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STUDIES ON THE THIRD COMPONENT (C'3) OF GUINEA
PIG COMPLEMENT','

I. PURIFICATION AND CHARACTERIZATION

KUNIO YONEMASU and KOZO INOUE

Department of Bacteriology, Osaka University Medical School, Yamada-kami, Suita, Osaka,
Japan

(Received June 15,1968)

S''MARY The third .omp, nent of guine^ pig cornpl, mont (C'3) w^^ ISOlat, d andpurified by four serial column chromatographies of modified inid Iece fraction on
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Soyhad, x G-200, co"boxym*thyl (CM) and dirthyl^min. *thyl (DEAE) collul, ^, and
then Sephadex G-200.

The purified C'3 preparation formed a single zone in the ,, globulin region on disc
electrophoresis. On jinmunodifTusion analyses, it gave a single precipitation line
against either anti-guinea pig whole serum antiserum or anti-purified C'3 antiserum.
The latter antiserum prepared by jinmunizing rabbits with the purified C'3 prepara-
tion showed a single precipitation line against fresh guinea pig \\, hole serum. \\Then
the Immunoelectrophoretic plate was covered with an agarlayer containing EAC'Ia, 4
cells and C'2, C'5, C'6, C'7, C'8 and C'9, a hemolytic zone clearly bordered b , the
predpitation arc appeared in the A globulin region.

Rabbit anti-purified C'3 antiserunl inhibited both the hemolytic and immune
adherence (IA) reactivities and agglutinated EAC'Ia, 4.2a, 3 cells.

C'3 showed higher hemolytic reactivity in medium of low ionic strength. Nlethods
of titration under various conditions were compared and discussed.

INTRODUCTION

Classical third component of complement I\as
now been resolved into 6 components, I. e. ,
C'3, C'5, C'6, C'7, C'8 and C'9. C'3, de-
signated by the new nomenclature (NELSON
1967), was discovered as a third component of

I The complement components in guinea pig, ITUman
and rabbit serum are now designated by numbers
following the nomenclature of NELSON (1967). In
brief, the new nomenclature represents the sequen-
tial reaction of nine components as C'I, C'4, C'2,
C'3, C'5, C'6, C'7, C'8, and C'9 \\, hich orginally

th. in by RAPP (MAYER, 1961) and ham, d C'3. .
C'3c \\, as found to react after C'2 and before

C'3b (now. known as C'5) in immune hemolysis
by NisHioKA and LiNscoTT (1963). They
also demonstrated that C'3c is the essential

corresponded to C'I, C'4, C'2, C'3c, C'3b, C'3e,
C'3f, C'3a and C'3d.

' Supported in part by grant number A1-07063 from
the United States Public Health Service, National
Institutes of Health, Bethesda, Maryland, U. S. A.
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component of the immune adherence (IA)
MiiLi. ER-EBERHARD and NILSONreaction.

(1960), on the other hand, isolated a 13, -glyco-
protein from fresh ITUmaiT serum and d. esignated
it as PLC-globulin. They demonstrated that
it stabilized EAC'Ia, 4-, 2a cells. It has now
heel\ established that ,3, c-globulin, also de-
SIgi\ated as C'3 by MiiLi. ER-EBERHARD, cor-
responds to guinea pig C'3 (C'3c) (NELSON,
1967), althougl\ the original 13, c-globulin was
known to contaiit C'3, C'5, C'6 and C'7.

For analysis of the C'3 reaction step, guinea
pig C'3 \\, as isolated and purified in this labor-
atory. A highly reproducible method for purl-
fying guinea pig C'3 and some characteristics
of this component are described in this paper.

A, IATERIALS AND A{ETHODS

Human er}'tlTrocytes of group O \\, ere obtained
from healtl\^ members of this laboratory.

I. DJhieiits

isotonic \, eronal-buffered saline containing 0.1 %
gelatin, 0.0005 M A1gCl* and 0,00015 xi CatCl, (VB-
saline) was prepared according to the description of
MAYER (1961a). Isotonic veton, I-buffered sucrose
solutioiT (VB-sucrose) \\, as prepared like \7B-saline
except that it contained 9.25% (w!v) sucrose instead
of NaCl. An isotonic \, eronal-buffered solution of

low' ionic strength \\, as made by mixing \IB-saline and
\IB-sucrose in appropriate proportions. A mixture
of equal \, o1umes of \;B-saline ant\ VB-sucrose

also used. \;B-saline containing(VBSS)
0.01 M eth>, Iene-diamine tetraacetate (0.01 xi EDTA-
VB-saline) \\, as prepared by mixing I part of 0.1 M
trisodium ethylene-dinmine tetraacetate (pH 75 to
7.7) \\, ith 9 parts of VB-saline prepared without added
I\Ig" or Ca".

5. Pal nany pill'ifed C'2 A epui, ,trolls

These \\, ere prepared and titrated by the method of
BORsos (1961).

6. Sepal atjolt nild is Dintioi, of C'5, C'6, C'7, C'8 alld
C'9

TITese components \\, ere isolated according to the
routine methods outlined in the descriptions of
NFLso\ at a!. (1966) and INocE at tt1. (1965,1966 and
1967). All column cllromatographies, except for
routine isolation of C'2 (Bonsos at n!., 1961), \\, ere
carried out in a cold room

\\, as

7. Medsi, ,'eiiie, !t of ionic st, 'e, Igth

The ionic strengths of the diment or solutions used
for chromatography \\, ere checl<ed by measuring their
conductivity \\, ith a Serfass conductivity bridge,
model RCM15Bl (A. H. Thorn, s Co. , Philadelphia,
P".).

2. Sheep 81yth, ocj, Ies (E), I abbit he'll o1ysi, , (4) and
gill, rea pig seiv, ,, I

These \\, ere obtained and standardized as described

by MAYER (1961a).

8. Mensi, leiiieiit of 1/1/'11, ,lie ridheie, ,ce

For routine \\, ork, the immune adjlerence (IA)
reactivity of C'3 was measured by a IVlicrotiter plate
method. The test sample \\, as diluted in VB-saline
with dilution-loops on a Microtiter plate. One drop
of partially purified C'2 diluted \\. ith VB-saline, sup-
plying about 50 effective ntolecules per cell, and one
drop of EAC'Ia, 4 cell suspension at a concentration
of 4.0 x10' cells!inI were delivered into each of the
cups by pipette droppers. The plate \\ as incubated
at 37'C for 15 to 25 min tdepending on the t 1110:v of
EAC'Ia, 4 for EAC'Ia, +, 2a generation (BORsos at a!.,
1961)l \\, ith continuous shaking. One drop of human
erythrocytes at a concentration of 1.0 XIO' cells!inI,
was then delivered into the cups. The final volume
of the reaction mixtures was 5 drops (5 x 0.025 inI).
The plate was vibrated on a mechanical vibrator at
37'C for 15 min. It \\, as then stood at 37'C for

60 min before reading. The titer \\, as expressed as
the highest dilution showing a 2+ reaction (C'IASo).

The titers of C'3 reactivity of a particular sample
obtained by \, anous methods can \, ary \\, ith the dif-
fetent reagents employcd. Howe\, er, the rough
ratio of the titers of a given sample obtained by dif-
forent methods can be estimated as follows ; hemoly-
tic titer on a Microtiter plate I, IA on a Microtiter 2
to 3, hemolytic titer by the tube method about 5.1A
in tube 50 to 100.

3. Sellsitised eiythi DCytes (EA) alld jiltei, neat@te
cells of 17,111,111, e hemolysis

These were prepared as described in the previous
report (INouE at a!., 1967).

4. Ht4"!o11 eiyth, 'DCytes for the Jin, ,, rule adherence Ie-
actio, I
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9. DIFc electiophoies, 's

This \\ as carried out in an EC+70 \, ertical gel
electrophoresis cell (E-C Apparatus Corp. , Philadel-
phia, Pa. ) using 51, . cyanogum 41 in \'eronal-acetate
buffer (PI{ 8.6,11-0.05) as a supporting ritediunt at
100 V for 10-12 hr according to the ritethod ui\cnin
Technical Bulletin 128 of E-C Apparatus Corp
After separation, the fr, ICtions \\. ere stained by timido-
blac1< 10B and tinfixed dye was reino\ed in an EC
489 Electroplloretic Dest"iner (E-C Apparatus
Corp. )

10. '11/1/3ei'n

a) Rabbit anti-guinea pig C'3 nittiscrum
Rabbits recei\. ed a subcutaneous injection of 30 inI

of purified C'3 preparation (concentrated by ultra-
filtration to give an OD*,, of about 0.5 and erutilisi-
fled \\'itit an eqtia1 \'o1umc of conlPIete Freund's
adjti\'ant) litto their foot pads tind iteck, simuln-
taneously witll an intravenous injection of 0.5 inI of
the concentrated C'3. After an interval of one week,
the}' recei\, ed an lntra\'eitous injection of 0.5 n}I of
the antigen. On tite 5th day after eacl\ injection the
serunT specimens \\. CTe examined by irumuno-diffu-
SIon against C'3. The rabbits \\. ere bled o1T the 7 to

10 days after tlie last immunization. After separa-
tion, thc serum \\, as diluted witlt distilled water to

gi\c I!-0015 and adjusted to pH 7.5 \.. ith 0015 \
HCl. it was then passed IhrouglT a column of
DEAE cellulose equilibrated witlT 0.01 xi NaCl in
0005 xi tris (itydroxymethyl) aminomctll"ite (Tris)
HCl buffer, pH 7.5. The emuent \\. as concentrated
to tlTe \ o1ume of tite original serum by ultrafilt-

Titese isolated 7S fractions contained noat10n

detectable complement components, and were LISed
as rabbit anti-guinea pig C'3 antiserum in this \\, ork

b) Rabbit anti-guinea pig whole scrum anti-

11. 011chte, 10/11, 's dollb/e diff, ,3,011 111et/10d

TITis was carried out \\'ith 291 agarose in isotonic
\eronal-buffered saline, pH 7.4 ,!-0,147, as SLIP-
porting medium

12. 11,111,111!Delectiophoi esi's

This was carried out according to a modification
of the nTetlTod of SCHLiDEcoER (1955) LISing 2%
agarosc in \'eronal-acetate buffer, pH 8.6,11-0.05.

13. He'llo4.11'c leftcti'wty of C'3 o11 the 1,111,111, !onif-
11, ,io, ! pinle

After de\. elopment of precipitation lines, the plate
\\'as co\, ered by ritelted 0,751, Special Agar Noble
(Difco) (kept at 45' to 47'C) containing EAC'in, 4 at
a concentration of 1.0 110' cells/inI, partially purified
C'2 (about 200 effective nTolecules per cell) and ino-
durate excesses of C'5, C'6, C'7, C'8 and C'9 in VB-
saline. After gelification the plate \\. as incubated at
37*C for 90 min

Rabbits were jinmunized at inter\, als of 3 to 4

\^eeks \\ith 3.0 inI of fresh guinea pig \\hole serum
eiTTulsified it) an equal \, o1ume of coiTtplete Freund's
adjti\, ant each time injected into their foot pads and
neck. Serum specimens \\. ere taken 2 to 3 \\. eeks
after each immunization, and checked by jinmuno-
electrophoresis against guinea pig \\. hole serum.
The rabbits were bled 2 to 3 \\. eeks after the last

immunization. The 7S fractions \\, ere isolated simi-

Iarly to anti-C'3 antiserum and used as rabbit anti-
guinea pig whole serum antiserum in this \\. on<.

serum

14. Che, ,, ICQ/s

Diethyltiminoethyl (DEAE) cellulose was obtained
froitt Brown Co. , Berlin, N. H. Carboxyntcthyl(CM)
cellulose (Serva) froin Callard-Schlesinger
Chemical A, Ifg. Corp. , Long Island, N. Y. Sephadex
G-200 obtained from Pharmacia, Uppsala,\\. as

S\\'eden. NaCl, Na-5, 5-diethyl b"rbiturate, 5, 5-
diethyl barbituric acid and gelatiit \\. ere froi, t Allerck
AC. , Darmstadt, Germany. Tris (hydroxymethyl)
aminomcthnne (Tris) and sucrose \\. etc obtained from
Nakarai Citemicals, Ltd. , 1<yoto, Japan. Etlly-
Ienediamine tetraacetate (ED'TA), 2Na and +Na
were obtained front \\'ako Pure Cl, emicals, Ltd. ,
Osaka, Japan

was

RESULTS

I. F1, rincttt!'o11 of gifg'?led pz:g C'3
Forty in I of guinea pig serum \\, ere diluted

with 20 in I of ice-cold distilled \\, ater in an ice

bath, and \\, ere adjusted to pH 5.6 by adding
cold 0.1N HCl using a magnetic stirrer. After
gentle stirring at O'C for 45 min, the serum \\, as
centrifuged in the cold. The precipitate was
separated and \\, as used as a source of C'5.
The supernatant \\, as dialyzed overnight against
about 5 liters of cold distilled water. The

serum was then centrifuged in the cold. The

YONEMAsu, K. et al. Purification and characteris at, 'on of guinea PI'g C'3. 171



super natant was removed and used as a source
of C'6, C'7, C'8 and C'9. The precipitate was
dissolved in I inI of 5 times concentrated VB
stock solution (MAYER, 1961a), and was diluted
with 4.0 inI of cold distilled water. This solu-
tion showed OD, ,,=37.5 and 6,561 C'IA50jml
using the Microtiter IA method. It was then
applied on the column of Sephadex G~200
(30 x 900 mm) equilibrated with isotonic vero-
nal-buffered saline (VB-saline without gelatin,
Cal' and Mg") (pH 7.4, I, =0,147), and w^s
Gluted with the same buffer. Fractions of
about 12 inI were collected using an automatic
fraction collector. As shown in Fig. I, the
peak of C'3 activity was located in 7S globulin
fractions and was separated from those of C 9.

Fractions 12 to 16 were pooled and mixed
with one ninth volume of 0.2 M acetate buffer,

pH 5.0. The pool was adjusted to pH 5.0 with
0.1 N acetic acid, and then diluted with cold
0.02 M acetate buffer, pH 5.0 to give 14=0.10 ;
the diluted pool had a volume of 113 inI and
6,561 C'IA, ,jinl. it was then applied on a
second column of CM cellulose (30 x 250 runT)
equilibrated wit1\ 0.09 M NaCl in 0.02 M acetate
buffer, pH 5.0, 11=0.10. The column was
washed with 0.14 M NaCl in 0.02 M acetate

buffer, pH 5.0,11=0.15, until the effluent be-
came free of both C'2 and C'7 activities. The

column was then eluted with 1,000 inI of a
linear gradient from 14=0.15 to 0.26 of NaClin
0.02 M acetate buffer, pH 5.0, at a flow rate of
about 50 innhr, followed by a drive witlT 500 inI
of 0.25 M NaCl in 0.02 M acetate buffer,

pH 5.0, A=0.26. Fractions of about 12ml were
collected. As shown in Fig. 2, the peak of
C'3 activity was separated well from both C'8
and C'9 activities.

Fractions 58 to 85 were pooled and adjusted
to pH 7.5 with 0.1 M T"i^ toi^ (hyd, oxym*thyl)
amino methanel. The pool was adjusted to a4000
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conductance equivalent to 11= 0.04 by adding
ice cold 0005 M Tris HCl buffer, pH 7.5.
it s volume \\, as 2,574 inI and it showed
500 C'IA501ml. It \\, as theIT applied to a third
column of DEAE-cellulose (15 x400 mm) equi-
librated wit1\ 0.015 M NaCl in 0.005 M Tris
HCl buffer, pH 7.5, at a How rate of about
150 innhr. After its application, the column
was \\, ashed wit11 0.04 M NaCl in 0,005 M 'h. is
HClbulTer, pH 7.5,14=0045, untilthe emuent
became free from both C'6 and C'8 activities.
it was theIT eluted \\, ith 1,000 inI of a linear
gradient from 0.04 M to 0.2 M NaCl in 0005 M
Tris HCl buffer, pH 7.5,11=0,045 to 0.21, at
a fto\\, rate of about 30 innhr. Fractions of
about 10 inI \\, ere collected. As sho\^n in
Fig. 3, only C'3 activity \\, as dctcctcd and this
coincided \\. ith the major protein peak. Frac-
tions 37 to 48 were pooled and concentrated to
an out 9 inI by ultra-intratioit in the cold. 'The
C 3 preparations of this step were showi\ to
contaiit no detectable activity of any coinplcment
component other thaiT C'3, but they usually
showed several protCiii zones by disc-clcctro-

phoresis, as shown in Fig. 5.
The concentrated pool was applied to a

fotirth column of Sephadex G-20'.; (30 x
900 mm) equilibrated with isotonic veronal-
buffered online (pH 7.4, .,,=0,147), and "lured
with tlie same buffer. Fractions of about 10 inI
were collected. As shown in Fig. 4-, one major
protein peak was separated from a small peak
which appeared later. C'3 activity coincided
with the major peal<. Fractions 17 to 21 \\, cre
pooled. Tl, e volume of th. pool (C'3 #11) w, s
50 nil and it showed On, ,ri=0,133 and 39,400
C'IA501ml in this experiment. 'The protein
yield was 3,541;, of the euglobliil fraction and
the yield of C'IA, , activity was 592%. The
apparent Increase in activity at the second
(CM-cellulose) column step must be due to re-
inoval of an Inhibitor(s), \vhiclt acts on either
the C'2 or C'3 step.

2. filect, o1bhoi. et!'c ti"aly, sjis of 12ndlet/ C'3
TITe PI CDni'"tion of purified C'3 \\. as analyzcd by
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disc-electrophoresis. Samples of both the purified
material (C'3 #11) and the poolof C'3 fractions from
the third column were concentrated by ultra-filtration

to give an optical density of about 1.0 at 280 in".
As a control, one tenth dilution of whole guinea pig
serum was run simultaneously.

As shown in Fig. 5, the purified C'3 prepara-
tion gave a single zone in the ,, region and there
was no detectable contaminating component,
while the pool from the third column showed a
diffuse zone in the albumin region as well as in
the region of the F, component. Some of the

latter fractions from other experiments also
showed a few additional zones in the region
from p to I globulin.

3. lithz'bitio" of hemoly, tz'c actit!try of C'3 by
rabbit anti'-C'3 aretz'serum

As shown in Table I, one drop of purified C'3
preparation #13 diluted in VBSS and one drop of
anti-C'3 antiserum also diluted in the same buffer
were delivered into each cup of a Microtiter plate.
Controlcups receiving a drop of VBSSinstead of C'3
or antiserum were also included. The plate was in-
cubated at 37 C for 20 minutes with continuous

shaking. After incubation, one drop of partially
purified C'2 diluted in VBSS, supplying about 200
effective molecules per cell, and one drop of EAC'Ia, 4
cells at a concentration of 1.0 10' cells inI were de-
livered into every cup. After a further 25 min
incubation at 37 C, one drop of a mixture of purified
complement components containing sufficient C 5,
C'6, C'7, C'8 and C'9 (C'59 rengent) w, ^ added.
The plate was again incubated at 37 C for 90 min,
and then centrifuged and read.

As shown in Table I, rabbit anti-C'3 an-
tiserum blocked the hemolytic activity of C'3
at higher concentrations.

4. I"h, futon of in a, hairy of C'3 by rubbit
anti-C'3 antz^er"in

Purified C'3 preparation #13 and anti-C'3 an-
tiserum were diluted serialIy in VB-saline, and were
delivered into cups of a Microtiter plate as in the

After 20 min incubation atprevious experiment.
37 C, one drop of partially purified C'2 diluted in
VB-saline, supplying about 50 effective molecules of
C'2 per cell, and one drop of EAC'Ia, 4 at a concent-
ration of 4.0 10' cells inI were added. The plate
was incubated at 37 C for 20 min with continuous

shaking. One drop of human erytrocytes at a con-
centration of 1.0 10' cells inI, was added to each

cup. The plate was vibrated on a mechanical vib-
rator at 37 C for 15 min. it was then stood at 37 C
for 60 min.

As shown in Table 2, the IA reactivity of C'3
was also inhibited by the anti-C'3 antiserum.

5. Agglutination of EAC' I@, 4,2@, 3 cells by
rabbit antt'-C'3 antt'se, "in

Purified C'3 preparation # 13 was diluted serialIy

FIGURE 5 Disc electrophoresis of guinea pig C 3.
Left : I 10 diluted fresh guinea pig whole serum ;
middle : purified C'3 preparation ; right : pool of
C'3 from the third column.
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TABLE I lithihitzbn of hemo/j, tz'c actzbz'ty of C'3 by rubhit antz'-C'3 ontz'serum
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in VB-saline. One drop of each dilution was do-
livered Into canclT cup of a To\\, of a Microtiter plate by
a pipette dropper. As controls, VB-saline was added
to two rows of cups instead of C'3. One drop of
partially purified C'2, supplying excess C'2 (about
500 effective InDIGcules per cell) and one drop of
EAC'in, 4 at a concentration of 1.0 I lo' cells!inI were
added to every cup. The plate was incubated at
37'C for 15 min with continuous shaking. The
cups then received one drop each of anti-C'3 an-
tiseruin diluted In VB-saline, as shown in Table 3,
and the plate was vibrated at 37'C for loinin, and
then stood at 37'C for 60 min.

As shown in Table 3, EAC' Ia, 4.2a, 3 cells
were agglutinated by anti-C'3 antiserum, while
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EAC'Ia, 4.2a cells showed trace agglutination,
probably due to a few sites containing C'3 on
the cells used. The preparations of partially
purified C'2 and EAC' Ia, 4 cells used had no
detectable C'3 reactivity by routine IA titration.
By the " cold method " for preparing EAC'
Ia, 4 cells, however, it is possible to make a few
SAC' Ia, 4,2a, 3 sites on the cells, which can
be detected by a higli concentration of anti-C'3
antiserum but not by the routine IA method.

6. Jinmu"oof\"$10" allab, $2\ of the PMrjjied C'3
prepdJdtz'o71

On an Ouchterlony plate, fresh guinea pig
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TABLE 3 Aggltttthott'on of EAC' in, 4,2n, 3 by r@66^^ antz'-C'3 antt'serum

C'3( )
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-,
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=
o

~
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XI6

^
~.

=

Q

^
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tr

Agglutination was graded from O (no visible agglutination) to 4.
tr shows trace of agglutination detected.
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whole serum showed many lines against rabbit
whole serum antiserum, asanti-guinea pig

shown in Fig. 6, but only a single line against
rabbit anti-C'3 antiserum. The purified pre-
paration of C'3 #13 showed a singleline against
either antiserum.

The purified C'3 preparation #13 was also
analyzed by jinmunoelectrophoresis. As shown
in Fig. 7, the purified C'3 preparation gave only
a single precipitation arc in the ,, region against
either anti-guinea pig whole serum antiserum
or anti-C'3 antiserum. Treatment of the C'3

preparation at 56 C for 30 min did not cause any
marked change in mobility of the component.
On the other hand, guinea pig whole serum
showed a faint but clear single arc against anti-
C'3 antiserum in the ,, region.

when the jinmunoelectrophoretic plate was
covered with an agar layer containing EAC I a, 4
cells and excess amounts of C'2, C'5, C'6, C'7,
C'8 and C'9, a clear hemolytic spot appeared
with a sharp border superimposed on the pre-
cipitation arc, as shown in Fig. 8, while the
heated C'3 preparation showed no hemolytic
spot, in spite of the appearance of a distinct
precipitation arc.

7. Titr"ti'0" of C'3 by hemob, $2's
C'3 can be titrated by immune adherence

(NisHioKA, 1963) or hemolysis. In the he-
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o
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o

o

o

512 XI024 Ab( ) Ab(

o

o

o

o

o

o

FIGURE 6 Ouchterlony's double diffusion analysis
of guinea pig C'3. A : anti-purified C'3 antiserum ;
B : anti-guinea pig whole serum antiserum ; I :
purified guinea pig C'3 preparation #13 (concent-
rated to OD, g0-0.50 by ultrafiltration ; 2 : fresh
guinea pig whole serum a : I)-
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FIGURE 7 Immunoelectrophoretic analysis of gut-
nea pig C'3. I : fresh guinea pig whole serum ;
2 : purified guinea pig C'3 preparation #13 ; 3 :
purified guinea pig C'3 preparation #13 inactivated
by heating at 56 C for 30 min. A : anti-purified
C 3 antiserum ; B : anti-guinea pig whole serum
antiserum. The anode is to the right.

in o1ytic method, several modifications are ap-
PIicable using various intermediate complexes
and various combinations of reagents, Incu-
bation temperatures and time schedules. To
avoid complication from decays of various
intermediates and to obtain relatively rapid
completion of hemolysis, a two-step procedure
was worked out for the titration of C'6 and C'7

by INouE and NELSON (1965, 1966). In thi^
method, the component to be titrated is in-
cubated with EAC' Ia, 4 and an appropriate
reagent to push the intermediate sites generated
to the stable intermediate state of SAC' Ia, 4,
2a, 3.5,6,7 at 30 C. A low incubation tern-

perature is chosen to avoid rapid decay of labile
intermediates. After the incubation, the re-
action mixtures are mixed with reagent sup-
plying moderate excess of C'8 and C'9 and

FIGURE 8 Combination of jinmunoelectrophoresis
and hemolysis in agar. The antigens and antisera
and their positions are the same as in Fig. 7. After
development of precipitation arcs, the plate was
covered with an agar layer containing EAC'Ia, 4 and
moderate excesses of C'2, C'5, C'6, C'7, C'8 and C'9.

incubated further at 37 C to complete Iysis.
With C'3, the same principle can be used
routinely.

SAC' Ia, 4,2a, 3 decays by two routes, one of
which can be reversed by the addition of C'2
(INouE and YONEMAsu, 1968). Therefore, the
effect of addition of C'2 and of the ionic strength
of the medium were compared.

EAC'Ia, 4.2a cells were made by incubating EAC'
Ia, 4 cells with excess partially purified C'2 (about 300
effective molecules per cell) in VB-saline at 30 C for
7 min at a cell concentration of 5 10' inI. After
centrifugation and washing the cells once with cold
VB-saline, the cell suspension was divided into two
portions, which were further washed twice in the
cold with either VB-saline or VBSS, and then resus-
pended in the same buffer.

Various amounts of purified C'3 #18 were in-

YONEMAsu, K. at al. Punjic@tio" ond characteriz@tio" of gut'"e@ pal; O'3.



cubated with 5.0 x 10' of EAC'Ia, 4.2a cells and a
reagent (C'5-7 reagent), supplying moderate excesses
of C'5, C'6 and C'7, in the absence or presence of
partially purified C'2 (about 400 effective molecules
per cell) either in VB-saline or VBSS at 30'C for
45 min in a volume of 2.0 inI. After incubation,

0.5 inI of a reagent (C'8-9 regent), containing excess
C'8 and C'9, was added to each reaction mixture, and
incubation was continued at 37'C for. 90 min. After

adding 5.0 inI of isotonic saline, tite reaction mixtures
were centrifuged and the optical density of the super-
natant was read at 413 nt/!. As controls, EAC'in, 4,
2a cells alone, cells with reagents C'5-7 and C'8-9
cells witlT C'3 (at the I\ighest concentration) for cell
blanl<s, and cells with distilled water for complete
Iysis were included.

As shown in Fig. 9, all the curves gave fairly

straight line rdationships between -In (I-y)
and the dose of C'3. The values of -In (I-y)
obtained in medium of low ionic strengtlT,
however, are far higher than those obtained at

strength. Addition of C'2 en-high
hanced the hemolytic response, because of the
conversion of decayed sites SAC' Ia, 4 and
SAC' Ia, 4,3 to SAC' Ia, 4,2a and SAC' Ia, 4,
2a, 3, respectively (INouE andYONEMAsu, 1968).
For routine titration, therefore, a two-step
procedure using EAC' Ia, 4 cells and excess C 2
in VBSS in the first step is recommended, and

reliable and reproduciblethis method gave
results.

1.00

Ionic

,^

>*

-I

^

C

D

50

8. Ionic stye, ,gth and C'3
it was clearly established that the hemolytic

activities of whole complement as \\, ell as of
some individual components were higher at low
than at high ionic strength (RAPP and BORsos,
1963 ; INouE and NELSON, 1965, 1966).
Therefore, the effect of the ionic strength of the
reaction medium of the C'3 step was examined.

A

B

432

Relative Concentration of C;

FIGURE 9 Titration of C'3 by two-step incubation
method. A and C in VB. saline ; B and D in VBSS ;
A and B without addition of free C'2 ; C and D with
excess free C'2.

Media of different ionic strengths were prepared
by mixing VB-saline and VB-sucrose, and the ionic
strength was checked by measuring the conductivity
of the medium. EAC'In, 4.2a cells were prepared as
in the previous experiment in VB-saline, and centri-
fuged and washed once and resuspended in the same
buffer. Portions of the cell suspension were then
washed with 10 volumes of the buffers of different
ionic strength and resuspended in the same buffers
at a concentration of I x 108 cellsjml. Each sus-
pension was mixed with an equal volume of purified
C'3 diluted (11150 of C'3 preparation #19) in the
same buffer, and was incubated at 30 C for 15 min.
After incubation, 1.0 inI of reaction mixture was
poured into 10 volumes of cold buffer of the same
ionic strength and centrifuged. The supernatant
was discarded, and the tube was drained and wiped,
and the cells were resuspended in 1.0 inI of VBSS.
Then 1.0 inI of a C'5-7 reagent was added. After
45 min incubation at 30'C, 0.5 inI of a C'8-9 reagent
was added to the reaction mixture and the mixture
was incubated at 37'C for 90 min, as in the previous
experiment.

C

A
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phoresis and hemolysis in agar has clearly
demonstrated that the 13, -globulin present is
actually C'3.

The C'3 activity of t}Tis purified preparation,
however, is Ichile and is lost relatively rapidly,
although it is relatively stable until the albumin
fraction Is removed by chromatography, on the
last column. Addition of gelatin at a con-
centration of I % stabilizes the activity to some
extent \\ hen the preparation is stored in a deep
freezer. \Iarious compounds alone and in coin-
bination are no\\, being tested for their stabi-
11zing activities.

Rabbit antiserum against purified C'3 gives
only a single precipitation line against fresh
guinea pig \\, hole serum, and can inhibit both
the hemolytic and the immune adherence re-
activities of C'3. It also agglutinates the cells
in the state of EAC' Ia, +, 2a, 3 and EAC' Ia, 4,
3.

05 10

Relative molarity NaCl
FIGURE 10 Relati\. e reacti\ities of C'311T itTedia of

various ionic strengtlis

As showiT in Fig. 10, the reactivity of C'3 \\, as
higher at low thaiT at high ionic strength.

DISCUSSION

The method for. isolating and purifying guinea
pig C'3 described in this paper is very repro-
ducible and gives a highly purified preparation
with a high titer. It can also be easily inodi-
fled for use \\, ith a larger volume of starting
serum, because it uses only four serial chrom-
to graphies and one ultrafiltration step but does
not include any technique to limit the volume
of the preparation, such as block electo-
Tophoresis. The resulting preparation contains
no detectable complement component other
than C'3, and is highly pure judged from disc
electrophoresis and jinmunodifTusion techni-
ques. The combination of jinmunoelectro-

15

T'he dose-response CLIrves obtained for C'3
using several reaction systems sho\\, that the
,nohit th*."y (MMER, 1961b) I* al*. mypii. "bl.
to the C'3 step, in the guinea pig coinple-
merit system at least. MULLER-EBERnARD at a/.
(1966), Ilowever, have sho\\, IT that many mole-
CUIes of ITUmai\ C'3 seems to bc fixed around a

single SAC' Ia, 4,2a site. The discrepancy
between these findings should be investigated
further in Tclation to the observation by Rosse
at at. that many IToles arc formed by human
complement on the human erythrocyte mein-
brane eveiT when a limited proportion of the
colts hare of, n Iy". d (RossE at u1. , 1966), **, hire
the number of holes formed by guinea pig
complement on sheep erythrocytes agrees \\, ith
the value expected from s=-In (I-y) (BORsos
at at. , 1964).
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