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activator. 

Interest in the anticomplementary activ- 
ity of snake venom spans virtually the en- 
tire history of the study of complement it- 
self. A medical officer in the American 
Army, Captain C. B. Ewing, observed in 
1894 that venom from some poisonous 
snakes destroyed the bactericidal activity 
of serum (1). Around the turn of the cen- 
tury, Flexner and Noguchi (2) demon- 
strated that these venoms acted by destroy- 
ing complement activity in vitro. Ritz, in 
1912 (3), showed that snake venom did not 
destroy either the first or second com- 
ponents of complement, the only com- 
ponents known at that time, and he there- 
fore defined a third component. Some 50 
years later, when it had become evident 
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deprivation, in the same paradigm as was used in 
the amphetamine study. 

13. In fact it is already known that when compound 
stimuli are associated with injections of poison, the 
taste elements of the compound are readily asso- 
ciated with the aversive effects of the poison, but 
auditory and visual elements are not. Conversely, 
auditory and visual elements are associated with 
the aversive effects of footshock, while taste ele- 
ments are not [Garcia and Ervin (6)]. 
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that this "third component" was complex 
and, in fact, consisted of several different 
proteins, Klein and Wellensieck (4) dem- 
onstrated that the attack by venom was di- 
rected against what we now call C3. Nel- 
son (5) and Mtlller-Eberhard and his col- 
leagues (6) characterized and isolated from 
snake venom the protein (cobra venom 
factor or CoF) which induced C3 cleavage 
and showed that this attack on C3 was not 
direct but required at least one normal hu- 
man serum protein. Factor B of the prop- 
erdin system (7-9) was shown to be re- 
quired for the CoF-mediated attack on C3 
(9, 10). There was, initially, controversy 
about whether a complex was formed be- 
tween factor B and CoF. Gdtze and 
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Miiller-Eberhard obtained evidence that 
the purified proteins formed an equimolar 
complex (9), but neither we (11) nor Hun- 
sicker et al. (10) could show such a com- 
plex. There is now evidence that a complex 
of CoF and factor B does form in the pres- 
ence of factor D (12). In whole serum only 
a small fraction of the factor B is involved 
(11). There is thus no CoF-binding protein 
distinct from factor B as previously postu- 
lated by us and by Hunsicker and co-work- 
ers. The identification of a positive feed- 
back loop within the properdin or alterna- 
tive pathway of complement activation, 
triggered by C3b (13) prompted Lachmann 
and Nicol (14) to draw an analogy between 
the action of purified CoF and human C3b. 
We now report studies which strongly sug- 
gest that CoF is, in fact, an altered form of 
cobra C3. 

A potent antiserum to isolated CoF 
from the venom of Naja naja, the Asiatic 
hooded cobra, reacted, on Ouchterlony 
analysis, with normal human serum and 
highly purified C3 but not with C3- 
deficient serum (15) (Fig. 1). To rule out 
the possibility that human serum and C3 in 
particular had somehow contaminated the 
CoF preparation used as antigen, normal 
human serum was placed in one trough of 
an immunoelectrophoresis slide (Fig. 1), 
and antiserum to CoF was placed in the 
opposite trough and allowed to diffuse 
against purified CoF subjected to elec- 
trophoresis from the center well. The faint 
line produced by the human serum react- 
ing with the antiserum to CoF was not con- 
tinuous, but fused with the very strong arc 
due to reaction of CoF and its antiserum, 
indicating that the reaction with human C3 
was induced by antibody to CoF and not 
by a contaminating antibody. Further evi- 
dence that this reaction did not result from 
antibody to a contaminating human anti- 
gen is that, after the antiserum to CoF was 
absorbed with lyophilized whole cobra ven- 
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buffer (pH 8.6) containing 10-2M disodium ethylenediaminetetraacetate. c;F ! : 

The central well contained rabbit antiserum to CoF. Peripheral wells a, c, 

mg/100 ml. Wells b, d, and f were filled with serums from patients with re 
diminished C3 serum concentrations (4, 30, and < 0.25 mg/100 ml, re- A '1:: i i::i 
spectively). Reactions were observed only with the normal serum. (B) In - 

: 
.i 

immunoelectrophoresis performed in agarose gel, purified CoF was 
placed in the central well and subjected to electrophoresis. The upper trough was filled with rabbit antiserum to CoF and the lower trough with normal 
human serum. After diffusion was complete, the gel was washed, dried, and stained. Fig. 2 (right). Immunoelectrophoresis of human serum de- 
veloped with antiserum to human C3 (left-hand series) and cobra serum developed with antiserum to CoF (right-hand series). The samples placed in the 
antigen wells were as follows: (A) normal human serum (NHS); (B) NHS incubated with Escherichia coli 026: B6 endotoxin (1 mg/ml) for 30 minutes at 
37?C; (C) conditions as in (B) except incubation for 1 hour; (D) NHS incubated alone for 1 hour at 37?C; (E) cobra serum (CS); (F) CS incubated with 
endotoxin at 0.2 mg/ml for 30 minutes at 37?C; (G) conditions as in (F), except endotoxin concentration was 1 mg/ml; (H) CS incubated with endotoxin 
at 0.2 mg/ml for 1 hour at 37?C; (I) conditions as in (H) except endotoxin concentration was 1 mg/ml; (J) CS incubated alone for 1 hour at 37?C. 
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Cobra Venom Factor: Evidence for Its Being Altered Cobra C3 

(the Third Component of Complement) 
Abstract. Evidence is presented that cobra venom factor, the anticomplementary pro- 

tein in Naja naja venom, is modified cobra C3 (the third component of complement). An- 
tiserum to the cobra venom factor cross reacts with human C3. A protein in cobra serum 
reacts strongly with antiserum to the venom factor and the former protein, like human 
C3, is converted by incubation of cobra serum with endotoxin, hydrazine, or simple stor- 
age at 370C. Incubation of cobra venom factor with cobra serum destroys the C3 cleaving 
activity of the venom factor in human serum, whereas human C3b inactivator is ineffec- 
tive. Thus, the cobra venom factor appears to be a form of C3 (perhaps C3b); its potent 
action in human serum probably derives from its lack of sensitivity to human C3b in- 
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om, the reaction in gel with the human se- 
rum was abolished. 

The antiserum to CoF was reacted in 
immunoelectrophoresis with whole Naja 
naja serum, and a strong reaction was ob- 
served with a 3-mobility protein in the 
cobra serum. The material in the cobra se- 
rum converted to some extent to a more 
rapidly migrating protein on incubation at 
37?C for 1 hour. However, this conversion 
was much more marked on incubation of 
the snake serum with endotoxin (16) (Fig. 
2). Neither zymosan nor antigen-antibody 
precipitate made from rabbit antibody had 
an effect on this protein in cobra serum 
when incubated at 2 mg of precipitate per 
milliliter of cobra serum. Incubation of 
cobra serum with 0.15M hydrazine for 30 
minutes at 37?C produced conversion of 
about half of the cross-reacting material to 
a more slowly migrating protein. 

Immunofixation (17) of whole cobra se- 
rum, whole cobra venom, and purified CoF 
(18) is shown in Fig. 3. The protein in 
cobra serum forms a single, sharp band, 
whereas CoF either in whole venom or in 
the isolated state produces a series of elec- 

trophoretically slower bands all of which 
are antigenically identical. 

These observations suggest that CoF is 
closely related to a cobra serum protein 
with many of the characteristics of C3. The 
electrophoretic appearance of CoF com- 
pared with that of the native material in se- 
rum suggests that the material in the ven- 
om has been altered, and perhaps acted on 

by proteolytic enzymes. 
Incubation of cobra serum with CoF at 

10 tig/ml at 37?C for 30 minutes did not 
result in increased conversion of the CoF- 
reactive material of the snake serum, al- 
though, as expected, CoF at 10 ig/ml in- 
duced marked C3 conversion in human se- 
rum, as judged by immunoelectrophoresis. 
When cobra serum was incubated with 
'25I-labeled CoF for 3 hours at 370C (19), 
the labeled CoF was converted to more 

rapidly migrating material on prolonged 
agarose gel electrophoresis and radio- 
autography (Fig. 3). Incubation with puri- 
fied human C3b inactivator or buffer pro- 
duced no alteration in the electrophoretic 
appearance of CoF. Furthermore, in- 
cubation of CoF at 10 ug/ml with cobra 
serum at 37?C for 1 hour destroyed the 
ability of the mixture to induce C3 con- 
version in human serum. Similar in- 
cubation of CoF with barbital-buffered 
isotonic saline containing 1.5 x 10-4M 
Ca2+ and 10-3M Mg2+ and 1 percent hu- 
man serum albumin, or a solution of pu- 
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Ag/ml, did not destroy its ability to con- 
vert C3 in human serum. When a mixture 
of equal parts of cobra serum and human 
serum were incubated at 37?C for 30 min- 
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Fig. 3. (A) Immunofixation patterns developed 
after prolonged agarose gel electrophoresis with 
antiserum to CoF of (a) cobra serum, (b) iso- 
lated CoF, and (c) whole cobra venom. (B) Ra- 
dioautograph after prolonged agarose gel elec- 
trophoresis of mixtures of '25I-labeled CoF and 
(a) normal human serum, (b) cobra serum, (c) 
cobra venom, and (d) barbital-buffered saline 
with Mg2+ and Ca2+ containing 1 percent hu- 
man serum albumin. All mixtures were in- 
cubated for 3 hours at 37?C prior to electro- 
phoresis. The slower band in (a) represents a 
complex between CoF and Bb (12). The most 
rapid band is unidentified. The mobility of 
CoF in (c) and (d) is the same as that of un- 
treated CoF. The native mobility of CoF dis- 
appeared on incubation with cobra serum and 
one or two bands with more rapid mobility ap- 
peared. 

utes, the extent of human C3 conversion 
was similar to that of human serum in- 
cubated alone. 

These observations suggest that CoF is a 
form of cobra C3 (perhaps the analog of 
human C3b) which has the active site for 
forming the alternative pathway convert- 
ase in human serum. Its very potent activi- 

ty would, therefore, derive from its lack of 

susceptibility to the human C3b in- 
activator. On the other hand, its failure to 
convert cobra serum C3 and its conversion 
in cobra serum suggest its susceptibility to 
an inactivating mechanism in cobra serum 
which might be analogous to the human 
C3b inactivator. 

The fact that CoF is probably cobra C3b 
or a fragment of C3 very similar to C3b ex- 
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ty would, therefore, derive from its lack of 

susceptibility to the human C3b in- 
activator. On the other hand, its failure to 
convert cobra serum C3 and its conversion 
in cobra serum suggest its susceptibility to 
an inactivating mechanism in cobra serum 
which might be analogous to the human 
C3b inactivator. 

The fact that CoF is probably cobra C3b 
or a fragment of C3 very similar to C3b ex- 

plains the observation that CoF incubated 
with serum from a patient homozygous for 
C3 deficiency results in normal C5 in- 
activation and normal passive hemolysis of 
unsensitized guinea pig erythrocytes (21) 
since activated C3 is being supplied to the 
C3-deficient serum. The observations in 
this report also supply a reasonable ex- 
planation for the otherwise enigmatic high- 
ly specific interaction of a snake venom 
protein with mammalian serum, an enigma 
that has been with us for the past 80 years. 

C. A. ALPER 
D. BALAVITCH 

Center for Blood Research, 
Boston, Massachusetts 02115 
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plains the observation that CoF incubated 
with serum from a patient homozygous for 
C3 deficiency results in normal C5 in- 
activation and normal passive hemolysis of 
unsensitized guinea pig erythrocytes (21) 
since activated C3 is being supplied to the 
C3-deficient serum. The observations in 
this report also supply a reasonable ex- 
planation for the otherwise enigmatic high- 
ly specific interaction of a snake venom 
protein with mammalian serum, an enigma 
that has been with us for the past 80 years. 

C. A. ALPER 
D. BALAVITCH 

Center for Blood Research, 
Boston, Massachusetts 02115 
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Laboratory Plate Tectonics: A New Experiment 

Abstract. A "continent" made of a layer of hexagonally packed black polyethylene 

spheres floating in clear silicon oil breaks into subcontinents when illuminated by an ordi- 

nary incandescent light bulb. This experiment may be a useful model of plate tectonics 
driven by horizontal temperature gradients. Measurements of the spreading rate are 
made to establish the feasibility of this model. 

Plate tectonics is now accepted by most limited by the extreme complexity of the 
earth scientists as a useful paradigm for problem (2). Only limited success has been 

understanding the evolution of the major achieved with analytic (2) and experimen- 
features of geology (1). Attempts to under- tal (3) approaches. 
stand the physics of the process have been A major outstanding problem is the 
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