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(Received June 23, 1975)

UMMARY A complex, CVF-B, between cobra venom factor (CVF) and human
factor B (B) showed weak, short-lived enzymatic activity against the third com-
ponent of human complement (C3). Once activated with trypsin, it showed strong,
stable activity against C3 and C5. CVF-B, an activated form of CVF-B complex, was
not affected by the trypsin inhibitor, diisopropylfluorophosphate and neuraminidase.
Heating at 56 C for 30 min completely destroyed its activity and heating at 50 C
for 30 min destroyed approximately half its activity. The activity of CVF-B de-
creased markedly at pH 6.0 but was stable at pH 6.5 to 8.5. CVF-B lost 909, of
its activity on reduction with 1 mm dithiothreitol, and was completely adsorbed on
a cellulose acetate membrane. CVF-B was found to be a complex of CVF and
glycine-rich p-glycoprotein, with a molecular weight of 340,000. The CVE-B
molecule consisted of 4 polypeptide chains, 3 of which were derived from CVF and
one from GGG. Hemolytically active CVF-B may be formed from 2 molecules
with four-polypeptide chains linked by unknown bonds. Human, rat and guinea
pig sera could react with CVF-B to generate a lytic factor. Human and sheep
erythrocytes were not sensitive to the lytic factor generated by CVF-B, whereas
liposomes prepared from their membrane lipids were equally sensitive to the lytic

factor.
INTRODUCTION
In the previous paper (Miyama et al., 1975a), B (B), cobra venom factor (CVF) and trypsin.
we reported that CVF-B can be generated in A purified preparation of CVF-B was shown to
reaction mixture containing isolated human be a stable enzyme splitting both C3 and C5.



The pattern of CVF-B on preparative gel filtra-
tion showed that it had a larger molecular
weight than the CVF-B complex. Dierich
et al. (1974) demonstrated that the C3 cleaving
enzyme generated in a system consisting of
factor B, CVF and factor D contained factor
D in its molecule and that its molecular weight
was about 200,000.

This paper reports the physico-chemical
properties of CVF-B and the possible structure
of CVF-B is discussed.

MATERIALS AND METHODS

1. Buffers

Isotonic veronal-NaCl buffer containing Mg*+
(Mg** buffer) and 0.01 M ethylenediaminetetraacetic
acid (0.01 m EDTA buffer) were prepared as de-
scribed previously (Miyama et al., 1975a). Gelatin
was omitted from the buffers employed for gel filtra
tion.

2. Complement sera, human factor B (B), glycine-rich
r-glycoprotein (GGG) and glycine-rich a-glycoprotein
(GAG)

Fresh human, guinea pig and rabbit sera were
ultracentrifuged at 30,000 rpm for 60 min to remove
lipid, and then EDTA was added to a concentration
of 0.01 M. The human serum used for liposome
experiments was dialyzed overnight against cold
0.01 m EDTA buffer to remove endogenous galac-
tose. Individual mouse sera were separated from
blood obtained by retro-orbital puncture. Human
B and GGG wereisolated by the methods of Boenisch
et al, (1970a, 1970b). Human GAG was isolated
by the method of Miyama et al. (1975b).

3. Cobra venom factor (CVF)

Three CVF preparations were employed for forma-
tion of the CVF-B complex. CVF preparation #1
and #2 were isolated from venom of the cobra Naja
Naja (Ross Allen Reptile Institute, Silver Springs,
Fla.) as described by Ballow et al. (1969). The
specific activities of these preparations were 330
and 120 units per mg protein, respectively, as deter-
mined by the method of Cochraneetal. (1970). CVF
preparation #3 (100 units/ml) was purchased from
Cordis Laboratories, Miami, Fla.

4. Erythrocytes and corresponding liposomes

Human, sheep and guinea pig erythrocytes were
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obtained from blood stored in 0.02m EDTA and
used after washing with 0.02 M EDTA buffer. They
were adjusted spectrophotometrically to concentra-
tions of 1x108® cells/ml. When 0.5 ml volumes of
these cell suspensions (4 X108 cells/ml) were lyzed
with 7 ml of distilled water, the resulting optical
densities at 541 nm were 0.800, 0.320 and 0.775, for
human, sheep and guinea pig cells, respectively.
Erythrocytes membranes were isolated by the
method of Dodge et al. (1963). One volume of
membrane suspension was extracted with 2.5 vol-
umes of methanol and 1.25 volumes of chloroform
for 2hr in a closed flask under nitrogen gas. In-
soluble material was removed by centrifugation and
the clear supernatant was evaporated to dryness.
The dried lipid fractions were re-extracted with a
mixture of methanol-chloroform (2:1,v/v). Lipid
fraction equivalent to 1 X 10° erythrocytes was dried
in a 20 ml-conical flask. The dried lipid was dis-
persed in 3 ml of 0.27 M galactose by sonication.
Liposome preparations were dialyzed for 96 hr
against 0.01 M EDTA buffer to remove untrapped
galactose. Theratio of trapped galactose in human,
guinea pig and sheep liposomes was 1: 3: 4, respec-
tively, so the volumes of liposome suspension were
adjusted so that equal amounts of galactose were
incorporated into the experimental systems.

5. Antisera

Anti-B, anti-GGG and anti-GAG antibodies were
obtained as described previously (Miyama et al.,
19752, 1975b). Anti-human p1C/p1A antibody was
obtained from Boehringwerke A. G., Marburg-Lahn,
Germany.

6. Chemicals

The following chemicals were used: trypsin (Mo-
chida Pharmaceutical Co., Tokyo); soybean trypsin
inhibitor, neuraminidase type V of Clostridium per-
fringens and diisopropylfluorophosphate (DFP)
(Sigma Chemical Co.); dithiothreitol (DTT) (Na-
karai Chemical Co.); p-galactose dehydrogenase,
nicotinamide adenine dinucleotide (NAD), ferritin,
catalase, aldolase, bovine serum albumin and egg
albumin (Boehringer-Mannheim, New York, N.Y.).

7. Electrophoresis and Ouchterlony’s gel precipita-
tion
Polyacrylamide gel electrophoresis and SDS-

polyacrylamide gel electrophoresis were performed
by the methods of Davis (1974) and Weber et al.



(1969). Individual components in polyacrylamide
gel were scanned spectrophotometrically at 600 nm
using a Densitorol DMU-2 (Toyo Scientific Instru-
ment Co.). Immunoelectrophoresis and Ouchter-
lony’s gel precipitation were performed as described
previously (Miyama et al., 1975a).

8. Gel filtration

Preparative gel filtration was performed in 2 X 60
cm column of Sephadex G-200. Molecular weight
was determined using a 1.5X 90 cm column of Se-
phadex G-200 calibrated with marker proteins of
known molecular weight.

9. Hemolytic and lipolytic assay

The hemolytic activity of CVF-B was measured
as follows. A mixture of 0.2 ml of sample diluted
with 0.01m EDTA buffer, 0.1 ml of human C-
EDTA (1:4) and 0.1 ml of unsensitized guinea pig
erythrocytes (1 X108 cells/ml) was incubated at 37
C for 60 min. Then 3 ml of cold 0.01Mm EDTA
buffer were added and the mixture was centrifuged,
and the optical density of the clear supernatant was
measured at 413 nm. The hemolytic activity of
the nascent CVF-B complex, if present, was assayed
in the same way as that of CVF-B, except that dilu-
tion was carried out with Mg** buffer. To detect
the CVF-B complex, it was first activated to CVF-B
by trypsin. For this, 0.02ml of CVF-B complex
was treated with 0.02ml of trypsin (12.5 pg/ml)
in Mg*t buffer at 37 C for 7 min. Then 0.02 ml
of trypsin inhibitor (37.5 pg/ml)and 0.14 mlof 0.01 ™
EDTA buffer were added. The hemolytic activity
of the reaction mixture was measured in the same
way as that of CVF-B.

The lysis of liposomes was assayed by the method
of Knudson et al. (1971). A typical reaction mix-
ture contained an appropriate volume of liposome
suspension (0.1 to 0.4 ml) in 1.5 ml 0of 0.01 M EDTA
buffer, containing 20 units of CVF-B, 0.1 ml of hu-
man C-EDTA (1:4), 0.1 ml of NAD (5 mg/ml) and
0.1 ml of B-galactose dehydrogenase (0.23 mg/ml).
The reaction mixture was incubated in a cuvette of
1 cm light path at 37 C. Reduction of the NAD
was followed spectrophotometrically at 340 nm.

RESULTS

1. The formation of CVF-B from purified
CVF-B complex by trypsin

In the previous paper (Miyama et al., 1975a),

we reported that CVF-B was generated by
trypsin in a mixture containing a limiting
amount of CVF and excess B, in which both
the CVF-B complex and free B were present.
The CVF-B complex was formed from a mix-
ture of equimolar concentrations of CVF and
B, and purified by gel filtration on Sephadex
G-200. Three CVF preparations were em-
ployed for formation of the CVF-B complex.

Two ml of B (3 mg/ml) were incubated with
4,000 units of CVF at 37 C for 15 min in the
presence of Mg*+, and then the reaction mix-
ture was chromatographed on a column (2 X
60 cm) of Sephadex G-200 equilibrated with
Mg** buffer. Fractions containing the CVF-
B complex were pooled and concentrated to
about 3 ml. Two ml of the complex were
digested with 0.04 ml of trypsin (2 mg/ml) at
37 C for 7 min in Mg** buffer. Then EDTA
was added to a concentration of 0.01 M, and
the mixture was subjected to gel filtration on a
Sephadex G-200 column equilibrated with
0.01 m EDTA buffer to obtain pure CVF-B.
Figure 1 shows the gel filtration pattern of
CVF-B prepared from CVT preparation #2.
The CVF-B complex prepared from CVF pre-
paration #3 and the corresponding CVE-B
preparation were not subjected to gel filtra-
tion. The activities of the CVF-B complexes
and the corresponding CVF-B’s are shown in
Table 1.

The CVF-B complex itself was weakly active
only when tested in the nascent state and its
activity depended on the CVF preparation
used. When the CVF-B complex was diluted
and kept in EDTA buffer, its activity to gener-
ate a lytic factor from human C-EDTA was
lost. On the other hand, all samples of CVF-
B showed stable activity to generate a lytic fac-
tor from human C-EDTA.

The antigenicity of CVF-B #2 (Fr. #16, in
Fig. 1) and the corresponding CVF-B complex
were analyzed on an Ouchterlony’s plate against
anti-B, anti-GGG and anti-GAG. After pre-
cipitation lines had developed, the plate was
covered with 2.0 ml of 1.09, agarose containing
5%, guinea pig erythroeytes and 0.5 ml of hu-
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F1GURE 1. Separation of CV.F-B from trypsin-activated CVF-B complex. The CVF-B complex #2 was treated
with trypsin, and then applied to a column (2 X 60 cm) of Sephadex G-200. Optical density at 280 nm (@), hemo-
Iytic activity (O) and reactivity with anti-B (X).

TaBLE 1. Comparison of hemolytic activities of CVF-B complex and corresponding CVF-B

aCnYti (ﬁ_ﬁg;ﬁﬁiﬁfg Hemolytic units per ml Conversion of O%tlal\«brilg}f) ’lIr‘lA
CVF-B and CVF-B Before® After BIC in serum®  "37°C."60 min
CVF#1 330 units/mg

CVF-B complex 0 0 None

CVF-B 1,200 1,280 Complete Stable
CVF#2 120 units/mg

CVF-B complex 400 50 Partial Unstable

CVF-B 6,400 5,500 Complete Stable
CVF#3 100 units/ml

CVF-B complex 120 - None Unstable

CVF-B 3,200 — Complete Stable

@ The hemolytic activities of CVF-B and CVF-B were assayed before and after gel filtration,
» 0.9ml of C-EDTA (1:1) was treated with 0.1 ml of undiluted CVF-B complex or CVF-B and analyzed
by immunoelectrophoresis against anti-human gIC/8IA.
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uring the generation of a Iytic factor from C-
EDTA. Figure 4 shows that CVF-B lost half
its activity in 240 min at 37 C, 559, in 30 min
at 50 C and all its activity in 30 min at 56 C.
The pH-stability of CVF-B was tested by in-
cubating purified CVF-B (100 units/ml) in
0.15 m NaCl at pH 5.5, 6.0, 6.5, 6.8, 7.5, 8.0
and 8.5, at 4 C overnight. Its activity was
stable at pH 6.5 to 8.5 and decreased markedly
at pH 6.0. Maximal activity was retained at
pH 8.0.

The molecular weight of CVF-B was deter-
mined by gel filtration on Sephadex G-200.
As demonstrated in Fig. 5, the molecular
weights of the CVF-B complex and CVF-B
were 240,000 and 340,000, respectively. This
value for CVF-B was considerably larger than
that of the C3 cleaving enzyme reported by
Dierich et al. (1974). CVF-B forms a single
protein band on analytic polyacrylamide gel
electrophoresis (Miyama et al., 1975a), so the
nature of its complex was studied by SDS-
polyacrylamide gel electrophoresis, As shown
in Fig. 6, CVF itself was separated to 3 distinct
subunits, whereas CVF-B was separated to 4
subunits. The inactive product formed by
digestion of the CVF-B complex with trypsin
(Fr. #22, in Fig. 1) contained 2 polypeptide
chains, which were also structural subunits of
active CVF-B. The densities of the individual

60 120 180 240
Time in minutes
FIGURE 4. Heat stability of purified CVF-B. CVE-

B was heated at 37 C (0), 50 C (@) and 56 C (O) and
then its residual activity was assayed.
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components in the SDS-polyacrylamide gel
were scanned and the ratio of the polypeptide
chains in the molecule was calculated. B was
a single polypeptide chain and its molecular
weight was 76,000. CVF consisted of 3 poly-
peptide chains, with molecular weights of 61,-
000, 43,000 and 25,500, respectively. CVF-B
consisted of 4 polypeptide chains in a molecular
ratio of approximately 1: 1: 1: 1. 'Three of the
4 polypeptide chains of CVF-B must be derived
from CVF and the other polypeptide chain
(mol wt 52,000) seemed to be GGG. These
results are summarized in Table 2.

The hemolytic activity of CVF-B was tested
in the presence of trypsin inhibitor and DFP.
CVF-B (2 to 2,000 units/ml) was not affected
by the trypsin inhibitor at a final concentration
of 0.1 mg/ml or by 50 zm DFP. The conver-
sion of #1C and B1F globulins in whole human
serum by CVF-B could be observed electro-
phoretically even in the presence of 0.5 mm
DFP. Incubation at 37 C for 60 min with
neuraminidase at a final concentration of 0.5
mg/ml did not reduce the activity of CVF-B
(200 units/ml) or alter the electrophoretic
mobility of CVF-B (3,200 units/ml). How-
ever, 90%, of the activity of CVF-B (640 units/
ml) was lost when it was reduced by incubation

108}~

Ferritin

CVF-B
CVF-B complex
Catalase

Albumin (beef serum)

Molecular weight
2
|

Albumin (hen egg)

! ! !
50 100 150
Elution volume (mi)

FIGURE 5. Determination of molecular weight of
CVFE-B on Sephadex G-200.






TABLE 2. Molecular weights of individual polypeptide chains of B, CVF and CVF-B

Moleouar weight  Nupberof | Mol wiof  Ratio o
B 78,000
CVF 130,000 3 61,000 1.2
43,000 1.2
25,000 1.0
CVE-B Dimer: 340,000
Monomer : 180,000 4 61,000 1.2
52,000 1.0
43,000 1.0
26,500 0.9

TaBLE 3. Physico-chemical characteristics of CVF-B

Molecular weight
Sensitivity to:
Heating at 37 C
at 50 C
at 56 C
H* concentration
Reduction
DFP
Trypsin inhibitor

Neuraminidase

340,000

Loss of half activity in 240 min

Loss of 559 of activity in 30 min
Complete loss of activity

Stable at pH 6.5 to 8.5

Loss of 90% of activity with 1mMm DTT
No inhibition

No inhibition

Not altered

TaBLE 4. Compatibility between CVF-B and C-EDTA prepared from warious animal sera

Dilution of Serum

1:2 1:4 1:8 1:16 1:32 1:64
Human 940 95 100 89 70 45
Guinea pig 11 9 5 0 0 0
Rabbit No lysis
Rat 90 74 40 22 20 20
Mouse (DD)? No lysis
Mouse (BALB/c) No lysis

% Numbers indicate percent hemolysis of guinea pig erythrocytes.
® Strain DD, genotype: A, B, ¢, S. MuBl antigen negative. Strain BALB/c, genotype: b, c¢. MuBl

antigen positive,

Mg*+ (Pickering et al., 1969). The susceptib-
ilities to hemolysis of 0.1 ml volumes of
erythrocytes suspensions (1108 cells/ml) of
human, sheep and guinea pig were compared
by exposing them to 0.2 ml of CVF-B (10 units/
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ml) in the presence of 0.1 ml of human C-
EDTA. Human and sheep erythrocytes were
both completely resistant to the lytic factor
generated by CVF-B from human C-EDTA.
However, liposomes prepared from lipid frac-



TaBLE 5. Sensitivity of liposomes to CVEF-B initiated lysis

Reactants added

Liposomes from ;i
to liposomes

Degree of galactose release

Human CVF-B4-C-EDTA
C-EDTA
CVF-B

Sheep CVE-B+C-EDTA
C-EDTA
CVF-B

Guinea pig CVF-B4+-C-EDTA
C-EDTA
CVF-B

Exp. 1 Exp. 2
0.595 0.925
0.341 0.482
0 0
0.600 0.775
0.092 0.087
0 0
0.595 0.985
0.299 0.475
0 0

tions of these erythrocytes membranes were
found to be equally sensitive to the lytic factor
generated from human C-EDTA by CVF-B
(Table 5). Lysis of liposomes should be
compared qualitatively rather than quantita-
tively, but galactose release from the 3 kinds of
liposomes greatly increased when CVF-B was
added to human C-EDTA.

DISCUSSION

The nature of the C3 cleaving enzyme complex
formed in a system containing isolated factor
B, CVF and factor D has been examined by
Cooper (1973), Hunsicker et al. (1973) and by
Dierich et al. (1974). It was demonstrated
that the CVF-B complex itself showed labile
and weak activity to generate a lytic factor from
human C-EDTA. Once activated by trypsin,
however, the CVF-B complex acquired strong,
stable enzymatic activity against C3 and C5.
It was also demonstrated that the GGG moiety
of B was incorporated into CVF-B, and that
its reduction by D'T'T inactivated CVF-B. It
is still uncertain whether trypsin is incorporated
into CVF-B. The resistance of CVF-B to the
trypsin inhibitor suggested that the CVF-B
molecule was a dimolecular complex of CVF
and GGG. The molecular weights of the
CVF-B and CVF-B complexes were 240,000
and 340,000, respectively. SDS-polyacryl-
amide gel electrophoresis showed that CVF-B

consists of 4 subunits, with molecular weights
of 61,000, 52,000, 43,000 and 26,500, respec-
tively. On the other hand, an inactive product
obtained by digestion of the CVF-B complex
with trypsin, which reacted with anti-GGG,
consisted of 2 subunits. The molecular
weights of these subunits were 52,000 and 41,-
000, respectively. The CVF-B molecule
seemed to consist of 4 subunits in a ratio of
1:1:1: 1, giving a total molecular weight of
approximately 180,000. From these results,
it seems likely that hemolytically active CVF-B
was formed by combination of 2 four-poly-
peptide chains. The nature of the interchain
bonding is unknown.

Human and sheep erythrocytes were resist-
ant to CVF-B initiated lysis, but liposomes pre-
pared from their cell membrane lipids were
found qualitatively to be sensitive to CVF-B.
The high susceptibility of guinea pig erythro-
cytes must be due to special characteristics of
their cell surface, like those of erythrocytes of
cases of paroxysmal nocturnal hemoglobinuria
or glutathione-treated human erythrocytes

(Arroyave et al., 1974).
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