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The Third Component of the Guinea Pig Complement System. 
IT. Kinetic Study of the Reaction of EAC’4,2a with Guinea Pig 
C’3. Enzymatic Nature of C’3 Consumption, Multiphasic 
Character of Fixation, and Hemolytic Titration of C’3“ 

H>un S. Shin and Manfred M. Mayer 

A B s m A c r :  Kinetic analyses of C’3 consumption and 
SAC’4.2a.3 formation indicate that fixation of C’3 is a 
multiphasic process. The initial velocity of C‘3 con- 
sumption Laries with the concentrations of EAC’4.2a 

T he concepts and experimental tools used in the pres- 
ent work on C’3l are essentially similar to those em- 
ploced in preceding studies of C’l ,  C’4, and C’2. There- 
fore. it will be helpful to review briefly the early reaction 
stages of the C’ system. 

In the first step of the hemolytic process mediated by 
antibod! and C’, antigen-antibody complexes are 
formed on the erythrocyte membrane by addition of 
appropriate antibody to erythrocytes. These antigen- 
antibody complexes adsorb C’1 and change it to an ac- 
tive enzyme (Lepow et al., 1954) designated C’la, which 
then mediates the fixation of C’4, mostly to the cell mem- 
brane (Muller-Eberhard and Lepow, 1965). This pro- 
cess is rather inefficient and only a small proportion of 
the C’4 becomes fixed while the greater part ends up as 
an inactive derivative in the fluid phase of the reaction 
sy stem. 

The next reaction step, also mediated by C’ la ,  in- 
volves the fixation of C’2 to receptors on the previously 
fixed C’4 molecule (Stroud et a/., 1965; Sitomer et a/., 
1966). Detailed studies of this process have shown that 
C’la cleaves the C’2 molecule into a fragment, C’2a, 
which becomes bound to C’4 and a fragment, C’2i, 
Hhich is hemolytically inactive and which ends up in 
the fluid phase of the reaction system (Maqer. 1965). 
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1 Abbrriiations used that are not listed in Biochemisrr>. 5, 
1445 (19661, a re :  E. sheep erythrocyte; A, antibody to  the boiled 
stromata of sheep erythrocytes; S, site on  the E surface capable 
ofreactingwith .A and  complement components; C’, complement; 
C’j. jrh component of complement; C’ja, activated form of C’j; 
SAC’i.j,k, S which has reacted with A and C’i, C‘j, and  C‘k: 
EAC‘i,j,k. E carrying at least one SAC’i,j,k plus any number of 
precursor jitss of SAC‘i,j,k i n  the hemolytic sequence but none 
of its successors: S * ,  S uhich has reacted with A and all com- 
plement iomponents.  

and C’3 according to Michaelis-Menten kinetics. The 
cell-bound C’3 is stable. For the subsequent reaction 
with C’5 cell-bound C’2a and C’3 are required. A pro- 
cedure for hemolytic titration of C’3 is presented. 

The hypothesis has been advanced that C’la opens a 
susceptible bond in the C’2 molecule, thus exposing a 
reactive group on the C’2a fragment which then binds to 
a receptor on C’4, provided a C’4 molecule is imme- 
diately available for reaction (Stroud et a/., 1966). If this 
is not the case, the C’2a fragment loses its capacity to 
combine with C’4 and it is thought that this may occur 
by combination of the reactive group on C’2a with a 
molecule of water instead of C’4. This interpretation is 
derived from the fact that incubation of C’2 with C’ la  
in the fluid phase, i.e., in the absence of cells, antibody, 
and C‘4> results in the formation of fragments of C’2 
which are hemolytically inactive (an essentially similar 
concept has been proposed for the fixation of C’4 by 
C’ la ,  except that no fragments of C’4 have been found 
(Muller-Eberhard and Lepow, 1965)). 

The cell-bound C’4,2a complex then acts on C’3 and 
mediates its fixation, probably to receptors on the cell 
membrane. In a study of this reaction with l?~II-Iabeled 
C’4 and 13lI-labeled C’3, Muller-Eberhard et a/ .  (1966) 
observed that one C’4,2a complex mediated the fixation 
of several hundred molecules of radioiodinated C‘3. On 
this basis he proposed that C’3 becomes “activated” by 
the C’4,2a complex, the latter acting like an enzyme. 
Some of the activated C’3 becomes fixed to the cell mem- 
brane, while the remainder ends up in the fluid phase in 
inactive form. This hypothesis of C’3 fixation is also 
essentially similar to  that proposed for the fixation of 
C’2. Indeed, recent experiments indicate that the C’3 
molecule, like C’2, is broken into several fragments and, 
presumably it is one of these fragments that becomes 
fixed to the cell (Mayer et al., 1967). 

When highly purified C’3 became available, as de- 
scribed in the preceding paper (Shin and Mayer, 1968a), 
we started a quantitative and kinetic study of its reaction 
with EAC’4,2a by hemolytic methods along two lines of 
approach, namely, kinetic and quantitative studies of 
the disappearance or consumption of hemolytic C‘3 
activity and kinetic studies of the formation of sites in 
the state SAC’4,2a,3. The results of these experiments 
are presented in this paper. 2997 
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Materials and Methods 

Complement Components. Purified guinea pig C’3 
(lot 9, 43 pg of nitrogenjml by micro-Kjeldahl analysis 
and 10,000 units of C’3/ml), prepared as described (Shin 
and Mayer, 1968b), was used in all of the repxted  ex- 
periments. All experiments were repeated with another 
batch of C’3 (lot 7, 22 pg of nitrogen and 5000 units of 
C’3 per ml), prepared in the same manner. Partially pur- 
ified C‘2 was made by the method of Borsos et a / .  
(1961a). Methods described by Nelson et al. (1966) were 
used for the preparation of partially purified C’5, C’6, 
C’7, C’8, and C’9, except that C’9 was further purified 
by disc electrophoresis in polyacrylamide gel (Davis, 
1964) in order to remove contaminating C’3. Briefly, 
guinea pig pseudoglobulin separated at pH 7.5 and ionic 
strength 0.04 was purified on  DEAE- and CM-cellulose 
columns, as described by Nelson et al. (1966). The C’9 
pool was concentrated by ultrafiltration. Approximately 
200-300 pg of protein containing C’9 was mixed with 
an equal volume of 10% sucrose and layered on the 
large pore polyacrylamide gel. The inside diameter of 
the glass tube containing the gel was 1.4 cm and the 
large pore and small pore gels were 1 and 7 cm long, 
respectively. The small pore gel contained 7.0% acryl- 
amide and 0.2 z bisacrylamide. Electrophoresis was 
run at  3-6”, 5 mA at 150 V, until the band of contam- 
inating hemoglobin emerged from the anodal end of 
the small pore gel. Under these conditions of electro- 
phoresis, C’9 was the fastest and C’3 the slowest moving 
complement component. The small pore gel was sliced 
into 3.5-mm segments, each of which was eluted three 
times in 3 ml of buffer, for 6 hr. The recovery of C’9 
from the gel was about 6 0 z .  

The titers of complement components fluctuated 
widely in analyses performed on different days due to  
unknown factors. Therefore, a standard lot of each com- 
plement component was arbitrarily chosen and assigned 
a titer, expressed in units per milliliter. Each new batch 
was then calibrated by reference to the standard lot. The 
arbitrarily assigned titer of the standard lot was chosen 
so as to  be roughly the same as the dilution required for 
lysis of 5 0 z  of the cells in the titration procedure de- 
scribed by Nelson et a/. (1966). Thus, titers of 1000 units/ 
ml were assigned to the standard lots of C’5, C’6, and 
C‘7 and titers of 10,000 units/ml were assigned to the 
standard lots of C’8 and C’9. 

Buffers. Buffer A was composed of isotonic Veronal- 
NaCl buffer containing 0.1 z gelatin (pH 7.3), ionic 
strength 0.147, prepared as described in (Kabat and 
Mayer. 1961). Buffer B contained nine parts of buffer A 
and one part of 0.1 M EDTA. The p H  of 0.1 M EDTA 
was adjusted to 7.3 with saturated aqueous NaOH solu- 
tion. Buffer C contained one part of buffer A and one 
part of 5 % aqueous glucose solution containing 0.1 % 
gelatin. When necessary Ca2+ and Mg2+ were added 
to buffer A or C to a final concentration of 0.15 and 1.0 
mM, respectively. The so modified solutions are desig- 
nated buffer A2+ and buffer C2’. All experiments were 
performed in buffer C2+ unless stated otherwise. In stud- 
ies of the effect of ionic strength, NaCl in buffer A was 
replaced with the appropriate amount of glucose, man- 2998 

nitol, or sucrose, so as to maintain isoosmolarit). I n  
studies of the effect of pH, buffer C was made with vary- 
ing amounts of HC1. 

Erythrocytes Currjing Antibodj and Complement 
Components. EAC’la,4 were prepared as described pre- 
viously (Mayer and Miller, 1965). Only batches of cells 
without immune adherence reactivity were used. T,,,,, 
of such cells varied between 6 and 20 min. EAC’4 were 
prepared as described by Borsos and Rapp (1963). 
EAC’la.4.2a were made by incubating 50 ml of 
EAC’la,4 (1.54 X los cells per ml) with an equal volume 
of C’2 (32-64 unitslml) for the T,,,,, time at 30‘. At the 
end of the incubation period, 100 ml of ice-cold buffer 
C2+ was added to  slow down the reaction, the cells were 
sedimented by centrifugation, washed once, and stan- 
dardized to  the desired cell concentration in an appro- 
priate buffer. 

EAC’4,2a were made from EAC’la,4,2a by washing 
twice with ice-cold buffer B followed by incubation in 
buffer B at 37” for 5 min. They were then washed twice 
in ice-cold buffer A2+ and suspended in an appropriate 
buffer. The cells had about eight to  ten SAC’4,2a per 
cell by the method of Borsos et al. (1961b). EAC’la.4.3 
were prepared by incubating EAC’la,4 (1.54 X lo* cells 
per ml) at 30“ for 60 min with an equal volume of a mix- 
ture containing 0.2 unit of C’2 and 50 units of C’3 per 
ml. The cells were chilled by dilution with ice-cold bufer  
C2+, sedimented by centrifugation in the cold, washed 
twice? incubated for 1 hr a t  37” for decay of C’2. washed 
again, and suspended to 1.54 X lo8 cells per ml. 

Concerting Reugents.’ In studies of the reaction of 
C’3 with SAC’42a the resulting SAC’4,2a,3 were con- 
verted into s* with a converting reagent containing C’5 
(50 units), C’6 (25 units), C’7 (25 units), and C’8 (50 
units) and C’9 (125 units) per milliliter in buffer C. This 
is designated as converting reagent A. 

In titrations of C’3, as described in the next paragraph, 
the following converting reagent was used: C’2 (80 
units), C’5 (100 units), C’6 (100 units), C’7 (300 units), 
C‘8 (200 units), and C’9 (300 units) per milliliter in 
buffer C’-. This is designated as converting reagent B. 

Titration of C’3. During the initial phases of this study, 
C’3 was titrated with EAC’4.2a and converting reagent 
A in a manner patterned after the C’2 titration of Bor- 
sos et a/. (1961a.b). However, this approach suffers from 
several practical difi.culties and, therefore. a simplified 
procedure was designed in which two parts of C’3 
sample to be titrated were mixed at 0”  with two parts of 
converting reagent B. One part of ice-cold EAC’la.4 
(1.54 X 13$ cells per ml) was then added and all 
the tubes were transferred to  the 37” water bath for 90- 
min incubation with frequent shaking. At the end of this 
period, ten parts of 0.15 M NaCl solution were added 
and the tubes were centrifuged. The degree of lysis was 
determined by analysis of the supernatant fluids for oxy- 
hemoglobin at 412 mp with the Beckman D U  spectro- 
photometer. and converted into the average number of 

In  this insrance this term refers to  conversion of SAC‘4.2a.3 
into S * .  This should not be confused with the term conversion 
as used by Miiller-Eberhard et a / .  (1967) to describe theinacti \a- 
tion of C’3 b! C’4,2a. 
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F I G U R E  I : Kinetics of SAC’4,2a.3 generation at different 
C’? concentrations, as indicated.” 

SAC’4.2a,3 per cell. Hemolysis due to contaminating 
C’3 in the converting reagent was less than 3 %. 

Kinetic Studies of Reuction between EAC’4,2ii Lind C‘3. 
All experiments were done at  25”  unless noted other- 
wise. At this temperature the half-life of EAC’4,2a is 
about 70 min. Therefore, kinetic measurements during 
the first few minutes of reaction would not be significantly 
afected by the decay of EAC’4,2a. In order to raise the 
temperature of the EAC’4,2a suspension quickly from 
0 to  25”. a suspension containing 1.54 X lo9 cells per 
ml (unless indicated otherwise) was diluted tenfold in 
buffer C?-. previously warmed to 20°, followed by con- 
tinuous shaking for 1 rnin. At 1.5 rnin an equal volume 
of C’3, also at 25”, was added to start the reaction. At 
appropriate times, 0.50-mi samples were taken, immed- 
iately diluted tenfold in ice-cold buffer C2- and cen- 
trifuged for 5 rnin at 2000g. The supernatant fluids were 
then poured off and saved for titration of the C’3 re- 
maining in the fluid phase of the reaction system. The 
cells were washed once in buffer C and suspended to 
1.54 X 103 cells per mi in buffer C. One part of the cell 
suspension was incubated with four parts of converting 
reagent A for 90 rnin at 37”. The degree of lysis was mea- 
sured bk hemoglobin analysis as described in the C’3 
titration procedure. In some experiments, kinetic mea- 
surements were restricted to analysis of C’3 remaining 
in the fluid phase. For this purpose, l.5-ml samples were 
q~iickly filtered at room temperature (25-26“) through a 
Pasteur pipet stuffed with a Millipore prefilter, as de- 
scribed by D. J. Hingson, K. A .  Massengill. and M. M. 
Maqer (unpublished work). Loss of C’3 on the filter was 
avoided by incorporation of 0.25 gelatin in the reac- 
tion mixture. 

Res Lil t 5 

Kineiics o/ Generution of SAC’4,2u.3 us ci Function of 
C’3 Concentration. Kinetic analyses were performed 
with reaction mixtures containing 2.5. 3.75, 5.0, 7.5, 
10.0. and 12.5 units of C’3 per ml. respectively. The re- 

$ The average number of SAC’4,2a,3 per erythrocq te is given 
in  terms of -In (1 - y), where J ’  represents degree of lysis, 
exprsssed as a fraction of 1 (Kabat and Mayer, 1961) 
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FIGURE 2: Initial velocity of C’3 consumption and SAC’4.- 
2a.3 formation as a function of C’3 concentration. (0-0) 
C’3 consumption: (0-0) SAC’4.2a.3 generation. 

suits, plotted in Figure 1, show that maximal lysis was 
reached in 15 min, regardless of the C’3 concentration. 
A plot of the maxima L‘S. C’3 concentration yielded a 
slightly curved line. concave to the abscissa. 

Initid Velocities of C’3 Consumption und SAC’4,2u,3 
Generution u s  LI Function of C’3 Concentration. Kinetic 
analyses were performed with reaction mixtures con- 
taining 6.25, 12.5. 25, 50: and 100 units of C’3 per ml. 
Four successive samples were taken during the first 4 
min of reaction and each of these was titrated for C’3 
in the fluid phase and SAC’4.2a,3 on the cells. The 
method of Nelson and Dawson ( 1  944) was used for cal- 
culating initial reaction velocities. A plot of the initial 
velocity of C’3 consumption L‘S. concentration of C’3 
yielded a curve concave to the abscissa, as shown in Fig- 
ure 2 .  This indicates that the consumption velocity ap- 
proaches a limit a t  very high concentration of C’3. A 
double-reciprocal plot of the data gave a straight line 
from which a V,,,.,, value of 36 units of C’3 min-’ ml-’ 
was estimated. The data on initial velocity of SAC’4,2a,3 
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FIGURE 3: Kinetics of SAC‘4,2a,3 generation (left) and C’3 
consumption (right) as a function of EAC’4,2a concentra- 
tion, (H-B) EAC’4,2a concentration of 7.7 X 10’ per 

2999 mi; (0-0)’ EAC’4,2a concentration of 3.85 X 10’ cells 
per ml. 
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FIGURE 4: Kinetics of SAC’4,2a,3 formation (left) and C’3 
consumption (right) at different ionic strengths, as indicated. 

formation, also shown in Figure 2, are of limited value 
as analyses were restricted to  concentrations of C’3 giv- 
ing less than 70% lysis. 

Kinetics of Formatioa of SAC’4,2a,3 and Consumption 
of C’3 as a Function of SAC’4,2a Concentrations. Two 
EAC’4,2a suspensions, adjusted to  concentrations of 
1.54 x lo8 and 7.7 X lo7 cells per ml, respectively, were 
mixed and incubated with equal volumes of C’3 con- 
taining 20 units/ml, and the resulting reaction mixtures 
were designated A and B, respectively. The usual 0.5-ml 
samples were taken from reaction mixture A and diluted 
with 4.5-ml portions of ice-cold buffer C2+, while sam- 
ples of 1 .O ml were taken from reaction mixtures B and 
diluted with 9.0-ml portions of ice-cold buffer C2+. Sub- 
sequent treatments of the samples were the same. The 
results, shown in Figure 3, indicate that the initial ve- 
locities of SAC‘4,2a,3 formation and C’3 consumption 
in A were twice as great as  those in B. 

The SAC’4,2a formation curves in Figure 3 rise to  a 
maximum and then decline due to  decay release of C’2a 
(as shown in a later section, cell-bound C’3 does not 
decay). There is a shift in T,,, resembling that observed 
in the reaction between SAC‘la,4 and C’2 (Borsos et al., 
1961 b) and there is a corresponding differential between 
the maximal levels of SAC’4a,2,3, presumably due to  the 
different periods of decay. 

A similar experiment covering the cell concentrations 
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FIGURE 5 :  Formation of SAC‘4,2a,3 at different ionic 
3000 strengths, as indicated. 
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FIGURE 6: Effect of pH variation on SAC‘4,2a,3 formation 
and C’3 consumption, as indicated. 

ranging between 2 and 8 X lo8 cells per ml was 
performed. As shown in the previous experiment, di- 
rect proportionality between initial velocity of C ‘3 con- 
sumption and concentration of EAC’4,2a was observed. 

Effect of Zonic Strength. A kinetic experiment com- 
paring ionic strengths of 0.147 and 0.052 is shown in 
Figure 4. It is evident that the initial velocities of both 
C’3 consumption and SAC‘4,2a,3 formation are about 
six times greater at the lower ionic strength. On the other 
hand, maximal site formation and C’3 consumption 
did not differ greatly. Indeed, most, if not all of the dif- 
ference may be attributed to decay release of C’2a. The 
site formation curves show a difference in T,,,, which 
indicates that increase in ionic strength simulates a de- 
crease in the concentration of SAC’4,2a (cf’. Figure 3). 

A more extensive experiment on the effect of ionic 
strength, covering the range from 0.052 to 0.147. is 
shown in Figure 5. l soxmdar i ty  was maintained bq re- 
placing NaCl with glucose. The reaction time was 10 
min. 

Evidence was also obtained that the extent of reac- 
tion at any given ionic strength is influenced by the 
choice of sugar for balancing osmolarity. Thus, small 
differences were noted at ionic strength 0.07 between 
glucose, mannitol, and sucrose. 

Effecf ofpH.  Measurements with a reaction period of 
10 min at ionic strength 0.15 indicated a pH optimum 
of 7.5 for SAC’4,2a,3 formation and C’3 consumption, 
as shown in Figure 6. 

Effect oj’ Temperature. It was found that the initial 
velocities of SAC’4,2a,3 formation and C’3 consump- 
tion increased with temperature between 15 and 25 ‘, 
the QlO being 2.5. The same temperature coefficient 
was noted for C’3 consumption between 0 and 15‘. but 
a much larger temperature coefficient was observed for 
the formation of SAC’4,2a,3 in the low-temperature 
range, the QlO being about 10 between 0 and 10“. Ac- 
cordingly, as shown in Figure 7, an Arrhenius plot 
yielded a straight line for the consumption of C’3. while 
formation of SAC’4,2a,3 followed a diphasic course. 

Stability of Fixed C‘3. I t  was shown by Inoue and 
Nelson (1966) that C’2a is lost from EACfla,4,2a,3 by 
decay release a t  the same rate as from EAC’4,2a. The 
hemolytic activity of such decayed cells was only par- 
tially restored by C’2 (Nishioka and Linscottl 1963). 

This question was reexamined more rigorously with 
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EAC’la,4,3 prepared as described in the section on Ma- 
terials and Methods. One portion of the cells was in- 
cubated at  25” and another a t  37”. Samples were taken 
at suitable intervals of time and treated with converting 
reagent B. There was essentially no decrease of hemo- 
lytic activity with time, indicating that fixed C’3 is stable. 

Role of Fixed C‘2a and C’3 in Consumption of C’5. 
EAC’la,4,2a and EACfla,4,2a,3 were prepared from 
EAC’la,4 (1.54 X lo8 cells per ml) by treatment for 10 
min at  30” with a n  equal volume of buffer C2T contain- 
ing either 75 units of C’2 per ml or 75 units of C’2 and 
100 units of C’3 per ml. The cell suspensions were then 
chilled, diluted, and centrifuged in the cold. The super- 
natant fluid was poured off and the sedimented cells 
were washed once, followed by resuspension to  a con- 
centration of 1.54 X 108 cells per ml. A portion of the 
EAC’la,4,2a,3 preparation was allowed to  decay for 
90 min at 37”, washed once, and the resulting EAC’la,- 
4,3 were standardized again to  1.54 X 108 cells per 
ml. Each of the three cell preparations (Le., EAC’la,4,2a, 
EAC’la,4,3, and EAC‘la,4,2a,3) was incubated with 
10 units of C’5 for 6 min at  30”. There was n o  loss of 
C’5 in the reaction mixtures with EAC’la,4,2a or  
EAC’la,4,3, but in the reaction mixture with 
EAC’la,4,2a,3 five units of C’5 were consumed. 

Titration of C’3. During the early phases of this work 
attempts were made to  titrate C’3 by a procedure in- 
volving two successive steps, i.e., the reaction between 
EAC’4,2a, and C’3, and conversion of the resulting 
SAC’4.2a,3 into S* with converting reagent A. This was 
patternzd essentially after the procedure of kinetic 
analysis. However, it emerged in practice that there are 
three serious disadvantages due to  the instability of 
EAC’4,2a, ciz., these cells have to be prepared daily, they 
cannot be prewarmed to the reaction temperature with- 
out some loss of reactivity. and uncontrollable experi- 
mental fluctuations arise in the conversion of SAC’4,2a, 
3 into S* because of variations in loss of C’2a during 
washing of the reaction intermediate. In order to over- 
come these difficulties a titration procedure was devised 
in which EAC’la,4 are incubated with appropriate di- 
lutions of C’3 and conversion reagent B, as described 
in the section on Materials and Methods. A titration of 
C’3 performed in this manner is shown in Figure 8 as a 
plot of -In (1 - I.) cs. concentration of C’3. As shown 
in Figure 8, the response curve is usually entirely con- 
cave to  the abscissa, but we have encountered a few anal- 
yses in which slightly sigmoidal response curves were 
obtained. We do not know the reason for this excep- 
tional behavior except that it has been noted only with 
certain batches of EAC’la,4. 

Discussion 

For  the purpose of comparative evaluation, most of 
the kinetic experiments in the present study were per- 
formed by a dual approach, namely, measurement of 
C’3 consumption and analysis of SAC’4,2a,3 forma- 
tion. Since assays of C’3 consumption are technically 
simpler and more flexible this technique yielded more ex- 
perimental data covering a wider range of experimental 
variables than analyses of SAC‘4,2a,3 generation. For  
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FIGURE 7:  Arrhenius plots of the initial velocity of SAC‘4,- 
2a,3 formation and C’3 consumption, as indicated. 

this reason, the relationships between initial reaction 
velocity and the concentrations of EAC’4,2a and C’3 
could be studied extensively only by the technique of C’3 
consumption. As expected, the results of these studies, 
shown in Figures 1-5, conformed to Michaelis-Menten 
kinetics which supports the hypothesis that the C’4,2a 
complex acts like an enzyme (Muller-Eberhard et al., 
1967). V,,,, was about 3000 molecules of C’3 consumed! 
SAC‘4,2a per min at 25”. provided that our C’3 prep- 
aration is chemically pure. 

One of the most interesting aspects of the present 
work emerged from measurements of the initial veloc- 
ities of C’3 consumption and SAC’4,2a,3 formation at 
different temperatures. As shown in Figure 7, an Ar- 
rhenius plot of C’3 consumption gave a straight line over 
the entire range of temperatures studied, while that for 
SAC’4,2a,3 formation followed a diphasic course. Be- 
tween 37 and 10” the Arrhenius plot for site formation 
ran parallel to that for C’3 consumption, but below 10” 
the velocity of site formation dropped much more rap- 
idly. 
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FIGURE 8 :  Dose response curve. Formation of SAC’la,- 
4,2a,3 expressed as -In ( I  - y )  GA. C’3 concentratton. 

R E A C T I O N  O F  E A C ‘ 4 , 2 A  W I T H  C ‘ 3  



B 1 0  C H E  f 1  I S  T R Y 

In order to  interpret this, let us recall Muller-Eber- 
hard’s proposal that C‘3 becomes “activated” by the 
C’4,2a complex, the latter acting like an enzyme. The 
present finding that the destruction of C’3 by the C’4,2a 
complex follows Michaelis-Menten kinetics would be in 
agreement with this hypothesis. It is reasonable to  as- 
sume, by analogy with the hypothesis for the reaction 
of C’2 with SAC’la,4 that a susceptible bond is opened 
in the C’3 molecule by the postulated C’4,2a enzyme, 
exposing a reactive group which may then combine 
either with certain receptors on the cell membrane or 
with other compounds, possibly including water, the 
latter reaction producing an inactive derivative of C’3. 
This hypothesis would be in accord with recent evidence 
that the C’3 molecule breaks into several fragments on 
reaction with C’4,2a (Mayer et ai., 1967; Muller-Eber- 
hard et d., 1967). It follows that the fixation of C’3, or 
of a fragment of the C’3 molecule, is preceded by a fis- 
sion process. The data in Figure 7 then indicate that 
at elevated temperatures this fission process constitutes 
the rate-controlling step in the formation of SAC‘4,2a,3 
sites, while at low temperature some other process, pos- 
sibly the actual binding, controls the fixation rate. This 
means that the formation of SAC’4,2a,3 is a multiphase 
process and in support of this view is the finding, pre- 
sented in the following article (Shin and Mayer, 1968b), 
that various aromatic compounds interfere with C’3 
fixation even though they d o  not affect the destruction of 
C‘3 by C‘4,2a. 

Eficienc), of C‘3 Fixution. If we assume that our C’3 
preparation is chemically pure, it can be estimated that 
about 300 C’3 molecules are required in the reaction 
with EAC’4,2a in order to create one site in the state 
EACr4,2a,3. There are probably at least three reasons 
for this great inefficiency. First. it is likely that some of 
the “activated” C‘3 molecules, o r  C’3 fragments, fail 
to combine with receptors on the cell membrane and 
end up in the fluid phase in inactive form. Secondly, as 
shown by Muller-Eberhard el al. (1966) the number of 
C’3 molecules which becames fixed to the cell mem- 
brane greatly exceeds the number of bound C‘4 mol- 
ec~iles and, hence, many C’3 molecules will become 
bound at loci remote from SAC’4.2a. Such C’3 
molecules could not be expected to function in the sub- 
sequent reaction with C’5 and, therefore would be 
hemolytically inactive. Thirdly, we are not certain that 
the converting reagent is maximally efficient. 
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