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UMMARY A complex formed between cobra venom factor (CVF) and isolated
human factor B (B) was found to be converted by trypsin to a stable enzyme,
CVF-B which cleaved the third component (C3) and the fifth component (C5) of
human complement. The formation of CVF-B by trypsin required divalent cations,

whereas the formation of the lytic factor from human serum occured even in the pre-
sence of EDTA. CVF-B purified by gel filtration could initiate the hemolysis of
unsensitized guinea pig erythrocytes when incubated with human complement
components C5 to CY in 0.01 m EDTA buffer. C3 was not required for the lysis
of guinea pig erythrocytes initiated by CVF-B because the f1C precipitation line
formed between human serum and anti-31C antibody did not inhibit the hemolysis
by CVF-B in agarose gel. Treatment of f1C and S1F globulins in whole human
serum with CVE-B in the presence of 0.01 M EDTA converted them to components
with higher mobilities on immunoelectrophoresis.

INTRODUCTION

Recently, the association of the cobra venom
factor with an alternate pathway of comple-
ment activation has been described (Gotze et
al., 1971, Hunsicker et al., 1973). In this path-
way the cobra venom factor (CVF) combines
with a heat labile serum factor B (B) and the
resulting complex CVE-B is converted to stable
B by the enzymatic action of activated factor

D. B can initiate the activation of C3, like
C3-convertase C42, and consequently leads to
full activation of C5 to C9. From studies on
the mechanism of activation of C3 to C9 by B,
the direct effect of B on C5 has been postulated
by Miiller-Eberhard (1974).

In studies on the antigenic conversions of B
by trypsin (Miyama et al., 1975), we found that
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hemolytically active conversion of purified B
to B could be catalyzed by trypsin only when
a complex between CVF and B had been
formed. The ability of trypsin-activated com-
plex (CVF-B) to generate a lytic factor from
whole human serum could easily be detected
by measuring lysis of unsensitized guinea pig
erythrocytes in the presence of EDTA.

This report presents evidence that trypsin-
activated CVF-B complex (CVF-B) can ac-
tivate C5 without the incorporation of C3 into
the lytic system, thereby generating a potent
Iytic factor, which is probably a complex con-
taining C5 to C9.

MATERIALS AND METHODS

1. Buffers

Mgt buffer was isotonic veronal-NaCl (pH 7.4,
ionic strength 0.147) containing 0.19%, gelatin and
1.0mm Mg+, EDTA buffer was prepared by
mixing isotonic veronal-NaCl buffer with 0.1 M
ethylenediaminetetraacetic acid (EDTA) solution
(pH 7.4).

2. Erythrocytes

Guinea pig erythrocytes were separated from fresh
blood obtained by cardiac puncture and stored at
4 Cin the presence of 0.02 M EDTA. Cells which had
been stored for more than a week were not used for
the hemolytic reaction, because non-specific hemo-
lysis increased on cell aging. For preparation of the
standardized cell suspension, 0.5 ml of cell suspen-
sion were lyzed with 7.0 ml of distilled water, and
the optical density of the clear supernatant was
measured in a cuvette of 1 cm light path at 541 nm.
An optical density of 0.775 corresponded to appro-
ximately 4 x 108 cells per ml of cell suspension in
terms of hemoglobin concentration.

3. Complement sera and components of human com-
plement

Fresh human serum was separated from blood
obtained by venous puncture after clotting at room
temperature for 60 min. It was ultracentrifuged
at 30,000 rpm for 60 min to remove lipid and stored
at —70C. Human C-EDTA was prepared by
mixing 9 parts of fresh serum with 1 part of 0.1 m
EDTA solution (pH 7.4) and it was stored at —70 C.
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Unless otherwise mentioned, the C-EDTA used for
the hemolytic reaction was diluted 1:4 with 0.01 m
EDTA buffer. Human serum deficient in B activity
(RB) was prepared by heating fresh serum at 50 C
for 30 min. Hydrazine-treated serum was obtained
by treating 9 parts of fresh serum with 1 part of
0.3 M hydrazine at 37 C for 30 min and then dialyz-
ing it against 0.01 M EDTA buffer. The compo-
nents of human complement, C3, C5, C6, C7, C8 and
C9 were purchased from Cordis Laboratories, Miami,
Fla. Reconstituted components were used at high-
er concentrations than those recommended by the
manufacturer for lysis of sheep intermediate cells,
For example, the reagent used for C5 assay was com-
posed of a mixture of 0.5 ml of undiluted C6 and
C7, 0.1 ml of undiluted C8 and C9, and 1.2 ml of
0.02 m EDTA buffer.

4. Human factor B (B), glycine-rich y-glycoprotein
(GGG) and glycine-rich a-glycoprotein (GAG)

Human B and GGG were isolated by the methods
of Boenisch et al. (1970a, 1970b). Purified B was
proved to be a single protein by polyacrylamide gel
electrophoresis and immunoelectrophoresis at a con-
centration of approximately 30 mg per ml. Human
GAG was purified by the method of Miyama et al.
(1975).

5. Cobra venom factor (CVF)

CVF was isolated from 900 mg of lyophilized
venom of the cobra Naja Naja (Ross Allen Reptile
Institute, Silver Springs, Fla.) by the method de-
scribed by Ballow et al. (1969). CVF activity was
assayed during the purification procedure by meas-
urement of lysis of guinea pig erythrocytes on micro-~
titration plates. Mixtures of one drop each of
serially diluted fraction, of guinea pig serum (1: 10)
and of guinea pig erythrocytes (1 x 10® cells/ml) were
incubated in Mg** buffer at 37 C for 30 min. Frac-~
tions which caused complete lysis in the third row
of wells were collected. Analytical polyacrylamide
gel electrophoresis showed that the purified CVF
contained a faster moving contaminant protein.
CVT units were determined by the method of Coch-
rane et al. (1970).

6. Antisera

Anti-B and anti-GGG antisera were obtained from
rabbits immunized with four injections of purified
B and GGG, respectively. To prepare these, 2 mg






TasLe 1. Formation of CVF-B from mixtures of CVF, B and trypsin

Reactions in Mg*+ buffer

Reactions in EDTA. buffer

1st stage 2nd stage 3rd stage Degree of lysis?
B+ trypsin® Mgt* buffer Trypsin inhibitor 0
B+ trypsin CVF " 0
B+CVF Mg** buffer " 0
B+ CVF Trypsin " 1.0
B+ CVF Trypsin inhibitor Trypsin 0
CVF +trypsin B Trypsin inhibitor 0

% 20 pliters of each reactant were mixed at each stage,

% 0.1 ml each of guinea pig erythrocytes and human C-EDTA were added after the 3rd reaction stage,

TasLE 2. Activation of the CVF-B complex by various concentrations of trypsin

Trypsin inhbitor Degree, of
(pg/ml)

CVF-B in Mg*t buffer 400 1,200 0.946

» 200 600 0.960

' 100 300 0.960

» 50 150 0.950

» 25 75 0.930

" 12.5 37.5 0.910

» 400 1,200 0
CVE-B in EDTA buffer 400 1,200 0"

“ The order of additions of trypsin and trypsin inbibitor was reversed,

* The CVF-B complex was treated with trypsin in 0.01 M EDTA buffer.

¢ The degree of lysis was determined after the reaction mixture was incubated with 0.1 ml each of unsen-
sitized guinea pig erythrocytes and of C-EDTA at 37 C for 60 min.

converted purified B to jnactive fragments,
which resembled B electrophoretically but were
not identical with it. However, when CVF
was added to the system, trypsin converted B
to active B.

Twenty pliters each of B (2 mg/ml), CVE
(200 units/ml) and trypsin (100 pg/ml) were
mixed in two stages in various orders, as in-
dicated in Table 1. The mixtures were in-
cubated at 37 C for 10 min and then 20 pliters
of trypsin inhibitor (300 zg/ml) and 0.12 ml of
0.02 M EDTA buffer were added. Finally 0.1
ml of human C-EDTA and 0.1 ml of guinea
pig erythrocytes (1 108 cells/ml) were added
and after incubation at 37 C for 60 min, 3 ml
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of cold 0.01 M EDTA buffer were added. The
mixtures were centrifuged and the optical densi-
ties of supernatants were measured at 413 nm,
Lysis of guinea pig erythrocytes could be seen
only in the tube in which B and CVF had been
mixed in the first stage and then subjected to
trypsin digestion.

Cooper demonstrated that the conversion of
B to B by D required the presence of Mg**
(1973).  Similarly, as shown in Table 2, the
conversion of preformed CVF-B complex to
activated CVF-B complex (CVF-B) by trypsin
did not occur when EDTA was present in the
first and second stages. The formation of a
lytic factor from human serum by CVF-B, on



the other hand, could proceed in the absence
of divalent cations, as revealed in the last reac-
tion step where EDTA was present. Thus,
the mechanism of B activation by trypsin was
quite similar to that of B formation initiated by
factor D.

To see how much trypsin was required, a
mixture of 0.2ml of B (4 mg/ml) and 0.2 ml
of CVF (200 units/ml) was incubated in Mg*+*
buffer at 37 C for 15 min. Then 20 puliters
volumes of the resulting CVF-B complex were
treated with 20 uliters of trypsin at concentra-
tions of 12.5 ug/ml to 400 xg/ml at 37 C for 3
min. After incubation, 20 uliters of solution
containing trypsin inhibitor in 3-fold weight
excess over the amount of trypsin were added
to each tube. In the control, the order of addi-
tions of trypsin and trypsin inhibitor was re-
versed. Then the total volume of each mixture
was adjusted to 0.2 ml with 0.02M EDTA
buffer, and 0.1 ml of guinea pig erythrocytes
(1 %108 cells/ml) and 0.1 ml of human C-
EDTA were added to all tubes and the mix-
tures were incubated at 37 C for 60 min.
As shown in Table 2, lysis of unsensitized
guinea pig erythrocytes was complete with
all concentrations of trypsin employed.

2. Kinetic analysis of the formation of CVF-B
by trypsin

A volume of 0.2 ml of CVF-B complex, pre-
pared by mixing equal volumes of B (4 mg/ml)

1.0
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FIGURE 2. Kinetics of CVF-B formation from the
CVIEF-B complex by trypsin. For experimental con-
ditions and procedures, see text.

and CVF (200 units/ml), was treated with 0.2
ml of trypsin (12.5 pg/ml) at 37 C. At the
times indicated in Fig. 2, 20 gliters of samples
were mixed with 20 gliters of trypsin inhibitor
(37.5 pg/ml). A portion of each mixture was
removed for immunoelectrophoretic analysis,
and then 0.1 ml of guinea pig erythrocytes (1 X
108 cells/ml), 0.1 ml of C-EDTA and 0.16 ml
of 0.02 M EDTA buffer were added to the re-
maining reaction mixture. The results showed
that CVF-B was formed rapidly and then grad-
ally decayed (Fig. 2). On immunoelectro-
phoretic analysis a precipitation line was ob-
served only in the position of the original B
against anti-B antiserum during the generation
of CVF-B, though a faint line of a slow moving
component (GGG) was sometimes observed.

3. Analysis of CVF-B formation by gel filtra-
tion

Cooper demonstrated that a complex of
equimolar amounts of B and CVF was formed
reversibly, and that on analytical ultracentri-
fugation, the CVF-B complex alone sedimented
as a 8-95 peak, whereas after treatment with
factor D it sedimented as a 95 peak (1973).
"The concentration of B was in excess of that of
CVF in the experiments described above, so it
was expected that the mixture of CVF and B
should contain both the CVF-B complex and
free B, and that trypsin digests of the mixture
should contain not only hemolytically active
CVE-B but also inactive products of B. To
confirm this, the gel filtration patterns of B,
CVF, CVF-B complex and CVF-B on Sepha-
dex G-200 were compared.

Nine mg of purified B in 2 ml of Mg** buf-
fer were chromatographed on a Sephadex G-
200 column (2 x 60 c¢m) equilibrated with Mg**
buffer. Then single drops of serially diluted
fraction were incubated with one drop of diluted
CVF (200 units/ml) in Mg** buffer at 37 C for
15 min and treated with one drop of trypsin
(12.5 ug/ml) at 37 C for 7 min. Finally, one
drop of reagent containing guinea pig erythro-
cytes (1108 cells/ml), human C-EDTA and
trypsin inhibitor (37.5 yg/ml) in 0.02 M EDTA
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Ficure 3.  Gel filtration patterns of B, CVF, CVEF-B complex and CVF-B on a column (2% 60 o) of Sephadex
G-200 (4, B, C and D, respectively). The optical density at 280 nm (O) and hemolytic activity (@) were measured.

The arrow indicates the void volume of the column.
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TaBLe 3. Requirement of late acling cont-
ponenis for formation of a lyiic factor by
CVF-B

Components of mixture I}?:rgnroeleys?i
C3, C5, C6, C7, C8, C9* 0.254
C5, C6, C7, C8, C9 0.260
C3, Ce, C7, C8, C9 0.012
C3, C5, C7, C8, C9 0.063
C3, C5, C6, C8, C9 0.040
C3, Cs5, C6, C7, C9 0.011
C3, C5, C6, C7, C8 0.027

¢ Volumes of 0.2ml of mixtures were mixed with
0.1 ml of CVF-B and 0.1 ml of guinea pig ery-
throcytes (1108 cells/ml).

by 20 pliters of 0.01 M EDTA buffer. Then
0.2 ml of the mixtures were incubated with
0.1 ml of CVF-B (Fr. #17, in Fig. 3D) and
0.1 ml of guinea pig erythrocytes (1 x 108 cells/
ml) at 37 C for 60 min. Table 3 shows that
mixture deficient in C3 and the complete mix-
ture containing C3 to C9 could produce lysis
of guinea pig erythrocytes in the presence of
CVE-B, while all the other mixtures were in-
active. When the mixture deficient in C5 was
supplemented with purified C5, it gained the
ability to make a lytic factor. The lysis of
guinea pig erythrocytes was directly propor-
tional to the amount of C5 added in the pre-
sence of excess C6, C7, C8, C9 and CVF-B
(Fig. 7). 'These results demonstrated that C5
reacted with CVF-B as an initiating component
for generation of a lytic factor.

The direct activation of C5 by CVF-B for
generation of a lytic factor from whole human
serum without the participation of C3 was de-
monstrated in the following experiments.

The center well of an Ouchterlony’s plate
was filled with human C-EDTA (1: 1) and the
surrounding wells with anti-B, anti-B1C/B1A,
anti-C5 and anti-C9, respectively. After
incubation at 4 C for 24 hr to allow develop-
ment of the precipitation lines, the plate was
overlayed with 2 ml of 1.09, agarose, contain-
ing 5% guinea pig erythrocytes and 0.1 ml of

~ o5k

L i L
12 4 8 16
Relative concentration of C5

Ticure 7. The requirement of C5 for generation of
a lytic factor. Volumes of 0.1 ml of serially diluted
C5 were mixed with 0.1 ml of mixture containing CG,

C7, C8 and C9, 0.1 ml of CVF-B (10 units/ml), and
0.7 ml of guinea pig erythrocytes (1x 7108 cells/ml).
-ln (1-y) indicates the average number of damaged
sites per cell.

undiluted CVF-B (Fr. #17, in Tig. 3D). The
plate was incubated at 37 C for 1 hr and then
at 4 C for 24 hr. The hemolytic zone pro-
duced in the gel was bounded by the precipita-
tion line developed against anti-C5 and anti-
C9, whereas the 81C precipitation line did not
inhibit enlargement of the hemolytic zone (Fig.
8). When the Ouchterlony’s plate was over-
layed with guinea pig erythrocytes only, no
hemolysis was observed. This indicated that
the hemolysis produced in the agarose gel was
dependent on added CVF-B but not some
effect of agarose.

On the other hand, when 0.9 ml of human
C-EDTA (1:1) was treated with 0.1 ml of
undiluted CVF-B (Fr. #17, in Fig. 3D) at 37 C
for 60 min and analyzed by immunoelectro-
phoresis against anti-f1C/81A and anti-C5,
both 1C and B1F globulins were shown to be
converted to fast-moving components (Fig. 9).

These observations demonstrated that C3
and C5, independently, could be substrates of
CVF-B formed by activation of the CVF-B
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CVF-B. These data are in agreement with
those of Cooper (1973), who demonstrated the
formation of C3 cleaving enzyme from reaction
mixture containing B, CVF and factor D.

We previously reported (Miyama et al., 1975)
that B in whole human serum was cleaved to
hemolytically inactive GGG and GAG during
alternate complement activation, and that both
anti-B and anti-GGG inhibited the activation
of C3 by zymosan but anti-GAG did not.
Although no precipitation line was visible be-
tween CVF-B and anti-B serum (Fig. 5),
neutralization of CVF-B activity must be caused
by the GGG antibody in anti-B serum.

Recently, Brade et al. (1975) demonstrated
that factor B combined with zymosan-properdin
involving C3b could be activated by trypsin to
a stable C3 cleaving enzyme in the presence of
Mg**. Unlike the C3 cleaving enzyme ge-
nerated by the properdin pathway, CVF-B did
not contain either C3 or C3b in its molecule.
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