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Location of the disulf ide bonds connecting three polypeptide chains 
(~3, 27kd; 2, 43kd; B, 75kd) of C3c has been investigated by partial 
reduction with cysteine followed by alkylation with 14C-monoiodoacetic 
acid. Treatment of C3c with cystein produced a par t ia l l y  reduced 
fragment, composed of disulf ide-l inked B and ~3 chains. A single th io l  
residue was detected on the e3 chain but not on the B chain of the 
fragment, suggesting that the ~2 chain in C3c is linked through a single 
disulf ide bond to the ~3 chain but not to the B chain. ®1985Acad~ic 
Press, Inc. 

The third component of complement, C3, is composed of two 

disulf ide-l inked polypeptide chains of 120 kd (~ chain) and 75 kd (B 

chain) (1). Although the primary structure of C3 by sequence analysis of 

cloned cDNA of murine C3, was reported as this work was in progress (2), 

the location and number of the disulf ide bonds l inking the two chains of 

human C3 s t i l l  remain uncharacterized. 

C3 is cleaved by various serum proteases to yield several fragments 

termed C3a, C3b, iC3b, C3c, and C3dg (3-6). iC3b (180 kd) is composed of 

three disulf ide-l inked polypeptide chains; intact B chain and two ~ chain 

fragments of 68 kd (~1) and 43 kd (a2), and yields C3c and C3dg upon 

limited proteolysis on the 68 kd fragment. C3c (140 kd) is composed of 

+To whom a l l  correspondence should be addressed. 

Abbreviations used: Complement components are identi f ied according to 
World Health Organization recommendations (1981); kd, k i lo  daltons; 
SDS(PAGE), sodium dodecyl sulfate (polyacrylamide gel electrophoresis). 
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three disulfide-linked polypeptide chains; intact B chain and two chain 

fragments of 43 kd (a2) and 27 kd (:3) (4,6). 

Uti l izing partial reduction of C3c with cysteine followed by 

radiolabelling with 14C-monoiodoacetic acid, we obtained evidence 

suggesting that the a2 chain is linked through a single disulfide bond to 

the :3 chain, with which the B chain is also disulfide-linked. Based on 

the present data and the reported primary structure of murine C3 (2), a 

possible location of disulfide bridges connecting the a and B chains of 

human C3 wil l  be proposed. 

EXPERIMENTAL PROCEDURES 

Materials Human complement components, C3(4) and I(7), were purified as 
reported. Purified H and B were obtained as by-products of the 
purification of C3(4) and C2(8), respectively (unpublished). iC3b was 
prepared by incubating elastase treated C3 with I and H for 6 hr at 37°C 
in 20 mM phosphate buffer, pH 7.5, containing 0.15M NaCl (9). The weight 
ratio of C3:I:H was 100:1:5. C3c was prepared by incubating iC3b with 
human plasma kall ikrein as reported by Meuth et al. (10) and purified by 
gel f i l t ra t ion  through Sephadex G-200. Plasma kall ikrein was purified as 
reported by Nagase and Barret (11). 

Partial reduction iC3b and C3c were part ial ly reduced b~ incubating with 
20 mM cysteine in i% SDS-IO mM Tris buffer, pH 7.5 at 37-C for 30 min. 
Partial reduction was assessed by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE), which was performed with 7.5% acrylamide 
gels according to the method reported by Fairbanks et al. (12). 
Acrylamide gels were stained with Coomassie br i l l ian t  blue R-250. 

Determination of thiol residue Cysteine-treated C3c was subjected to 
centrifugation through Sephadex G-25 as described by Janatova et al. (13) 
to remove cysteine. Then, the part ial ly reduced C3c (200 ~g) was 
radiolabeled with 7.5 ~Ci of 14C-monoiodoacetic acid (56 mCi/mmol) in 
the presence of 1% SDS-8M urea at pH 8.5 and subjected to SDS-PAGE. One 
gel was stained with coomassie blue and the remaining unstained gels were 
sectioned by reference to the stained gel, The gel segment corresponding 
to :3-B chain complex was extracted with i% SDS-8M urea by repeated 
freezing thawing and was followed by gentle st irr ing for 2 hr at room 
temperature. The extract was reduced with 1% 2-mercaptoethanol and 
subjected to SDS-PAGE. The gel was stained with coomassie blue, scanned 
at 550 nm, and sectioned into 2 mm segments. The gel segments were 
placed in scint i l lat ion vials and incubated with the solubilization 
cocktail (Protosol-Toluene-Water, 9:10:1 (v/v/v) for 2 hr at 60°C then 
for 2 hr at -80-C and f inal ly  for 2 hr at 60°C. After addition of 
Econofluor, the radioactivities were determined by liquid scint i l lat ion 
counter. Similarly, 14C-monoiodoacetic acid-treated B which contains a 
single radiolabeld thiol residue was processed, and the ratio of 
radioactivity to protein concentration of B was used as a standard for 
estimation of the thiol residue in the :3 and B chains. 
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RESULTS 

Partial reduction of iC3b and C3c. Fig. i shows the SDS-PAGE of 

par i ta l ly  reduced iC3b and C3c. Mild reduction of iC3b with cysteine 

yielded an intermediate fragment of 143 kd, which was assigned as el-B 

chain complex from its molecular weight. A fragment corresponding to 

~2-B chain complex (118 kd) was not detected. In the case of C3c, an 

intermediate fragment of 102 kd was detected. This was assigned as :3-B 

chain complex from its molecular weight and subsequent SDS-PAGE after 

extraction and reduction of the fragment. In this case too, ~2-B chain 

complex was not detected. These results suggested that the B chain in C3 

was linked to the ~ chain only through the cysteiny] residue on the 27kd 

~3 fragment and that there is no disulf ide linkage between the 43 kd ~2 

fragment and the B chain. 

Radiolabellin~ of part ia l ly  reduced C3c Alternative possibi l i ty was 

that, although there are disulfide bonds between the 43kd e2 chain and B 

chain, these disulfide bonds are rapidly reduced with cysteine so that 

the ~2-~ chain complex could not be detected upon SDS-PAGE. I f  this were 

the case, free cysteine residues would be detected on the B chain of :3-B 

chain complex. 

iC3b C3c 

kd c~Z. l" kL o 145 
o ,-0 143 . . . . . .  a. 102 

75 ~ 0 - . , ~  75 

"" 27 o~ 3 

~ SDS-PAGE of partially reduced iC3b and C3c. iC3b and C3c were 
with cysteine and subjected to SDS-PAGE as described in Methods. 
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l iq. 2. SDS-PAGE of reduced, radiolabeled :3-a chain complex. 
C-4C-moniodoacetic acid treated e3-B chain complex was reduced with 1% 

mercaptoethanol and subjected to SDS-PAGE. The gel was stained with 
coomassie blue (upper panel) and sliced into 2 mm segments. The 
radioactivity of each segment was determined as described in Methods 
(lower panel). 

To address this possibi l i ty,  par t ia l ly  reduced C3c was treated with 

14C-monoiodoacetic acid and the radiolabeled :3-B chain complex was 

purified by SDS-PAGE. The purif ied complex was reduced with 

mercaptoethanol and subjected to SDS-PAGE. As shown in Fig. 2, two bands 

of 75kd (e chain) and 27kd (~3 chain) were stained with coomassie blue. 

The gel was sliced into 2 mm segments and determined for the 

radioactivi ty. As shown in Fig. 2, the radioactivity was found to be 

incorporated mostly into the 27 kd :3 fragment and only s l ight ly into the 

e chain. Ut i l iz ing 14C-monoiodocetic acid-treated B as a standard 

having a single radiolabelled thiol residue, i t  was estimated that the 

radioactivity in the 27kd band represented 0.5 thiol residue per mol, 

while that in the chain represented 0.1 thiol residue per mol. This 

results suggests that ~3-e chain complex has a single thiol residue on 

the :3 fragment but not on the B chain and thus makes i t  unlikely that 

there is an inter-chain disulf ide bond between B and ~2 chain. 
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DISCUSSION 

Isenman et al .  (14) reported that in the absence of denaturing agent 

the three intra-chain d isu l f ide  bonds on the ~ chain of C3 were 

se lec t i ve ly  reduced upon treatment of C3 with 2mM d i t h i o t h r e i t o l  but the 

inter-chain d isu l f ide  bond connecting the ~ and B chain were only 

p a r t i a l l y  reduced, even with 60 mM d i t h i o t h r e i t o l .  This resu l t  suggested 

that the inter-chain d isu l f ide  linkages connecting the : and ~ chains of 

C3 are more stable to reduction than the intra-chain d isu l f i de  bond. 

In the present study, par t ia l  reduction of C3c with cysteine 

produced a complex composed of d i su l f i de - l i nked  ~3 and B chains. A f ree 

cysteine residue appears on the ~3 fragment of :3-B chain complex. This 

resu l t  suggests that the ~2 fragment is l inked to the ~3 fragment via a 

single d isu l f i de  bond and the d isu l f i de  bond l ink ing the two ~ chain 

fragments is highly susceptible to reduction with cysteine. 

Evidence that no free th io l  residue was detected on the ~ chain of 

~3-B chain complex is strong evidence against the p o s s i b i l i t y  that the ~2 

chain is also d isu | f i de - l i nked  to the ~ chain. Recently, sequence 

analysis of cDNA of murine C3 has revealed that there are two cysteine 

residues in the 27kd counter part of the ~ chain and three cystein 

residues in the v i c i n i t y  of the C-terminal of B chain (2). I f  th is  hold 

also for  human C3, i t  seems that there are two cysteinyl  residues on the 

~3 fragment; one is forming a d isu l f i de  linkage with the B chain and the 

other is forming a d isu l f i de  l inkage with the ~2 fragment. In addit ion, 

i t  suggests that the two remaining cysteinyl  residues on the B chain form 

an intra-chain d isu l f i de  l inkage. The i n te r -  and in t ra-chain d isu l f i de  

linkages of C3 are diagrammatically presented in Fig. 3. 

% SH 
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A possible model of the disulfide-linked C3c. The exact 
ns of thiol residues forming inter-chain disulfide bonds are 

unknown. 
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