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A. INTRODUCTION 

Vertebrates possess in their blood several acti vation systems 

that have been recognised nnd sLudied. These activation systems viz. 

blood clotting, clot-lysis, the renin-angiolesin and kinin systems and 

complement, are found to be essential for the Burvi val of the animal 

and all have a common feature: dependence on t he sequential act! vaticn 

or cascade type of reactions. 

Complement is the most complex of these systems, and its exis­

tence was known with the observation of Pfeiffer in 1984 that, fresh 

immune serum obtained from guinDa pigs immuni7.cd with cholera causing 

organism, lysed the very organisms. After extensive research in this 

exciting biological phenomenon, it has firmly been established as a 

system responsible for the destruction and elimination of foreign 

materials from body notably bacteria and viruses, whicil usually occur 

after the interaction of antibodies with the foreign orgnlli sms or subs­

tances and complement is thus the effector mechanism I Porter tl Reid I. 

1978). Receptors for acti vated complements proteins t such as the third 

component C3 are present on lymphocytes I rnacrophages Gnd some other 

cells of immune system. 

Not surprisingly t therefor'e, interest in the complement system 

has increased greatly, and the progress in isolating and characterising 

the various components hns h)("i to a t tern pls to datc:lrrnine t hp,ir struclure 

and the biochemical mechanj sms of the acti vaUon. Complement system 

comprises of a complex group of some thirty plasma pcoteins, recog­

nised to date. These protoins of com plement as a rule are designated 

as Cl , C2, C3 and so on for first I second .:lnd third components of 

complement system respectively apart from complement factors like B, 

P, I, etc. 
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These proteins of complement system have their distinct bioche­

mical and immunological identi ty, They are capable of interacting wi th 

one another, with antibody and with cell mem brane recepto:rs once the 

system get activated. Complement system on activation follows a 

cascade type sequential biochemical phenomenon. For activation t this 

system follows two parallel but exclusively independent pathways, viz. 

pathway 

seC"]uence 

pathways. 

Terminal pathway gives rise to the generation of membrane attack 

com plex (MAC) that eventually targets the act! vator for lysis. 

The essential difference between these two pathways lies in the 

agents that trigger them. Classical pathway for complement acti vation 

may get activated by antigen antibody complexes or aggregated immuno­

globulins (IgG and IgM), as well as by various non 1m munological 

agents viz. DNA, C-reacti va protein, some trypsin like enzymes etc. 

and for this pathway C
l

, CZt C
3 

and C
4 

actively participate. On the 

other hand alternate pathway proceeds in a different manner t as it 

does not require the preformed anti bodies. An essential requirment for 

activation is the presence of C3b, whi.ch is continuously generated in 

small amounts in the circulation and most of the newly 88nerated C3b 
remains in fluid phase though some bind to various cellular sut'faces. 

In either case t C
3b 

is rapidly inactivated by various control proteins 

like factor I and H which cleave it. 

This steady slate continuous turnover of C3 to C3b coupled with 

rapid inactivation of newly formed C
3b 

is vastly dependent and modi­

fied by particulate activators of alternate pathway of complement 

(APC), e. g. insoluble polysaccharides and cer tain cell mem branes most­

ly having a heterologous antigenic character. A part of the C 3 b that is 

continuously generated gets deposited on the surface of activators as 

also on the non activator surfaces but C3b deposited on the activator 

surface in contrast to non activator surface is protected from destruc­

tion by factor I and 11. 
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The surface bound protected C
3b 

interacts wi th factors Band D 

to give rise to C
3bBb 

I An enzyme called alternate pathway C3 conver­

tass, which is able to cleave large amount of nat! va C3. This amplifi­

cation of C
3b 

formation is fo11owed by getting more alternate pathway 

c 3-conv9rtase to deposi t an act! vator surface I finally the C 3 b generated 

binds in close proximity to C3bBP by virtue of which a new enzyme 

like substance tal<es shape on activator' surface. that is able to cleave 

Cr::' which then proceeds to the formation of MAC in a sequential order 
o 

viz. terminal pathway of complement. 

From this simplified overview of complement system activity it 

is quite discernible to realise the importance of this system in the 

protection of a body from infectious agents t especially via al ternate 

pathway where the system is ahle to defend even when the body has 

no anti bodies against the foreign agents. It will be over sim pl1fi cation 

to lessen the importance of C3 molecule which stands pivotal in both 

pathways of complement activation due to its multifunctional role and 

versatility. C
3 

is one of the thirty complement proteins recognised to 

date and has heen the focus of intensive studies due to its important 

role in complement activation pathways. 

In human, this 185 kD 

complement proteins in serum 

polypeptide chains, a 110 kD 

protein is the most abundant among the 
-1 

(1-2 mg. ml ). It is com prised of two 

x Chain and a 75 kD B chain linked 

together by one disulftde bond and other non covalent forces (Lambris 

1988). C
3 

is synthesized as a single chain precursor' and after post 

synthetic modifications the native two chain molecule is generated. The 

synthesis of C
3 

along with other complement proteins in tissues other 

than liver plays a vital role tn local inflam mBtory process (Lambris 

1988) • 

It is quite fascinating to realise that such a complex, interacting 

and inter-dependent series of plasma proteins collect! vely termed as 

complement system has been functionally conserved throughout Bvolution, 

as confirmed by the interchangeability of various components of comple­

ment system between various diverse branches of vertebrates (Horton 

and Lackie 1989). 





B. REVIEW OF LITERATURE 

The third component of complement (C 3 ) plays a central role in 

complement pathways, and its relative abundance In blood, (80-

130mg/l00 ml of human serum) which can not be overlooked 1 proved 

instrumental in its sustained and extensive research since its first 

isolation in '1960 by Muller-Eberhard and Nilsson. The third component 

of complement system forms n vital link in complement act! vation both 

by classical as well as alternate pathway. Due to its high profile 

role t its versatili ty and mul tifunctional position it was but natural for 

investigators to get inquisi ti va about its biochemical and biological 

parameters. 

A wide range of work relating to C3 : genetics 1 biochemistry 1 

its association with other molecules and receptors on other cells t has 

been dealt with detail, by a wide spectrum of researchers. Till da le, 

C 3 has been isolated and characterJ Z8(1 from anum ber of species t 

human (Tack and Prahl 1976: Hammer et al. t 1981), Rabbits (Giclas at 

al., 19l31), 

1983) 1 Rats 

(Menger and 

al.. 1977). 

Cats (Helen et a!. I 1980), Japanese quails (Kaf et al., 

(Daha et al., 1979), Porcine (Paques, 1900)1 Bovine 

Aston 1985; Phipps and Aston 1988) and mouse (Pepys at 

Serum contains C3 in its native conformation, as well as C3 
fragments viz. C3b , C

3c
' etc. (Parkes at al"l 19S1). A lot of litera­

ture is available for isolation and purification of native C 3 I but puri­

fication of C
3 

fragments has attracted little attention, though this can 

be conveniently ache! ved by using aged serum, in which C 3 undergoes 

transformation to C
3c 

{Harrison and T ... achmann 1990}. 

[ 4 ] 
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An effort has been made here to provide a brief overview of the 

literature and work done regarding various aspects of C3 molecule 

under relevant headings. 

B.1 C
3 

- ISOLATION AND PURIFICATION 

C 3 was fin::;t recognised and isolated in 1960 (Muller Eberhard); 

but the methods employed were not sensitive enough to make it possi­

ble for the workers to get C
3 

with a higher percentage of recovery. 

Reports of better recovery in purification of human C3 (Harrison and 

Lachmann 1979; Molenaar at al., 1973; Kunkel at al., 1980) are now 

available. 

The third component of guinea pig complement system was puri­

fied and characterized in a more effective manner by Shin at ale 

(1968). c 3 waB isolated from the pseudoglobulin fraction of guinea pi 9 

serum by DEAE and eM-cellulose chromatography and by Pevikon block 

electrophoresis. It was reported that the final purified C3 contained no 

impurity detectable by any of the fractionation procedures like hydro­

xyapatite chromatography I rEP or disc electrophoresis. As reported by 

the workers I the final purified C 3 did not contain any of the other 

components of complement system. 

Molenaar at a1. (1973) developed fl new innovative procedure for 

human C
3 

isolation using affinity cl1romatography. This was a new 

preparative method for isolation of a highly purified C3 fram human 

serum, using a reversed application of affinity chromatography. Anti­

Sera against contamination usually present in crude C 3 preparaUons was 

developed and t hess antibodies werB irreversi bly coupled to sep harose-

4B and used in a column form. When crude C3 preparations were 

applied to these columns. the impur'ities were bound and thus elimi­

nated. The resulting C 3 preparation was pure and homogeneous. 

Tack and Prahl (1976) purified and cha.racterized C 3 of human 

complement from plasma. It is noteworthy that 33% of C3 \'oJ as recovered 
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in the final purified product. The third component of human 

complement was purified from fresh plasma employing an intial 

fractionation with polyethyleneglycol, followed by sequential depletion 

of plasminogen by affinity adsorbents. Chromatography on DEAE­

cellulose, gel fUtra tion on agarose, and batch-adsorption/desorption on 

hydroxyapntito. As repor'ted by these workers t he homogeneity was 

nscorlnlned by immuno1ogicnl methods and PAGE. 1\ partinl spoctfic 
-1 

volume of O. 736±O. 003 ml gm was determined for C 3 by the 

mechani.cal oscillator tec hniquo • 

For human C
3 

an improved method was reported by lIarrison ~ 

al. (1979). The basic mode of precipitation followed by chromatography 

was used and improved upon. 

Gyongyossy and Assimeh (1977) described a simple method for 

isolation and purification of the third component of mouse complement 

to homogeneity, sati sfying physico-chemical and immunochemical criteria 

of puri ty and re taining biological act! vi ty. As reported by the 

workers, the tht rd component of mouse complement was purified from 

pseudoglobulin by two chromatographic steps, involving sequential 

cation and anion-exchange chromatograp hy . 

Rat, being primarily a species used as a model for immunological 

studies t an inSight into C
J 

acti vi ty was an obvious choice Daha et al. 

(1978) following the same procedure as previously used t isolated C
3 

by 

initial precipitation by PEG in presence of benzamidine, followed by 

chromatography of the precipitate on cellulose j hydroxyapatite and 

QAE-!\50 sephadex and gel filtration on sephadex G-200 SF. C
3 

was 

claimed to be isolated in a native form, as assessed by its functional 

activity and immunoeleclrophoretic mobility. The recovery of C3 was 

found to r)8 between :18-26%, and was homogeneolls on SUS-PAGE and 

finally gel filtration on sepharose was employed. 

Ktmkol ~ 01. (19801 reported purIfication of C
3 

and Cs from 

human complement employing the hydrophobic chromatography technique. 
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They reported the anplicfltion of both hydropll0bic ond salt mediated 

hydrophobic cllr'omRtognlphy, thus purifying the 3rd and 5th component 

of humAn com pJemont. Serum was i.nitially R(jsorbed on to the hydro ... 

xyapati te resin (omega amino hexyl agarose): this first step yield was 

stated to he greater than 95% of the starting C3 and c
5

• Subsequent 

fractionation of C3/C S pool on hydroxyapatite was used to separa ts C5 
from C

3
. SaIL mertinted hydrophobic chromatography and either gel 

fUtration (C
J

) or cAlcium phosphate (Cs) yielded samples of C3 and C5 
to homogeneity, as assessed by 8DS-PAGE. QualitaU ve and radial 

immtlnocUffusi.on and hemolytic assay were used to measure recoveries 

at each step in purification scheme. The final recovery of C3 was 

reported to be 341{) of the initial C3 • 

The porcine sp8Gies gained the distinction of being the first 

among the species of veterinary importance to be probed for C3 
stud les. Purifi catton and partial characterization of porcine third 

comnonent of complement WRS reported by Paqu8s (1980). The purifi­

cation was carriec1 out at 4°C and interestingly no protease inhi bi tors 

were used. A general procedure of PEG preci pitation t ion exchange 

chromatography on DEAE-Sephadex followed by Sepharose 68-

chromatography and use of hydroxyapatite column were adopted. 

The method for isolation and purification of C3 b by affinity 

chromatography using factor II-Sepharose was used by Scott et a1. 

(1982). It may be noted that C
3b 

a cleavage product of native C3 has 

great affinity for factor II of plasrna. The workers reported C3b puri­

fication using rAbbit, bovine and human serum. Initially, t he serum 

was sub jected to PEG pr8cipitaUon, DEAE-Sepb:arose ion exchange 

chromatography and use of an affinlly chromatography human factor H­

Sepharose column. The reported yield was as high as 35-40% and the 

whole process was complete in three days. It is established that C3b 
binding to factor II-Sepharose was equimolar and had a sharp optimum 

pH (7.6) and quite sensitive to changes in ionic strength. An added 

advantage of this method was the ability of the affinity column for 

repeated use. 
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C
3 

of ,Japanese quails (Kai at al., 1983) was attempted by using 

rabbit antiserum prepared against quail serum ... treated zymosan (zx) as 

an initial reagent. Pur] fication protocol was roported as salt precipita­

tion followed tJy sephadex gel filtration and DEJ\E-Sephadex column 

chromatography. 

Cannine C
3 

was isolated And purifierl (Johnson et al., 1985) from 

plasma of dog by initial precipitation with 4% (w/v) polythyleneglycol-

4000. followed by depletion of plasminogen using speharose-4B-Lysine 

column and as reported the effluent was again fractionated with PEG 

tlOOO at 10% w/v. The precipitate was used in DEAE-Sephacel column, 

and positive for' C
3 

fractions were passed on to CM-Sepharose-Ct-6B 

column to yield the final purified product. 

Bovine C 3 was puri fled and studied in detai I by Menger,,"AStOfi 

(198G) ~ Not much change was exercised in the purification protocol. 

Using bovine serum In presence of protease-inhibitors t PEG precipita­

tion tJy PEG-GOOO followed by ion exchange chromatogr-ap hy on DEI\E and 

CM-Sephadex, native C3 was obtained after gel filtration on Sephacryl-

5-200 t reportedly purified to homogenei ty • 

Reports are also available for isolRtion and purification of C
3 

and Cs component from rabbit (Giclas et a1. I 1981). Procedures used 

do not differ mucb from those already reviewed. 

C 3 has been isola ted and partially puri fied by various workers 

while adopting procedures by which entJ ['8 complement protein series 

could be worked on. Vroon et al. (1970) gave a detailed scheme for 

separation of nine components (C
l 

to Cg1 and two inactivators of C
1 

and C 3' rrom a single pool of human serum workers adopted salt 

precipitation at different pH levels, chromatography on DEAE or CM­

cellulose and finally gel filtration. Sargent ~ al. (1976) clai med to 

functionally purify the first seven components of cannine complement by 

using euglobulin portion of dog serum by ammonium sulfate preci pita-
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Uon I ion 8XC hangs and exclusion chromatography, on DEAE-cellulose, 

eM-cellulose, hydroxyapatite and sephadex G-200 I respectively_ 

Hammer et ale (1981) reported large scale isolation of 

functionally active com ponents of human complement system. A large 

volume of fresh EDTA plasma was used as the starting material. Use of 

inhibitors was reported in usual procedures of ion exchange and gel 

filtrntion chromatography, PEG-precipitation followed by plasmlnogen­

depletion. 

Phipps at al.. (1988) in a simple procedure isolated all compo­

nents of bovine ACP-C
3
-convertase t including C3 component. 

B.2 BIOCHEMICAL CHARACTERS 

There appears to be a general agreement regarding the molecular 

wei ght and a well asta bUs hed two chain structure of Cs molecule. The 

available literature narrows down the molecular weight (M. W.) range of 

C 3 molecules in various species bet ween 170 t 000 to 200, 000 daltons. 

Molecular weig ht of guni ea pig C 3 was reported as 180 ,000 (Shin 

at al. 1968) while that of human as 187,650 ± 5650 (Tack et aI" 197G} -_ --
as assessed by low speed sedimentation equilibrium method. Further 

characterizing the same authors reported a molar-ex tinction-coeffiCient 
5 -1 -1 of 1.B2x10 /mole cm at 280nm as calculated from boundary spread-

i.ng experiments in ultra-centrifuge and an assumed negati ve index 

increament. The M. W • of 210 ,000 was reported fat.. mouse C 3' a p­
glycoprotein by Gyongyossy at al. (1977) having two non-identical 

disulfide linked polypeptide chains of M. W. 130, 000 and 75,000 dalton, 

respecti vely • 

A detailed report of the M. W. of human C3 and its fragments was 

made by Molenaar at a1. (1975 J. The M. W. of naU ve C3 was 190, 000 as 
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assesed by SDS-PI\GE. The num bcr of polypeptide chains ascribed to C3 
were two with M.W. 115,000 and 75,000 dalton respectively. Compara­

tively, C
3b 

had a M.W. of 179,000 with 4 polypeptide chains of the 

m ~ w. of 32, 000 t 63,000, 24,000 and 11, 000 daltons as 0 bserved by SDS­

PAGE. Bokisch ~ a1. (1975) in contrast. reported for human C3 a 

M.W. of 195,000. For C
3b 

n MoW. of 181,000 dalton was aSSigned. C3 
dis80cia ted on reduction into two chains of 120, 000 and 75, 000, res pec­

ti vely. IdenU cal treatment of C 3b resulted in dissociation of only t \Va 

chains (111,000 and 75 ,000 dalton). 

Rat C
3 

has a mow. of 187, 000 (Dalla at aI., 1979) with two 

nonidentical disulphide linked polypeptide chains of 123,000 and 76,000 

dalton; porcine C
3 

campar-aU vely has a mow. of 190, 000 dalton 

(Paqu8s, 1980) with two disulfide linked polypeptide chains, alpha and 

beta of M. W. 16000 and 74000 dalton respecti vely • 

In Japanese qual1s the C
3 

equivalent of mammals has a M. Woof 

184, 000 dalton (Kai at al. t 1983). Dog C 3 has aM. W. of 179, OOO±7000 

Johnson at .!!!.., 1985) and composed of two disulphide linked chai ns of 

114,OOO±6000 and 65000±3500 dalton. Bovine C 3 molecule has a reported 

M. W. of 183 t 000 (Menger and Aston, 1985) with two disulfide linl<ed 

chains of 114,000 and 69,000 dalton. Characterjzation of the third 

com ponant of cannine and feline com ponent was reported by Gorman et 

al. (1981) • Cannine and feline C 3 were shown to have aM. W. of 

190,000 and 197,000 dalton respectively, each comprised of two poly­

peptide chains t al pha and beta (cannine alp ha-126, 000 dalton t beta 

72, 000 dalton : feline alpha-125 t 000 dalton beta-72 t 000 dalton). 

Amino acid composition of the C
3 

molecule always posed a 

challenge to analytical biochemists 0 In this regard t preliminary work 

was done in human C
3 

utilising automa ted Edman degradation met hod 

(Tack at a1., 1976) revealing no wlusual or distincH ve characteristics. 

A double N terminal sequence, Ser-val, Pro-G Ix I Met-Leu, Tyr-Thr. 

Ser-Glx, lIe-Lys I Gly-!\rg t Thr-Met, Pro-Asx t in agreement with the 

two chain structure observed on 80S-PAGE was found indicating that 
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both chains were available for degradatjon~ Serine was postulated as 

initiating the sequence in the both chains and a Alanine as the ultimate 

carboxy terminal amino acid. Aminoacid composition of C3 and its frag­

ments C
3b

, C3ct C
3d 

on a comparative presentation (Molenaar at aI., 

197G) revealed that in comparison to C3 ' the concentration of basic 

residues was diminished to a greater extent than that of the amino-acid 

residues in C
3b

. This can be imagined from the release of C3a (Budzko 

at ale t 1971) t the amount of lysine and half-cystine were relat! vely - --
low in C

3 
; 

IC 
in C

3d 
the amount of aliphatic aminoacid and phenyl-

alanine were relati vely low, whereas t the amount of lysine, g luta mic-

acid I glycine and alanine were relat! vely hig h (Molenaar et ale , 1975) 4 

The glycoprotein na ture of human C 3 was reported (Hirani at al •• 

1986) after a detailed study. A 2% of the total mass of human C
3 

was 

att['ibuted to carbohydrate content. C
3 

was found to contain N­

acetylglucosamine and mannose (in the molar ratio of 1: 4) I both chains 

being glycosylated and site of asparagine glycosylation at residue 67 (~ 

chain) and 917 (0{ chain) was established. The carbohydrate moiety of 

0{ chain has been found to be the binding site for bovine plasma 

protoin conglutinin. 

Electron microscopy of native C3 in guinea pig confirms a spheri­

cal shape of molecule (Suzuki at al. I 1972). In case of human t electron 

microscopy of C 3 and its fragments was reported by Molenaar et al. 

(1975) C3 was seen as having spherical configuration in which no 

subuni t like particles could be distinguished 1 having a maximum size 

of sphere as 23nm. In contrast to C 3 I C
3b 

demonstrated n threRd like 

structure consisting of molecules probably laid end to end. 

Circular dichroism (CD) measurement for purified C
3 

and its 

fragments C
3b

, C
3d 

and C
3c 

(human) were done. (Molenaar et al., 

1975) 1 CD measurements revealed that l he conversion of C
3 

to C
3b 

rosulted in a change of socondary structure, and also confirmed struc­

tural changes during the conversion of C 3b into C3c and C3d . The same 

workers also reported the rslati va % of OC-helix, }3-helix and random 
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coils structure of C
3 

and its fragments from CD curves. C3 was 

assigned 10% O\-helix, 35% J3-helix, 55% random coil structure I while as 

C
3b 

and C
3c 

showed 1% OC helix, 44 to 41% \3-helix and 55 to 58% 

random coil structure. 

Variants of human C
3 

have boen identified by Immuno-electric­

focussing (I. IL F.) technique (Vogel at al., 1984). The IEF pattern of 

human C
3 

and Co bra venom factor (CVF) were found similar. 80th 

proteins exhi bit extensive heterogeneity and a similar banding pa ttern 

of three groups of variants, focussing between pH 5.5 and 6.5 with a 

characteristic gap at pH 6.0 (Vogel et !!_., 1984). In contrast, murine 

C
3 

focusses as a sing Ie C
3 

band of PI 6.0- 6.1 depending upon the 

strain of mouse (Natsuume-Sakai et al., 1978). Bovine C3 focusses as a 

single cluster of at least three discernible variants within a relatively 

narrow range of 6.55-6.85 (Mengerq.Aston, :1984). 

B.3 Ca MOLECULE - BIOLOGICAL ACTIVITY 

The third component of complement plays a central role as the 

protein at which the classical and alternate pathways of activation 

converge (,rack et a1. I 1976). c 3 interacts with C3 convertases C 42 via 

classical pathway of complement acti vation to gi ve rise to C
5 

conVG['­

tases C4 ,2,3 (Muller-Edberhnrd et al., 1976), or with the proteins of 

the alternate pathway of complement activation giving rise to an 

alterate pathway C
3 

convortnse C
3bL1b 

(Sandberg et a1., 1970; Gotze 

and Muller-Eberhard t 1971). 

The activating enzyme I C
3 

convertases cleaves the molecule into 

two fragments C
3a 

and C
3b

' the activation peptide C
3a

, constitutes one 

of the two known anaphylatoxins, (Bokisch, at al., 1975) which 

answers for the involvement anaphylactic activity on C
3 

activation 

(Dasilva at al., 1967). In very 10 w concen trations t he pep tide effects 

release of histamine and related products from mast cells and chemo­

tatie migration of polymorphonuclear leukocytes (Bokisch at aI., 1969: 

Ward ~ al., 1973). 
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Cleavage of C3 between residues 77 and 78 (Arg-Ser) of alpha 

chain, either by classical (C
42

) or the alternate (C
3bBb

J pathway C
3 

convertases t lead to the generation of C
3b 

and C
3a 

fragments (Lambris 

1988). Only nati VB haemolytically act! va C 3 molecules are cleaved by 

the classical pathway C3 convertase C 42 (Jonatova at 01., 1980). The 

existence of C3b receptors on monocytes, macrophages, polymorpho­

nucloar leucocyte8 and B-cells has emphasized the role of complement 

in opsinizatioll, immune ad herenc8 and t he humoral 1m mune response 

(Lay and Nussenzwerg 1968; Huber et al.; 19(8). C
3b 

being the larger 

fragment, in its nascent state is capAble of binding to t he surface of 

cells and at her particles (Bokish 1975 J including bacteria and immune 

complexes and thus facilitate their ingestion by phagocytic cells (Gigl!. 

at al., 1968). The main role of Cab is to modulate several cam p lex 

enzymes of classical and alternate complement pat hways (Muller­

Eberhard 1972; Muller-Eberhard et ~. I 1975 ). The C 3 b rna lecule tran­

siently acquires the abili ty to be fixed covalently through an ester or 

amide bond to the hydroxyl or ami.no groups present on cell surfaces, 

complex carbohydrates or immune complexes (Lambris lS88). Covalent 

binding of C 3b is the function of its thioestef group (Pangburn ot .!!!., 
1900) and involves sulphur of cysteine 988 and carbonyl group of 

glutamic acid 990, both of which are located in the C
3d 

fragment of C
3 

(Tack 1983). C3b was shown to contai.n a sulphydryl group not detec­

tab1e in native C3 (TaGk at a!. I 1980). Both the sulphydryl and 

reactive carbonyl groups are found in lid" (C
3rl

) domain of alpha chain, 

thus the two groups gi ve rise to an internal thioester in na ti va C 3 

(Pangburn at al. 1980)" In contrast to native C
3

" C
3b 

expresses multi­

ple binding sites for ot her complement com ponents I including C 5' pro­

perdin (P) factors H, B and I, C
4 

binding protein (C
4bp

), CRi (C
3b 

receptor), membrane cofactor protein (Mep) and decay-accelerating 

factor (DAF). Binding of these proteins to C
3b 

leads either to ampli­

fication of C 3 convertas8 (by Band P in presence of factor D) and 

initiation of MAC or to inactivation of C
3b 

(Mer, CRT, H, C
4bp 

by 

factor I) ( Lam brls 1988). 

The inacU vattoD of C 3b proceeds in three steps and requires one 

of the several cofactor molecules (Mep, CRI, CR2, H, C4 bp). These"" 
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cause a confot'mational change in C3b thus making factor r to bind and 

exert its inacti vation action (Harrison at al., 1980; Ross at al. f 1982; 

Madaf ~ .!!_., 1902)" It has been suggested that Cab (alpha chain) is 

cleaved at three points by factor I.. (Lambrls 1988), first and second 

cleavage of alpha chain give rise to a 2KD residue C3f and yields C3b 
to iC

3b 
(Harrison et ~ .. , 1900; Medaf.!!!. al., 1982), It is still debata­

ble whether r effects a third cleavage and thus generating C3dg with 

concommltant liberation of C
3c 

(Lambris 1988). FUr'ther proteolysis of 

C
3dg 

by trypsin I elastase, plasmin generates C3d (Hoss at a1 .. , 1982). 

The C
3 

fragments generated dUl"'ing acti vation process have the inl1erent 

capacity to bind specifically to several cell surface complement recep­

tors called CR1, CR2, CR3, CR4, CR5 and C3a receptors which lead to 

various biological responses (Lambrls 1988). 

Complement receptors (CR1, CR2, CR3, CR4 and C
3aR

) present on 

cell surfaces on interaction with various fragments of C
3 

8i ve rise to a 

wide spectrum of biological aclivi ty (Lambris 1988). CRl is found 

mainly on RBC I Langerhans cell, neutrop hills I monocytes f eosinophil Is I 

B and some T cells (Ross 1985) t On interaction with C3 fragments 

specifically, activity like inhil1ilion of complement activation by 

increasing the decay/dissociation of C
3 

convertases of both activation 

pathways, or behaving as 0 co-factor in I-mediated inactivation of c3b ; 

phagocytosis of C
3b 

-coated particles is enhanced (I ambris 1988}. 

HeceploI' act! vities for cell bound degradation products of third compo­

nent, C
3b 

and C
3d 

were demonstrated on the cells from nine cultured 

human lymphoid cell lines and spleen lymphocytes of eight strains oi' 

mice (Manfred at al. t 1974). Some cultured human lymphocytes W8r-e 

found to display rsceptor preference for both C
3b 

and C3d while others 

showed preference for only C
3d

• But murino cell receptors were found 

to inter'act only with murIne C
3d 

and to a lesser extent to C3d human. 

CR2 receptor has got specifici ty for C3d ' iC 3b and C3dg frag-

ments of C3 " CR2 is mosLly present on B. lymphocytes, follicular 

dendritic cells and some B and T cells lines (Ross ~ al. t 1985) I CR2 

also serves as a receptor for Epstein-Barr-Virus (EBV) , The involve-
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ment of CR2 in the modulation of immune response Is well established, 

though the mechanism of this is unclear (Lambris 1908). Complement 

receptor type three (CR3) found on cell surfaces of monocytes, macro­

phages, granulocytes and large granulocytes binds ie 3b fragments of C3 
(Ross at a1. t 1985). CR3 functions in the phagocytosis of iC 3b coated 

particles and plays and role as an adhesi va molecule in cellular inter­

actions. CH4, a leukocyte adhesion receptor molecule is expressed an 

myeloid cells and some activated lymp hocytes. It binds ie 3b in a 

diavalent cation-dependent manner (Micklem .!!!. ale I 1985; Myones at al" 

1988) • 

Complement receptor five CR5 found on neutrophills and platelets 

binds C
3dg 

and C
3d 

fragments of C
3 

and this interaction is independent 

of divalent cations (Micklem at al. I 1985) • C3a receptor (C 3aR ) is 

highly specific for C 3a ' present mainly on mast cells, neutrop hi lls, 

basophills I macrophages t eosinophills and T. lymphocytes (Lambris 

1988). T he interaction withe 3a leads to relea se of v asoacti ve am ines 

from mast cells I eosinophills I and thromboxane-A from macrophages 

(HugU 1984). 

Mem brane cofactor protein (Mep) is mainly found on neut rap hi lIs , 

rnonocytes, platelets and reticulocytes (Lambris 1988) Mep is specific 

for C
3b 

and functions as a sur-face cofactor for inacti valion of' C3b ' by 

factor I. (Seya et nl., 1886). On the other hand DAL" , in addition to 

cells that express Mep I is also found on erythrocytes and shows pre­

ference for C
3 

convertases of classical as well as a1 ternate pathways 

(Nicholson-Wellar et aL I 1982) I its function is to accelerate t he decay 

of these C3 convertases. 

Besides cell msm brane receptors I a host of serum proteins 

interact with C3 and its fragments eliciting a wide range of activity. 

The effects of factor H on complement activation I via alter'nate pathway 

are exerted by binding to C3b and acting as an antagonist of factor B 

bInding to C
3b

' as a decay-acceler'ating factor for C3/C 5 convartasBS, 



[16 ] 

and as a cofactor for factor r mediated cleavage of C3b (Pangburn 

1986). Initial C
3 

cunvertases of alternate pathway, as is well l<nown I 

cleave C
3 

to G3b which in presence of factor Band 0 can form C3bBb 
+2 

whose formation by factor' Band D Is Mg dependent (Lambris 1988). 

C
3b 

after modifications, which is decided by the type of factors C3b 
interacts in a particular micro-environment. For, inactivation it is 

e.t OJ. 

cleaved by factor I, a serine protease (Pangburn 1'19(3). Anot her p la sma 

glycoprotein Properdin (P) Bxerts influence on complement activity by 

stablising alternate pathway C
3 

conver-tase after binding to the lat ter 

(Pangburn 1986). The site of (P) binding in C3 lies within residues 

1402-1435 of C
3 

(Daoudaki et ~., 1907). C
5 

convertase comprising of 

C
3bBb

, having two C
3

b molecules wIth other' factors; (Larnbris 198B) on 

intraction with C
5

, cleaves it and gi vas rise to C5a an anaphylatoxin 

and initiation of membrane attack complex MAC (Pangburn 1986). 

Complement activity via the C
3 

shunt (alternate pathway activa­

tion) can be triggered by various agents as reviewed bul requires 

magnesium and not calcium ions (Fine et al .. , 1972) and proceeds in 

vitr'o in the presence of 10 mM ethyleneglycotetraaceti c acid (EGTA). 

The complement acti vily via classical pathway requires calcium and 

thus gets inhibited by EGTA. 

A detailed stuciy of trypsin cleavage of C
3 

was reported by 

Minta at !!... (1977). Trypsin was shown to cleave C3 in a stepwise 

manner', initially cleaving a1 p ha chain and generating C 3a and C 3 b' 

further cleavage of alpha chain uf C 3b converted it Lo C3d and C 3c. 

Cleavage of beta chain by trypsin occured at C 3c stnge with a release 

of a small polypeptide chain MW 12,000 dalton from C
3c 

to give ris8 to 

C3 • c 

Some non complemen t enzymes can also make C 4 and C 3 bind and 

elicit activity on a HBC surface, (Kirschfink at !!., 198B). Trypsin, 

and enzymes 

capable of 

as well as 

chymotrypsin, plasmin, elastase, thrombin, kallikrein, 

ft'om bacillus-subUlls, staphylococcus-aur-eus, we~e found 

binding C3b and C 4b to sheep RaG. Both classical pathway 
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aHe~nate pathway of complement activation could be thus elicited by 

most enzymes except plasmin and thrombin. 

Interaction of B-determinant of C3 with amidino compounds as 

reported by Asgar at al, (1976) revealed that amidino compounds after' 

interaction wi th B-determinant render C3 incapable of reacting wi th 

anti-B-determinant antiserum; these amidino compounds also inhibit 

plasmin, trypsin and human plasma kallikreins. Thus there seems to be 

some similarity in B- determinant of Ca with these enzymes. 

C3 is also activated by gamma ( ~ )-I-immune aggregates from 

guineapig serum I when mixed appropriatly wi til at her 

and Mg +2 , (Konig ~ ~., 1973). It has been shown 

serum 

that 

cafactors 

zymosan, 

(Thompson ~ ~. I 1970), Inulin (Gotze .!!1 ~., 1971) t Endotoxin (Marcus 

at a1. I 1971) and guineapig gamma-I-immune aggregates (anligen-gamma-I­

antibody complexes) are able to acti vate the complement system at C3 
directly or via al ternate pathway of C 3 act! vation. 

The esterase-like acti vity of covalently bound C3 was rS[Jorted 

by Venkatesh et a1. (1988) , further clarifying that a acyl-ester bond 

between the C3 and a variety of molecules is hydl:'olysed spontaneously 

at neul ral pH. They suggested that a functional group at her than SII 

~cts as a "catylytic tl group in this intramolecular hydrolytic reaction. 

Complete inhibition of the esterase lil<:8 activity is observed with 

stoichiometric am Qunts of mel'cllrric c 111 0 ["i de and palladium chlori de. 

B.4 C
3 

ASSAY 

The identification of C
3 

during purificalion steps has been 

achieved by development of hemolytic assays (Barta and Hubbert 1978). 

Th.ese assays wera performed by preparing various cellular 

intermediates like EAC
1 

guineapig. C 4 human I C2 guineapig and using 

ftmctionally purified C
3 

to Cg components of complement (Shin and Mayer 

1968; Tack and Prahl 1976; Dalla ~ .!!!., 1970). For recovery of C
3 
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hemolytic acti vi ty I quanti tated uy using 

incubating at 37°C for 1 h("; the hemolytic 

2xl07 
4 

cells and 

reei procal of di lutions of C 3 that 

1961). Met hods for C 3 -assay by 

unit Cli
50 

was taken as the 
7 would lyse lxlO EAC

1 
4 cells (Mayer 

classical pathway of activation wers 

less sensitive and tedious due to their inherent complexity. So, a 

simple rapid and insensitive to Ca degradation products assay for C3 ' 

that utilizes the al ternate pathway of complement activation is now 

esta blished (Jessen at ~. I 1983) called as a1 ternate pathway C3 assay 

(AP-C
3

). TIns uses rabbit RBC as complement activator and methylamine 

treated plasma I depleted of C3 and C 4 I as complement source I AP-C 3 
assay was optimised at 2mM Mg +2 5mM BGTA and at 5xl0 7 

RBe cell/rnl. 

Immunochemical techniques for C3 assay have been used to monitor 

C
3 

presence during purification procedures, where a monospecific 

antisera against C3 is raised in a distant heterologous species (Henson 

1977; Kai et al., 1983; Gorman at al., 19B1). Inulin, (Harrison and 

Lachmann 1980) or zymosan. are mostly llsed by workers as an acti vator 

surface for ACP and subsequent deposi tion of C 3; Mg -12 and EGTA I are 

integral components of this whole procedure j EGTA for its preferential 

chelation of ea ++ rather than Mg +2 t thus permitting only ACP activalion 

(Fine ~ ~'I 1972) and C3 deposition an activator .. A simple method for 

Human C
3 

and C
4 

antisera raising in rabbits was reported (Camoen's et 

al. I 1987) I anti-C3 was prepared by injecting rabbits with elutes of 

human RBC coated with C
3 

obtained by inulin method. Fresh H.OC I serum 

and 5% inulin were incubated at 37°C, treated cells washed and elution 

carried out by heating the treated cells in saline. 

U.5 C
3 

- DEFICIENCY AND DISEASE 

A significant corelation appears to exist between the C3 level and 

disease status in a body. In a study for circulating C3 in equine 

(Perryman at a1., 1971) the C3 level of horses, experimontally given 

equine infecLious anemia virus, was lowered. Doposl lion of C3 in renal 

glomeruli! of faUnas havin8 feline infectious peri tonltis was establist1sd 
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(Helen et al" 1900). In the affected cats localisation coincided with 

depositlion of IgG also. C
3 

deficiency can lead to incr'eased suscepti­

bility to infections t hat lead to purulent lesions (Lambris 1988). 

B.6 C3 - GENERATION 

C3 synthesis in body is usaully carried out by li vel"', monocytes, 

astrocytes I B-lymphocyles. Several tumor cell lines of different origins 

can also sythesize C3 (Colten 1986; Barnum 1909). Genetic studies indi­

cate the presence of t wanty two variants of C 3' most common being C3F 
and C

3S 
(eolten 1986). Murine C

3 
gene located on chromosome number 17 

is located at some distance from major histocompatibility com plex 

(MHC ) I w hi Ie in human, C 3 gene is on chromosome 19 (Lam bris 1988). 

Extensi ve work on genetic polymophism of murine C
3 

was demonstrated 

by use of Immuno-electric focussing (IEF) and immunoflxalion (Natsuume­

Sakai at al., 1978) and established that PI variation of mouse C 3 is 

inherited as an autosomal Co-dominant trait controlled by a single 

locus. 

B.7 C3 - EVOLUTION 

Rabbit, mice I chicken I quail, xenopus rainbow trout and cobra 

have a similar molecule I of B comparable molecular maSs and chain 

structure that functions like human C3 (Lambris 19B8). 

Evidence of mutual interchangealJi lit y ot' complement components 

CII C2~ C31 C
4 

among species like horse! sheep! cow, etc. has been 

established (Rice at al. I 1952). A comparative study of human C3 ancl 

cobra venom factor (CVF) revealed similiari ty in amino acid composi­

tion I far' and near UV-spectra I CD- spectra etc. CVF was suggested to 

be a modified cobra Ca having structural and biological activity resem­

bling that of human C
3b 

(Alper 8t al. I 1976) and has the capacily to 

cleave human C
3 

without being recognised by human factor I. 

B.B C
3 

AND IMMUNE RESPONSB 

Com plement component C 3 is involved in a successful induction of 

normal antibody response, as established from the studies on comple-
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meot deficient guinea piBS (Oottger at 01. t 1987) t the fact that no 

antibody response is elicited because of C
3 

depletion, was eslablished. 

The same authors also viewed that. C3 may have a secondary function 

being directly or indir'8ctly involved in the suppression of polyclonal 

acti vation of lym phocytes. There is a considerable evidence regarding 

the induction and maintenance of memory cells of B. cell lineage during 

an immune response to an antigen (Klaus at al., 1986) I C3 split 

products when pr-6sented to immune response cells in a specific manner, 

act as B. cell growth factors. Participation of C 3a in immune response 

has been established by C
3a 

-mediated inhi bi tion of certain lym p hocyle 

functions including polyclonal expansion and antibody production induced 

by COl1cavalin A and Pokeweed mitogen (Hugli 1984). Anti body response 

to antigen was found normal in C
3 

deficient patients but had an 

im pai red swi tell from Ig M lo IgG t (Oehs at 01. I 1936) I that were i mmu­

nised with limited dose of T dependent antigen. Recently t C3 has been 

shown to play a role in B-cell proliferation (Kramer et al... 1990) 

crosslinked C
3b 

and C
3d 

sllrnulate 8-ceU growth in the Gl phase of the 

cell cycle, while soluble C
3 

f C
3d

, and a peptide containing the comple­

ment receptor CR2 binding site are all inhibitory. 
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c. MATERIALS AND METHODS 

C.l ANIMALS 

C .1.1 Laboratory Animals 

Healthy adult male rabbits obtained from Laboratory of Animal 

Research Centre ( LAR) I Indian Veterinary Research Institute (I. V ,R. I. ) I 

Izatnagar, U.P. were maintained in the Physiology and Climatology animal 

shed and fed ad libitum. 

C.l.2 Large Animals 

llealthy adult Sheep (male and female) were procured from sheep 

and goat farm I 1. V. R. Land hOllsed in Physiology and Climatology larSG 

animal shed f fed and maintained in ap propriate conditions. 

C.2 CHEMICALS 

The following chemicals used in the present study were procured 

as indi cated against them. 

Bisacrylamide, beta-Mercapto-ethanol, PhenylrnethylsuLfonyl­

flouride (PMSP'), C. amino-n-caproic-acid 1 Ethyleneglycol 

telraacetic acid (EGTA L Freund's comp lete ad juvanL, Freund l s 

incomplete adjuvant, Trypsin I Gel filtration molecular weight 

markers, 8DS-PAGE molecular weight Markers (M.SnS-200) I Sodium 

dodecyl sulfate I TEMED, p-di methyl amino benzaldehyde (PDMAB J 

(Sigma, U.S.A.). 

[21] 



( 22 ) 

Ammonium per-sulfate, Ethylenedfaminetetraacetic acid (EDTA), 

Glycine, Magnesium chloride, 

dihydrogen phosphate I Sodium 

(monobasic) f Sodium phosphste 

Sodium chloride (Merck t India). 

Potassium 

azide, 

( dibasic}, 

chloride, 

Sodium 

Sodium 

Potassium 

phosphate 

11ydroxide, 

Bromophenol blue I Barbituric acid t Barbitone sodium t Boric aci d I 

Gelatin I Inulin I Polyethylene glycol-BOaD, Potassium metabisulpi1ite 

(BOH, U.K.). 

Acrylamide, Agarose-M, orcinol (SRL-INDIA). Acetic acid (glacial) 1 

Hydrochloric aei d t Met hanoI, Iso-prop hyl alcohol 70% (Polyp harm) . 

Agar (Difco). DEAE-Sephadex-A-50, CM-Sephadex-C-50 I Sephadex-G-

200 (Pharrnactia , Sweden). 

METHODS 

Note : For details of reagents, solutions and buffers used in the 

present study, see Appendix. 

C .3 PRODUCTION OF ANTfSERA 

C.3.1 Production of Anti-Sheep Whole Sera 

Anti sheep whole sera (ASWS) was raisod in adult male Now­

zealand white rabbits according to the fullowing schedule ~ 

.......... , ..................................... , ...... "1 •••••• 1l1li1 ••• 41 ......... 1 •• ' ••• 

Day Inoculum Houte 

•• 1111 f ....... t. t, ... ,' ........ t •••• , •• t ••• 411 •••••••• " t 41. to t ...... t •• t .......... "" •• I ••• " ~ •• 

Zero 

26 

40 

48 

1 ml fresh sheep serum + 1 ro1 rCA 

1.5 ml fresh sheep serum + 1~5 m1 IF'A 

-do-

Teat bleeding 

Multiple 11m 

Multiple 11m 

-do-

Intra cardiac 

•••••••••••• , ............................................................... 111 ... . 
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Rabbits were test bled and sera obtained was tasLed against sheep 

whole serum by Immunoelectrop1loresis (rEP). Those rabbits showing high 

antibody response I were subsequently bled and serum obtained was 

decomplemented (56°C for 30 min) and stored at -20°C in sterile vials 

(1.5ml) till used. 

C.3.I,,1 Production of Anti-C,3/inulin (Anti C3/I) Sera 

C
3b 

adsorbed inuli[l suspension was pr'epared following the method 

of (Gorman at a1. t 1981) with rnodifications. The inulin suspension (lOOmg/ml) 

in Veronol buffer saline (VES) was sonica ted for one minute. Freshly dra wn 

sheep serum was fortified with 10mM EGTA and 10mM Mg -I + iOIl. Equal volumes 

of inulin suspension and sheep serum (EGTA/Mg H") were mixed and incuba ted 

for 90 minutes at 37°C with intermittent stirring. The whole suspension was 

centrifuged in cold (4°C) at 4000 rpm and t 118 pellet was washed thrice in 

PBS, twice in 2M NaCl and once again in PBS. The final pellet was suspended 

in 1 ml of PBS. 

Four male Nowzealand rabbits were used for immunization as per 

the protocol below • 

•••••••••••• , ............. , ......... , •••••• '1 .. "110.",, ... ~." ••• ,., ....... , ............. . 

Day Inoculum Route 

, ..................... " ...... , ....................................... , ................ . 

Zero 

24 

32 

1ml C 3 b/I suspension in PUS + 1 rnl FCA 

1ml C
3
b/I suspension in PBS + 1 011 IPA 

Test bleeding 

Multiple i/rn(l1ind leg) 

Multi pIG i/ m (hind leg) 

In tra cardiac 

••••••••• " .............. , •• , ............... 111 ••• " ••• , .. ,.· •••••••• _· ••• • ..... •• •• •••• 

Serum obtained from the . }noculated rabbits was subjected to lHer 

testing by Ouchterlony method. Habbits showing high titer were bled 

intracardiac and serum after collection was decamplemented (56°C for 30 min) 

and stored in aliqllotes of 1.5 ml in disposable vials at -20°C till used" 
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.4 IMMUNOPRECIPITATION TECHNIQUBS 

All immunoprecipitation procedures were performed according to 

,18 methods described by Hudson and Hay (19(6) and Talwar (1983). 

,gar/agarose solutions were prepared in Tris-borate buffer (O.05M pH 6.8) 

ontaining 5mM BOTA and the same was also used as electrode buffer in IEP. 

; .4.1 Ouchterlony Method 1 Doublaimmunodiffusion (DID) 

DID was performed in 1% agar coated glass slides (2.5 x 7 em) 

Jsing 20 lUI of antigen and 20 luI of antisera in each wells. The develo[)ment 

of Irnmunodiffusograms was carried out in humid cham ber at 37°C and 

observed after 12 hrs. 

C .4,,2 Immunoelectrophoresis (IBP) 

The antigen (20 Ill1) was sub jected to elect rap horesis at a constant 

current of 7mA/150V for 70 min. in 1% agarose gel on glass slide (2.5 x 7.5 

em). Development was carried out in a humid chamber at 37°C using 250 lui 

of previously tested antisera placed in the cut our trough. Results were 

interpreted after 12 hrs. 

C .. 4.2.1 Comparati va Immunoelectrophoresis (COlEP) 

Tbis technique was utilised for c})ecking the stepwIse purification 

procedure. It was performed using more l han one antigen against a 

monospsclfic ~ high titer antisera on the same agarose coated plate (7.5 x 

8ern). T11e antigens (pooled elutes from different purification steps) t 20 JUI 

each I were sub jected to electrophoresis in 1% agarose gel at a constan t 

current of lOmA for 80 minutes. Developing was done with 250 luI of antisera 

placed in each cut out trough in a humid chamber at 37°C for 12 hrs. 
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C.5 PURIFICATION OF Ca 

C.5.1 Collection of Sera 

A,dult sheep clinically in a disease free state and maintained on 

ad ... lib ration f were used for collection of blood _ Sheep blood collected by 

jugular venepuncture was allowed to clot in sterilised glass tubas for 40 min. 

at room temp (25-30 0 C) and subsequently transferred to 4°C for 90 minutes. 

Sera was latter harvested at 4°C using refrigerated centrifuge (Hermile, 8GB) 

and stored at -20°C till used with 0.01% sod. azide. 

C.S.2 Polyethylene Glycol Precipitation 

Pooled sheep serum (150 ml) was adjusted to pH 7.4 with O.5N 

HCI, 2mM EDTA and O.3mM PM5F. Polyethylene glycol-6000 (PEG) was added 

to a final concentration of 7% (w /v) resultant mixture was stirred gently by 

a sterilized glass rod at 4°C for 40 minutes. The precipitate was collected 

by centrifugation at 4cC (5000 RP M x 20 min I) an,d the precipitate was 

washed thrice with D.1M phosphate buffer, pH 7.5 containing 7% PEG-6000 

(w/v) and 0.15 mM PMSF. Finally the washed precipitate was dissolved in 

about 140 ml of 25mM phosphate buffer, pH 7.0 having 25 mM EDTA, 20 mM 

EACA. The solution was assayed for C3 presence by Ouchlerlony method. 

Protein was assayed by the method of Lowry ~ al. (1951). 

C.S.3 Anton Exchange C hrornatography 

A (2.5 em x 46 ern) column was prepared wi tll DEAE-Sep hadex-A50 

after swelling the powder in the equilibrating buffer (P .B., 25 mM
1 

pH 7.0, 

5 mM EDTA) for 72 hrs; t he bed was thoroughly washed wit h the starting 

buffer. 

The post PEG precipitate (140 ml) was applied to the column and 

washed with the equili bratiog buffer. It was developed with a linsar 

gradient of NaCl upto 0,45 M at a flow rate of 50ml/hr. Fractions of B ml 

each were collected and monitored in a LKB chromatograp hy unit (2201 
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COMBICOLDRAC II. LKB with fraction collector 2070 Ultro RACII.LKB 1 

peristaltic pump 2120 Varioprpex. LKB t a uv monitor unit 2138 

UVICORD.LKB, with a recorder : 2201-1-channel.LKB). 

The fractions of various peaks were tested far C
3 

by Ouchterlony 

method and the fractions reacting with anti C
3

/1 serum were pooled I 

concentrated in a Vac-concentrator (SAVANT J and stored at -20 oC till use. 

G.5.4 Cation fixchange Chromatography 

A (2.5 x 60 em) eM Sephadex-C 50 column was prepared with eM 

Sephadex-C50 powder in the equilibrating buffer (Tris acetate 20 mM. pH 

6.6). The post DEAE -pool was dialysed against the starting buffer for 24 

hrs at 4°C and applied to the column. The column was initially washed with 

the equilibrating buffer at the flow rale of 40 ml/hr. Fractions of 6 ml were 

collected. A linear gradient of NaCl to O. 35M NaCl was used for elution of 

the bound protein. The fractions of different peaks were tested for' C
3 

by 

Ouchterlony method using C
3
/1 antisera. Reacting fractions were pooled and 

concentrated in Vae-concentrator (SAVANT) and stored at -20°C till use~ 

C.5.5 Gel Filtration 

A (90 x 2.5 em) Sephadex-G-200 column was made as per tl1e 

instruction of (Pharmacia fine chemicals). The column was t hroughly washed 

by the equjlibrating buffer (PB.25 mM plI 7.0, 25 mM EACA, 5mM EDTA, 

150mM NaGl) I Post CM-Sl:3pI1adex pool was applied in aHquoles of 5ml. The 

column was eluted at a flow rate of 10 mIl ]lr. and fractions of 2.65 ml were 

collected. Initially V was calculated by using Blue-Dextran 5 ml (20mg). The o 
elution pattern was monitored at 200 om 1n the LKO chromalugraphy unit as 

mentioned earlier. The C 3 containing fractions obtained from gel filtration 

column were taken, and concentrated after assaying each fractions for the 

presence of C3 by Ouchterlony method using anti C
3

/1 serum. [l-'ractions 

reacting with anti C
3
/1 serum were subjected to rEP ~ 
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All the chromatogrphic procedures wars performed at 4°C and all 

buffers contained 0.03% sodium azide and 5mM BOTA. 

C.G CHARACTERIZATION OF PURIFIED C
3 

G.6.1 Simple PAGE 

polyacrylamide gel electrophoreSis (PAGE) in tubes under non 

denaturing and non reducing conditions was performed according to Davis 

(1964) to check the charge homogeneity of the purified protein. Past-PEG 

precipitate, aliquots of post DEAE-Sephadex pool. post CM ... Sephadex pool and 

Sep hadex G-200 pool fractions were loaded separately in gel tubes (B IOem x 

0.5). The sample (lOO/ug ) corresponding to each purification step was mixed 

with sucrose solution (400g/1) containing bromophenol blue (lOmg/l) and 

app lied. The electrode buffer was Tris glycine (pH 8.6). The current was 

set at 2.5 rnA/tube for first 30 min t later raised to 5 rnA/tube. After the run 

monitered by tracking dye, the gels were stained and destained by procedure 

explained elsewere. 

C .6.1.1. Staining and Destaining of Gels 

The gels were fixed in a fjxati ve solution at 37°C and then 
, 

stained by 0.1% Coomassie briUi ant blue staining solution for 4 hrs at :noc, 
Destaining was done at room temperature in a deslaining solution with quick 

changes initially and leaving overnight in destainer later. 

C.6.1.2 Staining Purified C3 for Glycoprotein - (PAS-Staining) 

The polyacrylamide (tube) gel after electrophoresis of purified C3 
(simple PAGE) were stained for glycoprotein adopting the procedure of 

Fairbanks et all (1977). 

Gels were removed from t he tubes and kept in '7.5% v Iv acetic 

acid for 1 hr at room temp, then transferred successively in to 0.2% (v/v) 
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periodic acid and Schiffs reagent I subsequently kept in the latter for 45 

minutes at 4°C, the gels were destained at room temperature making several 

changes with 10% (v/v) acetic acid. 

C.6.2 BDS-PAGE 

Polyacrylamide gel (slab) electrophoresis under denaturing 

conditions, wi th reducing and non reducing environment was done. 5DS-PAGE 

was carried out in 7% sia b gel (0.15 x 14 x 18 em) adapted from the 

procedure described by Laemmli (1970) in a pharmacia gel electrop horesis 

apparatus (GE-2/4-LS). A 7% separating gel with a 4 em overlay of 4.0% 

stacking gel were prepared as per the procedure. 

Purified-C
3 

(2-3 mg) was equilibrated with Laemmli sample buffer and 

denatured at lOO°C for 2 min.; Same treatment was adopted for standard 

protein markers (2 fig each) viz. B Galactosidase 116 KD I Phosphorylase-O 

97.4 leD. Bovine albumin 66 kD and Carbonic anhydrase 29 kD. 

A modification effected, by mixing purified C
3 

(2 mg) in Laemmli sample 

buffer devoid of mercapto-ethanol was incubated at 37°C for 30 min before 

heating at 100 0 for 2 min, for observing C
3 

character under 80S-PAGE in non­

reducing condition. 

Samples (40 ... 50 /u}) were loaded in separate wells and electrophoresis 

conducted initially at 25mA for 30-40 min. later increased to 45 

was 

rnA. 

Tern perature during the run was maintained at 20°C by using the 

electrophoresis chamber connected to cooling unit (JULABO). After tbe run the 

slab was stained and destained as described earlier. 

e.6.211 Molecular Waight Determination by SDS-PAGE 

For determining the M. W • of purified C 3 by 50S-PAGE I the 

standard proteins were run along with the test sample. The r-elative mobility 

(Rm) of all proteins were recorded. Tbe di stance of each band was laken 
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from top of separting gel tu tlle centre of protein band. Relative mobility 

was calculated as : 

Distance of protein migraLing after deslaining 

Rm :: 

Distance of tracking dye migration 

A standard curve was plotted ngainst I{m and Log M. W. of Marker 

proteins. 

C.fi.3 Carbohydrate Estimation of Purified C
3 

C.B.3.1 Arninosugars (I Iexosamine) 

Hexosamine content of purified C:J was determined according (0 l he 

procedure of Davidson (lYUG). 

Purified C
3 

(in 0.024, SOS) was hydrolysed in sealed tubes with 

concentrated (12N) HCI at 85°C for S hr in a hot air oven. After l1ydrolysis, 

the contents wer'e transferred to small beakers and rIel removed by drying 

the beakers in a dessicalor in presence of flakes of sodium hydroxi de; 

aliquotes of hydrolyzed samples were dissolved in distilled water and 

transferred into capped tulles and volume adjusted to l.0 rnl. One ml of 

acetyl acetone reagenL (2 IlIl Acelylacetone dissolved in 9Bml of 1 N Sodium 

carbonate) was added 10 the tubes and heated in a water oath at gOGe for 45 

min. and then cooled in running tap waler; to this 4 IIll of 95% Ethanul llnd 

the contents mixed. One ml of p-dllllelhyl amino benzaldehyde (PDMAB) 

reagent was adueu and tubes vorlexecl. Incubation for 1 hr. was done at room 

temperature (30-32°C) and the colour developed was r'ead at 540 nm. N­

acetyl-gluGosarnine was used as tl1e standard. 

C.6.3.2 Neutral Sugars (Total Hexoses) 

The neulr'al sugar content of the purified C3 was estimated by 1I18 

method of Johansen et a1. (HHiO). A mixLuro of glucoso nnd gnlClGloso wus 

used as standard. To one ml of sample (500/uSL 8.5 ml of orcinol sulfuric 
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acid reagent was added; the mi XlUI'8 was heated for 45 min at Boac in a 

water bath, cooled to ruom Lernp. and ubsorbance read at 505nm t 

C .. B.4 Effect of Trypsin 

To elucidate l he action of try psin on purified C 3' IEP of 

trypisinised C
3 

protein was performed. IEP of C
J 

solution and control was 

done according to procedure described earlier. 100/ul of C
3 

solution (1 

mg/rnl) was incubated at 37°C for 2 min I wi th a solution of 1% trypsin at a 

substrate enzyme ration of 1: 1 v Iv. The reaction was stopped by adding 0.5 

rnl of iN Hel The same malarial without trypsin treatment served as control. 

C .6.5 Cross Heacti vity of C:i to Other Species 

C .. 6.5.1 Rai sing Anti C 3 Serum 

The purified Dvine C was tested for antigenic cross-reacti vit y 
j 

with other species, Anti-C
J 

serum was raised in Newzealand rabbits according 

to the following protocol uescri bed for bovine C 3 by Menger and Auston 

(1904) • 

•••• , ......................... ,. .'." ............... ' •••• '41 .................... , ••••••••••• 

Date InocululIl Route 

............. 11' .............. ioa. ••• ""fl" ......... "' ............ " •••• t ... 4' .......... ~ ••• 41.· ••••• 

Zero 

11 

22 

500
j

ug of C
J 

in saline + FCA 

200 lug of C 3 in IFA 

-do-

1. 5 ml emulsion Sic 

-do-

-do-

............... ,. •••••••••••••••••••••••••••••••••• ' ... "'.41 .. "" ................. , .. ,.."' ......... . 

After the final iJooster the animal was rested for 10 days and test 

bled for tiler checking. rEP was performed to test the rnonospecificity of 

anti serum, 
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C.6.5.2 Cross Houction 

~limple im llnll1udlfi'usioll in 1% agar was done using 20 jul serum of 

Boat f dog, OX, rabbit and human in the cenLer well t and anti C3 serum 

(20
j
ul serially diluted from 1:0 to l:B titer) in the surrounding wells. 

Veronal-buffer-saline (VBS) pH 7.4 cuntaining 5mM BOTA was used for agar 

preparation and dilution of secum I Immunodiffusion was carried out as per the 

procedure uescri bed 6o.rll el~. 

C.6.6 Absorption Spectrum Hcan 

C
3 

purified prolein 1 was scanned in uv range for its peaL< maxima 

in (DU-7 13 ecknH:lnn, USA) spOf:lropholomel8t'. For this sample (500;U8) was 

approprietly mixed ill vns tHtffGC and the same buffer served as backgroLlnd. 

C.6.7 Determination of Protein Concentration 

Protein COlleen tration was determined by the met hod of Lowry at 

al. (19511) or by spectrophotollletrio method of War-burg and Christian (1941) 

using; mg/ ml ; 1.55 x A
2BO 

- 0.76 x AZ60 • 

C.6.8 Hydrodynamic Parameters 

CaliberaLion of Sephadex G-200 Column 

The sephauox Ci- 200 culumn (90x2. 5 ) was cali berated by 

cJotol'mining tho olutlun volllme of jJl'otolns of l.::nnwll M. W. and stokes rndii. 

The standard protein market's used were - cy tocl1rome-C 1 Ovalbumin I Bovine 

serllm a1 burnin I and Alen 1101 L1el1y drogenase ill t lle concentr'ation of 4 mgt rnl and 

a total of 5 rnl of eacll was loaded. r·'raction volume and flow rate werB kep t 

idenlical to that used in purification of post eM-Sep hadex pool. 

C.B.B.2 Slokes Radius 

For purified C 3 this was calculated from their gel filteration data 

obtained afLer calibrating Septladex G-200 column. Treatment of gel filLration 
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dElta according to Laurent and Killander (1964) was adopted to calcllla te 

stokes radius of purified C:~. 

C.fi.B.3 Intrinsic Viscosity 

Int["1n61c viscosity ( n ) for purified C
3 

was calculated from the 

following equation ('fanforu 1961) 

3 Mn 1/3 

a ..... -------~ 

10 -IT N 

Where -

C.6.B.4 

N :; Avogad['o Ilum bel' ::; 6.023 x 10 23 

a = 5to1<es raeJi us 

M ;:: Molecular weight of C
3 

Diffusion Coefficient 

The following equation was used for calculating diffusion 

coefficient 

KT 

D::: -- .... --- .... --

lV 11131'8 -

-16 
K ::; Boltzmann constant (1. JUG x IU erg/uegree) 

T :: Absolute lem peI'alure (29UOK) 

n ;: Viscosity ill poise (0.01 P) 

a ;: Slokes radius 
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D .. HESUL'I'S 

D.l ANTI SERA CHARACTEHIZATION 

Anti C3/f sera raised by rnulin method in a group of four New-zealand 

white rabbits was tiler tested by Ouchterlony (DID) method. Two rabbits 

showed an antibody titer of (1: 32); sera from these was harvested and after 

decornplernenting stored for oubsequent use. C
3
/1 was characterized by 

Immunoelectrophoresis (IEP) against sheep whole serum (PT-1A) I a single 

preci pitation arc was observed confirming its monospacificity .. 

D.l.2 Anti sheep whole sera (ASWS) 

ASWS raised in rabbits was tesled in similar manner by DID and 

characterized by IEP. This (PT-1B) revealed nurnerous precipitiating arcs as 

ex peeled; ASWS with hig 11 anti body tiler (1: 24) was stored after decomple­

IIl8nting for subsequent uso. 

D.l. 3 Anti purified C
3 

Purifi ad C 3 0 !Jtainod aHOt' final purl fica lion step was used for rai sing 

flnti sera in one rabbit. Titer testing by DID showed a titer of 1: 20, IEP 

against sheep whole serf] showed a single sharp precipitating arc I (Pl'-lC) 

revealing lhe recognition of a single protein from sheep whole sera. 

f 3 J] 
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D.2. PURIFICATION OF SHEEP Ca 

0.2.1 Precipitation by PEG-6000 

Fresh sheep whole serum (150 ml) used for purification of C
3 

had a 

protein concentration of 65.4 mg Iml. On addition of PEG-BOOO (7% w Iv) the 

precipitate which was obtained was dissolved in 140 ml of 25 mM phosphate 

buffer, pH 7 f 0 containing 20 mM EACA and 2.5 mM EDTA. The post-PEG­

precipitate thus obtained was assayed for C3 presence by DID using anti C
3
/1 

sora. A total protein or 2.4 gm was r'ecorded as C
3 

containing post PEG­

preci pi tate. 

D.2.2 DEAE-Sephadex (A-50) anion exchange chromatography 

The post PEG-6000 precipitated material (140 ml) was loaded in a DEAE­

SEpl1adex-A-50 column (2.5 x 46). A linear gradient of NaCl upto O.45M was 

used for elution (820 rnl total) after the initial wash f The elution profile 

(Fig .1) sho wed four pealcs I 1 he last peak fraction num bar 156 to 166 (BBml) 

reacted posi ti vely to anti C 3/1 sera in oro I these fractions were eluted out by 

the salt gradient range of O. 24M Nael to O. 29M NaC!. These fractions were 

pooled and concentrated to 53 ml; prutein Gontent of post-DEAE .. Sephadex pool 

was recorded 8S 136 mg. 

D.2.3 CM-Saphadex (C-50) cation exchange chromatography 

The pooled and concenlr-ated post DEAE-malerial was loaded in a well 

equili berated CM-Sepl1adex C-50 column (2.5 x 60) after exhaust! ve dialysis of 

the Post-DEAE-Pool againsl tile eluting buffer (Tris-acetate 20mM, pH 6.6, 5mM 

EDTA). The elution profi Ie (Fig. 2) revealed l wo peaks joined togel her. The 

anti-C
3
/1 reacting fraction number 22 to 30 (54 mi) were found in the unbound 

portion of elution profile. No C 3 presence CQuld be confirmed in t he fractions 

obtained after using linear gradient of NaCl to 0, 3M (940ml total). 

The C
3 

positi va fractions (54ml) were subsequently pooled and concentrated to 

30 ml; a prolein concenl ration of 1. 51 mg/ml and total of 45.3 rog was 

recorded, 
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TABLE 1 PROTEIN CONCENTRATION DURING - PURIFICATION OF OVINE 

C
3 

Puri fi ca tian 

step 

Protein concentration 

PEG-6000 treatment 

DEAE-Sephadex anion 

exchange chromatography 

CM-Sephadex catIon 

exchange chromatography 

Sephadex G-200 gel 

fi ltration 

mg/ml 

18.723 

2.575 

1.510 

0.735 

Volume 

ml 

140 

54 

30 

20 

Total P rotain 

mg 

2641 

136.475 

45.3 

14.715 



FIG.-l Anion exchange chromatography of PEG-6000 precipitate 

140 m1 of PEG precipitate (2641 mg protein) was applied 

to DEAE-Sephadex (2.5 em x 46 em) column equilibrated 

with 25mM phosphate buffer pH 7.0 the column was eluted 

at a flow rate of 50rnl/hr. 8 ml fraction were collected 

and moni tared at 280 nm 0 o. Fractions were assayed 

for C3 presence by Ouchterlony method I I. 
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FIG.-2 Cation eKchange chromatography of post DEAE-pool" 

53 ml of post DEAE pool (136.47 mg protein) was applied 

to CM ... Sephadex column (2.5 em x 60 em) equilibrated 

with 20mM Tris acetate pIJ 6.6 buffer. The column was 

eluted at a flow rate of 40 ml/hr. 6 ml fractions were 

collected and monitored at 280 nm 0-0. Fractions were 

assayed for C3 presence by Ouchterlony method I-I. 
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D.2.4 Sephadex G-200 gel filtration 

The post-eM-Sep hadex pool of 30ml was further fractionated in a column 

(90 x 2,5) of Sephadex-t;-200. The elution profile (F'ig.3) indicated two sharp 

peaks I and II. Fractions 72-80 (21 ml) from Peak I and fractions 86-90 (13 

ml) from Peak II both gave preci pitating line in DID against anti C
3
/I. These 

fractions of peaks I and II were pooled separately and concentrated to 5 ml 

and 4 ml respecti vely. In contrast to DID, IEP of Peal< II Pool revealed a 

cleaved arc and a sepal'ale shi fled arc (PT-3B) while the peak I pool gave a 

single sharp arc against anti sheep whole sera I in rEP. The protein 

concentration of peak I pool (henceforth called purified C3) was 0.735 mg/ml 

and a total of 14.2 Illg wus ['eearded (the protein yield of peak I pool 

recorded, COl"-r8spondeo to six t'uns of 5101 each aliquote from CM-Sephadex 

pool). 

D.3 CIIAIlACTBRIZATION OF PURIFIED C
3 

D.a.1 Immunoelectrophoresis (IEP) 

The purified Ca when sub jected to IEP using anti-pllt"ified C3 set'um 

(ASWS) I recognised a single protein from ASWS as evident from a single sharp 

precipitation arc (PT-1C). Purified ovina C
3 

was also Lun in IEP against anti­

C
3
/1 serum were it developed a sharp arc (PT-3A) that was positionally 

comparable wit 11 lhe arc developed by sheep whole serum against anti-C
3/I. 

D. 3.2 Comparati va immunoelectrophoresis 

This was performed to monitor the stepwise purification of Ca, which is 

quite evident by the reduction in precipitating arcs as the purification 

proceeded and finally a single arc was obtained with the post-G-200 (Peak I) 

pool. ASWS (250ml) was used for development in each trough (PT-2B). 



FlG.-fj Gel filtration elution profile of post CM-Sephadex pool. 

30 ml of post C M-Sephadex pool (45.3 mg protein) was 

applied to Sep haxed-G-200 column (90 x 2.5 em) 

equl1brated with phosphate puffer. 25 mM pH 7 ~o with 

25mM EACA 5mM EDTA 150rnM NaCl. The column was eluted 

at a flow rate of to ml/hr fraction of 2.65ml collected 

8I)d monttored at 280· om 0 0; C
3 

presence W~S assayed 

by Ouchterlony method '-I. 
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MONITORING Of PURIFICATION PROCESS aY pAGE AliQ lEP 

PT-2A Simple PAGE of (A) PEG precipitate (8) Post DEAE 

Sephadex Pool (C) Post CM-Sephadex Pool (D) Post G-200 

(peak I) Pool. 

:rT-2B Com parati va IEP 

1 PEG precipitate 

2 

3 

4 

- Post DEAE-Sephadex pool 

Post CM-Sephadex pool 

Post G-200 Peak I pool. 
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PT-3A 

PT-38 

PT-3C 

IEP-P~ttern of purified Ca and sheep serum against Aoti­

sheep C3 serum. 

U 

T 

L 

Purified C3 (Peak I) 

Anti-purified C 3 

Sheep wnole serum 

rEP-Pattern of G-200-peak II anti-C
3

/1 reacting G-200 pool 

U and L - Peak 1 I sample 

T - ASWS 

SOS-PAGE (R) - (Peak II) post G-200 fraction, 

A 

B 
- SDS-PAGE Markers 

Peak II ... Bands 
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D.3.3 polyacrylamide gel electrophor-esls (PAGE) 

D.3.3.1 Simple PAGE 

Disc electrophoresis using 7.5% polyacrylamide gel, was conducted for 

pools obtained after each purification step. There was progressive reduction 

of the num bar of bands, indicating removal of undesired proteins and q sharp 

band observed for post G-200 (Peak I) pool, confirmed the charge homogeneity 

of tpe purified pr'otein (PT-2A). 

D.3.3.2 Sodium dodecyl-sulfate '80S) PAGE 

To probe the existence of disulphide linkage and number of polypeptide 

chains in the post-G-200 (peak I) C3/1 r-sacting poo~, SDS-PAGE was run using 

7% Lamelli slab gel. A similar rUl) was conducted for peak-II pool qlSD. 

A single band (PT-4A) was observed in the non reducing-condition for the 

(Peal< I) Post G-200 pool. Under reducing condi tions peak I gave two bands 

(PT-4B) and peak II pool showed three bands (PT-BeL 

0.3.4 Molecular weight determination of purified Ca 

0.3.4.1 SOS-PAGE 

Protein markers of known molecular weight (SDS-PAGE grade) were run in 

the slab (7%) gel
t 

samples of purified C
3 

(Peak I and Peak II} were also run 

in the same slab in separ'ate well spaced wells. The relative mobility of each 

marker protein band and bands obtained from sample tracks was calculated 

(Table-2) • 

A graph was plotted with log MW of marker proteins against their Rm value. A 

linear cuve (Fig.4) was obtained by least square method which followed the 

equation : 

Log M.W~ = 5.542 - 1.23 x ~m-----------(l) 



FIG .. -4 Determination of molecular weight of purified C3 by SDS­

PAGH. 

The r8lat1 ve mobility of SDS-protein markers in SOS-PAGE 

were plotted against logarithm M. W. of protein marker 

(1) Carbonic Anhydrase 29 kD (2) Bovine Serum Al bumin 

66 kD (3) Phosphorylase-B 97.4 kD (4) B Galactosidase 

116 kIJ. 
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PT-4A 

PT-4B 

SDS-PAGE OF PURIFIED C
3 

SDS-PAGE under non-reducing conditions (NR) - All three 

Lanes had purified-C
3 

Pueified C3 pattern on SOS-PAGE under reducing condition 

A 

D 

M. W. markers 

All 3 Lanes - Purified C J. 
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TABLE 2 HELATIVE MODILITIES AND MOLECULAR WEIGHTS OF MARKER 

PROTEINS/PURIFIED OVINE C
3 

Protein 

___ ....., ... a_ .,.,... ~_~'"' .... 

M.W. 
dalton 

Log M. W. Distance 

covered (em) 

-=---ZZ-----;"i'" ~-~~- ----===:; l' -';::" ...;"">==-=--=========>==~====="'_..-== 

B. Galactosi dase 

Phosphorylase-B 

Bovine serum albumin 

Carbonic Anhydraso 

Sample (C
3 

) 

Peak I 

I Band (Upper) 

II Band (Lower) 

Peak II 

116000 

97400 

66000 

29000 

128176~c 

54803* 

88453* 

43022)~ 

35431* 

*Calculated from equation - (1) 

5.064 

4.906 

4.819 

4.462 

5 

6 

7.5 

11.5 

4.60 

8.50 

5.90 

9.60 

10.5 

0.384 

0.461 

0.576 

0.004 

0.353 

0.653 

0.438 

0.736 

0.0076 
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From equation (1) using the Rm calculated for the two bands fo!" (peak I) 

purified C3 , MWs of 128176 dalton for the upper band (I) and MW of 540Q3 

dalton for the lower band (II) were calClllated gi ving a aggregate MW of 182979 

dalton to the puri fied C 3 • 

Similarly for the three bands (I,II,III) of peak n: pool, MWs of 96562, 43022 

and 35431 dalton, t'especti vely were calculated, Sf ving an aggregate of 175015 

dalton. 

0.3.4.2 Mol. wt. determination by gel filtration 

D.3.4.2.1 Caliberation of Sephadex G-200 column 

The total volume of (90 x 2.5 em) Sephadex G-200 column was calculated 

as 441 ml (V t :::: n r 2
h). Void volume V 0 was fOW1d to be 138 ml t as 

determined by gel filteration behaviour' of Blue dex1.ron-2000. 

The column was cali berated by passing four protein markers (gel filteration 

grade) of known molecular weig ht and Stokes radii. The elution volume V of e 
each marker was obtained (Table 3). A constant column loading volume of 5 

ml, flow rate of 10 rn/hr and fraction volume of 2.65 ml were faithfully 

followed for all the sam pIes. 

D _ 3. <1.2.2 Molecular weight calculation 

A graph was plotted for Log MW of rnarker proteins against their VelVa 

ratio. A linear curve (F'ig.5) was obtained by least square method which 

obeyed the equation. 

Log M. W. ::: 6.548 - 0.860 x V IV -------- (2) e 0 

From the V IV ratio of purified C (V for C3 taken as 202 mIl correspond-
8 0 3 e 

ing to fraction num ber 76 I having the maximum absoI'bance at 280 nm J a MW of 

186595 dalton was calculated for purified C3 (Peak I) from equation (2)_ 
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TABLE 3 : GEL FILTRATION CALIBRATION DATA FOR MARKER PROTEIN/PURIFIED 

OVINE Ca IN SEPHADEX G-200 COLUMN ~ 

Protejn M. W. dalton f s 

Cytocilrome"C 12,400 

Ova albumin 45 ,000 , 

Bovine serum albumin 66,000 

Alcohol dehydrogenase 150,000 

Purified C
3 

*Caloulated from equation (2). 

109 M. W. 

4.093 

4.653 

4.819 

5.176 

V ml. e 

394 

304 

277 

220 

205 

V IV e 0 

2.855 

2.210 

2.007 

1,594 

1.485 



FIG.-5 Determination of M. W. by gel filtration. 

20 mg of each protein marker in 5 ml elution buffer was 

applied to Sephadex G-200 column (90 x 2.5 ern) • 

8qui Ubrating buffer (Legend FIG. -3) flow rate of 10 ml/hr 

and fractions of 2. Bml was throughout maintained. From Ve 

of markers the ratio V IV was plotted against log M. W • e 0 

of respecti va protein marker (1) cytochrome C 12.4 kO 

(2) Ovalbumin 45 kD (3) Bovine serum albumin 66 kD 

(4) Alcohol dehydrogenase 150 kD. 
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0.3.5 Carbhohydrate estimation 

D.3.5.1 Amino sugars (Hexosamine) 

The purified CJ protein did not show a positive test fat' the presence 

of amino sugars when tested by Davidson (1966) method. 

D.3.5.2 Neutral sugar IS ( IIexoses) 

The presence of neutral sugars in purified C
3 

was confirmed I when 

tested for t be same by Orcinol-suI phu['ic acid method. Glucose and Galatose 

1: 1 v Iv mix ture was llsed as standards I neutral sugar content of purified C 3 

was 2.2%. 

D.3.S.3 PAS staining 

That the purified ovine C
3 

is a glycoprotein was demonstrated by PAS 

staining after polyacrylamide gel electro phresis of nati va protein. A faint pink 

coloured band against pinkish background was observed. 

D.3.6 Action wi ttl trypsin 

rEP of the trypsinised sample of purified C3 showed characteristic drift 

of the precipitated arc towards anode when compared with the control (PT-5A 

, , 

D.3.7 UV absorption spetra 

The absorption spectrum of the purified ovine C3 between 250-320 was 

seaned. The absorption maxima was found to be at 281 nm in the form of a 

sharp peak. 

0.3.8 Cross reactivity of purified Ca 

Cross reaction by sera of five different species viz. goat, ox, dog 1 

rabbit and man to the purified C
3 

was ascertained by DID. positive cross 
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TABLE 4 : CROSS RBACTIVE OF DIFFERENT SPECIES TO OVINB C
3

• 

Species 

Goat 

Ox 

Iluman 

Dog 

Rabbit 

Anti-purified C3 serum 

dilution 

1:0 

1:1 

1:4 

1:8 

1:0 

1:1 

1:4 

1:8 

1:0 

1:1 

1:4 

1:8 

1: 0 

1:1 

1:4 

l:B 

1:0 

1:1 

1:4 

1:8 

Result 

t 

+ 

+ 

t 

+ 

t 

+ 

t 



PT-5A 

PT-5B 

rEP-Pattern of trypsinized C3/control against anti-C 3/1 serum 

U 

T 

L 

Tr-ypsinized C3 
An ti -c 3/I serum 

Un Trypsinizad control 

Cross reactivity of anti-purified C
3 

I Against goat serum (Centre well) 

Anti-purified C3 (Surrounding wells) 

II Against cattle serum (Centre well ) 

Anti-purified C
3 

(Surrounding wells) 

III Against human serum (Centre well ) 

Anti-purified C3 (Surrounding wells) 
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reaction was S60n (PT-5B ) in case of goat and ox, while human sera gave 

positive reaction with undiluted antipurified C3 only (1:0) and no reaction was 

observed against the sera of tlog and rabbit (Table 4). 

D.3.9 STOKES RADIUS 

Stokes radius of purified C
3 

was determined from theit" gel filtration 

behaviour' on cali berated Sephadex G-200 column., Values of (-Log K ) I stokes av 
radius are Si van in Table 4. 

Treatment of gel filterotion data according to Laurent and Killander (1964) 
1 

yeilded a curve (Fig .6) when the values of (-lOg K )~ were plotted against av 
stokes radii of mar'ker prutein. By least square analysis equation that obey 

the curve was 

I 
(-lOg K )~ = 0.016 x (Stokes Radius ~ 0.023 -- ... ----(3) 

av 

The Stokes radius of 49.19 AO was calculated for purified C3 from equation 

(3) • 

D.l0 Intrinsic viscosity 

Values of intrinsic viscosity for purified C3 was calculated from the 

following equation (Tandford, 1961). 

3 M 
1/3 

________ (4} 

a = 
_".r_ ..... __ .... -

10 n N -
Where N is Avagadro number (6.02 x 1023 ) "a" Stokes radius, and M is mole ... 

cular weight of C
3 

purified. The n (intrinsic viscosity) for purified C3 \Vas 

obtained as 4.01 gm/m 1. 



FIG.-6 Determination of Stokes radii of C 3 by Laurent and 

l<illander (1964) .. 

The protein markers used were 

(2) Ovalbumin (3) Bovine serum 

dehydrogenase. 

(1) C yctochrorne C 

albumin (4) Alcohol 
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p .. 3.11 Diffusion coefficient 

Value for diffusion co-efficient were calculated from the following 

equation 

KT 

D --_ .... _----- .... 

Where K is Boltzmann constant (1. 30 x 10-16 erg/des) 

T is absolute temperature (298°K) 

n is the viscosity in poise (0.01 p) 

Iia ll is the Stokes radius of purified C
3 

The value of diffusion coefficient for purified C3 was calculated as 

-16 4.460 x 10 m2/s6c 
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TABLB 5 VALUUS OF STOKES RADIUS AND CORRESPONDING PARAMETBRS FOR 

VAIUOUS MAHKE[~ PHOTHINS AND PllRIli'IED OVINE C
3
• 

Protein Stokes radii A 0 

Cytochrome-C 16.4 

Ovalbumin 27.3 

Bovine SGrum albumin 35.3 

Alcohol dehydt'ogenase 45.0 

Purified C
3 

49 .12~~ 

*Calculated from equation (3) 

K av 

0.844 

0.547 

0.458 

0.270 

0.221 

0.271 

0.511 

0.582 

0.754 

0.809 





E. DISCUSSION 

The review of literature has already shown that information an the 

structure and biochemistry of third component of complement in human and 

some other species 1s available, but scanty reports are available for C in 
3 

common domestic species in general and sheep in particular; thus prime 

objecti VB of the investigations carried out and presented in this study was 

to provide some initial information on ovine C
3 

I 

The procedures followed for purification of ovine C
3 

did not differ 

much from the procedures used by other workers in other species; however 

enough care was taken to secure the isolation of C
3 

in its native fDrm. as 

such all the procedures regarding purification were carried out at 4°C and 

use of protease inhibitors was rigorously followed.. The relative ease with 

which this com ponent of complement can be purified is attributable I in 

part, to its high concentration in serum I 

The assay for C
3 

during purification process bas traditionally been 

followed by hemolytic assays (Barta and Hubbert 1973) based on the 

classical pathway of complement activation. These assays are performed by 

using various cellular intermediates 111<8 BAC1 guinea pig, C 4 human, (;2 

guinea pig and functionally purified C
5 

to Cg (Daha ~ al. 1 1979 ; Tack and 

Prahl 1976 ~ Shin and Mayer 1968). These assays are tedious due to their 

inherent complexity I time consuming and require fWlctionally pure inter­

mediates of complement components. On the other hand they have the advan­

tage of monitoring the purification process quanli tatively. 

An innovative procedure. basically a hemolytic assay for c3• whoreln 

the alternate pathway of complement activation is utilized was developed by 

[46] 
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Jessen at a1. (1902) , here methylamine treated plasma serves as the source 

of complement components depleted of C3 activity and rabbit REC as comple­

ment activator. This procedure sounds a definite improvement over the 

tradi tiona1 hemolytic assay. 

Also available now are specific and rapid irnmunochemical techniques 

that can be easily adopted for C3 identification and thus monitor the purifi­

cation process. fmmunochemical techniques primarily led to the perfection in 

raising of monospecific anU ... C 3 sera (Henson 1977; Kai ~ al., 1983 i Gorman 

at al.. 1981), Th8 identification of C 3 by use of anti-C 3 sera raised in a 

distant heterologous species, even though being a highly specific and simple 

technique is only qualitative in nature. 

Notwit hstanding this t the C 3 identification in the present study was 

carcied out by the use of a monospecific anti-ovine C3 serum. Monospecific 

anti-C
a 

serum was raised by the use of Inulin method (Harrison and Lach­

mann 1986). Inulin, biochemically a polysaccharide wi thout any sialic acid 1 

has the ability to serve as an acti vator surface by triggering the posl ti va 

feed back loop of ACP through favouring the binding of factor 8 in 

preference to factor H f to the solid phase C3b (Muller- Eberhard 1988) 

resulting in rapid and jrreversible covalent 'sticking I of sufficient number 

of C
3b 

molecules on to the Inulin particle. For this process, only ACP 

acti vation was ensured by the use of EGTA I which blocked any complement 
tt 

acti vation via classical route by preferential chelation of Ca ions rather 

than Mg 1 -I- ions (Bryant and Jenkis 1968; Fine ~ al. t 1972; Ferrone at all I 

1973; Platts-Mills and Ishizaka 1974) as Ca ++ ions are essential for com ple­

ment act! vation via classical pat~way. Dlocking of classical pathway was 

necessary so as to prevent its activation and subsequent covalent sticking of 

C
4 

component on inulln particles, since this complement component (C41 also 

possess a metastable thioester bond (Tack 1983). While raising the anti-C 3/I 

serum in rabbits the inulin suspension was throughly washed with PBS so as 

to ensure removal of non-C
3 

proteins adhering to inulin particles by non 

covalent attractions. The characterization of anti-C 3 serum raised hy either' 

Inulin or zymosan method is usually done by adopting Ouchterlony method 

and /01' IE P (lIenSOn 1977 i Gorman .I:!. ~l:., 1981). However Kai et ~. ( 198
3 

J 
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characlerized anti C3/zymosan serum by crossed-IEP also. In the present 

study anti C3/I serum was characterized by Ouchterlony method and IEP. By 

Ouchterlony method, using fresh ovine serum and anti-C
3

/1 serum revealed a 

single precipitation line as wall as a line, of identity. In rEP against sheep 

whole sorum a.nti-C 3/I serum was able to recognize a single protein, as 

reflected by the formation of a single sharp precipitation arc in the beta­

region of 1m munodiffusogram (PT -3A) ,out of a host of proteins present in 

the ovine serum, Similar findings were reported in cannine and feline 

systems by Gorman at a1. (1981). These observations indicated that aoti­

C3/1 serum was monospecific and could identify the C
3 

in both native and 

cleaved form. 

The present purification scheme for C3 differ very little from the 

procedures adopted for earlier purification protocols of C 3 in other species. 

This 1s a slightly modified version of purification proceudre used for 

bovine C
3 

(Menger and Aston 1985), The purification procedure adopted 

utilized initial pr-ecipitaUon of serum by PEG 6000, 7% (w Iv) followed by 

ion exchange chromatography on anion exchanger and cation exchanger I 

finally gel filtC'ation on Saphadex G-200 was done. 

Doe of the major practical problem faced dur1ng the pl1t'ification of 

ovine C 3 is acti vation/cleavage of nati va C3 molecules f This was limited 

and to some extent rectified by t l18 use of protease inhibitors I ion 

chelutors and carrying the purificalion work at 4°C. USB of EDTA, fJMSr and 

EACA in buffers for column chromatography and initial precipitation had 

found approval with other workers also (Kai et al~1 1983; Menger and 

Aston t 1985 ; Shin and Mayer 1968; Tack and Prahl 1978 ) • In the p cassn t 

study also, ED'fA, PM8F and EACA were used in comparable molarities; 

complement activation pathways were blocked by the use of divalent cat ion 

chelator EDTA, while the use of PMSF and EACA ensured the inhibition of 

serine class of serum proteases and plasmin (Bokisch !t al' l 1969) 

respect! valy, 

As described earlier the serum after initial precipitation by PEG-6000 

was fractionated on DEAB-Saphadex anion exchanger. The elution profile 



[49 ] 

obtained by the salt gradient upto O. 45M revealed three major peaks, C 3 

was found only in the third peak by Ouchterlony method. The salt molarity 

responsible for eluting the bound C3 roughly ranged from D.24M to O.29M 

NaCl. Similar observation for Bovine C3 (Menger and Aston 1985), Guinea pig 

C3 (Shin and Mayer 1968) t Human C 3 (Tack and Prahl 1976) and Canine C
3 

(Johnson ~ ~l: t 1985) are reported. In all these cases C
3 

was found to 

bind to anion exchanger and eluted out only after use of salt gradient. On 

the other hand in case of quail (Kai .!!!. al., 1983) C
3 

could be eluted out 

from DE-52 cellulose column as a first peak with a buffer having molarity 

ranging approximately from O.lM to O.15M NaCl. Mouse C
3 

was also eluted 

after the use of salt gradient from a stronger anion exchanget" viz. QAE­

Sephadex {Gyongyossy ~ aI. I 1977}. Thus the binding of ovine C
3 

to DEAE­

Sephadex column lU1dst' the buffer Goodi Hons employed in the present study 

draws a clear homology with the C3 behaviour in anion exchanger column 

from other species. 

The post DEAE-Sephadex pool was next fractionated on Cl CM-Sophadex 

cation exchanger, the elution profile revealed a forked peak in the unbound 

region and three small peaks after using the salt gradient. Under the buffer 

conditions employed ovina C
3 

did not bind to the negati vely charged resin t 

but eluted out in the fork region of the exclusion peak. None of the peaks 

eluting after application of the linear gradient of O.3M NaCl reacted with 

anti C
3
/1 serum. This behaviour of Qvine C3 is in contrast to C3 behaviour 

of catlle, which was eluted out after the use of linear gradient under 

similar conditions of pH and ionic strength {Menger and Aston 1985}. nat C3 
was found to bind to eM-Cellulose column by Daha ~~.. (1979) as also 

guinea pig and mouse C
3 

to respecti VB cation exchangers viz. eM-Cellulose 

and SP .. Sephadex (Shin and Mayer, 1960, GyongyoBsy !t aI., 1977L The 

behaviour of ovinB C in GM-Sephadex column bears simi]arity to the beha-
3 

viour of hemolytically act! ve cannlne C
3 

in CM-Sepharose CL-6B column 

(Johnson at al. t 1985). Which was reported to elute out in the unbound --
region of elution profile. 

The post CM-Sephadex pool was finally purified to homogeneity hy 

gel filtration on Sephadex G-20D. The elution profile rovealed four major 

peaks out of which the second and portion of the third peak reactod 
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positively with anti C3/1 serum in DID. Only one of the peaks (Peal< I, 

Fig. 3) was subsequently shown to contain in tact C
3 

w11ile the (Peak II I 

Fig. 3) had either a fragmented C2, Dr a contamination that raacted posit! vely 

with anti C3/1 serum 

The purified C
3 

(Peak 1) was subjected to IEP where it developed a 

single sharp precipitating arc against ASWS, thus the ability of ASWS to 

specifically recognise a single protein, confirmed the antigenic homogeneity 

of tl"l8 purified Qvine C
3

• Similar observation have been reported in rats 

(Daha at al. I 1979) l cannine (Johnson ~ !!!_. 1 1985) and guinea pig (Shin and 

Mayer 1 1968). 

Bovine C
3 

(Menger and Aston, 1985) also showed a similar two peak 

pr-oflla and both reacting with bovine anti-C 3/1 serum in CM-Sepahdex 

elution. 

But rEP of fractions reacting with Anti C3/1 serum (Peak II) pool 

showed a clear contrast to peal<: rr pattern in IEP when rWl aginst ASWS; a 

cleaved arc and a separate arc on anodal side were observed I a similar 

behaviour exhibited by inactive forms of human C3 was reported by Henson 

(1977). This led to the conclusion that the peak Ie anti ... C3/I reacti.ng frac­

tions could be a form of Qvine C
3 

that is fragmented. This was further' 

substantiated by SOS-PAGE character of peak II pool. 

Purified Dvine C
3 

when run in IEP against anti-C3/ 1 serum gave a 

sharp arc (PT ... 3A) which was posi tionally comparable wi th the arc deve­

loped by sheep wl101e serum against anti Call serum. Thus it could be 

safely assumed that the purified C
3 

was the sarna protein which anti C3/1 

recognised from sheep serum. As, a slight positional shift towal'ds anode by 

purified C
3 

could be interpreted as fragmented Ca (Henson 1977; Gormllll ~ 

al., 1981: Pepys ~ a1., 1977). 

Comparati va immunoelectrophoresis was performed in order to show 

the step wise pur!~Gat1on of C
3 

and to know the changes in its 8)~~PhO-
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retia mob! lity during purification steps. The aliquotes from different purifi­

Gation steps were roo against ASWS. It was evident by Successive reduction 

of pC6ci pi tating arcs that the contaminating proteins were reduced as the 

purification process proceeded till a single p recipi tating arc corresponding 

to Sephadex G-200 Peal< I was reached. The electrop horelic mobility of the 

ovine C3 was same throughout the whole procedure. tll11S indicating that the 

native configuration of the C3 protein was maintained. 

Henson (1977) reported a change of electrophoretic mobility of native human 

C3 towards anode when inactivated/cleaved. The anodal drift of C
3b

/C
3c 

relati VB to the nati ve C 3 has been well recorded in human, mice, feline and 

cannine species (McConnel at al .. I 1978; Henson 1977; Pepys at aL, 1977j 

Gorman at a1., 1981). 

To follow the progress of purification I polyacrylamido gel electropho­

resis of different aliquotes from various purification steps was conducted. 

The 881s showed a progressive reduction in the number of bands as the 

purification progressed. Finally a single dIscrete band is clear'ly observed 

for the purified C 3 (Post-G-200 Peal< I aliquote). Thus confirming charge 

homogeneity of the purified C
3 

I a similar observation was reported for 

guinea pig C
3 

(Shin and Mayer 1968). 

As already mentioned, the purified C3 was also analysed by SDS-PAG~ 

under both reducing and nan-reducing conditions. This provided information 

about the sub unit structure and existence of disulfide linkage f if any. Both 

the fraction viz. Peak I and Peak II obtained after final gel filtration step 

were analysed. 

Under the non reducing conditions a single band was observed I though 

this was not sharp but a diffused one; nevertheless the homogeneity of 

purified C
3 

under denaturing conditions can safely be assumed. Similar, 

single band 5DS-PAGE pattern for purified C3 under non reducing condition 

is a well established (Daha at al., 1979 i Aston and Menger 1985; Gynogossy 

1977) • 
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SDS-PAGE of purified CJ (Peak I) under reducing condition reveal(1d 

two bands I CO(TGsponding to two polypeptide chains linked by dlsulphide 

linkage. The M. W. of chains i. e. chain I and chain rr was determined as 

128.17 kD and 54.80 kD r'especti vely I g1 ving an aggregate of 182.9 kD for 

the purified C
3

• 

The two chain structure of the purified ovina C
3 

bears homology with 

the C3 molecules from the other species which show a similar two chain 

structure i but on the basis of molecular weight of purified C
3 

and its 

subunits the closest parallel can be drawn with bovine C
3 

having aggregate 

M. W. of 18S kD (Mayer and Aston 1985). For sub uni ts ~ the MW for chain I 

of Dvine C3 is closest to cannine C3 Q{ chain which has a MW of 126 k[) 

(Gorman ~ al., 1981) but chain II of ovina C
3 

has a lower M tv com pared to 

the p chains of ot her species I which range from 65 l<D for Dog fJ chain 

(Johnson at al., 1985) to 76 kD for Rat ~-chain (Daha at a1., 1979). 

The 8DS-PAGE (reducing) pattern of the peak II anti-C3II t'eacting 

material gave three bands, corresponding to the MW of 98.45 kD t 43,,02 kD 

and 35.43 kD with an aggregate of 176.90 kD. Similar findinB was reported 

by Molenaar ~ !!h (1975) foL" human C
3 

where C3b on reduction ga ve four 

chains and C
3c 

gave two chains. Also for bovine C3 , Menger and Aston 

(1985) repoeted some anti-C
3

/1 reacting fractions in eM-Sep hadex elution 

profi Ie t hat on reduction gave three bands of 69 kD I 40 kD and 29 kD. It 

was reported to be C on the basis that the largest cl1ain had identical 
3c' 

MW to beta chain of the purified native C3 and MW of other two chain.s 

were similar to those of alpha chain fragments. 

liowever in the present study I establishing similar analogy can peove 

faul ty and further investigations are needed to reveal the actual natura of 

the peal< II protein. It can be, of course assumed that tile peak II prolein 

is a fragment of native C
3 

with or without contaminating proteins. 

Mol. wt. of purified Dvine C
3 

was also esta blished by gel fi llration 

met hod and a MW of 186.59 kD was calculated. T his is very much com par'a-

ble with the MW obtained by SOS-PAGE. 
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The glycoprotein nature of the ovine C
3 

was established by PAS­

staining following gel electf'ophoresis. Analysis of the carbohydrate moiety 

was also carried out, The presence of amino sugar could not be detected by 

the procedure of Davidson (1966)" However, the neutral sugar, content of the 

purified G 3 was found to be 2.2% (w /w) • 

The glycoprotein nature of human C
3 

was reported by HI rani at ale 

(1986) and a 2% of total mass of human C
3 

was attributed to carbohydrate 

content. C 3 was found to contain N-acetylglucosamine and mannose in the 

ratio of 1: 4 i a comparable report for human C 3 carbohydrate content was 

also reported by Tack and Prahl (1976), a total 1.5% (w/w) carbohydrate 

content (0.3% amino sugar and 1.2% neutr'al sugar) was reported. No report 

about the presence of amino8ugar in purified C
3 

from other domestic species 

is available. 

Purified ovine C3 showed the expected anodal drift on trypsinization 

rela ti ve to the untrypsinized control. This behaviour of ovine C 3 was 

similar to that of human Ca (Tack and Prahl 1976). The change in olectro­

phoretic mobili ty could be due to cleavage of 0< chain or r chain of the 

native C
3 

(Gorman ~ al q 1981; Minta ~ aL, 1977). 

In view ot a relati vely high degree of homology of C3 over species f 

simple DID was conducted to assess the ability of ovine anti-purified C3 
serum to react with whole serum from other species, The results showed 

that anti-purified C
3 

reacted with the serum of ruminants (goat and catlle) 

in almost similar dilution of anti-purified C3 serum ~ However I human sera 

eUei ted positi VB reaction only with undiluted antisera ~ Dog and r8 bblt SGrllm 

failed totally to react with the anti-purified C3 serum. 

Tosie et al. (1909) reported that anti-human C3b monoclonal antibodies 

cross reaGte~ wIth primate derived C3b , but failed to gIve a [Jositive 

reaction with non primate deri ved C
3b

• Kai at a1. (1963 j showed the cross 

reactivity of anti quail C
3 

serum with only quail and chicken sera but not 

wi th mammaliq_n sera, It is quite indicativa from these studies that cross 
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reacti vity of C3 over the species is phylogeny related. The results of the 

present study in t his regard seem to substantiate the above fact, though tlle 

method adapted for cross reactivity test is not as sensitive as a technique 

like indirect ELISA etc. 

The values of hydrodynamic parameter viz. stokes radius I intrinsic 

viscosity and diffusion coefficient suggest that the purified ovine C
3 

has a 

com pact I globular configuration (Gosting 1956; Yang I 1961). 

The results 1 pertaining to the hydrodynamic features of the purified 

ovine C
3 

I however, cannot be compared with a similar data from other 

species as no published report is available pertaining to these data. 

In conclusion the present study has established the ovine C3 to be a 

disulphide linked two chain glycoprotein with a MW of 182±5 kD and bears 

homology wi tl1 other species in some aspects while stand unique in others. 

This study will pave way for characterization of other complement 

component of ovina species which would faoilitate further investigation into 

the molecular organisation and function of ovine complement system. 



'"SUMMARy 
.... ' , 'I "'" 'J 



F. SUMMARY 

Com ploment is a complex sorles of some twenty proteins which 

form one of tho classical example to triggered enzyme complex, when 

act! vated. Complement system comp:;ris6s of mora than twenty chemically 

and lmmunologically distinct plasma proteins which have the capacity of 

interacting among themselves as well as with antibody and cell 

mem branes . Once activated f this system gives rise to a wide spectrum 

of biochemical acti vi ties, that terminate with the lysis of di fferent 

cells I bacteria or viruses. 

C
3 

is one of the thirty complement proteins recognised to date and has 

bean the fOGUS of intonsive studies due to its important role in 

complement acli vation pathways. In human I this 185 kO protein is the 
-1 

most abul1dant among the complement proteins in serum (1-2 mg.ml ). It 

is compr'ised of two polypeptide chains f a 110 kD 0( chain and a 75 kD 

P chain linked together by one disulfide bond. Molecular weight of 

guinea pig C
3 

is reported as 180 l<D, while as rat C3 M.W. is 187 l<D. 

Dog, cat have MW of 179 kD and 197 kD respectively, in each case lhe 

C
3 

molecule comprises of two chains. 

The literature available regarding C3 from human and SQUlB other 

species is enormous t while as scanty reports are available for C3 in 

species of domestic animals. 

The third component of complement has been purified from fresh 

sheep S8J:'um employins an initial fractionation with polyethylene glycol 

followed by sequential depletion of contaminating serum proteins by ion 

exchange chromatography on DEAE-Sephadex and CM-Sephadex followed by 

gel filtration on Sephadex G-200. 

r 55 J 
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Final concentration of purified protein was 0.735 mg/ml 

approximately. During purification C3 was monitored by immunochemical 

techniques using anti-C3/1 serum raised in rabbits. 

Purified C3 when subjscted to SOS-PAGE revealed two bands 

corresponding to 1 wo chains of MW 128.17 kD and 54.80 kD with an 

aggregate of 182 kD. MW of purified C
3 

as deduced by gel filtration was 

calculated to be 186 )<D. 

The purified C 3 was also confirmed to have neutral sugar maeities 

to 2.2% w / W I w hi Ie no amino sugar CQuld be confirmed. Trypsinization of 

purified C
3 

elici ted the expected anodal drift and in this regard was 

very much homologous wi th C3 from other species, 

Cross reactivity of anti-purified C3 gave positive results with 

ruminant ser'um only I substantiating the hypothesis that C3 cross 

reacti vi ty across the species is phylogeny related. 

Biophysical parameters like Stokes r~dius (49.12 AO) diffusion 

coefficient (4.460 x 10-16 m 2 sec) and intrinsic viscosity (4.04 gm/rnl) 

was calculated from the caliberation data of purified C3 on G-200 column 

which indicated C
3 

to be a compact globular protein molecule. 
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a) 

(1961). 

H. APPBNDIX 

Reagents used fOI" Production of An i t C3/1 Serum 

Veronal buffered saline (VBS) (5x) pH 7.4 according to Mayer I 

Solution A Barbituric acid 5,75 g 

Hot D. W. 500 ml 

Solution B NaCl 85 g 

Sodium barbitone 3.75 g 

D.W. 1500 ml 

Solutions A and B were mixed and pH adjusted to 7 ~4. 

b) Phosphate buffered saline (PBS) pH 7.2 

NaCl 0.0 9 

KCl 0.2 g 

Na2f1PO 4 1.15 8 

KH ZP04 0,2 g 

D.W. 1000 ml 

1I.2 Buffer for Immunoprecipitation Teclmiques Tris-borate Buffer (pH 

8.6, O.05M) 

O.05M Tris was made I of the required volume I subsequently 

titrated with boric acid dissolved in warm D.W. pH 8.6 was adjusted at 

25°C. 

11.3 

H.3.1.l 

Buffer's used during purification Procedure 

phosphate Buffer (PB) Stock Solution O.2M. pH 7.0 

Solution A 

Solution B 

O.2M Monobasi c Sodium Phosphate 

O.2M Dibasic Sodium Phosphate 

Solution A and 8 were mixed in the ratio 39 ~ 61 to get 100 ml of 

PB O.2M, pH 7.0. 



[ii] 

H.3.1.2 Phosphate Buffer (PB) O.lM pH 7.5, 7\ PEG 6000 and O.15mM PMSF 

PB stock was diluted 1: 1 with distilled water and made 7% with 

PEG 6000 and O.15mM PMSF. The pH was adjusted to ? .. 5 at 25°C. 

H.3.1.3 PB, 25mM, pH 7.0, Containing 20mM EACA. 25mM EDTA 

PB stock was diluted 1: 7 with 0 I W • i thi s buffer was made 5mM 

EDTA, 20mM EACA. by adding required amounts of respective chemicals and 

final pH was adjusted to 7.0 at 25°C, 

H.4 

1-1 .. 4.1 

7.0) 

Buffer used 111 Chromatographic procedures 

DEAB- anion ~xchange chromatography (PB 25mM. 5mM EDTA pH 

Starting buffer : PE stock was diluted 1: 7 wit h 0 .. W.. and then 

brought to 5mM EDTA and 0.03% sodium azide concentration, pH adjusted to 7.0 

at 4 DC. 

Final buffer : Same as the starting, but was brought lo G. 45M 

NaC!. 

H.4 .. 2 Buffer used in eM Sephadex Cation exchange Chromatography 

Stack buffer : Tris acetate O.lM pH 6.6 O.lM.Tris solution was 

prepared in D. W., and Utrated against acetic acid at 4°C until pH reached 

6.B. 

Starting buffer: Tris acetate 20mM pH 6.6 5mM EDTA 0.03% Sodium 

azide. Stock buffer was diluted 1: 4 by D. W. and ['esulting buffer broug ht to 

5mM EDTAI 0.03% sodium azide, pH 6.B was adjusted at 4°C. 

Final buffer : This was same as the starting buffer but contained 

O.30M NaC}, 



[iii] [iii] 

H.4.3 Buffer used in. Sephadex G-200 exclusion chromatography 

PE 25mM pH 7.0 containing 25mM EACA, 5mM EDTA, 150mM NaG} and 

0.03% Sodium azide. 

FB stock was diluted 1: 7 with D, W. I l:'6sulting buffer broug ht to 

5mM EDTA, 25mM EAGA, 150mM NaCl and 0.03% sodium azide, by adding 

required amOW1t of respective chemical; pH was adjusted to 7.0 at 4°C I 

H.5 

H.5.1 

Reagents used in Polyacrylamide Gel Electrophoresis 

Simple PAGE (Davis. B.J., 1964) 

Solution A (Separating Gel Buffec) 

iNliel 

Tri8 

Tamed 

o I water added to make up 100 mI. 

48 ml 

36.6 gm 

0.23 ml 

Solution B N IN-methylene bisacrylamide 

Acrylamide 

O. 735 g 

28.0 g 

o.w. added to make up 100 ml. and stored in brown bottle at 4°C, 

the solution was filtered before uss. 

Solution C : Ammonium per sulfate 0.2 gm dissolved in 100 ml. 

D. W. (prepared immediately before use). 

Electrode buffer : 

Tris 

Glycine 

D.W. 

0.60 g 

2.88 g 

1000 ml 



[Iv] 

Staining solution : 

Comassie bri lliant blue 0.1 g 

Glacial acetic acid 10.0 ml 

Methanol 45.0 ml 

D.W. 45.0 ml 

FixaU va solution : 

Glacial acetic acid 

Methanol 

O. vv · 

. 
• 

10.0 ml 

45 fO ml 

45.0 ml 

Destainel" solution 

H.S.2 

Glacial acetic 

Methanol 

D.W. 

10.0 ml 

10.0 ml 

80 ml 

Reagents for SOS-PAGE according to (Laemmli 1970). 

Solution A • • Separating Gel Buffer (5x) 

5 (0.0375 M Tris Hei buffet' pH B.O with 0.1% SOS] 

OR 

Tris 

SDS 

22.71 8 

O~l 9 

D. W. added to make final volume of 100 ml after pH ad jus ted to 

B.B t with BeL, at 20°C. 

Solution B Stacking Gel Buffer (5x) 

5 [0.125 M Tris.HCl, pH B.B with 0.1% SDS] 

OR 

Tris • , 7.57 g 



[v] 

5DS 0.1 g 

D. W. added to make final volume of 100 ml after plI ad justed to 

6.8 with Hel at 20°C. 

Solution C · • Stock acrylamide/Bisacrylamide solution 

Acrylarnide 29.2 gm 

BIS O.B gm 

D. W. added to 100mI (stored in brown bottle at 4°C). 

Solution D · • Sample buffer 

Tris 0.75 g 

80S 1 gm 

Sucrose 5 gm 

Beta Mercaptoethanol Z.O ml 

Bromophenol blue .001 gm 

D.W. added to make final volume of 50 

He 1 at 20°C. Stored in aliquotes I at 4°C till used. 

ml pH 6.8 ad justed with 

Solution E Electrolyte buffer (0.025M Tris 1 pH 8.3 I Glycine 

0.192 M, SDS- 0.1%) 

Tris 

Glycine 

SOS 

3.028 g 

14.4 g 

1.0 g 

D. W. added to make up final volume of 1000 mI. 

Solution F • • TEMBD . . 0.025% solution (v Iv) 

Solution G · • Ammonium per sulfate: 0.25% (w/v). 

Solution II • • Fixati va solution 

Glacial acetic acid 

Methanol 

D.W. 

10,,0 ml 

50,,0 ml 

50.0 ml 



H.5.2.1 

H.5.2.2 

[ viJ 

Solution I • • stainer solution 

Coomassie brilliant blue 

Glacial acetic acid 

Isopropyl alcohol 

D.W. 

Solution J • . Dastainer solution 

Glacial acetic acid 

Isoprophyl alcohol 

D.W. 

Com post tion of separating gel 

0.1 gm 

10.0 ml 

50.0 ml 

50.0 ml 

10.0 ml 

10.0 ml 

80.0 ml 

10% acrylamide 2.5% BIS for every 10.5 ml gel 

Solution C = 2.5 ml 

Solution A = 2.0 ml 

Solution G = 1.0 ml 

Solution F = 0.25 ml 

D.W. = 4.25 ml 

Composition for stacking gel 

4% acrylamide; 2.7% BIS for every B. 5 ml of stacking gel. 

Solution C 1.0 ml 

Solution B 2.0 ml 

Solution G 2.0 ml 

Solution F 0.25 ml 

D.W. 3.25 ml 

H.6 Reagents used in Carbohydrate Estimation and Identification 



H.6.1 

H.6.2 

11.6.3 

( viil 

Hexozamlne estimation 

PDMAB reagent : 

P-dimethyl amino benzaldehyde 

Ethanol : Concentrated HCL solution: 

Neutral sugar estimation 

Orcinol-sulfuric acId reagent 

H2S0
4

; D.W. mixture (3:2 v/v) 

Orcinol solution 1.6% (w/v) 

P AS staining reagents 

Schiff t S reagent 

677.5 mg 

25 ml 

7.5 ml 

1.5 ml 

1 g of basic fuchsin dissolved in 200 ml of boiling distilled 

water; solution was stirred and cooled to 50°C and filtered. To the filtrate j 

20 ml of 1 N IICL was added. The solution was cooled to 25°C and 1 g of 

potassium metabisuphite was added. This solution was kept in dark for 24 

hours. The solution was shaken for one min after mixing with 2 g of activated 

charcoal. This mixture was filtered and the filterate was stored at room 

tem pera ture. 

H.7 Reagents for Trypsin action on purified C3 

Tris Borate buffer pH 7.4 (O.05M) as explained elsewere (H.2) 

used to make 1% trypsin solution. 

H.a Reagents used in protein estimation 

Lowry·s Method 

Stock solutions 



[Viii] 

Solution A 

(1) 2% (w Iv) sodium potassium tartar-ate 

(2) 1% (w/v) copper sulphate solution 

(3) 2% (w Iv) sodium carbonate in 0.1 N sodium hydrox.i de. 

(1f, (2) and (3) were mixed in the ratio of 1:1:100 (v/v/v). 

Solution E (Falin-phenol reagent) 

Commercially avaIlable. 
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