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Although titrations of whole dog comple-
ment (1, 2) have been available, no data
presently exist on the effective molecular ti-
tration of the components of dog complement
with stable cellular intermediates derived
from the guinea pig (3) or dog complement
systems. Previous workers have demonstrated
that a cellular intermediate carrying the
fourth component of guinea pig complement
(C4er). cannot be used to detect and measure
the second component of human (C2bv) (4,
5) or rabbit (6) complement, and a similar
observation has now been made for the sec-
ond component of dog complement (C2d0g)2,
Fourth component of dog complement
(C4dog) cannot be measured with sequences
employing second component of guinea pig or
human origin. Of additional note is the
finding that the measurement of C4dog and
C2d0g is accomplished more effectively with an
intermediate formed with homologous rather
than the heterologous, guinea pig first com-
ponent (C1er), Finally, a late incompatibili-
ty, involving components acting after the first
three, has been recognized between guinea
pig and dog complement.

Materials and Methods. The sources and

1 Supported by USPHS Grant AI-07722 from the
National Institute of Allergy and Infectious Diseases.

2 The nomenclature used conforms to that agreed
upon by the World Health Organization (1968).
[Bull. W, H. O. 39, 9351 Sheep erythrocytes (E),
sensitized with rabbit antibody (A), react with the
components of complement (C) in the sequence C1,
4,2,3,5, 6,7, 8, 9. Fragments of individual com-
ponents are subscripted with letters. The activated

state of a component is signified by a bar above the .

component number, but in this paper this convention
is employed only for components in the fluid phase
and not for those that are cell-bound. In addition to
this convention, the species of origin of a given
component can be indicated by a superscript (hu,
human; gp, guinea pig; dog, dog).

methods of handling sheep erythrocytes and
guinea pig serum have been described (6).
Mongrel dogs weighing 15 to 20 kg were used
as sources of dog serum. The serum speci-
mens were separated from the fibrin clot by
standing at 4° for 1 hr, then were centrifuged
at the same temperature, and stored in indi-
vidual samples at —70°, The methods for pre-
paring Veronal-buffered saline, pH 7.5, 0.145
M, containing 0.1% gelatin, 0.00015 M Ca%*
and 0.0005 Mg2+ (GVB?t), and dextrose—
Veronal-buffered saline, 0.075 M, with the
same concentration of gelatin and cations (D-
GVB2+) have been reported (7). Disodium
ethylenediaminetetraacetate’ (EDTA) buffers
were prepared in GVB to a final concentration
of 0.01 and 0.04 M EDTA (8). The methods
of preparation of diethylaminoethyl (DEAE)-
and carboxymethyl (CM)-cellulose, have been
previously described (8, 9). Diisopropyl fluo-
rophosphate (DFP), molecular weight 184.15,
reagent grade (Aldrich Chemical Co., Inc.,
Milwaukee, Wis.) was handled as described
by Becker (10).

Isolation of partially purified early com-
ponents of dog complement. First component
of dog complement (C1%09) was obtained by
precipitating the euglobulin fraction of whole
dog serum at 0°, pH 7.5, and a conductivity
equivalent to 0.04 M NaCl by the addition
of a pH 7.5, 0.005 M phosphate buffer (8),
containing 0.0015 M Ca2+. After the mixture
was stirred gently for 3 hr at 0°, the precipi-
tate was separated from the supernatant by
centrifugation at 12,100g for 30 min at 0°.
The precipitate was washed twice in the start-
ing buffer and dissolved in 0.3 M saline in
phosphate buffer, pH 7.5, with 0.0015 M
CaCl, added. More than 95% of the Cl in
the starting material was recovered.

Second component of dog complement
(C2409) was isolated from the supernatant re-
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maining after precipitation of C14°¢, The su-
pernatant was adjusted to a conductivity
equivalent to 0.085 M NaCl, 0.001 M di-
sodium ethylenediaminetetraacetate (EDTA)
was added and the material was concentrated
by pressure filtration to the original volume
of serum (10 ml). Diisopropyl fluorophos-
phate was then added to the supernatant to
yield a final concentration of 5 X 10—3M, and
following incubation at 37° for 60 min, the
material was applied to a DEAE column (2.5
X 25 cm) equilibrated to the same conditions
of pH and ionic strength as the starting
material. The column was washed with the
starting buffer and then eluted with a linear
increase in NaCl from 0.085 to 0.3 M in the
same buffer. The C2d°g was present in the
initial effluent. This effluent was pooled and
concentrated by pressure filtration to the
original volume of serum and reapplied to
another DEAE-cellulose column equilibrated
at the same pH and conductivity as the ini-
tial column. C29°¢ was again present in the
initial effluent. After concentration the C2dos
preparation yielded activities of approximate-
Iy 1 X 101° to 3 X 10'° effective molecules/
ml with a C4 contamination of less than
1 X 10° effective molecules/ml. The recovery
of C2 was extremely poor when larger
DEAE-cellulose columns were employed or
when CM-cellulose chromatography was uti-
lized.

Fourth component of dog complement
(C4909) and inhibitor of C1 (C1INH%7) were
eluted from the previously described DEAE
column at a conductivity equivalent to 0.12
to 0.15 M NaCl. These fractions were pooled
and concentrated by pressure filtration to 2-3
times the initial volume of serum, brought to
a pH of 5.5 with 1 ¥V acetic acid and diluted
to a conductivity equivalent to 0.055 M
NaCl with 0.05 M Na acetate buffer contain-
ing 0.001 M EDTA and applied to a 2.5 X
25 cm CM-cellulose column. The C1INHdog
passed directly through the CM column (8)
and the C4d°z was subsequently eluted at a
conductivity equivalent to 0.12 to 0.15 M
NaCl. The C499% preparation was then pooled
and concentrated by pressure filtration. Such
preparations yielded C440¢ activity between 2
X 10' and 4 X 10!° effective molecules/ml;
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they were free of detectable C2 by hemolytic

- titration and of C3 by immune adherence

(4,12).

Cellular intermediates of the hemolytic
system and titration of complement com-
ponents. Sheep erythrocytes were sensitized
(9) with commercial rabbit antibody to
sheep red cells. EAC14¢¢ or EAC1#P cells were
prepared by mixing EA at a concentration of
5 X 108 in D-GVB2+ with an equal volume
of partially purified C1d°¢ or C1#p diluted to
provide 200 effective molecules/cell; after in-
cubation at 30° for 45 min, the cellular in-
termediates were washed three times in D-
GVB2+ and stored in the same buffer with
100 pg of penicillin and streptomycin (9).
The EAC1449¢ cells were prepared from either
EAC14¢ or EAC1#2? by the method described
by Borsos and Rapp (13), utilizing dog com-
plement diluted 1:5 with 0.01 M EDTA; or
by incubating EAC14°¢ with partially purified
C4deg diluted in D-GVB2+ at 30° for 30 min.
EAC4d9¢ cells were obtained by incubating
EACI144deg in 0.01 M EDTA-GVB according
to the method of Borsos and Cooper (14).
EAC4M cells were prepared from EAC1sp4hu
by the same method (14). All cellular inter-
mediates were washed and stored as described
for EAC140g, The procedures for the effective
molecular titrations of C1 (15), C4 (9), C2
(13), C1INH (11) and for C1 transfer (16)
were performed as previously described.

Results. Whole complement levels in the
serum of 5 mongrel dogs, assessed by the
standard 7.5-ml hemolytic assay (3), were
16, 23, 31, 39, and 42 CH;o units/ml.

Titration of C1%°9 and C1INH%s, The titra-
tion of C1do¢ in whole serum, using EAC4doe
cells made from either EAC19°2 or EAC1#P, is
illustrated in Fig. 1A and B. Approximately
30 effective molecules of C29°5 were employed
to bring the EAC1499¢ cells to the EAC142d0s
stage, and they were then lysed by the addi-
tion of whole dog serum diluted 1:10 in 0.04
M EDTA. The titration of C1 in whole dog
serum always passed to the right of the
origin, while the titration of partially purified
C1 proceeded to the origin (Fig. 1A, B).
These observations were consistently ob-
tained with other dog sera and their partially
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RECIPROCAL OF DILUTIONS OF C1999
F1c. 1A. Titration of C1 in dog serum with
EAC4dog cells derived from EAC1gr (O) and
EAC1dog ([]). Z refers to the proportional number
of hemolytically active sites formed per erythrocyte
(3). (B) Titration of partially purified Cidog with
the same two populations of EAC4dog cells.

purified C1.
The inhibitor of C19°¢ was measured func-
tionally in both the pseudoglobulin superna-
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RECIPROCAL OF DILUTIONS OF CIINHI99
Fic. 2. Titration of C1INH in the pseudoglobulin
fraction of dog serum (left) and in its partially puri-

fied form (right). Z’ refers to the average number of
inhibited sites per erythrocyte (11).
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tant and following purification by DEAE-
and CM-cellulose chromatography. The titra-

tion of CIINHd°¢ (11) was based on its abili-

ty to inhibit fluid phase C12? as detected with
EAC4h (Fig, 2).

Titration of C449, The hemolytic titration
of C4 in whole dog serum with either EAC14°8
or EAC1er intermediates is depicted in Fig.
3A, B. The EAC14 cells formed were in-
teracted with approximately 10 effective mol-
ecules of C24%¢ and the reaction was brought
to completion by the addition of dog serum
diluted 1:10 in 0.04 M EDTA. Because of
C4 contamination, the number of effective
molecules of C2 employed was limited so that
the reagent lysis was less than 10%. Com-
pared to EAC1#?, EAC14¢ cells gave a 10-fold
higher C4dee titer. Similar differences in titer
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RECIPROCAL OF DILUTIONS
OF DOG SERUM

Fic. 3A. C4 titration of 3 dog sera with EAC1dog,
(B) C4 titration of 3 dog sera with EAC18p.

were observed when partially purified C4dos
was assayed with the same two cell popula-
tions.

Titration of C299, Effects of varying the
species of C1 employed in the preparation of
EACH4 cells from whick EAC14%9 intermedi-
ate was derived. Two populations of EACI
cells, EAC19¢ and EACI1e?, were used to
prepare EAC4doz cells by the method de-
scribed by Borsos and Rapp (13); both cell
populations were converted to EAC140g4do¢ by
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MINUTES
Fi1c. 4. Kinetics of EAC142 formation of EAC14dog
cells derived from EAC1dog ([]) and EAC1gp (O).
y refers to the percentage lysis with 1 = 100% (3).

the addition of 200 effective molecules/cell of
partially purified C14°¢, The number of Cl
molecules present in the EAC18P or EAC1dog
and in the EAC14d°¢ derived from each of
them was determined by Cl transfer to
EAC4M recipient cells. The original EAC1gp
and EACld0s cells contained 66 Cl1 sites
(SAC1)/cell, while the EAC144o% cells de-
rived contained 37 and 34 SACI, respective-
ly. Following conversion to the EAC142 stage
by the addition of C24°2, the cells were sam-
pled at specific time intervals and lysed by
the addition of dog serum diluted 1:15 in
0.04 M EDTA. As depicted in Fig. 4, the two
cell populations gave maximum lysis (Cmax)
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RECIPROCAL OF DILUTIONS OF c29°9
F1c. SA. Titration of C2 in 3 dog sera employing
EAC14dog cells derived from either EACidog ([])
or EACigp. (O). (B) Titration of C2 in its par-
tially purified form employing EAC14dog cells de-
rived from either EAC1dog ([]) or EAC1gr (O).
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at different time intervals (£max). When used
at the appropriate £y, time for each cell popu-
lation, the C2 titer of either whole dog serum
or partially purified C2 was greater with
the EAC1440¢ intermediate developed from
EAC1d%¢ (Fig. 5A, B). Guinea pig C2 at 25
effective molecules/cell was incapable of
preparing the EAC144%¢ cells for lysis by
either guinea pig or dog serum diluted in 0.04
M EDTA.

Effects of varying the source of C-EDTA
on the lysis of EAC142%9 cells. EAC1490¢ cells
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Fic. 6A. Kinetics of EAC142dog formation and
subsequent lysis by dog ([J) and guinea pig C-
EDTA (O). (B) Lysis of EAC142dog prepared from
partially purified components by dog ([]), human
(A), and guinea pig (O) C-EDTA.

prepared from EAC1d°¢ were incubated with
approximately 3 effective molecules of
C2dog /cell. At specific time intervals, aliquots
of the reaction mixture were sampled and
added to a source of C-EDTA derived from
either guinea pig or dog serum diluted in 0.04
M EDTA. As illustrated in Fig. 6A, C-
EDTA derived from dog serum was able to
lyse the EAC14299¢ cells; whereas, the same
cells were resistent to lysis by guinea pig
C-EDTA. In order to examine further the dif-
ferential activity of dog and guinea pig C-
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TABLE I. Titer of the Early Components of Dog Complement.

CH,, C1 C4 Cc2

Dog serum (units/ml) (units/ml) (units/ml) (units/ml)
111 41.6 88,000 120,000 250
v 23 100,000 150,000 —
v 39 100,000 228,000 160
VI 16 123,000 70,000 200
VII 31 75,000 100,000 —

EDTA, EAC14998 cells were prepared from
partially purified components. EAC140¢8 cells,
made with 25 effective molecules of partially
purified C_l-, were converted to the EACI14
stage by the addition of 75 effective mole-
cules/cell of partially purified C4deg, Follow-
ing incubation for specific intervals of time,
with a limited concentration of partially puri-
fied C2498, aliquots of the cells were taken and
added to a source of C-EDTA derived from
dog, human, or guinea pig serum diluted
1:15, 1:15, and 1:22, respectively, in 0.04 M
EDTA. Dog and human C-EDTA proved ca-
pable of lysing the EAC142d0% cells, whereas
guinea pig C-EDTA was unable to do so
(Fig. 6B).

Discussion. Although titrations of whole
dog complement (1, 2) have been published,
observations on the effective molecular titra-
tion of the early components of dog comple-
ment (Table I) have not previously been
available. A striking characteristic of the ti-
trations conducted so far is the efficiency of
the homologous system in contrast to that
which employs a guinea pig component or
components at certain points in the hemolytic
sequence. This characteristic was demon-
strated when C18P was employed to make an
EACI1sr cell for the titration of C49°¢; when
the same cell was used in the initial step in
the production of EAC1499¢ for the titration
of C2do¢; and when guinea pig C-EDTA was
utilized to complete the lysis of EAC142de0g
cells.

The greater effectiveness of EAC14¢ cells
as contrasted to those made from Cl& in
titrating C44°¢ is illustrated in Fig. 3. The two
populations of EAC1 cells were prepared
with identical inputs of C1, from a single
pool of EA. The C1 assays, from which the

C1 inputs were calculated, were performed
under the optimal conditions determined for
each species. C18P was measured with EAC4te,
C2e?, and guinea pig C-EDTA (11), while
C14°¢ was titered with EAC4d¢ derived from
EAC1er, since this intermediate yielded the
higher value (Fig. 1). Transfer experiments
to EAC4hr to determine the number of Cl
sites formed revealed identical numbers for
the EAC12p and EACldog,

An unexpected finding was that the species
of Cl, guinea pig or dog, on the EAC1
intermediate employed to produce EAC4d°g
cells by the method of Borsos and Rapp (13)
influenced the activity of these cells. In this
method, EAC1 cells are incubated with C-
EDTA with the resultant fixation of C4 and
loss of C1 so as to yield the EAC4 intermedi-
ate. Conversion of EAC44d°¢ cells to EAC14d°g
by the addition of Cl9° produced cellular
intermediates displaying different #,.x values
(Fig. 4). and yielding significantly different
C2doz titrations depending on the species of
C1 on the parent EAC1 cell (Fig. 5). When
the original cell was prepared with C1d°¢, a
higher C2 titer was obtained with the derived
EAC14d%¢ cells than when the original cell
was EACI1#r, This was true for the measure-
ment of C2 in either whole dog serum or
after its partial purification by DEAE-
cellulose chromatography. These findings sug-
gest either that the cell-bound homologous
C1 placed more C49°¢ onto the cell, that the
C4 was positioned in such a way so as to
create a more effective site on the subsequent
addition of C1d°¢  or that residual C1e® or its
subunits were present and interfered with the
effective introduction of C19°¢ at the appro-
priate SAC44°¢ site. That the number of C14°8
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sites present on the two populations of
EAC14 cells was the same was indicated by
transfer analysis. That the number of EAC14
sites were, at least, comparable in the two
cell populations is suggested by Fig. 4 in
which the #,,,x of EAC144°¢ cells derived from
EAC1#? was actually shorter than that of the
more effective EAC144°¢ cells derived from
EAC19g, Trrespective of the mechanism, the
higher titer of C4d°¢ obtained with EAC1d0g,
and of C2d°¢ achieved with EAC14d° cells
derived from EAC14°8 indicate the importance
of using the homologous system. These ob-
servations are reminiscent of the recent
findings of Gigli and Austen (17, 18) that
the fluid-phase inactivation of guinea pig or
human C4 or C2 is most effectively accom-

plished with homologous C1.

A unilateral incompatibility between C2hu
and C4eP (4, 5) and a bilateral incompatibili-
ty between C4 and C2 guinea pig and rabbit
(6) has previously been described. A similar
incompatibility was observed to exist between
C4dog and C2sp, C28P was unable to convert
EAC144d0¢ cells to an EAC142 intermediate
which was susceptible to lysis by addition of
either guinea pig or dog C-EDTA.

The failure of C-EDTA prepared from
guinea pig serum to lyse EAC14240g cells in-
troduces a new species incompatibility (Fig.
6A, B). As assessed by immune adherence,
the use of C38P to convert some EAC142d0g
cells to the EAC142d083¢ep state failed to ren-
der the cells susceptible to lysis by guinea pig
C-EDTA, whereas dog serum at its usual
dilution in 0.04 M EDTA retained its capaci-
ty to lyse the cells. This incompatibility may
reside between C29°¢ and the ill-defined role
of C2 in the fixation of the fifth component
of complement (19) or alternatively in the
inability of C34°¢ convertase to activate C32p
for its role in the hemolytic sequence.

Summary. Effective molecular titrations of
C1, C4, and C2 revealed values ranging from
75,000 to 123,000 for C1, from 70,000 to
228,000 for C4, and from 160 to 250 for C2
in the serum of five mongrel dogs. A striking
feature of these experiments has been the
efficiency of the homologous system as com-
pared to that which employs guinea pig com-
ponents. Complete or partial functional in-
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compatibilities were demonstrated when: (i)

C1#P was employed to make EAC1 intermedi-
ate used for the titration of C4deg; (ii) when
EAC18» was used in the formation of the
EAC4d0z  cells which were converted to
EAC1440g cells for the titration of C2dog; (iii)
when C28» was introduced to prepare
EAC144¢¢ cells for lysis by C-EDTA, and (iv)
when lysis of EAC142d9%¢ cells was at-
tempted with Cer-EDTA.

The authors acknowledge the invaluable assistance
of Mrs. Susan Koethe.
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