C4 and oxyC2 was arbitrarily:

designated as one unit.



Table 3.5 - Rate of formation and decay of C42 and Cdoxy?

Time of incubation % C3 conversion % G3 conversion
at 37°C ( minutes ) by G432 by Gloxy2
2 12.1_% 61.1 %
7 3.0 % -
10 : - 54.6 %
15 1.3 % -
20 - . 47,8 %
30 | _ o: 4% 43,5 %
i 60 . 31.1 %
90 | - - 30,5 %

180 - ' 6.7 %
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Reaction of Cdoxy2 with normal human serum

In studying the reaction between Cdoxy2 and whole hunan
serum, the relntionship between the dose aof enzyme and the mcgnitude
of C3 conversion produced in the serum was first determined. Next
the time course of this reaction was followed with respect to the
changes in complement activity associated with decomplementation.
This experiment was then repeated in the presence of 0.01M EDTA to
éxamine the possible reinforcement of this reaction by the generation
of more C3 convertase, an event likely to occur through activation
of the C3~feedback cycle.

Relationship between dose of Udoxy? and magnitude of C3 conversion

1, 0.75, 0.5 and 0.25 unit of pre-formed Cdoxy?2 was
added to 50 Fl of normal human serum estimated to contain 60 pg of
G3. As a control, the same volume of FBS containing 0.5mM magnesium
chloride was added to 50 pl of serum. Incubation was carried out at
3700 for 90 minutes; The percentage of C3 converted in each sample
was determined by the Laurell technique. In the control, normal human
serum incubzted with the buffer on ifs ﬁwn for 90 minutes resulted
in 10% C3 conversion. The percentages of C3 conversion produced by

1, 0.75, 0.5 and 0.25 units of Cdoxy? were 87.3h, 79.5%, 64.7h and

39.8% respectively. These results were shown in Figure 3.6 in which

the percentage of 03 conversion was plotted against the logarithm of

the dose of Cdoxy2. Thus a linear relationship was found.

Time course of the resction
' — °
Pre-formed Cdoxy?2 was incubated at 37 C with normal
serum in the proportion of 1 unit of enzyme to SD)JI of serum

( contéining 60 Jals; of C3 ). As a negative control, a volume of PBS
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Figure 3.6
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containing 0.5m4 of magnesium chlcriae the same as th=t of the
enzyme was similarly incubeted with the same amount of serum. As a
positive control, normal human serum was trected at 3760 with an
amount of yeast titrated to producer an optimal human " R3 " reagent,
as described in Chapter 2; Aligouts were removzd fram each re=ction
mixture at intervals of time and the following tests were done, the
yeast present in the positive control samples being removed by centri-
fugation : i
( 1) Percentage of G3 conversion as determined by two-dimensional
immunoc%ectrcphoresis;
( 2 ) Total haemolytic complement as determined by the time assay;
( 3 ] £7 haemolytic activity as measured in an agarase plate;
( 4 ) Factor B heemolytic activity as mermsured in an agarose plate.
The results were tebulected in Table 3.6 and illustroted
in Figure 3.7 0On adding Cdoxy2 to normal human serum, C3 conversign
occurred rapidly sa that after only 15 minutés 60% of the £3 were
alreadly converted. This remction fhén praoceeded at z-slower rrte
and almost total ccnversioq of C3 was achieved after 90 minutes. In
Figure 3.8 was shown a photograph of the two-dimensional immuncelectro
pharesis far the measurement of C3 conver§ion. Conversion aof C3 was
associnted with a loss in total hremolytic complement but not to the
sane extent. After 90 minutes about 40% of the total haemolytic
complement still remained. The loss of total hacmolytic complement
was paralleled by a fall in both C7 and Féctor B haemolytic activity
to 56% and 43} of their respective original levels =fter 90 minutes
of rerction. In the negrtive control in which serum was incub~mted

with phasphate buffered saline with 0.5 @l of magnesium chloride, a

small amount of 03 donversion was observed together with a mild fall

37
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Table 3.6 ~ Reaction between Cdoxy2 and normal human serum

Haemolytic activity
Reaction Minutes ¢ C3 s of control at zero time)
between at 37°C conversion Total
haemolytic c7 Factor B
complement
2 23.9% 87.65% 82, 6% 81. o)
CAoxy?2 15 61,9% 71.6% 64.6% 75.8%
and normal
human serum a5 81.2% 55, 0% 60.5% 56.0%
90 90,75 40.4% 56.1% 42 ,7%h
2 5.1% 100 % 100 < 100 %
PBS with 15 6.5% 93.6% 100 ¢ 100 %
0.5mM kig
and normal 45 5.3% 89.%h 100 <% 100 %
human serum
90 16.1% 74.6% 100 ¢ 100 %
yeast and
normal human 50 24, 7h 0 26.5h 27.5%
serum '
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Figure 3.8 ~ Two dimensional imrunoelectranhoresis - C3 conversion

in human serum nroduced by Cdoxy?2
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Anode to the right ( first dimension } and unwards ( second dimension )



in the ectivity of total haemolytic complement. No changes, however,
were detected in either the GC7 or the Factor B activity. In the
positive control, yeast, & well known activator of the alternative
pathway, completely depleted the activity of total hzemolytic com-
plement while onz quarter o the G3 stilllremained unconverted. Both

C?7 and Factor B were depleted to only about z gquerter of their activity.

Reaction of Cdoxy2 with human serum in the presence of EDTA

Pre-formed CAoxy?2 wes incubated at 3700 in the presence
of 0.01M EDTA with normal human serum in a proportion of 1 unit of
Cdoxy2 to 50 pl of serum ( containing 60 pg of C3 ). Similarly, a
contrel iﬁcubation of serum with the buffer was set up, EDTA being
again added to 0.01M Aligouts were removed at intervals from each
reaction mixture and the following tests were performed :

( 1) percentage of C3 conversion as cdetermined by two-dimensional

immunoelectrophoresis

( 2 ) 07 haemolytic activity as determined iﬁ a2n agerose plete;

( 3 ) Factor B haemolytic cctivity és determined in an agrose plate.
The results were shown in Table 3.7 and Figure 3.9 In

the pfésence of EDTA, C3 conversion proceeded at a slower rate and

a " plateau " was reached after 45 minuﬁe§. Only about half of the

C3 was converted at the end of 90 minutes. A photograph of the two-

dimensional immunoelectrophoresis to mezasure the percentage of G3

conversion wss shown in Figure 3.10 Total hazemolytic complement vas

not measured beccuse of the presence of EDTA @nd the well documented

aétivatién of comnlement occurring after recalcification of serum

samples previously treated with EDTA ( Nicol 1973 ). The magnitude
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Table 3.7 - Reaction between Cdoxy2 and normal human serum in the

presence of 10mid EOTA

- Haemolytic activity
Reaction Minutes % C3 {%b of control at zero time)
between at 37 C conversion o7 Factor B

2 18,9% 100 % 100 %
Cdoxy?2 15 38, 4% 91.1% 100 %
and normal .
human serum 45 48,6% 81.3% 106 <
90 - a47.7%h 68.5% 100 ¢%
2 0 100 % 100 %
PBS wit§+
0.5mid Mg 15 0 200 % 100 %
and normal '
human serum 45 o 100 % 100 %
90 0 100 <% 100 %
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Figure 3.10 - Two-dimensional immuncelectroohoresis < C3 conversior

in human serum produced by Cdoxy2 in the presence of

10mi EDTA
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Anode to the right ( first dimension ) and upwards ( second dimension )



of C7 depletion was smaller compared with the previous experiment in
which EDTA had not been used ( 31% in contrast to 44% ). No chenge
in Factor B ectivity was found. In the control, no conversion of

C3 or chenges in the activity of C7 and Factor 8 could be detected;



Reaction of oxidised C2? with normal human serum

To control for the possible presence of C3 convertese
activity in the prepérations of Cl, C4 and oxidised C2, each of the
latter was rencted with purified C3. None of these three prepzrstions .
produced any C3 conversion. Indeed, s shovn by the experiments in
which GI. C4 and oxyC2 wern each titreted for the genzration of C3
convertase activity, a2ll three components must be present before any
convertase coqld be formed. Similer controls had bo be done in the
reaction with normal human serum because either of these‘three
preperatiohs might contein contaminanté capéble of activeting comle-
ment on their own. It was found thet neither Gi nor C4 when incubated
with normal human serum produced any conversion of C3. However, when
oxidised C2 was incubated with normal human serum, @n apprecizble
amount of C3 conversion wes detected. The following experiments were
perfermed to examine.. the possibilé mechanism of this recction,

Dose-response reletionship

3.0, 1.5 and 0.75 ug DF>oxidised C? were each rescted
with SD‘pl of normel human serum ot 3700 for 90 minutes, The percenteges
of C3 converted as determined by‘two—dimehsional irmunoelectronhoresis
were 52.1%, 43.8% and 39.5) respectively. ilhen en equiv~lent volume
of phosphate buffered saline was incubn%éﬁ vith normal human serum,

9.5% of the C3 were converted.

The possible effect of jiodine

The possibility that the C3 converting activity might
be related to the iodine present in the oxidised C2 was investigated, thouch

there should - not be any free iodine after glucose was added at



the completion of the oxidation process. 50 pl of normal hdmen serum
was reacted with each of the following ;
(1)1 pg‘oF unoxidised C2 ;
( 2 ) PBS pH 6.0 containing 2.5 x 107°H of iodime and 1.25 x 107°M
potassium iodide ;
( 3) 1.5 pg of oxidised C2 that had been dialysed agesinst FBS to
remove any traces of iodine present.
The results were shown in Teble 3.8 Neither C2 nor the PBS
containing iodine end potessium iodide produced any apprecisble
R ‘ .
conversion of C3, The ability of oxidiéed C2 to convert C3 in normal

hunan serum was not affected by dizlysis aof the former against PBS.

The possible effect of contamining endotoxin

The ubiquitous presence of endotoxin in most laboratories
made it a likely contaminant of the oxidised G2 preparation, thus
causing C3 conversioh by activation of the alternative pothway. Since
endotoxin is heat-resistent while C2 is heat¥labile, the oxidised C2
preparation was heated to 5600 for 30 minutes. 1.5 pg of this heated
oxyG2 were then reected with 50 pl of normal humen serum. As shown
in Taeble 3.8, the C3 converting ability of the preparation was destroyed
by such treatment.

The reouirement for divalent ilons

The requirement of this recction for divelent ions was
investigeted with chel=ting agents. EDTA chelétes both calcium end
magnesium ions., EGTA chelates calcium ions much more effectively than
magnesium ions. Thus a mixture of EBTA with a small amount of megnesium
ions added allows magnesium dependent recctions to proceed, but not

those thot are calcium dependent. Oxidised 02 wes therefore rencted



Table 3.8 ~ Beaction of oxidised C2 with normal human serum

s C3
Reactants conversion
1. PBS NHS (50 p1) 9.5%h
2. oxyG2 (1.5 pg) NHS (50 p1) 47.9%
3. c2 (1.5 pg) NHS (50 p1) 12.0%
4. PBS with 2.55107°W iodine NHS ( 50 pl) 9.3%
and 1.25x10 "M potassium
iodide
5. Dialysed oxyC2 (1.5 )Jg) NHS (S0 }11) 50.,0%
6. oxyG2 (1.5 pg) heated to NHs (S0 p1) 9.2%

56°C for 20 minutes

G

3
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with normal human serum in the presence of 10md EDTA or 8mM EGTA. -
Since magnesium ions are well-known activetors of the alternative
.pathway ( Lambert, Perrin & Cerottini 1973 ), different concentrations
of magnesium ions were added to EGTA buffer and control reactions
between serum and phosphate buffered saline in the presence of these
chelating agents were included, The results were shown in Table 3.9
fhus the ability of oxidised.C2 to convert C3 in nbrmal human

serum required the presence of calcium ions. In other words, activation
of complement iﬁ this reaction proceedgd via the classical pathway
rather than through the alternative pathway;

The reauirement f£or C4 and Cl

1.5 pg of oxyC2 were reacted with 50 pl of G4 deficient
human serum at 37OC for 90 minutes. The amount of C3 converted vas
negligible;'The recction was repeated with the addition of 1 pg of C4
to the reaction mixture. This resulted in 86.7% conversion of the C3
present. A control reaction of C4 with the Cd doficient serum resulted
in only 10.1%5 C3 conversion. These>¥;5u1ts were shown in Table 3;10

Cl present in normal human serum would be destroyed by
heatih§ the lztter to 5600 for 30 minutes. 50 pl of this he~ted serum
were then reacted with 1.5 pg of oxyG2. No C3 conversion could be
detected. \!hen an amount of Cl which would contain 1.1 x 10"2 units
of esterase when activated wess reacted with 50 pl of heated serum,
ID;Q% C3 conversion wes found. VWhen 1.5 pg of oxyC2 was also added
to this reaction mixture, B6.3% of the C3 became converted. These

results were shown in Table 3.10

The possible source of Cl in the reaction
The oxyC2 preparation wes tested for esterase activity

in an automntic titrator. No such activity could be detected. The
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Table 3.9 - Reaction between oxidised C2 and normal human serum

in the presence of chelating agents

Reactants Chelating agent % CS_
conversion
1. PBS + NHS (50 p1) 10m!4 EDTA 0
2. oxyC2 (1.5 pg) + NHS (50 p1) 10mM EDTA 9]
3. PBS + NHS (50 p1) 8mM EGTA 30.3%
1M mgh
4, oxyC2 (1.5 ug) + NHS (50 pl) 8mM EGTA 29.9%
' 1mM Mg++
5. PBS + NHS (50 pl) gm- EGTA 7.8%
0.5mM Mg’ T
6. oxyG2 (1.5 pg) + NH3 (50 pl) Bml EGTA 7.9
' ' D.5m Mg F
7. PBS + NHS (50 p1) 8mM EGTA 1.4%
. 0.25m Mg
8. oxyG2 (1.5 ug) + NHS (50 pl) 8mM EGTA 1.5%

0.25mi Mg T
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Table 3.10 - Reaction of oxidised C2 with C4 deficient human serum

and heated human serum

Reactants

¢t C3 conversion

PBS

oxyC2 (1.5 pg)

ca (1 pg)

oxyG2 (1.5 ug) +C4(1 pg)
PBS‘

oxyC2 ‘(1.5 Hg)

Cl (= 1.1 x 10—2units)

cl (=1.1 x 10-2units)
+ oxyG2 (1.5 pg)

C4 deficient human
serum (50 pl)

C4 deficient human
serum (50 }Jl)

C4 deficient human
serum (50 pl)

C4 deficient human
serum (50 ul)

o
NHS heated to 56 C

for 30 minutes (50 }Jl)

°
NHS heated to 86 C

for 30 minutes (50 pl)

' ©
NHS heated to 56 C

for 30 minutes (50 pl)

&
NHS heated to 56 C

for 30 minutes {50 pl)

2.9%

10.1¢

85,7

10,6%

86.3%
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remote possibility that the human serum used in these reactions
was deficient in the C1 inhibitor thus allowing autocatalytic
activation of C1 was excluded by a Cl inhibitor assay which was
normél. Ta exclude the possibility that this reaction could be related
to a peculiarity of the batch of serum used ( for instance, it might
contain antibodizs to any of the proteins present in the oxyl2
preparation thus activating complement via the classical pathway ),
1.5 Hg of oxyS2 were reacted with 50)11 of each of three batches of
normal serum. The percentages of C3 cohversion produced were 48.4%,
28,74 and 40.7).

Gl might be activated during the process of ccégulation.
Blood was collected using hepaqiqfas an antiqé?gulaht at a concentration

ey TE por ol

not high enough to affect compfeaéné écé;vatidn. 50 pl of the plasma
were then reacted with 1.5 pg of oxyC2 at 3708 for 45 minutes. 17.1%
of the C3 were converted compared to 10°% when oxyC2 that had been
inactivated by heat was used; while the sameiamount of oxyl2 could
convert more than 40%h of the G2 in fﬁe serum collected from the
same donor. This showed that the C3 converting activity of oxyG2

was much less significant when the activation of the enzymes of the

coagulation system was inhibited.
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Formation of Cdoxy? in vivo in the rat

The possible use of Cdoxy2 as a decomplementing agent
in vivo was then examined. This work was done in collaboration with
Mr. J. Majewskikwho was studying the vasculsr changes in the rat in
response to endotoxin and other complement activetors. In preliminary
experiments, much of the activity of the preformed enzyme was lost
during the process of concentration and sterilisation in preparztion
for intrsvenous injection. This mighf be related prrtly to the " prozone "
effects observed during the titration 9? ¢l and G4 in the formation of
the convertases, and partly to the failure of eggregetes to pass through
the millipore-filter. One way to overcome these difficulties w;s to
concentrate and sterilise the components individually and allow the
enzyme to form in vivo. As demonstrcted in the preceding section, it
required only the addition of oxidised C2 to convert C3 in whole human
serum in vitro. Ret serum was therefore incubsted with oxidised G2 and /
or activrmted Cl at 3796 for 45 minutes. The ﬁercentago of C3 converted
was then détermined by two-dimensional immunoelectrophoresis, in-
corporating 3% rabbit anti-ret C3 antiserum in the agzrose in the
second:dimensional electrophoresis. The_results were shown in Table
3.11 In the dilution control, incubmtion of rat serum with PB® resulted
in 9,6% C3 conversion. Oxidised G2 or activeted Cl each caused only a
moderate degree of G3 conversion; but when both were added a much
more significant activation of C3 was produced. This demonstrated

that using rat G4 and human C1 and oxy(2 an effective enzyme could

be formed to convert C3 in whole rat serum.
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Table 3.11 - Reaction of rat serum with oxidised C2 and / or cl

Reactants

% C3 conversion

3.

.. PBS

1.5 pg oxyG2

2.75 x 10_3unit5 cl

“1V5 pg oxyGe

+ 2,75 x 10 units C1

+ 50 pl rat serum 9.6%
+ 50 pl rat: serum 21.2%
+ 50 pl rat serum 37.0%

+ 60 pl rat serum 91.4%
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For the in vivo experiments, the oxidised C2 prensration

was first concentrsted with " Diaflo " pressure dialysis equipment so
as to cantain appraximately 360 pg of G2 per ml. It was then dialysed
against PBS to remove any traces of iodine and iodide: Sterilisation
was achieved by passing the material through a millipore filter ( 0.2 M )
The C1 prepaiation was first activated by incubrting with an equal
volume of distilled water at 3708 for 15 minutes, EDTA was then added
to a final concentration of 0,010 ana incubation at 3708 cantinued for
one and a haif hours. This treatment broke down the trimeolecular complex
of Cl into its constituents, thus ensuring that the active esterase Ci;
wauld remain in solution without being lost as thé aggregates were
remaoved by Filtrr-tion. After sterilisation of the materizl with a
millipore-filter, it was dialysed against pyrogen-free physiological
saline to remove the EDTA,

The rat was lightly anagsthetised with ether; Injecti;n
of material and withdrawal of blood samples weré performed through
the tail vein. Blood samples were callected inta EDTA ta a final
concentratinn of U;DlM

The following experiments werc done.

Experiment 1

Into the firsf rat, 0.5 ml of cxidised G2 ( 180 ug ) was
injected follawed immediately by 0.2 ml of Cls ( 0.09 units ). The
second rat was given 0.5 ml of physiological saline and 0.2 ml of
Ci;..Samples of bload were collected be%oré ~nd at intervals after the
iﬁjection. The taotal white cell caunt and differential white cell count
were determined by conventional heemataological methods.The plasma

was then separsted by centrifugstinon and the percentage of €3 conversion

was estimated by two-dimensinonel imnuncelectropheoresis. The results
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Table 3.12 - Formation. of Gdoxy§ in vivo in the rat - Experiment 1

Time after % C3 White cell count
injection conversion ( per cu.,mm. )
(minutes)
Total Neutrophil
First rat 0 0 17,800 4,183
(oxyC2+C1ls)
2 14.5%h 13,250 663
10 10,74 18,434 3,411
30 6.7%h 22,875 7,206
75 0 17,500 7,263
Second _rat 0 0 11,224 3,367
( cls )
2 0 11,254 3,367
10 0 10,807 3,350
30 0 11,398 3,191
75 0 7,694 1,924
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were shown in Tabie 3.12

Injection of oxidised C2 followed by Ciziinto the rat
intravenously resulted in activation of C3 detectable as early as
two minutes. No conversion products of C3 could be found at 75 minutes.
Activetion of C3 in vivo wes associated with = biphasic chenge in the
total white dgll count : a leucopenia followed by leucocytosis. This
was accounted for chiefly by changes. in the polymorphocuclear
leucoﬁytES. In the second rat which was given only CI;: no evidence
of in vivo C3 activntion or & similar birhasic change in the white cells

could be detected.

Experiment 2

(0.5 ml of oxidised G2 ( 180 pg } snd 0.4 ml of Cls

( 0.18 units ) were injected intravenously into the first ret. The

Q
~

sama amounts of oxidised C2 and Cls werc inactivmted by heating at 55 C
for 30 minutes before being injected into the seco~d rat. Szmples of
blood were similarly collected before and at intervals after injection .
The following tests were performed'i—

1. Total and differentinl white cell counts ;

2. Platelet count ;

3., Percentage of C3 conversion as determined by two-dimensional

irmunoglectronhoresis

4. Antigenic C3 level =s determined by"rocket immunoelectrophoresis';

5. 05 hnemolytic assay as performed on an agerose plmte incorporating
éAcaa ( antrypol ) and C-KONS ;

6. C6 hremolytic assay in an ag~rose plate incorpor-ting EACA43 ( antrypol )
and C6 deficient rrbbit serum ;

7. 07 hoemolytic assay in an agarose plﬁte incorpor~ting guines pig

erythrocytes and £56 euglobulin,

The results were shown in Table 3.13 A more significant
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Table 3.13 -~ Farmation of Cdoxy2 in vivao in the rat - Experiment 2

Time =- % ;3 White cell count Haemolytic activity/platelet
after conver- ( per cu.mm, ) count(% of pre-injection level)
injection sion -
(minvies) Tatal | Neutro- cs| c6 C7 |Platelet
. ) phil
First rat -
iEf 2 +
Cls
0 ’ .0 9,643 2,025 100 % | 100 <5|100 | 100 9%
3 38.6% 6,289 333 41.8h | 96.3h| 81L.7h| 77.8%
10 32,%%h 10,390 2,878 a2.0h | 94.2%) 84.4%| 85,7
30 23.4% 19,103 | 10,698 aqa.0h | 97.5h| 86.0h| 94.3%
60 12.9% 12,775 7,409 724,75 | 96.3%| 90.3h 79.1%
Second rat
(heateg_oxy
C2 + Cls) )
0 0 13,030 4,105 100 % | 100 %100 ¢ | 100 <
3 0 13,448 4,438 99,2 | 100 <}100 | 100 <5
10 0 13,821 | 4,560 92.3, | 100 | 92.84] 91.7%
40 0 11,216 3,028 90.2h | 85.4%| 87.1% -
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degree of in vivao 03 activation wos detected in this evperiment in
which double the amount of Cls was used. The levels of antigenic C3,
not shown in the Table, were 93.5%, 88%, 90% and 75% of the original
value at 3, 10, 30 and 350 miﬁutes respectively. Againva biphasic change
in the tot~l white cell end neutrophil counts was obs=rved. This wasgs
associated with a depletion of 05 hsemolytic activity to only about

40% of the pre-injection value. Thz maximal effects were noted as

early as three minutes after injection. Only negligible changes in C6
and G7 hacmolytic activity were detectable. The mild changes in platelrt
counts were considered as insignifican%, and within laboratory error,
since when endotoxin ves injected into the rat, the platelet count
usually fell to less than half of the original value ( Majewski &

Brown 1975 ). In the control ret, injection of hent-inachiveted axyC2
and Ci;-producedbno changes in any of these prrameters. In Figure 3.11 ,
the changes associcted with decomplementation chserved in the first

rat were shown diegrammetically while the results of the two-dimensional
immunoelectrophoresis were shown photographically in Figure 3,12

Experiment 3

- In this exseriment the oxidised C2'preparation was further
cancentrated so as to contain approximately 520 pg of C2 per ml1 . 0,5 ml
of this concentrated axyC2 ( 275 pg waé’injgcted intrrvencusly into
the first rat, followed by 0.5 ml of Cls ( 0.22 units ). The same
amount.of hent-iﬁactinted oxyC2 and Cls werevgiven_to the second rat.
Blood samples vere similarly collected. The total and differentizl

white cell counts and the ‘percentzage conversion of C3 were determined.

In this experiment, thz plasma somples were ~lso tested for evidence of
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Figure 3.12 - Two-dimensional immunoelectrophoresis - 03 conversion

in plasma samples after injection of oxy52 and Cls into

a rat
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activation of the C3-feedback cycle,, which was demonstrzted whan Cdoxy2
was reacted with normal human serum, It was found fhat the hoemolytic
assay Tor Foctor B as developed by Martin et a1l ( 1975 ) did not work
with rat serum. The old method of testing the cofactors in serum
required for generating al3 convertase with cobra venom factor

( cobra venom factor G3-proactivator or CVF-C3PA } was therefore
émployed. 10 pl of the'plasma sample .was incubated with 10 M1 of the
CVF containing 10 pg of the protein, the CVF being prepared accdrding
to the method of Ballow & Cochrane ( 1969 ). Magnesium ions were added
to a Final concentration of SmM to ovefcome the effact of the EDTA

used in the collection of the plasma. Incubation of the mixture at

3700 was continued for 15 minutes. Into an agarose plate were incorporated
0.55 guinea pig erythrocytes, 5 % normal human serum and 10 mi EDTA. |
8'p1 of each mixture were added to a 3 mm well cut in the plate, which
was left. at 400 overnight and then warmed to 3700 for 2 hours. The
amount of CVF-C3PA present in the plasma was indicated by the size
of.the haemolytic ring due to reactive lysis of guinea pig erythrocytes
initiated by tha C3 convertase genersted by the CVF, C5-9 being supplied
by the normal human serum incorporated into the agarose. The results
were summarised in Table 3.14 By increasing the dosage of oxyC2 ard
CIE} over threz-qu-rters of the circulatiﬁé €3 pool in the rat were
cleaved within 10 minutes of injection. There was again neutropenia
followed by neutrophilia. There was a fall in the lavel of CVF-C3PA

to ébout two thirds of the original level at 10 minutes. This was

taken as evidence of activation of the C3-feedback cycle.



Teble 3,14 - Formation of Cdoxy2 in vivo in the rat - Experiment 3

Time after ¢ C3 White cell count CVF-C3PA(%h of
injection conversion ( per cu.mm, ) pre-injection
(minutes) . Total Neutrophil level)
First rat -
oxyG2 +
Cls )
0 . 0 14,067 3,939 100 %
6 72.0% 12,590 818 90.9%
10 75. & 9,681 339 62.9%
30 43, 7% 37,589 22,365 -
60 28,3 26,282 12,484 75.4%
Second_rat
(heate_g_ oxy
C2 + Cls)
0 0 10,342 2,534 100 %
2 0 11,267 2,366 100 %
10 0 11,200 2,352 100 %
3o 0 10,909 2,727 100 ¢
60 0 8,815 2,645 100 <
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Discussicon
Oxidntion of C2 with iodine in accordance with the
method of Polley & Muller-Eberherd ( 1967 } enabled the formation
of a stronger and more stmble C3 convertrse with Cl and C4, both in
the fluid phase and bound to sensitisad sheep erytﬁrocytes. However,
the resuits described i? this study differed in several aspects from
those reported by these authors. Firstly, in their study, oxidation
resulted in a twelve - fold enhancement of haamolytic activity as
tested on EACl4, In this study, only a 3.4-fold enhancement was observed,
although when” tested on £AC143 ( antrybol ), the enchancement factaor
was of the order of nine. Secondly, they reportéd'an increase in the
o 1S e e
" half-life " of EAC142 from 9 minut;;Ayhen oxyC2 was used. Thet
experiment was carried out at 32°D. In the present study where decay
of EAC142 was performed »t 37°C, the increrse in the * halif-1life " of
the intermediate by using oxyC2 was from 8 minutes to 65 minutes.
Thirdly, when the C3 convertase was formed in the fluid phaée a ten-
fold enhancement aof GO activity produced by oxid~tion was reported
by Muller-Eberhard, Polley & Calcott ( 1967 ). In this study, the
enhancement was found to be'as great asone hundred-fold, althcugh the

actual enhzncement should be considerably less when the stability of

the enzymes was altso taken into account. Fourthly, the " half-life "

— (o]
of C4? when decayed at 35 C was reported to be 17 minutes compered

to thet of 200 minutes in the case aof C4oxy2. However, when the decay

was performed at 37°C in this study, the respective " hslf-lives"
were 3 and 90 minutes. Apart from differences in the temperature used’

in these experiments the veriztions observed might. well be ~ttributed

‘to the difference in the preparstion of C2 mxidised, In tha2 pressnt

study the C2 was prepored by fractionating the sunerntant obtained

during sodium sulphnte precinitation of whele serum on o CM-cellulose



column, In the study of Polley & Muller-Eberhsrd ( 1967 ) ,

a further step of purification by Pevikon-black electrophoresis

was carried out. Since the CM-cellulose fFractionfunctioned satisfactorily
in this study, it.was considered both convenient and economical of
materials not to undertzke any further purification.

It is of some interest to note the discrepancy in the
estimation of the enhancément foctor as produced by oxidation when C2
activity was assayed on EACl14 and on EAC143 ( antrypol ). The use of
EAC143 ( antrypol ) appeared to magnify the effect of oxidation on
the activity of 02, the enchancement factor being nine compared to
3.4 when EACl14 were employed. Vhen decay of the cell intermediates
wvas studied at 3708, the " half-life " of EAS1423 ( antrypol ) was 40
conpared to 8 mins. with EAC142, while the respective figures for
the intermedictes incorporeting oxyC2 were 4 hours and 65 minutes.

One reason for these differences may be that in the EACl4 assay, the

C3 was of guinea pig origin, while in the EACldS ( antrynol ) assay,

the C3 was of human origin. Anothef point to consider is the action

of entrypol., Antrypol probably exerted its effect on bound C3 as it

hes been found to be an inhibitor of the form=tion of EAC142 { Fong &
Good 1972 ). ~
Vlhen C1 and C4 were each titrated for the generaticn of
the fluid phese C3 convertese, & " prozone " effect was observed

in each instance., This"prozone"effect in the case of C1 could be
explained by the fact that at high doses, the cl activity was

sufficient to destroy its substrates C4 and CZ instead of converting
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them into the active CS—cleaving_énzyme. No explanation could be
of fered Fér the "prdzone"‘effect in the case of C4. It might well
be due to the presence of an inhibitor as a contaminant in the
Ca prepération. |

It was a very significant finding that addiiion of
preformed 053255 to nor@al human serum resulted in C3 conversion.
The fluid phase enzyme C42 is inefficient in cleaving C3 in whole
serum as can be seen in patients with hereditary angio-oedema due
to deficieﬁcy of the Cl inHibitor., The sera of these pstients exhibited
low levels of both C4 and C2 as a résult of the uninhibited action
of CI1. However, . their C3 levels were usually nufmal. Indeed in this
study, pre~formed C42 had been added to normal human serum but no
C3 conversion cauld be detected., Much of this ineffectiveness might
be -attributed to the lability of the unmodified enzyme. Thus oxideation
of G2 succeeded in producing an enzyme stable and potent enough to
cause C3 conversioh in whole serum.

The ability of Cdoxy2 to act as @ decomplementing agent
was first established in vifro. The greatest effect ves pbserved in
the depletion of C3. The toéal hemalytic complement activity was
depleted by 605 when 90% of the C3 were converted. The magnitude of £7
depletion was even smaller, only about déi. These findings stood in
sharp contrast to those cbtéinea with the traditional ddcomplementing
agent, yeast; While converting only 75% of thz C3 in whole serum, it
achieved comclete depletion of total haemaolytic compleiment activity
and consumption of 75 of the C7. fhis probebly reflected the difference

between activation of complement in the fluid phase and an the surfazce

of particles.



This study produced evidence that activ-tion of complément
through the enhanced classical pathway C3 convertese was reinfoﬁéd by
activation of the C3 feedback cycle. Decomplementation of human serum
by CZE?;ﬁ was Tound to be associated with an appreciable depletion of -
Factor B haemolytic activity. Up to 60% of the Factor B in whole serum
were consumed during this reaction. This is the generally accepted
evidence for activetion of the alternative pathway. ‘Vlhen the ‘traditional
alternative pathway activator, yeast; was reacted with human serum,
over 70 of the Factor B were consumsd.vThe other line of evidehce
came from the experiment when CZEE;? was reected with human serum in
the presence of 0.01M EDTA. The generation of both the classical and
the alternative pathway C3 convertases requifes divalent ions, while
once the convertase is formed, the complement cascade recction can
proceed in the absence of these ions. Thus while the action of CZE§§§
on C3 wés not affected by 0.0IM EDTA, the generation of more C3
convertese s might be envisaged via the positive feedbzck cycle would
be prevented. Indeed, the magnitude“of decomplementation produced by
CZE§§§ on vhole serum was significantly recuced by 0,01l EDTA, Notably,
the pefcentage of C3 converted fell from 90.7h to 47.75 Consumption
of C7 was likewise recduced from 43.9% to_gl.ﬁﬁ while no change in
Factor B activity could be detected et 211. These findings therefore
substantiated the earlier belief that activation of the classical
pathway could trigger the C3-feedback cycle.

The ability of oxidised C2 on its own to convert C3 in
wHole serum came at first as an unexkpected finding. The possibility

that this could be due to the action of contaminating endotoxin was
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unlikely since this activity was destroyed by heating;-The hypo-
thetical effect of traces of iodine causing Ca-conversion vias excluded
by thz absence of T3 conversion when either the unogidised C? or the
ipdine containing PBS was reacted with serum, and the retention of

C3 converting activity when the oxidised T2 was dialysaed to remove

any traces of iodine or iodide,The fact that this rezction was calcium-
dependent as shown by the effect of chelating agents suggested the
classical pathway as the mechanism of the reaction. This was substant-
iated by the demonstration with axperiments on C4 deficient human
serum and serum heated to 56°C for 30 $inute5 that both C4 and Tl were
required. The guestion that remains unanswvered is how was Cl activated
to initate the reaction. The oxyl?2 preparation itself did not contain
any Ci_activity. The C1 inhibitor activity of the serum used was
nﬁrmal while the reaction was not limited to & particular batch of
serum, As described in Chapter 1, it is well known that Cl can be
activated by a host of substances including ﬁlasmin, trypsin and
kinikhogenase, which are present in'ﬁbrmal human serum in inactive
form. It is therefore conceivable that one of these enzymes may be
activated to generate Cl either during the process of coagulrtion

when the serum wns collected, or when the serum was incubated with
oxyl2. That the process of coagulation cé&id well have contributed

to the activation of Cl was suggested by the finding that the C3
converting activity of oxyC2 was much diminished, though still
appafent, when rencted with plasma collected in heparin et a low
concentration. On the other hand, it may be postulated that there is
a " C1 tickover " analogous to the " C3 tickover " suggested by

Lachmanm & Nicol ( 1973 ). Trivial amounts of Cl may be activated



autocatnlytically during incubation of serum at 37°C. This is normally
held in check by the Ci-inhibitor. The presence of oxidised C2 enables
the formation of o much more effective C3 convertase. This " C1 tickover "
is thereby unmagked. The activation of enzymes during the process of -
coagulation would be expected to favour: #he formation of more C1.
The possibility that oxyCZ2 itself may activate C1 cannot be completely
 excluded, It is interesting to note that oxyC2 was much less effective
in converting C3 in rat serum. A source of Cl had to be added as well
before significant C3 conversion was observed. In what way this reflected
a species difference remains tole dete;mined:

Experiments in the ret demonstrated not only th:t Cloxy2
could activate G3 and consumz C5 in vivo, but that the enzyme could
in fact be formed in the rat following the injection of oxidised G2
aﬁd Cl. No extrinsic source of C4 was required. Thus the task of
using 0552;5 as a decomplementing s=gent in vivo was considerably
simplified. Only two instead of three Ccmplement connonents had to
be prepared, and the problem of inac%ivation of a preformed enzyme
during the process of concentration a2nd sterilisation was overcome,
Activation of C3 occurred very rapidly after the intravenous injection

of oxidised C2 and éig. Within 10 minutes the maximal effects of

decomplementation were observed. The appearance of conversion products
of C3 in the circulrtion wzs parelled by a fall in the ievel of G5
haemolytic activity. The total antigenic C3 level was also shown to

be décrensed. The changes in the white cell counts were of some interect.
McCall et 2l ( 1974 ) reported on a new biological activity essocisted

withrihtravascular activetion of complement in the rabbit. After the
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injection of tobra venom fector or inulin, a& low molecular weight
factor was elcborated which produced an immedisnte neutropenia followed
by marked neutrophilia. That this event occurred befores the stage df
C6 mctivetion was shown by the fect that similar results were obtained
in C6 deficient rebbits. In the experiments described in this section,
activ-tion of complement in the rat through the clascsical pathway
ﬁroducad similar changes in the neutrophil count. Profound neutropenis
was observed within the first few minutes of injection of oxyC? and
CiE; coincident with the peak of C3 conversion and the maximal fall
in C5 octivity. This was followed by an extrere degree of neutrophilie,
still evident an hour after the injection. Thesa effects could ke
viewed upon as collaborative evidence of complement activ~tion in vivo;
The platelet counts, however, did not show any significant fall as
would be the cose when endotoxin was injected. This aspect will be
elaborated upon in Chapter 7.

The demonstration that in vivo éctivation of complement
in the rat by CZE;;E was associated_ﬁith @ fall in the level of CVF-
C3PA correlated well with the in vitro finding that, vhen CldoxyZ2 was

rezcted with normal human serum, there was evidence of activ~tion

of the C3-feedback cyktle.
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Chapter 4- Complement inactivation by consumption through the

alternative pathway

Introduction‘

Faormation of the alternative pathway C3 convertase in the fluid phase.

Reaction of the alternative pathway C3 convertrse with normal human
serum,

Effect of antrypol on the activity of the convertase.

Chemical modification of Factor B actiyity.

Reaction of the constituents of the convertase individually with normal
hﬁman serum,

In vin formation of the convertase in the rat.

Discussion



- Introduction

Foilowing the demonstration that the enchanced classical
pathway C3 convertase could act as a decomplementing agent both in
vitro and in vivo, it would be of great interest tﬁ examine if the
same results could be produced with the analogous C3 convertase of
the alternative pathway. Muller-Eberherd & Gotze ( 1972 ) reported
on the building up of this convertase in the fluid phase from its
constituents. ‘'hen C3b and Factors B and D were mixed in the preseﬁce
of magnesium ions, Factor B was cleaved. This was associated with a
change in the electrophoretic mobility of Factor B from beta to
gamma. The fragment with gamma mobolity was termed Bb, while a
small fragment with alpha mobility termed Ba was split off and not
readily detectable. When purified C3 was also added to this mixture,
it was cleaved into G3b and C3a. It is important to determine if
the enzyme could convert C3 in whole serum in the presence of the
C3b inactivator. If so, it would be expected to function as a
decomplementing agent as in the case of CEEQ;ﬁ:

There are many analogous features between Factor B and
G2, Tﬁey are both constituents of analogous enzymes capable of
cleaving C3. Magnesium ions are r9quireq’for the formation of both
enzymes, during which a small fragment is split from both Factor B
and Cé. They both remain in the supernatant during the precipitation
of whole serum by sodium sulphate and are eluted very close to each
other during chromatography on Chl-cellulose. They are both labile to
ﬁeat. The gene controlling the allotypes of Factor B is closely linked
to the HL-A histocompatibility locus ( Allen 1974 ). The gene

regulating the synthesis of €2, s revealed by the study of genetical
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C2 deficiency in man, has also been shown to be linked to the HL-A
histocomnatibility locus ( Day 1974 ; .Fu & KUnkel 1974 ). Since the
oxidation of C2 is assoclated with an enchancement of its acﬁivity,
it is not inconogeivable thzt similar chemical treatment of Factor B
might increase the activity of the C3 convertnse subsequently formed
with C3b end Factor D.

As discussed in Chapter 1, the alternative pathwzy C3
canvertase is under the homeostatic control of the C3b inactivator
through its action on C3b. It is well known that treatment of bound
C3 with antrypol makes it permanently fesistamt to the action of the
C3b inzctivator while its haemolytic function is maintained. It would
therefore be interesting to see if treatment of C3b with antrypol -
wauld increase the activity of the fluid phase alternative pathway
Cé convertase so formed when the latter was reacted with whole serum;
However, this was unlikely to be the case as it has been demonstrated
by Nicol ( 1973 ) that the addition of EAC143 { antrypol ) to serum
depleted immunochemically of both CSrand the C3b inactiv-otor failed
to initiate the C3-feedback cycle.

In this chapter, experiments were first described for
the faormation of the alternative pathway C3 comvertase in the fluid
phase from its constituents. The converté;e vas then reacted with
whole human serum to test its effectiveness az a decomplementing
agent. The possibility of enchancing the actiwity of the enzyme by
cheéical modification of its constituents was then eramined. This was

followed by the description of preliminary experiments in the rat

to assess the adtivity of the enzyme in vivo,
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Formation of the alternative pathway C3 convertase in the fluid phase

Reagents

Both Factors B and D were prepared by chromatography on CM-
cellulose of the sodium sulphate supernatant, s described in Chapter 2.
The activity of Fzctor B in the preparation as tested on a haemolytic
plate was fourteen times thsi of normal human serum. Assuming the
concentration of Factor B in whole serum to be 220 ug per ml, this
preperation contoined aporoximztely é mg of Factor B per ml; The
complement conteminants included trace amounts of C2, C3, C5, 06, C7,
C9 and Factor D, The amount of C3 presznt as estimated antigeﬁically
was about 72 ug per ml, of which two>thirds wers already converted.
The Factor D prepération had a protein concentrztion of 0,9 mg per ml.
Its Factor D activity as esfimated on a haemolytic plate wes 23,6%
tﬁmt o normal human serum. As the concentr-tion of Factor D in whole
serum is not known, it was arbitrarily designated @s 100 units per ml.
This preparstion of Factor D therefo?e contained 23.6 units of haemo-
lytically active Factor D per ml. The complement contaminants included .
trace amounts of C6,08,09 and Factor B.

B C3b was generated as follows, Cobra venom factor "solid-
ified "on sepharose wes prepored and kindly donated by Dr. L. Halbwachs,
The cobrez venom factor was purified from the crude venom of Neja Naja
( 5IGMA ) on DEAE cellulose and sephadex G-200 according to the method
of Ballow & Cochrane'( 1969 ). Sepharose was activ~ted by cyanogen
bromide by the method of Axen, Forzth & Erﬁback ( 1967 }. To 8 ml of
cobra venom fector ( 24 mg ) about 0.5 ml of 1' sodium bicerbonate
was added to bring the pH to 9.5 . 0.8 ml of 5! sodium chloride was
added together with 2.4 ml of the activeted seph=rose ( soh weight/

volume ). The pH of the mixture was adjusted to 9 with sodium bicarbonete



. - | - 135
at 400. The next day it was washed consecutively with sodium bicarbonate,
hydrochloric acid and 0.4M sodium chloride pH 9. 1M ethanolamine at
pH é was then aodded. After 2 hours, the sepharose wes washed alters
nately with acetate buffer pH 4 and borate buffer pH 8.5, until the
eluate contained no protein. To generate C3b, edual volumes of normal-
human serum and the sepharose~-C\WF were mixed and incub-ted at 3700
for 15 minutes. After washing twice with FPBS, an equal volume of a
C3 preparation was then added. Incubation at 37OC was continued for
45 minutes. After centrifugation the supernatent ves used as a source
of C3b.

Formation of the convertase

To form the convertase in the fluid pﬁase, C3b and Factors B
and D were mixed at 37OC in the presence of G:SmM magnesium, After
5 minutes, the activity of the convertese Formed was tested by adding
a dose of C3., Incubntion at 3700 was carried out for 45 minutes in
the presence of 0.01K EDTA to prevent the formetion of more convertase
during this process. The amount of (3 cpnverfed vas deterniined rs
usual by two-dimensional immunnelecﬁfophnresis.

In Table 4.1 were shown the percenteges of conversion
of 60 pg of C3 produced by enzymes formed from varying amounts of C3b,
Factors € and O, In celculating the percentage of C3 conversian,
corraection was made for the area of antigenic U3 attributsable to
the C3b used in the formation of the convertase. No conversion of C3
was observed in the absence of either Factor S or Factor D. However,
in the absence of C3b a small amount of C3 conversion was seen, This

was attributed to the presence of converted C3 as a contaminant in



Table 4.1 - Faormation of the alternative pathway C3 convertase in

the fluid phase

»

% conversion

C3b Factor B Factor D

(po) ) (units) of 60 pg of C3
12 150 1.3 42,43
12 37.5 1.3 32.7%h

12 - 1.3 0
7.5 200 - 3.1 45,24
7.5 200 1.6 37.7%)
7.5 200 o8 32.6%
7.5 200 - 0

30 200 1.6 0

15 200 1.6 52.5%
7.5 200 1.6 31.5%
3.8 200 1.6 16, 5%

- 200 1.6 8.68%
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the Factor B preparation. In the titration for C3b, a " prozone "
effect was apparent as the convertase activity was inhibited with
a high enough dose of C3b.

Conversion of T3 in the -absemce of EDTA

The convertase was formed by mixing its constituents
in the presence of O.Sm@ magnesium at 37°C for 5 minutes., For every
10 pg of C3b, 240 pg of Factor B and 1.8 units of Factor D were used.
To facilitate presentation, the activity of the enzyme formed from
these amounts of reactants was designated as 1 arbitrary unit in this
‘experiment, Varying amounts of the convertase were acded to 60 Mg of
C3 and incubated at 3700 for 45 minutes in the bresence and in the
absence of 0,01 EDTA. The percentage of C3 converted in each
mixture was determined by two-dimensional immunoelectrophoresis,., The
results were shown in Table 4.2 1In the absence of EDTA, ccnsiderably
more C3 conversion was produced with the same amount of the preformed
enzyme. In Figure 4.1 , the percentages of C3 conversion were plotted
against the logarithms of the amounts of convertase used.

[>]
Rate of formation and decay of the convertase at 37 O

For every 10 pg of C3b, 120 pg of Factor B and 1.8 units
of Factor D were added and mixed at 3700 in the presence of 0.5mW
magnesium. Aliquots esach estimated to coaééin these amcunts of
- constituent components were reﬁoved at intervals to react with 60 ug
of C3 in the presence of 0.0l EDTA at 8700 for 45 minutes. The
percentage of C3 cogversion was then plotted against the time of
incubation. The results were shown in Figure 4.2 The time of incubation

©
at 37 G required to balve the amount of C3 converted when the cnzyme

was subsequently reacted with the C3 was aprroximately 30 minutes.
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Table 4.2 -~ Convertase activity in the presence and the absence of

10mM EDTA

Amount of convertase (unit) % conversion of 60 Hg of C3

With 10mM EDTA

1.0 58. 8%
0.75 - 50,0%
0.5 42,1%
" 0,25 ) 21.,2%
0.13 16,7
0.06 0

Without EDTA

1.0 100 %
0.75 100 %
0.5 - 100 9%
0.25 ' 78.6%
- 0.13 ' 45,2%
0.06 14.3%
0.03 , o 8.8%

0.02 | 0
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DECAY OF ALTERNATIVE PATHWAY C3 CONVERTASE
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Reaction of tHe alternative pathway C3 convartase with normal

+

human serum

The effectiveness of the convertase as a decomplenenting
agent was first tested in vitro by reacting the preformed enzyme
with normal human serum.
Dose-raesponse relationship

3

The convartase was formed by mixing its constituents

at 37CC for 5 minutes in the presence of 0,.5m! magnesium in the
following praprnrtions :~ 8 pg of C3b and 200 pg of Factor B to 1.6
units of Facter 0. The activity of the convertase formed fram these
-amounts af the components was arbitfarily designated as 1 unit. 1,
0.75, 0.5, 0.25 and 0.125 unit of the convertase was each reacted
with 50 pl of normal human serum ( equivalent to GO pg of C3 ) at
3708 for 45 minutes. The parcentéges of the C3 converted were
determined as usual and found to be 100}, 100%, 90.1%, 5G.4% and
44.4), respectively. When 1, 0.5 or 0.25 unit of the convertase was
reacted with 50 pl of normal human plasma with 10mll ENTA in the
‘reaction mixture, the respective percentages of C3 converted were
42.7,31.7 and 16.3%
In Figure 4.3 these percentages were plotted against
the logarithms of the doses of enzyme added to normal serum ' or
plasma.

Time course of the reaction

The same praportions of £3b, Factor B and Factor D were
0
mixed in the prezsence of 0.5m magnesium at 37 C for 5 minutes. Normal
hum~n serun was then added, allowing 50 yl for each arbitr~ty unit

of the convertase. A dilution negative control was set up in which
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normal human serum was incubnted with an eguivalent volume of PBS
containing 0.5m4 magnesium. In the positive control, normal humen
serum was incubcted with an amount of yeast titrated to yield an
optimal human " R3 " reagent as described in Chapter 2. Alinuots
were removed from each mixture at intervals and the followving tests
were done :
1. Percentage conversicn of C3 by two-dimensional immunoelectrophoresis
2. Total haemolytic complement using_the time assay
3. C7 haemalytic activity in an agarase plate

The results were shown in Table 4.3 Very effective
‘decomplementatinn was achieved with the altermative pathway C3
convertase. All the C3 was cleaved within 15 minutes of the reaction.
Total haemolytic complement activity was completely lost. Depletion
of 67, on the other hand , was only moderate. These changes were
quite different from thPse associated with decomplementation with
yeast which depleted 07 much more eFFectivel?, while C3 cleavzage was
.not complete despite the absence of any detectable activity of total
haemolytic complement. In the negative control some conversion of C3
was evident, associated with a slight fall in total haemolytic
complement activity. In Figure 4.4 the changes of decomplementation
observed with the alternative pathway C3 convartase were shown
diagrammatically. The results of the two-dimensional immunoelectro-
phoresis for the guantitation of C3 conversion were shown in Figure

4.5
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‘Table 4.3 - Reaction of alternative pathway C3 convertase with

normal human serum

Haemolytic activity

Reaction Minutes ¢ C3 (b of control at zero time)
between at 37°C conversion Total
, haemolytic c7?
complemsnt | .
Alternative 2 10,2% 97.0% 100 %
pathway C3
convertase - 15 100 % 19.4% 66.5%
and normal v v
human serum 45 100 % 0 66 .9%
90 100 < 0 63.5%
2 0 100 % 100 %
PBS with 0.5mi 15 a.0%h 87.9% 100 . <
Mg = and normal
human serum 45 9,5% 86.1% 100 %
90 13,2% 73.7% 100 %
yeast and normal 90 74;77 0 26, 5%
human serum
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Figure 4.5 - Two-dimensional immunoelectrochoresis - C3 conversion

in human serum produced by alternative pathway C3

convertase
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1, 2, 3 and 4 :- 2, 15, 45 and 90 minutes after reaction at 37 C

Anode to the right ( first dimension ) and upwards ( second dimension )
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Effect of antrypol on the activity of the convertase

Antrypol was dissolved in PES to a finzl concentration
of 4 mg per ml. C3b was incubated with an egqual volume of the antrypol
solution at 3700 for 5 minutes, As a control, C3b was similarly
treated with an equal volume of PBS. The alternative pathway C3
convertase was then formed by mixing 8 pg of either G3b or G3b (antrypol)
with 200‘pg'of Factor B and 1.6 units of Factor D, with magnesium
added to 0.5mM at 3700 for 5 minutes., The activity of the convertase
was assessed by reacting it with 50 pl of normal human plasma
( equivalent to 60 pg of C3 ) at 3700 for 45 minutes. Plasma was used
because when serum was incubated with buffer atv37°C, a small amount
of C3 was invariably converted during the process. Such an event did
not occur in the case of plasma. Thus no newly formed C3b could be
a&ded to the reaction mixture during incubation. It was found that
while the convertase formed with PBS—treated C3b cleaved 42,75 of

the C3 in the plasme, no conversion at all could be detected with

the "convertase" formed with C3b treated with antrypol.



Chemical modification of Factor B activity

Reactinn with iodine a2t pH 6.0

The Factor B preparation was first dizlysed against
PBS pH 6.0 Iodine was dissol¥ed in distilled water to a zoncentrotion
of 5 x ID-SM in the presence of 0,254 potsssium iodide. Further dilutions
of this iodine solution were made in PBS pH 6.0 The Factor B pre-
paration was then reacted with equal volumes of varying concentrations
of iodine at rcoom temperaturse for 5 minutes. Glucose weas added to stop
the reaction; The haemolytic activity of Factor B was then aséayed
in’an agarose plate incorporating guineca pig erythrocytes, humen serum
heated to SOOC for 15 minutes, 10mif of EGTA and 7 mM of magnesium, as
described in Chapter 2. The activiti-s were sll expressed as percentages
of the control in which Factor B was trected in a similar w=y with €385
pH 6.0 containing no iodine. The results were shown in Tahle 4;4

A biphasic effect of iodine on the haemolytic activity
of Factor B wastobserved. Whereas »t higher concentrations inhibition
of. Factor B>activity occurred, at o criticml concentration of 6.25 x
ID-SM, a 65); enchancement of haemolytic activity was produced. Iodine-

containing buffer per se did not produce any haemolysis in the =agerose

i

plate.

Rerction with n-chloromercuribenzorte ( p-CM3 )

The pH of the Factor B prezparation was first adjusted
to 7.6 with minimal quantities of alkali. p-C!B was dissolved in O0,1N
godium hydroxide to a concentration of 0.1M CSubseguent dilutions were
made in FBS pH 7.6 Equnl volumes of Factor 8 and p-ClB at various

o)
dilutions were mixed and z2llowed to stand at 4 © for one hour. The



Table 4.4 - Heaction of Facteor B with iodine at pH 6.0 and

p-chloromercuribenzoate ( p-CMB )

149

Concentration of iadine

Factor B haemolytic activity
( % of control )

0 100 %
5.0 x 107°wm ) 53. 8%
2.5 x 107M 70. 3
1.25 x 10™M 28.2%
6.25 x 10 oM 165.1%
3,125 x 10™oM 123, 7%
1.5 x 107 107.6%

Concentration of p~CMB

0 100 %
1.0 x 10°°M 95, 0%
5.0 x 10°M 62.7h
2.5 x 107 - 53. 3%
1.25 x 10”%M 46,5
6.25 x 107 48,7
3,125 x 107°M 4B, Th




activity of Factor B in the mixture waslassayed ih a haemolytic
plate. Results were expressed =s percentages of a control in which
Factor B was incubated with PBS pH 7.6 containing no p-CMB; In the
haemolytic plate were included wells to which were added p-CMB8 a2t the
dilutions used in thz experiment..No haemolysis was produced b these_
eontrols. The results of the experiment were shown in Table 4.4

p-CMB was found to bz inhibitnry to thz haemolytic activity
of Factor B. The effect was maximal at a consentrotion of 1.25 x 10-4M.

Sequentinl tiestment of Factor B with indine =nd p-CMB

Factor B at pH 6.0 or 7.6 was first trented with iodine
or p-CMB, then dialyssed against PBS pH 7.6 or 6.0., and finzlly treated
with p-ClB or iodine respectively. The haemolytic activity of the
Factor B was.determined in an agnrose plrte, the result being expressed
as a percentoge of the cantrol in which Factor B wes treated with the
buffers only. Table 4.5 summarised the fi-dings. ‘

It was found that p-CWB had an éverridingly inhibitory
éFFect whether or not the Factor B had bean previously or was subseguently
treated with iodine.

Rerction wih stored iodoacetamide

Iodoncetanide, which was r;ggystallised ? yerrs ego and
stored =t 4°C aince, was dis-olved in 7BS pH 7.6 to a concentration
of 0,24 and then further diluted in the same buffer. The pH of the
Factor B preprration was adjusted to 7.6 with minimal quzntities of
alkali. Equal volumes of Factor B and'ioddacetamide ot v§rious
CﬁncentrationSJwera incub~ted ~% 406 for one hour. The zctivity of
Factor B in thes mixture was measured in an ~garose plate. The

results wers chown in Tabla 4.6
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Table 4.5 - Sequential treatment of Factor B with iodine and p-CMB

First Second Factor B
treatment treatment haemolytic activity
( % of control )

Todine 6.25 x 107°M n-CMB 6,25 x 107°M 88, 4%

Todine 6.25 x 107 PES pH 7.6 162, 4%

-5

PBS pH 7.6 p-CMB 6.25 x 10 M 80.8%
-} -.'5 . .Vu

p~CMB 1.25 x 10 M Todine 3.125 x 107 M 72.4%
p-CMB 1.25 x 107 PES pH 6.0 76 . 0h

PBS pH 6.0 Todine 3.125 x 107M 172.0%

—




Table 4.6 = Reaction of Factor B with iodoacetamide
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Concentration of

Factor B haemolytic activity

iodoacetamide ( % of control )
Stored
1.0 x 107 130. 7%
5.0 x 107 1267
2.5 x 107°M 169. 34
1.25 x 107°M 162.5%
6.25 x 10°°M 120,85
3.125 x 10~u 128, 7%
0 100 %
Freshly recrystallised

1.0 x 107 90s9%h
5.0 x 10 oW 75, 1%
2.5 x 107°M - 92.6%
1.25 x 1072w 85, 8%
6.25 x 107M 26, 5%
3.125 x 10" 71..6%
0 100 %
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- Enhancement of Factor B haemolytic activity vas
observed with all the céncentrations used in this experiment. The
maximal effect was seen with a concentration of 2.5 x 10-2M. No
haemolysis could be attributed to the iodoacetamide per se as
shovm by the apnropriate controls.

Reaction with freshly recrystallised iodoacetzmide

3

As considerable amounts of free iodine were liberated

from the iondoacetamide on storage, the latter was recrystallised as
described in Chupter 2. Factor B and freshly recrystallissd indoacetamide at
various concertrations were mixed at 4°C for one hour. The mixtures
were then assayed for Factor B haemolytic activity. The results
were shovwn in Table 4.6

Not only was the enhancement effect lost, but a mild
inhibition of Factor B activity Qas observed with the iodoacetamide
after the free iodine had been removed by recrystailisation.

Reaction with freshly recrystallised iodoacetamide with added iodine

The effect of iodine at pH 7.6 was first determined.
Factor B at pH 7.6 was treated with iodine at the same pH at room
temperature for 5 minutes. fhe activity of Factor B was determined
as before. The results were shown in Table 4.7 Only marginal
enhancement was observed compared to the effect at pH 6.0

Factor B was then reacted with freshly recrystallised
iodoacetamide to which iodine was added. After one hour at &cC, the
haemolytic activity of ?actor B was determined. The results wvere
shown in Table 4.7 Thus the addition of indine to freshly recrystal-
lised iodoacetamide restored the enhancehent effect on Factor B seen

with the stored iodoacetamide.
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Table 4,7 - Reaction of Factor B with freshly recrystallised

lodoacetamide and added iadine

Caoncentration of iodine pH 7.6 Factor B haemolytic activity
( % of control )
0 100 %
-5 i .
x 10 “M 90,2%
x 10~y 125, 69
x 1075 107.5%
x 10 oy 83.95%
x 107ou 83. 0%
Concentration of Concentration of
freshly recrystal- | iadine pH 7.6
lised iodoacetamide
1.25 x 107°M 6.25 x 10°oM 139. 8%
1.25 x 107°M 3,125 x 10°°om 118.8%
1.25 x 10°M 1.5 x 1070y 118.8%
1.25 x 107°M 2.5 x 1074 121,24
6.25 x 107u 6.25 x 107 oM 158,45
6.25 x 107°M 3,125 x 10°oM 130, %)
6.25 x 107 M 1.5 x 10 oM 115,6%
6.25 x 107M 2.5 x 10°M 117.8%




Activity of the convertase formed with jodine-treated Factor B

Factor B at pH 6.0 was treated wifh jodine at 6.25 x
ID.BM. The alternative pathway convertase was then formed using
either the iodine-treated Factor B or Factor B treated with PBS at
pH 6,0 The following proportions were used : 1.8 units of Factor 0O,
10 pg of C3b and 120 Hg of either iodine-treated or FBS-treated
?actor B. An arbitrary unit was given to a mixture of these amounts
of cbmponents. Incubation was carried out at 37°C in the presence
of 0.5mM magnesium. Aligquots were removeé at intervals from each
mixture and tested for C3 convertase aétivity; An amount aof the.
mixture equivalent to 1 erbitrary unit was reacted with 60 pg of C3
for 45 minutes at 37°C in the presence of 10mM EDTA. The percentage
of C3 converted was determined by two-dimensional immunéelectrophoresié.
Ffom the 10 ninutes aliquotsy, 1 , 0.5, 0.25, 0,125 and 0,06 unit of
each mixture was reacted with 60 ug of103 to determine the dose-
response relationship. The results were shovn in Table 4.8 1In
Figure 4.6 the percentages of C3 conversion were plotted against
the logarithms of the doses of the convertases. It was seen that
iodine treatment of Factor B only marginally increased the activity
of the convertase formed with C3b and Factor D.

The rates of decay of thewgbnvartasuseﬁ:3708 were
shown in Teble 4.9 and Figure 4.7 The time taken to halve the
percentage of C3 converted under these conditions was 34 minutes for

the convertase formed with iodine-treated Factor B, compared to 30

minutes in the case of untreated Factor B.
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Table 4.8 - Convertase formed with iodine~treated Factor B -

Dose-resnonse relationship

Units of convertase % conversion
of 60 pg of C3

Convertase formed with iodine-treated

Factor B )
1.0 43.6%
0.5 1 | 32.8%
0.25 21.6%
0.125 15.4%
0.06 : 12.3%

Convertase formed with PBS-treated

Factor B
1.0 T 36.6%
0.5 28,8%h
. 0.25 23.9%
0.125 10.3%

0.06 9,1t
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Table 4.9 - Réte of decay of convertase formed with iodine-tregated

Factor B

133

Time gF incubation
at 37°C (minutes)

¢, conversion of 60 pg of C3

Convertase with
iodine-treated

Convaertase with
PBS~-treated

Factor B Factor B
g- 50.?% a4.2%h
10 46.2% 35,68%
20 43,6% 34,5
30 27, 3% 22, 4%
a0 23 é% 19, 1%
- B0 18,6% -
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Figure 4.7

DECAY OF THE CONVERTASE FORMED WITH IODINE-TREAT'ED FACTOR B

% conversion 60ug C3

50 4 §

40

lodine-treated Factor B

30
20

104

0 20 0 60
Minutes at 37°C



160

Reaction of the constituents of the convertase individually with

normal human serum

C3b, Factor B and Factor D were each reacted with
normal human serum at 37PC for 45 minutes, In the two-dimensional
immunoelectrophoresis, correction was made for the area of antigenic
C3 attributable to the C3b added to the serum, The results were
shown in Table 4,10 (a) The Factor B preparation on its own converted
more than three quarters of the C3 in the serum. This effect was
lost after hcating the Factor B to SDOC for 15 minutes, showing that
the conversio; was unlikely to be due to contaminants such as
endotoxin. On the other hand, when serum was reacted with either
C3b or Factor D, or a combhination of both, the degree of C3 conversion
produced was much less significant.

As pointed out earlier, the Factor B preparotion
was contaminated with partially converted C3. The latter was thoud1t
to be the source of C3b recuired to generate-the C3 canvertase when
the preparation was reacted with th; serum. This Factor B preparation
vas therefore further purified by chromatogrephy on DEAE cellulose,
using as starting buffer 0.0175\ phosphate , pH 7.0 The Factor B
was eluted on application of a gredient Fésing to 0.3M sodium
chloride. The concentrated Factor B pool contained no detectable
' C3 on " rocket immunocelectrophoresis ". 130 pg of this Factor B
(DEAE) was then reacted with 50 pl of normal human serum. As shown
in Table 4.10 (b), only 35.6% of the G3 wére converted, compared to

20.5% when the Factor B had been inactivated by heat. As the original

Factor B preparation contained approximately 3 pg of antigenic C3



Table 4.10 - Reaction of C3b, Factor B and Factor D with naormel

human serum

Reactants

% conversion of GC3 in
SD‘pl of normal human serum

t a ) PBS 11.3%
110 pg Factor B 76 .6%
110 pg heated Factor B 21.1%
2 units Factor D 29,5
7.5 pg C3b 13.7%
15 pg C3b 23.9%
.30 ug C3b 20.4%
7.5 pg C3b + 2 units Factor D 34.1%
( b ) 130 pg Factor B(DEAE) ) 35.6%
130 pg heated Factor B(DEAE) 20.5%
3 pg C3b + 130 pg Factor B(DEAE) 47.0%
3 ug G3b + 130 pg Factor B(DEAE) 62.7%h

+ 2 units Factor D
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for every 130 pg of Factor B, 3 Hg of C3b were then reacted witH

50 pl of normnl human serum together with 130 pg of Factor B (peAc).
Only 47.0% of the C3 were cohverted, in contrast to 76,65 when 110
Hg of Factor 5 in the original preparation were reacted with the
serum. Thus removal of the contominating C3 (S3b) from the Factor B
preparation rendered thetlatter much less effective in converting

C3 in whole serum, but readdition of C3b to the reaction mixture
restored this activity only to a moderate deéree. Vlhen 2 units of
Faptor 0 were also added to the reaction mixture, the percentsge of
C3 converted increased to 62.7%h It should be noted that the
original Fzctor B preparation before chromatogréphy on DEAE cellulose
also contained a trace of Factor B, but this only amounted to about

0.2 unit for every 110 Hg of Factor B.
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In vivo formation of the convertnce in the rot

These experiments were perfarmed in collaboration
with Mr. J, Majewski. As discussed in the preceding Chapter, it was
thought more feasible to allow the convertase ta form in viva. This
would aveid the difficulties involved in the handling of a preformed
enzyme which was by no means stable, to say the least. Again the rat
was used. Rat serum was first incubated in vitro with the components
6F the convertase at 37°C for 45 minutes. The percentages of C3
converted were measured by two-dimensionzl immunoelectropharesis
using 3% rabbit anti-rat C3 antiserum in the agarose during the second
dimensional electrophoresis. The results were surmarised in Teble 4.11

In the dilution control, 31.5) of the C3 were
canverted when narmal ratAserum wns incub~ted with FBS. Neither C3b
nor Factor D on their own could cenvart mor: 03 then in the dilution
control. Vhen all three components were added, more thon 605 conversion
of C3 was produced. The some result was obt-ined whe+ Factor D wes
.omitted. Indeed the Factor B preprrrtion on its own achieved the same
degree of C3 converdion. When the preparc-tion wan herted to SDOC foxr
15 minutes to inactivete the Factor B, the percentrge of C2 converted
was no more than in theg cese of the dilution control.

In Tcble 4.12, the r-sults of another in vitro
experiment were shown. The Factor D proprrotion used in these experiments
contsined ~s a contaminant tr-ce emounts of Factar B. This amounted
to 0.08 pg of Factor B for every 0.37 units of Factor D present in
tHe prepar~tion., To eliminate the effect of this contaminent, the
Factor D preparstion was heated to SDOC for 15 minutes before the
rorction. It was found that while significant conversion of C3 was

observed when both Factor D and C3b were reacted with ret serum ( 41.3% ),
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Table 4.11 -~ Reaction of rat serum with C3b, Factors B and O

% conversion of
C3 in 50 pl of

Factor B Factor D C3b
()Jg ) (unit) (}Jg ) rat serum
a7 0.37 1 61.2%
a7 - - 59.1%
- - 2 . 38,1%
_ - T 37.4%
- D.37 - - 38,15
- 0.37 . 1 51.9%
. a7 - - . 61.2%
- - | _ 27,1
(heated)

PBS ' 31.6%
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Table 4.12 -~ Reaction of rat serum with C3b and FactorD

% conversion of C3 in

Reactants 50 }Jl of rat serum
1. PBS _4 14.45
2, 0.'37 units Factor D - 19."7%
3. 1 pg C3b 22. 7%
&, 0.37 units Factor D + 1 }Jé C3b | a1.3h
5. 0.37 units Factor D { heated ) _ 20,6%

+ I}Jg C3b




this effoct disappenred after the contaminating Factor B in the
Factor D preparction had been inactivrted by hert { 20.6% conversion
comprred to 14,4% in the dilution control ).

For injection into fats, the reagents were prepared as
follows, As it wes more donvenient ond less wasteful of materizl to
sterilise the reszgents i~ bulk, C3b was generated with trypsin instead
of seph~rose-CVW which was not available in guantity. The C3 preparation
was adjusted to pH 7.8 with minimsl amounts of a2lkali. An amaunt of
trypsin equivalent to 1% of the weight of the total protein preasent
in the C3 pre;aration was added to react at room temperature for one .
minute: ( Bokisch, Muller-Eberhard & Cochrane 1969V]. An amount of
soybern trypsin inhibitor twice that of the trypsin used was added
to stop the rercction. The C3b was dislysed agsinst PBS and then
sterilised by passing through a milligore-filter. The prepar5tions of
Factor B end Factor D were both concentrated so as to contain 30 Eg
and 240 units per ml r=spectively. After diaiysis against PBS, they
were similarly sterilised with miliiporn—?ilters. Ta raecepitulate,
the Factor B preparation was contaminated with rnartially converted C3,
mhile‘%he Factor D preparstion contained trace amounts of Fz=ctar B.

Injection of materiel 2nd co}lection of blood samples
were performed through the tail vein of the rat, The following
experiments were done.

Experiment 1

7.5 mg of Factor B, 60 units of Factor D and 0.15 mg
of C3b were injected intravenously into the first reat. The second rat
was given only 7.5 mg of Factor B. Blood s-mnles were collected into

0.01% EDTA before and at intervals after the injecticn. The following



tests were done on these semples ; -

{ 1) Total and differential white cell counts ;

( 2 ) The percentege-of C3 convertod in the plasma by two—dimensionai
immunoelectraphaoresis

( 3 ) The totel level af antigenic C3 as mecsured by " rocket
immunoelectrophoresis "

( 4 ) The plasmo G5 haomolytic activity as determined in an agaraose
plate incarparating EAC43 ( antrypal ) end C-KONS;

( 5 ) The plasma C6 haemolytic activity as determined in an agarose
plate incorparnting EAC43 ( antrypol ) end C6 deficient rabbit
serum ;

( 6 ) The plasma 07 haemolytic activity as determined in an agarase
plate incorporcting guinea pig erythrocytes and C56 suglobulin,

The results were summarisecd in Table 4.13 In the
first rat, more thon half of the circulating C3 wrs converted within

2.5 minutes of injection of G3b, Factars B ana 3. 15.4%h of the C3 were

still in converted form at 2 hrs. A biphasic chenge in the leucocytes

was evident. There was at first a sharp fall in the totzal white cell
countvwith disappearance af oll . the neutrophils in the circulation in
the First'few minutes. This was Followeqﬂpy a leunocytosis accounted
for chiefly by the neutranhilia. Decamplementation was also evident
by the depletion of 211 the three late-acting components tested

C5, C6 and 07, The maximal effects were seen at 12 minutes for C5 and

and C6 ~nd at 60 minutes for C7. After two hours, the haemaolytic

aétivitics af bath C5 and C6 were only sbout halF-oF the level befare
injection, while far C7 it was only one third., Thecze changes were
depicted diagremratically in Figurs 4;8 A photogroph of the two-

dimensional imnunaelectronharassis nerformed to determine C3 canversion
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Table 4.13 - Formation of the convertase in vivo in the rat -

Experiment 1

Time % C3 White cell count Haemolytic activity
after conver- ( per cu.mm. ) ( % of pre-injection
injection sion level )
(minutes) Total Neutro- - ch .
phil
1st rat
(B+D+C3b)
) 0 % 10,954 2,706 100 %{100 ¢%| 100 %
2.5 55.8% 5,700 0 51.1h( 84.7% | 41.8%
6 56.1% 5,993 0 " 39.7h| 3a.7:| 35.7%
12 Al S 7,631 633 32,05 24, 7% | 29.4%
30 al.9% 29,168 | 14,380 a1,=h| 26.8%| 24.5%
" 60 18.9% 12,912 5,681 49.8h| 27.9%| 23.5%
120 15.4% 22,200 16,583 52.4%| 51,7, 33.2%
2nd rat
(B
0 0 % 14,577 3,892 100 %|100 < | 100 %
- 2,5 7.45% 13,155 3,644 89.6% 100 4| 100 %
6 29,4% 12,137 1,663 77.76 100 <h| 99.3%
12 4., 2 9,922 1,220 80.2h 100 4| 77.2%4
30 40,8% 27,609 18,857 51.654 74.35| 69.8%
60 15.7% 38,100 25,794 50,00 84.0%| 77.2h
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Figure 4.9 - Two-dimensional immunoelectroshoresis — C3 conversion

in plasma samples after injection of C3b, Factors 8

and D into a rat

KEY _

1, 2, 3, 4, 5 and 6 :~ before and at 2.5, 6, 12, 30 and G0 minutes
after injection

Anode to the right ( first dimension ) and upwards ( second dimension )



was shown in Figure 4,9 Not shown in Table 4.13 , were the results
of the levels of C3 as determinad by " rocket immunoelecfrophoresis "
At 2.5 , 6, 12, 30, 60 and 120 minutes after injection, the levels of
antigenic C3 in the rat fell to 8754, 74.5%h, 64%h, 62, 46% and 25
re:spectively of the level before injection.

In the second rat, similar but less dramatic effects
were observed. Conversion of C3 was maximal at 17 minutes, so were
the leucopenia snd neutropenia. Thereafter profound leucocytosis and
neutrophilia were similarlyseen; There wes much le;s depletion of the
late-acting components. Although C5 w;s depleted to half of thz pre-
injection level after one hour, the maximal depletions of C& and G7
were only 25 and 30 per cent respectively.

Experiment 2

Three rats were studied. 7.5 mg of Factor B that had
Been heated to SDOC for 15 minutes were injected into the first rat,
The second rat was given 60 units of Factor'D, the third 0.15 mg of
C3b. Srmales of blood wers collectéﬂ and tested as described in
Experiment 1. fhe results were shown in Table 4.14 .

None of these three reagents nroduced any detectohle

conversion of C3 in vivo. The associeted biphasic chenges in white

cell count and depletion of late acting components were not found,

Experiment 3

11 mg of Factor 3, 60 units of Factor D and 0,15 mg of
.C3b wers injected intravenously into the first rat., The second rat
was given 11 mg of Factor B and 0.15 mg C3b, the Factor D being omitted.

The third rat was given 60 units of Factor D and 0.15 mg of C3b,



Table 4.14 - Formation of the convertase in vivo in the rat -

Experiment 2

Time % C3 White cell count Haemolytic activity
after conver- ( per cu.mm. ) ( % of pre-injzction
injection sion ' level )
(minutes) Total Neutro- o5 6 -
phil
lst rat
(Heated B)
0 0 % 10,234 1,893 100 % | 100 % | 100 <%
2 0 % 10,485 1,678 100 -%| 100 %{ 94.9%
6 o % 10,268 1,746 100 % | 100 % | 87.6%
15 0 % 9,725 973 100 % 100 | 92.8%h
40 0 % 8,394 1,176 100 % | 100 % | B88.4%
2nd rat
‘(D)
0 0 % 10,334 1,033 100 % | 100 <% | 100 %
2 0 % 9,414 800 100 %100 | 93.0%
6 0 % 8,862 576 97.54| 93.5%| 100 °
15 0 % 8,548 1,026 100 % | 90.2%6( 100 <
40 a < 7,414 853 9a.9% | 100 | 100 <
3rd rat
(cab -
0 0 % 8,241 684 100 % {100 <% | 100 %
2 0 % 8,994 807 100 % | 95.06| 97.9%
6 o % 8,068 1,034 100 %| e6.0% | 100 %
15 0 % 9,238 1,016 95.1% | 84.0h| 94.2h
a0 0 % 9,568 1,914 89.3%| 94.0%| 100 %




Blood sampleé were collected beFore and at intervals after injection.
the total and differential white cell count and the percentage of
C3 converted in the plasma were determined. The resulis were shown
in Table 4.15

There were virtually no difference between the recults
obtained in the first two rcts. About 65% of the circulating C3 were
converted within 3 minutes in either instance associated with a
profound neutrapenia followed by néutrophilia. In the third rat,
significant cisavage of C3 was seen but not as much as in the first
two. The chafacteristic biphasic change in leucocytes was also evident;

The pl~telet counts, on the other hand, did not show any significant

alterations in any of these three rats,
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Table 4.15 - Formation of the convertase in vivo in the rat -

Experiment 3

Time % C3 White cell count Platelet count
'iiggizion conversion ( per cu-m. ) gn?ez:igie;evel )
(minutes) Total Neutrophil
1st rat
(B+D+C3b) -

0 0 % . 11,243 2,775 100 %

3 66G. 8% 5,070 25 78.0%

10 63.6% 10,913 1,200 100 %

30 47 .6% 25,473 14,137 100 ¢

60 34.4% 13,688 5,544 91.9%
2nd rat
(B+C3b)

o . 0 % 10,406 1,301 100 %

3 64.9% 5,702 29 88.7%

10 60.7% 6,355 159 100 %

30 43.8% 24,121 9,165 109. 3%

Wso 26, 5% 18,616 8,377 96.7%

3rd rat -
(0+C3b)
0 0 % 11,867 3,002 100 <
3 42.72h 7,664 460 98.4%
10 42,3% 18,864 7,036 96.8%
30 32.4% 34,031 19,738 88.1%
60 21, 7%h 27,381 14,512 838.1%
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Discussion

The alternative pathway C3 convertase wes successfully
formed in the fluid phase by mixing C3b, Factor B and Factor 9 in.the
presence of magnesium ions., The fact that some convertzse activity
could be generated with Factors B and D only was accounted for by the
presence of C3b as a contaminant in the Factor B preparation; The
éignifioant finding was when the convertase was added to C3, Tar =ore
cleavoge of the latter wes aobserved in the absence than in the presence
of 0.0IM EDTA. Since magnesium ions were not reguired once the con-
vertase was formed, this finding showea that the EDTA hard prevented
the formation of more convertase during the ongcing reaction. It
might be suggested that 5 minutes_at 3700 were not long enough for
maximal generation of enzyme activity from the available reagents.
However, the data on the rate of decay of the convertsse showed
that this was not the case. The enzyme activity hed already begun
to decline after stAnding at 3708 for 10 minﬁtes. Thus the most
likely explanation for the effect of-EDTA would be that sufficient
Factors B and D were present to allow the generation of more
convertase from the nascent C3b liberated during the enzymatic

cleavage of C3. A small amount of C3b would therefore be enéugh to

initiate the positive feedback cycle, and the effect of the preformed
convertase thereby amplifisd. In fact, an excess of C3b was found to
be inhibitory to the generation or the activity of the convertase.
Schreiber et al ( 1975 ) found that G3b was inhibitory to the

formation of the "initiating" C3 convertase from native C3, activated



prooerdin, Factors B and D. To what extent is this phenomenon
related to the somevhat similar Finding in this study remains to
be clarified,

At 3700, the convertase was formed very rapidly.
ffaximal activity wes generated within the first few minutes. This
was followed by a gradual decay, but considerable activity still
remained after 40 minutes. As thez enzyme activity was also tested
in the presence of ENTA these data represented a true measure of
the decay of the preformed enzyme. Considerable amplification of
the activity would ébviously be expectéd if the positive Feedbaﬁk
cycle was allowed to operate.

In vitro experiments demonstrated that the alternative
pathway 03 convertase could act as an effective decomplementing
agent when added to normal humen serum, Rapid cleavage of C3 was
produced together with depletion of ﬁotal haemolytic complement
activity and consumption of C7. It appeared that under these
circumstances the activity of the C3b inactivator in whole serum wvas
overvhelmed. The dose response lines plotted in Figure 4.3 showed
that the prefaormed enzyme converted C3 much more effectively when

added to serum than to plasma. Thus much of the observed effects of

decomplementation appéared toc be dependent on the aperation of the
positive feedback cycle. The Factors B and D already prssent in

normal human serum would be expected to facilitate the generation

of fresh convertase from the nascent C3b. However, under the conditions
of the evperiments described, the facilitating effect would apply

more to Factor D than to Factor B. 200 pg of Factor B were added to
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50 pl of serum which contained only 11 pg of Fector B. Cn the other
hand, only 1.5 units of Factor D were added to 50 pl of serum
containing 5 units of the Factor. A crucial point is that no clearcut
method is available to distinguish between an active (D) and a
precursor (D) form of Factor D. Thus it could not be determined - -
whether the Factor O preparation contained relatively more D than

the normal serum,

As in the case of C4oxy2, the changes of decomple-
mentation produced by the alternative pathway £3 convertase differed
from those produced Ey yeast. Even wheﬁ all the C3 was cleaved and
the activity of total haemolytic complement completely depleted, only
slightly more than one third of the G7 was consumed., This further
highlighted the difference between activation of complement in the
fluid phase and on the surface of particles.

Antrypol is capable o? rendering C3b bound to
sensitised erythrocytes resistant to the action of the C2b inactivator
but still haemolytically active. Hoﬁever, when C3b was treated with
antrypol the generation and / or the activity of the C3 convertase
when Factors B and D were added were inhibited. This finding agreed
with that of Nicol ( 1973 ) who demonstrated that addition of
EAC143 ( antrypol ) to serum depleted immunochemically of both C3
and the C3b inactivator failed to initiate activation of the
al ternative pathway, while the intermediate not treated with antrypol
could,

The results of chemical modification of Factor B

differed in several aspects to those reported for C2 ( Polley & Nuller-
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Eberhard 1967 ). These authaors found that while iodine enhanced the
haemolytic activity of C2 more than ten-fold, p-CMB inhibited up

to 90% of the activity. When C2 was treated sequentially with

iodine and then p-CMB or vice versa, the effect of iodine was
overriding : enhancement of G2 activity occurred in both insteances.
Although freshly recrystallised indoacetamide had no effect on the
activity of C2, stored iodoacetamide containing free iodine enhanced
the activity. In this study, iodine produced only a slight enhancement
(60%) of the hzemolytic activity of Factor B, while p-CMB inhibited
only 50% of the activity. The effect o; p-ClB wvas overriding whether
iodine or p-CMB was used first in the sequential treatment of

Factor B with these agents. Freshly recrystallised iodoacetamide
produced a slight inhibition of Factor B activity but some enhancement
wvas seen with stored iodoacetamide. These findings suggested an
involvemeznt of sulphydryl groups in the Factor B in these reactions.
Howevér, na conclusion could be .drawn as to the exact mechanism

of action of these agents, ncr couldrthe differences from the effects
observed with C2 be accounted for.

- Vihen iodine*treated_Factor B was used to generate
the convertase, the increase in its potency was only marginal, as
was its stability at 37PC. The failure t;/improve significantly
either of these parameters of the enzyme by chemical modification
did not come as a great disappointment since:{he unmadified enzyme
was capeble of effective decomplementation of whole human serum.

Of the three components of the convertase, both

Factors B and D are normal constituents of human serum., Thus it
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might be expected that only C3b had to be added to generate the
convertase in whole serum. Indeed, as reported By Muller-Ebherhard &
Gotze ( 1972 ) addition of 03b to whole serum caused cleavage of
Factor B. In this study, pab however produced only a small degree

of C3 conversion in Qhole human serum, The ability of the preparation
of Factor B to produce significant C3 cleavage in whole serum was
abparently an unexpected finding. The loss of this activity after
heating the preparation to SDOC for 15 minutes made the possibility
that contaminants such as endotoxin were responsible most unlikely,
The significant fact was that the prepération of Factor B used was
contaminated with a small amount of C3 which was partially converted.
The exact amount of C3b present was difficult to determine but its
presence would help to explain the.CB converting property of the
pfeparation. Indzed, after further chromatography on DEAE cellulose,
the Factor B pool, free of contaminating C3 (C3b), produced only a
small amount of C3 conversion in whole serum, This converting
activity was restored only to a moderate degree by readdition of
C3b into the reaction mixture. Two explanations may be offered to
this finding. Firstly , a factor(s) other than C3b which contributed
to the C3 converting activity of the preparaticn was also removed by
DEAE chromatography. Secondly, a preforméa’ccmplex between C3b and
Factor B was more efficient in generating C3 convertase activity
when added to whole serum., This is a very attractive hypothesis as
it wﬁuld explain the ineffectiveness of C3b on its own to. convert
C3 in whole serum, which contained sufficient Factors B and D.

Perhaps C3b had to be complexed with Factor B to avoid destruction
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by the C3b inactivetor. This suggestion is supported by the work
of Martin { 1975 ) who found that Factor B could protect C3b from
the action of the C3b inactivator.

It should also be noted that the Factor B preﬁaration
before purification on DEAE cellulose contained Factor D as an
additional trace contaminant; This amount of Factor D was not
sufficient to confer C3 convertase activity to the Factor B
preparation, as the latter on its own was unable to cleave purified
C3. C3 conversion in whole serum produced Ly this preparation tﬁus
required the participation of the Factor D present in the serum.
However, on readdition of C3b to the DEAE-cellulose-fractionated
Factor B, the C3 conversion produced by the latter in whole serum
could be further increased when Féctor D was also added. Again,
wﬁethér this reflected a concentration effect or a difference
between D as opposed to D has yet to be determined. It may~also
be postulated that the trace amounts of Factor D present in the
Factor B preparation contributes to the formation of a C3b—+Factor B
complex that is resistant to the action of the C3b inactivator.

T To summarise, the following hynothesis is
proposed. C3b alone is not sufficient to initiate the feedback
cycle in whole serum in the presence of the C3b inactivator. To
overcome the effect” of the latter in order to activete the cycle,
either the complete enzyme preformed from C3b, Factors B and D, or
a camplex Formed between C3b and Factor B has fo be added. The
conditions under which the latter may be formed remains to be

definsd. This has been achieved fortuitously during the fractionation



of Factor B from whole serum,

The interaction betwéen C3b, Factors B and D and the
C3b inactivator reguires further study. In view of the recent
report of the formation of a2 C3 convertase between activated
properdin, native G3, Factors B and D ( Schreiber et al 1975 ), the
possible part played by properdin in the experiments described in
this study has to be svesluated.

Another source of C3b in these in vitro reactions
must not be overlooked. \/hen normal buman serum was incubated with
PBS, a small amount of C3 conversion ( ébout 10% ) was inveriably
‘observed. The C3b produced by this appzrently spontaneous cleavage
of C3 might explain the small aegree of C3 conversion effected by
the addition of Factor D alone to whole huwran serum.

Comparsble results were obtained in the in vitro
experiments with rat serum. In this situation, however, one difference
has to be considered. The fact that the haemolytic plate assay for
Factor B ( Martin et al ) does not work with Factor B of rat origin
shows that there is incompatibility between Factor B of the rat
and the other alternative pathway factors of human origin. It was

therefore a surprising finding that buman C3b and Factor D when

added together to rat serum caused significant C3 conversion. However,
as the human Factor D preparation was contaminated with a trace
amount of Factor B, the latter was thought to be responsible for

this effect. Indeed, inactivation of this contaminant by heat

destroyed the C3 cleaving ability of this combination. A small

amount of human Factor B in this situation would be sufficient to
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initiate the C3-feedback cycle in the rat serum to produce the
observed effect. These in vitro findings were paralleled by the
results of the in vivo experiments; Complement activetion in the rat
could be acaieved by injection of either (1) Factor B alone ( containing
C3b ), (2) a combination DFYCSb with either Factor B or Factor D
( containing trece amounts of Factor B ), or (3) all the three
components together., Neither C3b nor Factor D given alone caused
any in vivo cleavage of C3. Heated Factor B was also without effect.
The successful formation of the convert;se in vivo
in the rat estéblished the usefulness éf these reagents in decomple-
mentation. Dramatic changes were procduced in the rat after the
intravenous injection of C3b, Factors B and D. More than two-thirds
of the eirculating C3 wers converted within minutes. At the end of
one hour, the total antigenic C3 wes diminished to as low as 29%
of the original level and one-third of this was still in the
converted form. Very substantial consumption of C5, C6 and 07 wes
achieved., As in the case of CEE?;E; activation of complement intra-
vascularly in the fluid phase produced biphasic changes in the
circulating leucocytes. In one experiment, the neutrophils completely
disappeared from the circulation for some minutes. No significant

changes in the platelets were cbserved. This aspact will be further

discussed in Chapter 7.
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Introduction

Stolfi { 1970 ) first reported on the generation of a
specific inhibitor for the reaction of theeighth component of guineas
plg complement, This was achieved either by the storsge at 200 of
preparctions of partially purified C8 under conditions of low ionic
strength ( 0.04M ) ot pH 7.5 , or by treatment with extremely low
concentrations of trypsin. The abpearance of the inhibitor was co-
incidental with the loss of hacmolytic C8 activity. The C8 inhibitor
showed physicochemical properties simi}ar to those of haemolytically
active 08 in that it was protein in nature, had a sedimentation constant
of 7.7 and exhibited extreme lability et SSOD. it appesred to function
by competitive binding to and blocking of C7 sites. The reactivities of
both the haemolytically active C8 and the inhibitor with the C7 site
were influenced in a similar manner by temperzture and ionic strength,
and the reactions of both were inhibited by antrypol. EAC1-7 that had
been reccted with the inhibitor were capable.of deplcting C9 from the
fluid phase of the reaction. It was‘For these reasons thot the inhibitor.
has bean called the C8-anzloguc and believed to be generazted from the
haemoiytically active species of the C8 molecule.

So far no deta has been published on sirilar work with
human CB.VIF a similar snalogue could be generated from human C8, it:
would b= expected to be relatively non-antigenic when used to inactivate
complement in the .human. It would therefore be feasible to adminster
the inhibitor repeatedly to produce prolonged inactivation of complement.

Unfortunately, attempts in this study to generzte an
inhibifor from human C8 have not been successful. Some of these

experiments will. be described in the following sections.
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Treatment of 08 with mildly alkaline conditions of low ionic strength

A crude preparation of C8 was used for these experiments.
It consisted of the rivanol preccipitate from which the rivenol had
been liberated and made ready for appiicaticn to the Cit-cellulose
column after dialysis against 0,01% phosphate buffer, pH 6, with 0,05M
sodium chloride and 0,01 sodium azide ( see Chapter 2 ). A series of
Tris-HC1 buffers were made with the 5H varying fron 7 to 9. Sodium
chloride wos added to give Finél ionic strengths varying from 0.02M
to 0.08W. A sample of the CB preparation was dialysed against each
of theses buffers. In the control, no fﬁrther dialysis wes carried out.
All these sampleswere thon stared at 2°C for two weeks. The following

tests were done before and after storage :

( 1) Cc8 heemolytic activity. This was tested in tube using EGS67.

An excess of 09 wss added ( see Chapter 2 ).

( 2 ) Test for inhibitor. Diluticns of the sample were made in 0.2 ml

of PBS/ENTA. SO pl of 1% EC567 were added for incubation at 3708
for 30 minutes., 4 CHSD units of 08 were then added together n
with an excess of C9. After further incuration at 37°G for 30
minutes, inhibition of heemolysis was noted. In the obsence of
an inhibitor, all the cells should be lysesd by the C8 and C9
added. The strength of any inhibitb; was measursd by noting
the dilution of the sample at which inhibition of haemalysis
of 50% of the cells occurred.
The results of such a@n experiment were shown in Table
5.1 Considereble activity was last duiring storige evan in the "conirol".

This wns particularly pronounced 2t 0.024 at pH 8 and 9, However, no

inhibitor activity could br detected in any of these samples.



Table 5.1 - Treatment of C8 with alkaline conditions of low ionic

[

ot

St

strength

Tonic oH c8 act;v1ty ( CHgy units per ml )
strength Before storage After 2 weeks
0.02M 7.0 15,525 1,215
0.0 8.0 15,625 405
0.02M 9.0 15,625 a0s
D.04M 7.0 15,625 1,215
0.04M 8.0 15,625 1,215
0.04M 9.0 15,625 405
0.08M 7.0 15,625 3,645
0.08M 8.0 15,625 3,645
0.08M 9.0 15,625 1,215

* 0.0 6.0 15,625 3,645

* control
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The experiment was thzn repested using pH 8 zad ionic
strengths of 0.,0IM and 0.02M Storage at 2°C wes carried out as
before. Aligouts were removed at intervals to test for C8 haemolytic
activity and for any inhibitor gener-ted. The results were shown in
Table 5.2 Gradual loss of C8 activity occurred in 21l three samples
including the * control ". More rapid loss of activity was noted in
the other two samples so much so thot after 28 weeks, no haemolytic

activity wes detectzble. Hawever, no inhibitor could be found through-

out the experiment.
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Table 5.2 - Treatment of C8 with mildly alkaline conditions of low

ionic strength

C8 activity ( CH., units per ml ) at:
. 50
Time of storage

at 2°C (weeks) pH 8.0 pH 8.0 pH 6.0 *
OfOIM 0.021 0.07M
0 | 3,645 3,645 3,645
2 | . 810 "1,215 2,430
a © 405 810 1,215
& 270 | 360 1,080
v 60 120 - 180
h 14 45 15 90
28 o‘_/ ' 0 45

* control
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Treatment of 08 with tryosin

The C8 ponl from the sephadex~G200 column was used for
these experiments. Equal volumes of C8 and trypsin.at various con-
centrations were mixed and incubated at 37°D at pH 7.5 for 30 minutes,
Soybean trypsin inhibitor twice the weight of the trypsin used was
then added. The following qontrols were set up : -

( 1 ) C8 mixed with an equal vdlume of FBS
( 2 ) C8 mixed with an equal volume of trypsin already inactivated by
soybean trypsin inhibitor, |

(3 ) PBS mixed with an equal volume of trypsin.
PBS instead of soybean trypsin inhibitor wns added to controls { 1 )
and ( 2 ) at the end of the incubation. The mixtures werz then testéd
for C8 haemolytic activity end for the presence of inhibitor as
described. The results were shown in Table 5.3 (a). Trypsin at a
concentration of 300 pg per ml inactivated completely 1,080 units
of C8 per ml. When the reaction between C8 and trypsin was stopped
after 10 minutes, the results were similar. Using C8 at a higher
concentration { 3,285 CH50 units per ml ) 1.2 mg per ml of trypsin
were required to inactivate the C8 completely after 10 minutes at
3700, as shown in Table 5.3 (b)

C8B was then treated with %;&DSin at different pH and
temperatures. The results were shown in Table 5.4 By changing the
pH and lowering the temperature of the reactidn, inactivation of
€8 by trypsin was less effectivae.

TIn all these experiments, no inhibitor activity

could be demanstrated consistently.
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Table 5,3 ~ Trypsin treatment of C8

Reaction between €8 haemolytic activity
( CHgq units per ml )

(a) 37°C for 30 minutes .
C8 + trypsin 300 pg/ml D
C8 + trypsin 150 pg/ml — 60
CB + trypsin 75 Hg/ml L 180
C8 + trypsin 37.5 pg/ml ‘ , 540
CB + trypsin 18.8 ug/ml | 840
PBS+. trypsin 300 pg/ml 0
CB + P8s _ " 1,080
C8 + trypsin already inactivated 1;080

(b ) 37C for 10 minutes

C8 + trypsin 1.2 mg/ml a
C8 + trypsin 600 ug/ml 60
C8 + trypsin 300 pg/ml 180
PBS+ trypsin 1.2 mg/ml L 0
C8 + PBS 3,285

C8 + trypsin already inactivated : 3,285




Taeble 5.4 - Trypsin treatment of.G8

(a) 9,720 cH

q units/ml reacted with 1.2 mg of trypsin/ml

5
C8 activity
pH ( CHy units/ml )
6.0 40
6.5 120
7.0 ) 20
7.5 20
8.0 40

(b) 3,285 CH

50 units/ml reacted with 1.2 mg/ml of trypsin at room

temperature

C8 activity
Duration of incubation ( GHgq units/ml )
( minutes ) :

15 - 180
30 0
) a5 - 0
60 D

o .
( ¢) 1,080 units/ml reacted with trypsin et 4 C overnight

C8 activity
Concentration of trypsin (mg/ml) = ( CHeq units/ml )

1 180
2 , 120
3 20

fal 20

&



Treatment of C8 with chymotrypsin

In some of the praiiminary experiments in which the
trypsin was dissolved in saline without being incubated with hydro-
chloric acid before use, as described in Chapter 2,.it was found that.
inactivetion of C8 was more eFFective.-As acid treatment of the trypsin '
preparation would destroy any contaminating chymotrypsin present,
experiments were done to investigate the effect of chymotrypsin on
C8. The experiments were performed in a manner similar to that described
for trypsin, except that soybean trypsin inhibitor five times the
weight of the chymotrypsiﬁ was used tovinactivate the enzyme; In-
cubation at 3700 was carried out for 13 minutes at pH 7.8 and pH 7;2
The results were shown in Table:5.5 Although chymotrypsin effectively
inactivated the haemolytic activity of C8, in none of these experiments

could any inhibitor activity be consistently demonstr~ted.

-
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Table 5.5 - Chymotrypsin treatment of C8

Activity of C8 Concentration of chymotrypsin
( CHgg units/ml ) required for inactivation
( pg/m1 )

Reaction at pH 7.8

sa0 300
3,240 600
4,860 - 1,500
29,160 1,500

Aeaction at pH 7.2

3,240 | 300

14,580 k 500
29,160 1,000
87,480 1,000

131,220 1,500
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Discussion

With guimea pig C8, storage at ZOC at pH 7;5‘and an
ionie strength of 0.02M resulted in total loss of haemolytic ectivity
after two weeks ( Stolfi 1970 ). In this study, it was found that
human C8 was relatively more stable under these conditions. It took
28 weeks to inzctivate C8 completely by such treatment. Guinez pig C8
ﬁas also more susceptible to inactivation by trypsin. Vith 2,000 CHSO
of C8 per ml, as little as 1.5 pg of trypsin per ml were sufficient
to cause total inactivation. With 1,080 units of human C8 per ml, ak
least SOD‘ug of trypsin per wml were required for insctivation. In this
respect, chymotrypsin appesred to be slightly more effective on a
weight to weight basis.

| It was a great disappointment that no inhibitor activity
could be demonstrated in these experiments. How much was this relatzd
to species difference was not entirely clear. As reported with guinea
pig C8, genaration of the CB8-analogue with tfypsin depended én a
critical concentramtion of the enzymé; At very low concentrations; 8
was inactivated while the analogue with inhibitor activity was generated.
At higher concentrations the analogue itself was destroyed as well ,
It is therefore conceivable that when C8 Yas treated with tryosin ar
chymotrypsin, three reactions might be occurring sequentially or
simultaneously : the inactivation of (08, the generation of =2n inhibitor,.
ahd the destruction of the inhibitor. A favourable outcome would
depend on the preferential operaticn of the first two to the third
réaction. It was therefore thought that shortening the duration of
incubafion, changing the pH or lowering the temperature of the re=sction

.might avoid destruction of any inhibitor that could have been genersted.

Howev=r, none aof these manipulations were successful,
’ .



It is a not uncommon finding among complement laborator-
ies that preparations of human C8 could acquire inhibitor sctivity
apparently spontaneously. Indeed, in certain of the experiments
performed in this study, inhibitory activity was demonstrated but the
results could not be reproduced under exactly the same conditions.

The mechanism whereby the human CB-annlogue might be generated remains

é‘mystery.
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Chapter 6 ~Two new methods for the functional assay of the third

component of human complement in agzrose gel

Introduction | ~
The c%@sical pathway method
The alternative pathway mathod

Discussicn
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Introduction

The traditional method for the guantition of C3 is
immunochemical. The method most widely used is single radial
immunodi ffusion ( tencini,Carbonara & Heremans 1965 ). A more
sensitive and quick technigue is " rocket immuncelectrophoresis "
( Leurell 1966 ). The determinntion of C3 antigenicrlly gives no
indication of its functional activity. A convenient method to assay
the heemolytic function of C3 is to use EACl42 and guinea pig " R4 "
( Lachmann, Hobart & Aston 1973 ). EAC142 is prepared by reacting
EA with guinea pig " R3 ". Guinea pig " B4 " prepsred by tresting -
guinea pig serum with dilute ammonia supplies the late componznts C5
to C9. Heremolysis in this. system dedends on the presence. of C3
in the tesf sample added. This assay can only be done in tube because
of the extreme lability of EAC142. If used in =2n agarose plate, by
the time the test sample has diffused adequately around the well at
AOC, much of the activity of EAC142 is lost..The advantage of ; " tube "
test is thnt the results can be rea; rapidly. However, several dilutions
of each test sample heve to be made and the method is rot practical
if a large numbar of sanples is to be tested. Heemolytic test on an
agargse diffusion plate is very economipgl of reagents. Depending
on the size of the hzemolytic rings to be expected, more thanm 30 samnles
can be tested on a single 8.2 x 8.2 cm plate. Furthermore, radial
diffusion as a means of esteblishing a concentration gradient of the
test sample is more accurate thon serial dilution of the sample in
tést—tubes, unless the cumbersome method of edding exsct amounts of
the sample to eazch tube is used. The availability of a plate mssay

for C3 hmemolytic activity will thus bé zn invrluable tool for largz
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scale screening eond testing of clinical sera. In the fractionetinn of 03~
containing material = either chrometogre=phiczlly or by other meens,
thefe is obviously a great need for o simple, economical and con-
venient meéhod to test a large number of frections for the functional
activity of C3.

In the study of the enzymatic cleavage of C3 as a means
‘oF decomplementation, two methods were developed to assay the haemo-
lytic function of this component in an agarose diffusion plate. The
first method utilised the activaetion of U3 through the classical
péthway. In the second method, cleavege of C3 prodeeded via the

alternative pathway.
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The classical pathway methad

Dxidation DF_CE enabled the formation of & stable
convertase with Cl and C4, both in the fluid phase and bound to
sensitised'erythrocytes. Using guinea pig " R4 " and EACl4oxy2
instead of EAC142, the " tube " test for heemolytic C3 activity cean
be expected to be readily adaptable to a plate assay.

As there is incompatibility between human C2 and guinea
pig C4, EACldoxy2 cannot be Qenerated with EACl4 formed from fhe decay
of EACl4” mace from EA and guinea pig " R3 ", as described in Chapter 2.
EACl4oxy?2 wa;e therefore made by reacfing EA sequentially with Cl, C4
and oxyC2. The amounts of ecch component to bE‘USBd were first
determined by titration, as described in Chapter 3. EA was reacted
with C1 for 15 minutes at 3708. After removing the unbound Cl by
centrifug=ation, 04 was added for.incubation for enother 15 minutes.
QxyC2 was then added and incubstion continued for 10 minutes.Athf
centrifugation and removal of the supernatanf, EACl4oxy2 were resus-—
pended to about 10% in PBS/EDTA, reédy for incorporztion into an
agarose plafe.

As this methoé for generating EACldoxy2 was cumbersome

and required partially purified prepesrations of Cl an< C4 in addition

to oxyC?, it was thought thzt its applicability for lrrge scele use
would be limited. A more convenient and gimpler method to form
EACl4oxy?2 was therefore developed. This made use of sera from individ-
uals genetically deficient in C2. EA was suspended to 0.5% in CFD
diluted with an equal volume of 2 9% solution of sucrose to lower the

ionic strength, a situation more favourable to the binding of both
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Cl and C4. C2 deficient human serum was added to the suspension

to a concentretion of 5. Reaction was allowed to proceed =t 2°C for
30 minutes. Incubation was not carried out at 37OC to avoid haemolysis
of the EA,'as a trace amount of C2 was usually present in the C2
deficient human serum. The cells were then washed twice in the same
diluent and used as a source of E<Cl4, To make EACldoxy2, oxyCZ was
added to EAC14 for 10 minutes at®37 C.. For 4 ml of 0.5 EACLA , about
Q‘yg of oxyC2 were sufficient to form optimal EACldcxy?2. After centri-
fugation, the EACl4oxy2 were resuspended to 10% in PBS/EDTA, ready
for incorporaticsn into an agarose platé.

The guinea pig"R4" was first titrated to obtain the
dilution that did not lyse EACldogyE on its own, as the C3 in the
guinga pig serum was not destroyed completely by the dilute am-onia.
To make the agarose plate, 2.4% agarose was mixed with en equal volume
of PB3/EDTA in a water bath at SGOC. 10 ml of the mixture were used
for a 8.2 x 8.2 cm glass‘slide. The mixture Was allowed to cool to
around 4DDD, the titrated amount ofwéuinea pig " R4 " and EACl4oxy2
were then added so that the final concentration of the latter in the
mixture was 0.5%. The mixture was rapidly poured onto the glass slide.,
When the agarose had set, 3 mm wells were‘cut and the test samples
added, 8 pyl for each well. Diffusion waé_allowed to occur at 4°c over-
night. Aings of haemolysis were developed by incubating the plate at
37°C for 2 hours. The areas of haemolysis were_mensured as usual,

In Figure 6.1 , a phaotograph of the haemolytiq rings

produced by various dilutions of two preparations of purified C3 was

shown.



heemolytic rings produced by two preparations of C3

KEY
l, 2, 3, 4 and 5 :- 0.24, 0,12, 0.06, 0.03 and U.UlSlpg of C3 in the
first preparation
6, 7, 8, 9 and 10 :- 0,3, 0.15, 0.075, 0.038 and 0.019 pg of C3 in

the second preparation
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The areas of h=emaolysis described in all experiments
were enlarged with the same factor of magnification to yield com-
parable rendings. Table 6.1 ( a ) showed the ereas of haemolysis pro-
duced in thé plate by dffferent dilutinns of a standard preparation
of C3, the concentration of which was determined by " raocket immuno-
electraophoresis v. s
When these areas were plotted against the logarithms of
the amounts of C3 present , a streight line was obtained. ( Figure 6.2 )
“then various dilutions of normzl human serum were tested
in the plate,-the areas of haemolysis ﬁere shown in Table 6.1 ( b ).
A plot of the dose~response relationship was shéwh in Figure 6,3 Some
- of these haemolytic rings were included in the photograph in Figure
6.4 .
Guinea pig and rabbit sera were similarly te«ted with
this method.-Rings of haemolysis were seen with the former “{ Figure 6.4 )
and a plot of the dose-respaonse relationship.was shown in Figurs 6.3
Rabbit serum failed to produced haeﬁolysis in this system ( Figure 6.4 )
Human sera with genetical deficiency in C4 , €2 and C3
were tested faor C3 in this'plate assay . The activities were expressed
as percentages of the activity as detected in normal human serum. Thus
the C3 activity im 04 deficisnt human serum was found to be 108.3% of
that of normal human serum. In the case of C2 deficieﬁt hum=2n serum
it was 63.6%. It was a most interesting finding thet fhe C3 deficient
human serum produced a ring of haemolysis‘which was much fainter but
with an area comparable to thzt of normal human serum ( Figure 6,4 )
The specificity of the method as a test for C3 was examined

with the use of F(ab']2 monospecific antibodies. Normal human serum in
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Table 6.1 - Areass of haemolysis in C3 plate - Classical pathway

method

(a) c3 preparation

Amount of C3 ( ug ) Enlarged area of haemolysis (cmz)

2.4 78.7

1.2 ) 70,2
0.6 54.0
) 0.3 - 41.7
0.15 - 34.3
0.08 23.0
0.04 4 9.6

( b) Normal human serum

~

Dilution Enlarged area of haemolysis (cmz)
' neat 69.9
1in -2 62.4
1in 4 l 52.4
l1in 8 49.0
11in 16 o 40.3
1 in 32 27.UA

1 in 64 14.7




[N

" Figure 6.2””“

CLASSICAL PATHWAY METHOD -
DOSE RESPONSE OF C3

Area (cmz) of haemolysis (enlarged)

| I I 1 I 1 1
0.038 0.075 0.15 0.3 0.6 1.2 2.4

ug C3
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Enlarged area of haemolysis (sz)
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Figure 6.3 . 205

CLASSICAL PATHWAY METHOD -
DOSE RESPONSE OF HUMAN AND GUINEA-PIG SERUM

Human serum

Guinea-pig serum
o

!
1056 6.25 25 100
Percentage whole serum



ficure 6.4 ~ 03 haemolytic plate - Classical pathway method -

haemolytic rings produced by C3 in whole serum

KEY

:—- narmal human serum

:- F(ab'), anti-C3

- PBS

:-~ F(ab'), anti~Factor B

2

6, 7 and“8 :~ normal human serum used necat, 1/2, 1/4 and 1/8

:~ 04 deficient human serum
:— 02 deficient human serum
:— 03 deficient human serum

13, 14 and 15 :- normal rabbit serum used neat, 1/2, 1/4 and 1/8
17, 18 and 19 :~ normal guinea pig serum used neat, 1/2, 1/4
and 1/8



a central well was allowed to diffuse against peripheral wells
containing F(ab']2 anti-G3, normal saline end F(ab'), anti-Factor B.
Wihile the haemolytic ring which developed was not affected by eithar
the saline ér the F(ab')2 anti-Factor B, haemolysis was interrupted
by the diffusion barrier formed by the CB—F(ab')z anti~C3 precipitation
line, as shown in Figure 6.4

In Figure 6.5 were depicted the results of an experiment
in which both normal human serum end C3 deficient serum vere allowed
to diffuse against a well containing F(ab')2 anti-C3. Again a faint
ring of haemolysis due to the C3 deficient serum was observed
alongside the ring of complete haemolysis due to normal human serum.
No ! ‘cut-of f ' of the haemolytic rings was seen with either the
normal saline or the F(ab']2 anti-Factor B. The two rings were,
however, ' cut-off ' by the F(ab')2 anti-C3. The t\l'm lines along
which this occurred merged, a situation analogous to the line of
identity observed in the double immunodiffusion method of

Ouchterlony.
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Figure 6.5 - C3 haemolytic plate — Classical pathway methad - faint

and 5 :- F(ab'), anti-Factor B
:— C3 deficient human serum

- F(ab')2 anti-C3

:= normal human serum

s~ PBS

O W N
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The alternative pathwey method

Activ~tion of the alternative pathway by agarose in
the presence of a raised concentration of m=zgnesium ions has been
utilised iA the development of haemolytic diffusion pl~ate assays far
FactorsB and D ( Martin et al 1975 ). In these assays, normal human
serum depleted of Factor B by heating, or of Factor D by sephadex-—
G75 filtration was used to supnly all the reactants with the exception
of the one to be tested. Activation_of.COmplement in this system
required the participation of properdip. This was thought to interact
with C3, FactorsB and D to generate a C3 convertzse. Haemolysis of
guinea pig erythrocytes occurred as A result of resctive lysis in the
presence of the late-acting components C5 to £9. In order to adapt
this system to assay for C3, a reactian mixturs containing properdin,
FactorsB and D, and C5 to C9 without any C3 had to be made. In this
study, the supernztant obtained during the precipitestion of whole
human serum with sodium sulphate was used as a source of FactorsB =nd
D. éilute guinea pig " R4 * was‘usea to sup-ly the late-acting com-
ponents C5-9 and properdin. Very little 03 was present in either of
these-feagents; In an cgarose plate were therefore incorporated thg
following :
(1) 1.2 agarose in PBS
(2 ) 1% guinea pig erythrocytes
( 3) 10 m EBTA
( 4 ) 7 magnesium ions
( 5 ) A dilution of guinea pig " R4 " found by titration not to lyse

EACl142

( 6 ) A dilution of thz sodium sulphate supernztant
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The latter was prepared as described in Chepter 2 in
connection with the fr~ctionation of complemenf components from
whole human serum, It was dialysed against PBS to remove the EDTA
before use in the G3 assay. |

An experiment was first done to determine the dilution

of sodium sulphate supernatant to be used. Ths latter was incorporested
in the agarose at final dilutions of 1 in 20, 40, 80 and 160. Seridl
dilutions of a preparation of C3, whose C3 level had been determined
antigenically by " rocket immuﬁoelectropharesis ", were placed in 3 mm
wells in the plate, 8 Pl per well. Dif%usion wvas allowed to proceed at
for 8hours and hoemolytic rings developed by incubztion =t 3708 for
4 hours. The arens were measured as usual. The results were shpwn in
Table 6,2 ( a ). With a 1 in 160 dilution of the supernctant only very‘
Féint rings of haemolysis were seen and accurzte measurment was not
feasible. The best results were obtained with a dilution of 1 in 80.

These areas were plotted against the logarithms of the amounts of C3

in Figure 6.6 -
Using the sodium sulphate supermatant at 1 in 80, the
concentration of the magnesium ions in the reaction mixture was

then varied. The results were shown in Table 6.2 ( b ) and Figure

6.7 The best results were obtained with a concentration of
magnesium ions of A.SmM

Figure 6.8 showed a photograph of the hasmpolytic
rinés produced by dilutions of two preparations of C3, using the
sodium sulphate supernatant at 1 in 80 and a concentration of

magnesium ions of 4,5mM

[$]



Table 6.2 - C3 haemolytic plate - Alternate pathway method - Titration

of reactants

( a ) Titration for sodium sulphate supernatant ( Na S0, s/N )

. Enlarged area of haemalysis (cm?)

Amount of C3 with Na,S0, /N at :
(pg) 24
1l in 20 1 in 40 1 in 80

2.4 23,9 44.6 51.5
1.2 19.2 37.9 40.8

" 0.6 9.1 11.5 27.4
0.3 - - 19.6
0.15 - - 9.5

( b) Titration for magnesium ions

Enlarged area of haemolysis (cmz)

Amount of C3 with magnesium ions at :
( pg ) Imid - 7mM 4., 5mil 2.25mM
2.4 43.7 47.0  50.3 41.8
- 1.2 ' 33.8 40.4 35.7 30.8
0.6 20.8 21.8 27.0 11.7

0.3 - 10.3 11.0 -
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ALTERNATIVE PATHWAY METHOD -
TITRATION FOR Na,S0, SUPERNATANT

DILUTION OF Na,SO, SUPERNATANT:

4

2

el in 80
®m]1in 40
ol in 20

0.15 0.60 2.40
ug C3



Figure 6.7 .
ALTERNATIVE PATHWAY METHOD -
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haemolytic rings produced by two preparations of C3

KEY

1, 2, 3, 4, 5 and 6 :- 1.9, 0.95, 0.48, 0.24, 0.12 and 0.06 ug of C3

in the first preparation

7, 8, 9, 10, 11 and 12 :- 2.4, 1.2, 0.6, 0.3, 0.15 and 0.08 pg of o3

in the second preparation



The effect of changing the duretion of incubation of the
plate at 4°C was then determined. Three identical plates ware set up
and dilutions of the C3 preperation added to the wells. FPlate 1 was
incubated at 400 for 4 hours ; Plate 2 for 8 hours § Plate 3 for 14
hours. Plate 4 contrining the same re~ctants in the agarose was left
at 4°C for 14 hours before the samples of C3 were added to the wells.
Incubation at 4°C was then continued for another 4 hours. Haemolytic
rings were allowed to develop in ali four plr-tes by incuhation at 37°C
for 4 hrs. The results were summarissd in Table 6.3 1In Plate 3 in
which the samples were allowed to diffuse Fbr 14 hours before incubation
at 3796, very faint rings of lysis occurred thzt could not be measured
praperly., In all tha other three comparable rings of h-emolysis were
observed.

The C3 in normal human serum was tested with this method.
Using the optimal amounts of magnesium and sodium sulphate supernstent
various dilutions of normal human serum wvere add=d to the plate.
Diffusion at 403 was allowed to proceed for either 8 hours or overnight.
In the third plate, the test samples were added only after the plate
itselfhﬁad been'pre-incubated at de overnight and diffusion at 400
allowed to procesd for another 8 hours. The‘ﬁaemolytic rings were
developed in all platés by incubation at 3700 for 4 hours. The results
were shown in Table 6.4 and Figure 6.9 It was seen that the best
results were obtained when diffusion wes allowed to proceed for 8 hours
at 4OC ( plate 1 }. The ha=molytic rings prodused by normalvhuman

serum under these conditions were included in the photogrrph shown

in Figure G.10



Table 6.3 - C3 haemolytic plate - Alternate pathway method -

O
Effect of varying the duration of incubation at 4 C

e b

Y

Amount of G3

Enlarged area of haemolysis ( eme )

Plate 1 Plate 2 Plate 3 *
( pg ) (4 hours) (8 hours) (samples added
after 14 hours)
2.4 50.9 50.9 48.3
1.2 36.5 47.0 41,3
0.6 28.4 33.3 32.6
0.3 12.2 16.9 28.0

addition of samples

¥ incubation at dOC then continued for 4 hours after



Table 6.4 - C3 haemolytic plate - Alternate pathway method - Test

for C3 in normal human serum

-3

Dilution of

Enlarged area of haemolysis ( cm2 )

‘Plate 1 Plate 2 Plate 3 *

normal human
serum Diffusion at Diffusion at Plate pre-
4°C for 8 hrs. 4°C overnight  incubated at
a°c overnight
neat 62.7 T 89.0 41.9
1lin 2 - 456.8 33.8
lin 3 48.8 - -
lin 4 - 33.3 28.3
lin 8 - 22.6 20.1
lin 9 35.3 - -
l.in 16 - ‘9.8 13.1
1 in 27 6.5 - -
# diffusion then allowed tpo proceed for 8 hours after

addition of serum samples
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ALTERNATIVE PATHWAY METHOD -
DOSE RESPONSE OF WHOLE SERUM

HUMAN SERUM

m 8 hrs at 4°C

o Plate overnight at 4°C before
- adding samples. Then 8 hrs at 4°C

e Overnight at 4°C
4 RABBIT SERUM

i
6.25 12.5 33 100
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Buinea pig and rabbit . sera were similariy tested for €3 with this
methcd. As shown in Figure 6.10, rabbit serum produced rings of
haemolysis that were smaller than those found with normal human
serum while no haemolysis could be observed with guinea pig serum.
The dose-response reletionship in the cace of normal rabbit =serum
was platted in Figure 6.9

Humen sera with genetical deficiency in C4, G2 and G3
were also tested for C3 with this method. The C4 deficient serum
contzined 96.8% of the activity of C3 present in nﬁrmal human serum;
The activity of G3 in C2 deficient ,:._human serum wer 73;2% that
of the ﬁormal. Again an interesting phenomenon was observed with the
C3 deficient serum. A very faint ring of haemolysis wes produced with
an area comparabie to theat produced by normal human serum. These
results were shown in the photograph aof Figure 6.10

The specificity of the assay as a test for C3 was examined
with F‘(ab‘)2 monspecific entibodies., Normal human serum in a central
well was allowed to diffuse against preiphersl wells containing F(ab')2
anti~C3, normal saline and F(ab')z anti-04., As shown in Figure 6.10
the haemolytic ring was not affected by either the normal saline or
the F(ab')2 anti-C4. It was however “cut off' by the precipitetion

line formed between C3 in the serum and the F[ab')2 anti-C3 antibody.



haemolytic rings produced by C3 in whole serum

KEY
1. :- normal human serum
2 :- F(ab')2 anti~C3
3 :- PBS
4 :- F(ab')2 anti~C4
5, 6, 7 and8 :- normal human serum used neat, 1/2, 1/4 and 1/8
9 :- C4 deficient human serum

10 :- C2 deficient human serum

:~ 03 deficient human serum
12, 13, 14 and 15 :- normal rabbit serum used neat, 1/2, 1/4 and 1/8
16, 17, 18 and 19 :- normal guinea pig serum used neat, 1/2, 1/4
and 1/8
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Discussion

Two methods were developed for the assay of the
haemolytic function of C3 in an agarose diffusion plate, one utilising
the classical pathway and the other the elternative pathway. Using
both methods, a linear relationship was found between thz area of
haemolysis produced and.the logarithm of the dose of C3 added in the
well. This applied both to the'GB present in a purified preparation
and in whole humzn serum, While the classical péthway method worked well
with guinea pig serum but not with rabbif serum, the opposite situation
applied in th; cese of the alternativerathway method. Thus there vas
considerable dincompatibility when the reactants in both systems were
originated from different species. In the classical pathway méthod,
it appeared that either rebbit C3 was resistant to cleavage by human
Cdoxy2, or rabbit C3b was unable to fbrm g C5-splitting enzyme with
human Cdoxy?. The 3atter seems to be a more likely explanation. IH
the alternative pathway method there may be én incompetibility between
guinea pig C3 or C3b with human Féc%ﬁr B or D. Another point to consider
is thot reactive lysis of guinea pig erythrocytes is much less efficient
when C5-9 are also of guinec pig origin.

The specificity of both methogs os a measurement of C3
activity wes demonstreted by the fact that the heemolytic rings were
interrupted by the diffusion barrier along the line of precipitation
between C3 and the F(ab‘)2 anti-body. Furthermore, the test was not
affected by the genetical deficiency of either C4 or CT in the szrum.
HbWBVGr, it came as a very surprising finding th=2t in both methods,

a faint ring of haemolysis was produced by C3 deficient huran serum,

It was therefore nossible that in the absence of C3, another sertum
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factor could produce haemolysis in these systems, albeit very
inefficiently. The presence of a trace amount of haemolytically ective
~ B3 would be expected to produce a small ring of complete haerolysis
rather than é ring of partial haemolysis with an ares comporable

to that produced by normal human serum. As no C3 could be detected

in this serum antigenically, the finding that this ring of inefficient
haemolysis was ' cut off ' by F(ab')2 anti-C3 presented an interesting
problem. It might be postulated that'thare exicted in the C3 deficient
human serum un analogue of C3 that Funqtioned vicariously Tor C3 at

a low level o; éFFiciency but could not be detected by conventional

~ immunochemical methods. However, its antigenic.reiationship to C3
could still be demonstreted by a very sensitive technique, namely,

the inhibition of its function by = F(ab')2 antibody. Furkher studies
are obviously required to clarify this phenomenon. It is of interest
to note that a sowmewhat similar situation partains with the C4 .
deficient human serum. The latter produced a-ring of feint lysis in

an agarose plate designated to measufe 04 heemolytic activity ;
however there was no ' cut pFF ' with F(ab']2 anti-C4 ( Lnchmann 1975b ).

This inefficient haemolysis was thought to be mediated through alter-

native pathway activation.

The classical pathway method wss found to be more sensitive
than the alternative pathway method. The latter method alzo had a
disadvantageous idiosyncrasy in that diffusion of the test sa-ple
could not be @llowed to proceed overnight ét 4C)C as in most plate
aséays for coriplement conponents, The failure of heerolysis was probably
not rélated to the decay of reactants incorporated into the egarose

o)
as the plate could still function when it had been preincubsted ot 4 C
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overnight bhefare the test samples were edded tq the wells. Perheps
inactivetion of the test system accurred as a result of interactiaon
between the test sample and certain components in the agarase during
praolonged inéubation et 4°C. Perhsps the C5 in the agarose was cleaved
on prolonged incubation in the cold so thst it would no langer be
available to mediate lysis in the warm. Inactivation of the test
gystem, however did not occur when naormal human serum was used as

the test sample. Another disadvantage of this methad was that the
hae:nolytic rings toak @ long time to devclop ( up to 4 haours ). The
attraction of the alternative pathway method was that it required
only relatively simple'reagents. The preparation of the sadium sulphate
supernatant end guinea pig " R4 " was streight forward. The use of
Upsensitised guinea pig erythrocytes further simplified the technique.
-In the classical pathwa9 methad, the building up of EACldaxy2 from puri-
fied components was a more compliceted and expensive affair. However,
this situétion hac been much improved by the‘use cf C2 deficient

hunan serum, The only purified comp;nent required was axidised C2.

The avéilability of C2 deficient human serum is certainly a limiting
factor. Nevertheless, this genetical deficiency has became less rare
then it was previously thought to be. Wiﬁp the increasing use aof
complement campanent assays in the test of clinicel sera from patients
with immunological diseases, more and more kindreds with C2 deficiency
shogld be discavered. This method would then be sble to fulfil the

need for a plate assay for the functional activity of C3.
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Chapter 7 - Conclusions end general discussion

The results of this study
The problems of caomplement inactivation
Other possible i1eans aof complement inactivation along the same line

[y

Gonclusive remarks
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The results of this study

Human complement components were used as a source\ﬁf
reagents to inactivate compnlement. As homologous proteins are
relatively/nén—antigehic, it would be possible to administer such
reagents repeatedly to the human to produce a state-of prolonged
decomplementation. Such,an achievement would facilitate the study of
- the role of complement in the pathogenesis of chronic diseases in
experimental animals, and provide the basis for successful therapeutic
intervention in the human .

In this study, attempts t; generate from human C8 an
inhibitor in the terwinal stage of complement activetion heve not
been successFul.iAs reviewed in Chapter 1, the biological aciivities
of complement are not limited to the lysis of sensitised cells on
completion of the whole reaction cascade. Immune adherence rerctions
mediated through C3 and possibly C4, biologically active Fragmenté
released Frbm C2, C3 and C5, and the trimcleéular chemotactic complex
C567 can all participate in the prodﬁcticn of pathological lesions.
Interruption of the complement cascade »t the C3 step will be expected
fo be most effective in liﬁiting the consequences of complement
activafion. The C3 step is not only important as the point at whieh
the classical and alternative psathways cégverge, but as the key
component of a positive feedback cycle whereby the effects of complement
activation via either pathway mry be amplified. C3 can be conwveniently
inactiv~ted by consumption. This was achieved in thi¥s study by the
building up of the classical and alternative pathway C3 convertases,
the former being enhenced by the oxidation of C2, After the successful

deonstration th=zt normal human serum could be decomplemented in vitro



by both these convertases, the latter were allowed to form in vivo
in the rat. Effective depletion of C3 and the later-acting components
was achieved in both instances.

The results of these experiments yielded further in-

formation on the reaction mechanisms of the complement cascade. The

cleavage of C3 by C4oxy2 was shown to activeste the positive feedback
cycle, This provided z piece of more direct evidence that activation
of the classical pathway miéht be reinforced by activation of the
positive feedbeck cycle mediated through C3hb,

A byproduct of this study'was the development of two
methods for the estimation of the Functional activity of T3 in agarose
gel, The first method depeﬁded on the lysis of sensitiged erythrocytes
on which were bound a C3 convertase stable enough to survive incubation
at 400 overnight to allow diffusion to occur in the agarose plate.
This was achieved by the use of oxidised C2. The other method involved
the activaticn of the alternative pathway in agaraose by a raised
concentration of magnesium. All the reactants except 03 were supplied
in the agerose piate. The availability of these methods makes the
large scale testing of clinical and other materisls femsible. Use of

these methods has already suggested the presence of a hitherto un-

L

=l -

detectrble analogue of C3 in the serum of a patient genetically
deficient in this conponenet., This of course requires confirmation

and further elaboration.
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The oroblems of complement innctivaticn

Before a reagent can be used in the therapeutic inactivation
of complement, several reguirements have to be fulfilled. As discussed
by Cochrane ( 1968 ), it has to be ( 1 ) long lasting in its effect,

( 2 ) specific in its activity, ( 3 ) nontoxic to the recinient, (a)
potent in its action.

Cobra venom feocteor is a very potent decomplementing agent
indeed. It produces a fai*ly smstained effect when injected into.
experimental animals, with a half«2ife of as long 2s 32 hours in the
robbit. Unfortunately antibodies are p}oduced rapidly against it so
that further administration of the fector becomes ineffective. It is
for this reason that the in vivo decomplementation achieved by the
reagents used in this study offered much promise. It is theoretically
péssible to administer repeated daoses of humazn complement conponents
end their derivatives even to laboratory animels as they are most
unlikely to be as antigenic =s 2 orotein of hon-mammalian origin.

When homologous components are usedmin the human, the situation will
be even more favourable.
~ Two aspects have to be considered concerning; the specificity’

of the activity of a decomplementing agent. Firstly, any activity

apart from thet on complement would be undesirsble. This is a serious
disadvantage of most of the chemical agents shown to inzctivete
complement in vitro. As few pharmecological agents produce a single
eFFéct in viva, it is hithy unlikely for the action of chemicals
functioning mastly as inhibitors of multiple enzymesto be”limited to

complement, Harmful side-effects are therefore to be expected. Secondly,
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the point »long the complement cascade at which inactivation occurs
determines the usefulness of the resgent. The choice of rezgent will
therefore be dictated by the particular biological activity of com-
plement that has to be inhibited. Inhibitors of multiple steps of the
complement cascade and ngents capable of consuming multiple components
are useful when a complete inhibition of complement activity is required.
The earlier along the reaction sequence this occurs, the more effective
the reagent. There are situaticns iﬁ-which it is desireble to inhibit
complement al & specific step, as in the study of the.role of comple-~
ment in certein pathological conditions. The C4 inactivator disolated
from the serum of the nurse shark ( Garces, Jensen & Iglesias 1971 )
and the C8 analogue generatéd from the guinea pig ( Stolfi 1971 ] are
examples of specific cﬁmplement inhibitors.

Not only may harmful effects arise from the action of
reagents on other systems of the body, but the interaction with
complement itself mey produce untoward consecuences., This especially
 applies to agents inactivating complement by consumption.The :deliberate
activation of complement during this process produces biological
activifies. The cleavage of C3 znd C5 releases chemotactic and anaphys~
| latoxic frngments C3a and C5a, the loatter being much more potent
( Jensen, Snyderman & Mergenhogen 1967; Shin et 21 1968 ). The potency
of CSa in ligerating histamine has been reported to oroduce a "shock
syndrome" in experimental animals ( Jensen 1972 ). Intravascular
haemolysis is another possible harmful eFFéct, the mechanism of

reactive lysis of unsensitised erythrocytes being held responsible

( Cochrane, Muller-Eberhrrd & Aikin 1970 ; Pickering et al 1969 ).
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The alterations of leucocyte kinetics associated with
complement activation deserves special attention. As reviewed by
Brown { 1975 ), profound changes in neutrophil kinetics has been
produced by the intravasculer zctivation of complement in all species
examined including man ( Jordzn et al 1952; Ustland, Bishop & Athens
1971 ). The phenomenon vas recently elzborated end found to be reldted
to the release of a low-molecular weight factor produced by the
activation of complement before the G6 step ( McBall et al 1974 ).
Neutrophils and monocytes acutely disaPpear from the circulation
apparently due to their margination iﬁ small wvessels at certain sites
which include the lung ( Balis ef al 1974 ). The ensuing neutraphilia
is thought to be attributable both to cells mobilised from the bone-
marrow ( Rother 1971 ) and to cells returning to the circulation from
margina%ion sites.

At this juncture, it is important to distinguish
between the intravascular activation of compiement in the fluid
phase and on the surface of particles such as endotoxin and imrune-
complexes. The activation of complement by these latter agents is
chgrac%érised by thrombocytopenia, disseminated intravascular
coagulation and shock { Brown 1970; Brown & Lachmann 1973 ). As
reviewed in Chapter 1, under the influence of histamine and serotonin
released from basaphils or mast cells by the action of C3a and Cba
aﬁaphylatoxins, increased vascular permeability is produced. This
is seen in certzin vascular beds such as the post-capillary venules
wﬁere the criticelly narrow Jjunction of 30-20 Z between adjacent

cells is widened ( Karnaovsky 1967 ), thus allowing colloids of



100-1000 K to pass through and be trapped subendothelially ( Cochrae

& Hawkins 1968 ), The effeets of complemenf activation are therefore
focused at these sites ( Brown 1974 ). The margination of neutrophils
on the walls of capillaries, arterioles or venules further contribute °
to endothelial cell damage ( Stewert, Ritchie & Lynch 1974 ), The
secretion or exocytosis of the lysosamal contents of the adherent
neutrophils cause erasion of subendothelial tissue ( Janoff 1973 ).
Exposure of the basement " limiting " membrane activates Hageman factar
and the intrinsic pathway of cosgulation. Aggregation of platelets

and the reieasa of platelet procozgulant factors occur as a result of
immune adherence reactions and reactive lysis mediated by complement
acgivatioih, The leucocytes themselves are capzble of releasing a
procosgulant with tissue thromboplestin-like zctivity ( Kocibe, Loeb

& Viall 1972; Niemetz 1972 ). It is the combination of these processes
which triggers disseminated intrsvescular coagulation. The release of
serotonin from platelets via the platelet-activating factor of basophils
( Benveniste, Henson & Cochrane 197?; Benveniste 1974 ) further
increcse vascular permesbility, thus establishing a vicious cycle. The
crucial fector underlying these reections may be related to the colloidal
size of the complement zctivator. Thrombqqytopenia ~nd dissemin=ted
intravasculsr coagulation do not occur when complement is activeted

in the fluid phase by cobra venom factaor. In the rat. injection of
endotoxin is followed by the pathologicnl changes of a small vessel
vasculitis ( Majewski & Brown 1975 ). This again is not seen with cobra
venom factor,

In this study, intrsvascular activation of complement in
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the rat by the assembly of the constituents of the clesssiceal end:
altern=ztive pathway C3 convertese in vivo did not produce throrbo-
cytopenia,thezhallmark of disseminated intravascular coagulation,
although the choracteristic neutropenia followed by neutpophilia was
observed. The platelet count in the rat usually fell to less than
half of the original value in response to the injection of endotoxin

( Majewski & Brown 1975 ). Activetion of complement in the fluid
phase is therefore unlikely to produce the profound pathologicnl
changes seen in endotoxin shock. However, mild cyesnosis and dyspnoea
were obgerved in these rats at the peaé of complement activation. This
could be relsted partly to the bronchoconstriction produced by the
effects of the anaphylatoxins and partly to the occlusion of the small
vessels in the lungs by the margination of neutrophils,

It may be argued that two methods will be available to
ameliorate the unwanted sffects of complement sctivation in the fluid
phase. One method is to give smaller doses 0% the sctivator repesntedly.
This has been shown to prevent the.iﬁtravascular haemolysis produced
by cobra venom fector. The second method is to neutralise the effects
of the anaphylatoxins by the use of anti-histemines. These latter

agents has been shown to prevent the histologicel lesions produced as

“a result of the increase of vesculer permeability associated with the
activetion of complement in the rat by cobra venom factor or endotoxin
( Majewski & Brown 1975 ) |

Chronic decomplementation is also expected.to produce
aﬁother harmful effect, nemely, the weakening of the defence mechanism
against infections, as‘illustrnted by patients with genetical comple-

ment defects.

e
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Another aspect must be considered in the therapeutic
inactiv=tion of complement. The rolecficdmplement in the pathogenesis
of the disemse in question must be firmly estesblished. The contributory
role of complement-independent mechanismz of allergic tissue damage |
has to be evaluated. The effect of complement inactivetion on the
initiation or the progress of a particular pathologicel condition
should be studied in experimental animals. The essembled classical
end alternative prthway C3 convert~ses are promising candidates to
fulfill the nzed for a reletively non-antigenic complement inzctivator
to be u§ed in.such studies, especially;in the case of pathological

states of some chronicity, situations in which cobra venom factor

cannot be used.
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Other possible means of cdmplement inactivation along the same line

The successful use of the C4 insctivator isolated from
the serum of the nurse shark in preventing the development of comple-—
ment =~ dependent Arthus reaction in the guinea pig holds some promise,
However its antigenic potential in different mammalian species h=g not
been evaluated and the specific inhibiticn of C4 is unlikely to inter-~
rupt significantly the activation of complement via the alternztive
pathway. i

One possible method of cqnsuming the late components
~of complement-is to administer the bimoleculesr complex aobtainable
from écute phase serum, C56. In the presence of C7, C567 is formed
whose active binding site is evanescent. Once this activity is lost,
it can only function as a chemotactic factor and will be metabolised,
resulting in a gepletion of C7. Unfortunntely, this is 2 reaction not
capable of amplification. One molecule of C56 is required to react‘
with one molecule of C7. Furthermore, the conéumption of C7 does
little to inFiuence the biological aétivities generatec by the
activation of complement in the earlier stages.

- The C3b inactivator has been shown to play a crucieal
role in the homeostasis of complement actiyation by its action on
C3b, the key component of the positive feedback cycle, as reviewed
iﬁ Chapter 1. The work of Halbwachs & Lachmann ( 1975 ) showed that
by increasing the concentration of the C3b inactivator, the ability

of inulin, aggregated gamma-globulin and low doses of cobra venom

faétor to activate complement in vitro could be inhibited. It will



therefore be of great interest to examine whether the administration
of the G3b inactivator may inhibit complement activation in viva.

Work has already been in progress in collaboration with Dr. J, Edmunds
to study the effect of intra-articular acdminstration of the C3b
inactivator on the induction and course of experimental antigen-

induced arthritis in the rabbit.
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Conclusive remarks

The successful assembly of the classical and alternative
pathway C3 convertases in vivo in the rat opens the way for a new
approach to the study of complement inactivation. Its use as a tool
for the investigation of the part played by complement in the
pathogenesis of chronic diseases awaits evaluation. The possible
occurrence of untoward effects requires careful study. Meaﬁs by
which these effects may be ameliorated should then be investigated.
There is obviously a long way to go before these reagents can be
.used in the therapeutic intervention of complement-dependent

mechanisms of tissue damage.
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