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PREFACIE

There are numerous books, review articles, and multiauthored monographs on the subject
of venoms, which are excellent sources for specialists’ research and have their archival
values. However, because so many different people have contributed portions of the
information, it is difficult to obtain a comprehensive, unified view of venoms. For
scientific laymen who want a general idea about “What is venom?” there is a need for a
book written by a single author.

When asked by the publisher about the possibility of writing such a book, I knew that
it would be a monumental task to assemble all references, to digest the contents and
analyze the data, to reconstruct these materials, and to present them in a logical and
unified form.

In this book, I have tried to be comprehensive so that specialists can use it as a source
of information. At the same time, I have also tried to be selective so as to present general
and systematic views to scientists in general, from the vast store of information on
venoms. To balance these two basically opposing aims has been difficult.

Overall, materials presented here are expansions of my lecture course, “Chemistry and
Pharmacology of Animal Toxins,” given at Colorado State University, and my many
review articles, lectures at different colleges and universities, and special lectures at
scientific meetings. I sincerely hope that this book will stimulate more interest in venoms
and increase the understanding of them.

I was fortunate to have Dr. Charlotte L. Ownby, Assistant Professor of Physiology,
Oklahoma State University, participate on Chapter 27 on the chemical neutralization of
snake venoms. Thanks are also extended to the following persons, who helped in the
many phases of the writing of this book: Dr. A. Bieber, Dr. G. Happ, Dr. N. Iritani, Dr. B.
Joyce, Dr. D. Leuker, Dr. C. Ownby, Dr. D. Will, Ms. A. Kano, Ms. L. Rimsay, Mr. J. Fox,
Mr. J. Pardee, Mr. M. Stringer, and Mr. J. Yadlowski.

I am grateful also to many colleagues — Drs. P.J. Delori, W.B. Elliott, D. M.
Fambrough, N. Frontali, E. Heilbronn, J. Ishay, D. Munjal, T. Okonogi, R. Perez-Polo, Y.
Setoguchi, J. W. Simpson, and R. Yarom — who supplied valuable photographs; without
these, the book could not have been published. I thank Teresa Szidon and Dee Kohut for
the final typing of the manuscript.
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Finally, my thanks are extended for encouragement by Kazuko Yamomoto Tu, my
wife, and Dr. Tsungming Tu, my father, who has done many years of snake venom

research.
My deepest regret is that my mother, Songsui Lin Tu, and my Ph.D. research adviser,
Professor Hubert S. Loring of Stanford University, cannot see this book.

Anthony T. Tu

Fort Collins, Colorado
January 1977
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1 SNAKE VENOMS:
General Background and
Composition

Human beings have traditionally, and justifiably, been fearful of and puzzled by the
violent action of venoms from such small creatures as venomous snakes. The amount of
venom injected by these snakes is usually very small, but in some cases the results are
fatal. Symptoms arising in the victim result from the combined effects of complex protein
components present in the venom.

Venom is not composed of a single substance common to all poisonous snakes,
although almost all venoms consist of approximately 90% protein. The proportions of the
different substances in venom and their specific characteristics vary among the species.
However, usually the closer the phylogenetic relationship of the snakes, the more similar
are the venom properties and composition.

Any given snake venom usually contains more than one toxic principle, and these tend
to act in combination in an actual poisoning. The overall toxicity is due to enzyme as well
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2 Snake Venoms

as to nonenzymatic proteins. However, the main lethal action, especially in Elapidae and
Hydrophiidae snakes, can be attributed to neurotoxins that are not enzymes. This does
not mean that enzymes are unrelated to the toxic actions of venoms. Many venom
enzymes actively participate in blood coagulation, anticoagulation, hemorrhage, hemo-
lysis, autopharmacological action, and lysis of cell and mitochondrial membranes.

Of the nearly 2000 different types of snakes that exist, about 300 are known to be
venomous. The venomous snakes are classified according to morphological characteristics
and comprise five families: Crotalidae (crotalids, pit vipers), Viperidae (viperids, vipers),
Elapidae (elapids), Hydrophiidae (sea snakes), and Colubridae (colubrids).

Crotalidae comprise six genera: Crotalus, Sistrurus, Agkistrodon, Bothrops, Lachesis,
and Trimeresurus. Crotalus and Sistrurus are the rattlesnakes and can be found only in
North, Central, and South America. Bothrops occurs only in Central and South America.
Agkistrodon includes the copperheads and moccasins. This is the only genus of snake that
can be found in both the New and the Old World. Lachesis has only one species and is
distributed from Central to South America. Trimeresurus is the Asiatic pit viper, which
lives only in Asia; there are 31 species in this genus.

Viperidae are known commonly as viperids or vipers and can be found in AfTrica,
Europe, and Asia. They are not found in Australia or on the American continent.
Viperidae comprise the genera Vipera, Atractaspis, Bitis, Causus, Cerastes, Echis,
Adenorhinos, Atheris, Eristicophis, Pseudoceratstes, and Azemiops. Africa and the Middle
East are particularly rich in varieties of Viperidae. In Asia, there is only one genus of
Vipera.

Elapidae include well-known cobras, mambas, and kraits. All of the poisonous snakes
in Australia and New Guinea belong to the family Elapidae. There are only two genera
of Elapidae in North America and Central America. In North America, Elapidae are coral
snakes, which belong to the genera Micruroides and Micrurus. In South America, there is
Leptomicrurus in addition to the other two genera mentioned. These are the only
Elapidae that migrated to the New World from Asia through the Bering land bridge many
millions of years ago. Australia and New Guinea, on the other hand, are rich in genera
belonging to this family: Acanthophis, Brachyaspis, Demansia, Denisonia, Elapognathus,
Glyphodon, Hoplocephalus, Micropechis, Notechis, Oxyuranus, Parademansia, parapisto-
calamus, Pseudapistocalamus, Pseudechis, Rhinoplocephalus, Toxicolamus, and Vermi-
cella. Other genera of Elapidae are Elapsoidea, Naja, Walterinnesia, Aspidelaps,
Boulengerina, Dendroaspis, Elaps, Elapsoidea, Hemachatus, Paranaja, Pseudohaje,
Bungarus, Calliophis, Maticora, Ophiophagus, Apistocalamus, Aspidomorphus, Brachy-
urophis, Ormodon, Rhynchoelaps, Tropidechis, and Ultrocalamus, Ophiophagus, the king
cobra by common name, is the largest poisonous snake in the world, reaching more than
10 ft in length. Bungarus (the krait) is an Asiatic poisonous snake.

Hydrophiidae are sea snakes and live in tropical and subtropical sea waters bordering
the Indian and Pacific oceans. They are not found in the Atlantic Ocean or the
Mediterranean Sea. Only one genus, Pelamis, occurs in the coastal waters of Central and
South America.

Classification of sea snakes is not complete and is still in a state of confusion. In this
book, the classification by Smith, Monograph of the Sea-Snakes (British Museum, 1926),
is followed. The family Hydrophiidae has two subfamilies, Laticaudinae and Hydro-
phiinae. Laticaudinae include such genera as Laticauda, Aipysurus, and Emydocephalus.
Hydrophiinae include Hydrelaps, Kerilia, Thalassophina, Enhydrina, Hydrophis, Acalyp-
tophis, Thalassophis, Kolpophis, Lapemis, Astrotia, Pelamis, and Microcephalophis. There



Snake Venoms 3

are many species within the genus Hydrophis, and species identification is very difficult.

Colubridae constitute by far the largest family of snakes and consist of 250 genera and
over 1000 species. But not all of them are poisonous. Poisonous Colubridae include the
genera Dispholidus and Thelotornis, both of which are found in Africa. They are
rear-fanged snakes and, because of the awkward position of the fangs, seldom envenomate
victims by natural bite.
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About 90 to 95% of dry snake venom consists of proteins. Protein fractions are
biologically more important than nonprotein ones as most of the biological activities
reside in protein fractions. Protein fractions contain major as well as minor toxins,
nontoxic proteins, and enzymes. Most enzymes are hydrolytic in nature with the notable
exception of L-amino acid oxidase, which causes oxidative deamination of amino acids.
Because of the hydrolytic nature of venom enzymes, it is thought that they facilitate
tissue damage on the prey to help eventual digestion (exodigestion). In some cases, venom
enzymes are considered to play an important role in the self-defense of snakes. It is hard
to define the exact role of enzymes in snake venoms, but the fact is that venoms do
contain a number of enzymes.

In this chapter, only the nonprotein portions of snake venoms will be discussed.
Subsequent chapters will be devoted to the various proteins.

For convenience, the nonprotein components will be divided into inorganic and
organic constituents. Organic constituents are further classified into free amino acids and
small peptides, nucleotides and related compounds, carbohydrates, lipids, and biogenic
amines.



("v's'n

0 9¢ 67 oL €9l 00981 €6v 796 8EVe 0 SNISUIOTTe[ XTJAFI03U0d 'Y
v G96 08s¢L 60t 2es 899¢ 514 (esouwuo)
0 0 0 SL1 0401 LL69€E 0Sv 002l 000€ 0 snande uopou3siyby
9epl | e304)
0LE 759 90¢€ 608 90€1L 87 (puefley))
0 0 0 0 092 00LyvE 9.6 008L L861 0 SLSUBWeLS L[|3ssnd eaadLp
02z 0S. LLe 089 080L 8t (edLU4y yanos)
0 0 0 0 02¢ 00t9¢€ 9€9 069 0062 0 eoLuoqeb °g
A 6EY 009 vLe 9v8 002l 87 (eoL44y Yanos)
0 0 009 0 009 00§ LY 00L oooL 90€¢ 0 suejstde siiLg
depuadLp
OLL 00Lve 009 6€L LEL 8 (pue|teyl)
0 0 0 0 L6€ 00§9¢ 0L8 961 0291 0 snjeLdse) sndebung
€ 601 06¢5¢ LLE 0LL 8t 81 (esouwuod)
0 0 €l 0 00€ 009¢€P 099 08¢ 000L 0 edle efeu N
L2S 00l 008%¢ 099 09¢€ S0l 81 (eLpur)
0 0 00¢ 0 0§l 00209 0v8 0091 0001 0 efeu efey
sepide|]
4s|ejauw (uLbrag)
494310 CE| Ul nj A BN bW uz e) »4H wousp

uondiosqy J1oly Aq pazAfeuy ‘sisAfer(g 19)je pue

-]
910J3q SWOUI A YeUS Jo (WOoUdA wern) 1ad [e3ay swerSomip) sjusjuo)) B9 | 9[QBL



"ny pue By ‘pd ‘34 ‘@S “Lg ‘O +

*sLsA|eue 94049q 423BM Pa[[L3SLp 3suLebe pazA|eLp a43M SWOUIA 3PNJD 3ey3 awLl 40 yibusaq

06
00¢

6512
0%S¢

009
ol

0ve
0S¢

00%
02y

0SS
065

ovvl
0991

0/6€
00S€L

8¢9
049

0S.
0SZ

02¢
oLy

08SL
0056¢€

0021
00%9¢

0LooL
00667

0061¢
000€S

00S1L
00882

08LL
004S¥

008¢l
00£9€

00201
00891

00¥8
oogey

009%¢
00€4S

L6¢
9P

60¢
0ve

L6
6¢l

901
€L6

00l
LLL

¥02
e

SLL
0Lvl

0l€
9/€

L6
L0l

423
L0L

Gest
0102

0s0L
L¥81

LS9
089

008
086

089
018

08¢l
9481

004
€0¢l

066
oovlL

25t
€LL

€601
veEL

0§42
000v

0€/2
09S¥

L6
0§l

6¢9¢€
0€6Y

0651
€91

082¢
06€¢

896¢
€00¢€

0661
6861

7091
oL9tL

08LE
961LY

8Y

8P

8v

8v

8

8y

8Y

81

8¥

8Y

("v's'n)

[JNOGAeq SNLJe[ LW SNANAISLS

(Cy'sn)
SIPLATA SIPLALA )

(‘v's'n)
SnjepnesrJje snpidaoy °

(S]]

("v's'n)
SNpLAJOY snpLdJoy *

(091x3))

SMOeU0307 SASSLANp *

©

ol

(eoLuauwy y3anos)
SNJLJLAd9F Snsstanp *

(eoLuswy |e4zua))

snssLanp °

_ 02 LX3|)

snosL[Loseq *

("y°s°n)

snajueuepe *9

(cv:s'n)

X043® SN|e204)

o ol

o



