AD-754 455

: FINAL REPORT, NOVEMBER 1. 1¢
OCTOBER 31, 1970 » 1966 TO

Anthony T. Tu

RIXPSE R FR LY

Colorado State University

S M AN R LT AT RO £

LA i A M A R0 M R R 8 e bk A S R AL B O i SRR Aok i i it e A

TRIT A

Prepared for:

iR

YT

Office of Neval Research

b it i et g &

31 October 1970

ey
Ay

R P T,

FiEd
o ARG e ot RS

TTRRTITO () 07

% ool
Lot

DISTRIBUTED BY:

W

e

TRt v RRLy e

R i BEAVE 8 T Fa

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

g

et
ML

|

5

i =

: 3

k :

| =3 :

! =

t =

| 2 :

=

k P

1 =4
15 :

y
E 3
3 =
| e




AD754455

A
b’l
.

N varchis v AT e S B

[

]

FINAL REPORT

ONR CONTRACT: NOGO14-67A-C292-0005

SRUSAWNL /T RIBOReL s o
22 odobt dibes FY -

SRR

PERIOD: ‘November 1, 1%€€ t5 October 21, 1870

Z: z
£iS i
- PRINCIPAL INVESTIGATOR: Anthony T. Tu 3;

A Professer of Biochemistry b

Colorade State University
fort Coilins, Colorado 80521

Paprotted by D D C §~
NATIONAL TECHNICAL ) i
INFORMATION SERVICE = aieing 1
U e v D 3

‘ JAN 25 1R ) §

RGNV 1 R %

— B ﬁ

W\




Y
=

K728 Do o

VR

™

acrQeatla i

-

g gomt i g ko AR

SR

ik e 443

L -

S

1.

I1.

o

OBJECTIVE

1. To collect sea snake venoms.

2. To investigate chemical properties of sea snake venoms and pure
toxirs from these venoms.

ACCOMPLISHM.NTS

A. Sea Snake Cocllecting

In 1967, sea snakes were collected in Jepan, Formosa, Mong Kong,
Thailand, Malaysia, and the fhilicpines, and a total of 2,6C0
sea snakes were captured in 1969, we captured over
7,000 additional sea snakes in Thailand, Malaysia, and the Philippines.
1. Thailand
The 1967 coliecting period was July 1 to July 1. The number

of snrakes captured vere: 68 Lapemis hardwickii, 11 Enhydrina

schistosa, 146 Aipysyrus evdouxi, 1 Pelamis piaiurus,

Hydrophis cyanocinctus (data missing), Hvdroohis spiralis

(data missing), H. klcssi {data missing), Kerilia jerdoni.

(data missing), Microcephelophis araciiis {dat2 missing),

and 59 unknown sea snakes. Jome false sea smake, Acrochordus

granuiatus were captured. Acrochordus granulatus is a non-

poiscnous snake and, therefore, lacks any fangs. It is reported
that they a2re found in rivers and estuariss. However, we
found many of A. granulatus in the open se2 in the Suif of

Thailand, both in 1957 and 1969. Aipsvsursus eydouxi was

the predominant spscies during the 1C day pericd. Lapemis
hardwickii vas the second most abundant ss2 snake in the
1967 collection.

Enhydrinz schistosa is commonly found in the estuary

in central Thailand and the snake moves unstrezam with the
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tidal influx of sea water. In the vicinity of the Bana-

kok area, E. schistosa is rost abundant durirg the dry seascn
(December to.ApriI), vhen sea water peretration is areatest
due to the low water level of the rivers. In the Banckek
area, sea water can reach to fhra Pra Dana, which is 3

miles south of Bangkok, or about 10 miles from the river
mouth. Fishermen there, have reparted catches of about 1000
sea snakes per night during the dry seasen. f&n attempt wvas

made to collect the sea snakes in the same spot in June 1967,
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kut cniy two sm211 E. schistosa and three A. granulatus
vere caught in one day.
In 1859, the coilecting vas made about 10 miles off
the east coast of the ¥ra Isthkeus with trawiing nets attached

to trawlers. Species, and rumter of sez smakas captured

o
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are sumarized in Teble 1. The data obtained from the 1660

ccllecting are statistically mere significant than that of

“hk
o'
1
!-0-
b
']

1987, as a lonaer period of time was spen collection,
which was frea July 3 te ducnst 13, 1869, Since a iarge
nuber of sea snzkes were csptured, the distribution of =22ch
species ca2n be fairly accurately srojected for tie sizrer

period. &f the 5,306 sea snales captured, £,305 were

Lapemis hardwickii, which accounted for 32 per cent of 211 the

snakes. The next coswon species was Fipysurus evdouxi,

vhich azccounted for 4.5 per cent. &gain large numbsrs of

Acrochordus granulatus, {185) were captured in the open
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sea. This is the only nonpoisonous snzke captured in

the sea. Contrary to the reported record, A. granulatus
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can live in salt water. It may be that the snake possesses

a salt gland so that it can survive in a high tonic environment.
Pelamis platurus is very rare in the Gulf of Thailand.

Out of a total of nearly 6,000 sea snakes captured in

1867 and 195% in Thailand, only one vas P. platurus.

Contrary to the report of the Zoyal Thai Navy, no gcrus

Z of Laticauda was found in Thailanc. Sea Snakes reported

to be Found ir Thailand and by the Reval Thai Mavy are:

Lapemis hardwickii, L. curtus, Enhydrina schistosa, Thalass-

sphis viperina, Astrotia stokesii, Microcephalophis gracilis,

affinis, L. colubrina, L. sesifasciate, Emvdscephaius

imirae, Hydrophis spiralis, H. cyamecinctus, H. ornatus, ard

!
‘ t - Kerilia jerdonii, Pelamis platurus, laticauda laticaudata
E

H. melanocephialus. The sca snakes in the Gulf of Thailand

reported by Taylor are: Laticauda colubrine, L. iaticaudata,

Aipysurus eydouxi, Kerilia jerdoni, ¥. jerdrsi siamsnsis,

Astroti

stckesii, Kolpophis annandalei, Thalassophis
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viperina, Enhvdrina schistosa, Pelesis pleturus, Lapemis

hardwickii, 4ydrophis cyanocinctius, H

‘e

ornaius, H. caerulescens,

H. terovatus, H. terguatys diadesa, H. kesii, 4. fasciatus,

H. brooki, and H. mamillaris.
2. Philizpines
In 1957 and 1963, we collected sea snzkes inside the
caves of Gato Island. Inside the caves, therz was a large

rumiber of se2 snakes on the surface of the v2ter in rock

crevices in the watar, and on the rock. Se2 smakes were
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captured by skin diving inside the caves. There were

two species in this area. Ole was Laticauda semifasciata

and the other was Laticauda colubrina. 200 L. semifasciata
were capturad in 1967 and 609 in 1969.

g Sea snakes present in the sea of Phiiippines reported

o

by Taylor are: &Aipysurus eydeuxi, Laticauda laticaudata,

iy LN

Laticauda cclubrira, L. semifasciata, iydrophis fasciatus,

VBN T

H. ornatus, E. cyanocinctus, H. ornatus, Lape=zis kardwickii,

and Pelanmis platurus. Specizens in the Hatioral ¥usaum,

Manila, observed by the author, were Hydropnis fasciatus,

H. spiralis, Palamis piaturus, and lapemis kardwickii.

Sea snakes identified fro= the specizens collected by Alaban

- Seru= and Yaccine Laboratories were Lapemis hardwickii,

Hyd-ophis fasciatus atriceps.

3. Malaysia
In Falaysia, sea snzkes were captured in the Strait

of Malacca, near Perang Island bv setting Fish traps, which

i SRS ) S e Y

were irrersed in the water for 12 heours. Uswally, a2t least

one srake was c2ucht in each trap. The variety of sea snakes

captured w2s very sizilar to the ones we obtained in Thailand.
Sea snakes present in the coestal eter of Saramak

{(in Bornen) are: Laticauda laticzudatus, L. colubrina,

Aipysurus eydouxi, Keriliz jerdoni, Enhydrica schistosa,

¥vdroohis cyarocinctus, H. spiralis, Y. selanroseran2, H.

czeruiescens, i#. torpuatus, H. brookei, H. fasciatus,

AR Bt A ps At e P AR A A Lk B R P A et i

Thalassophis aro=alus, Lapesis hardwickii, Ficrocenhalo-

phis gracillis, Pelamis platurus, and Praescutata wiperina.
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QOther freas
The most ccmxmon sea snake in the vininity of Eong

Kong is Hydrophis cyanocinctus, which accounts for 70%

of all the sea snakes captured by fisher=zen in Hong Yong.

Other sea snakes frecuently captured are: Hydrophis ornatus

ornatus, Micrecephzlophis gracilis, Pelamis platurus

and Praescutata viperina.

In the suz=sr of 1967 collection, Eydrephis cyarocinctys,

H. ornatus, Pelasis platurus, Hicrocephzicphis gracilis,

Lape=is hardwickii, ard one unknown species were captured.

In 1257, we collected Z0C Pelanis platurus {rcm the
rorthern coast of Torzosa. In scuthresterr. foroosa, we
obtained a large nu=ber of genus Hydrophis, however, re
venoo: was extracted a2s there were tco =any different species
ard subspecies within this gerus, which =24e proper
identificaticn very difficult.

In Fmazi islarnd, Japan, we cbitained 50D Laticauda

semifasciata. Cosparison o those of Philippine origie

10
wv

made iater in this =anuyscript.

Toxicolcgy

In generai, vensss of sea sn2kes are more %toxic than these

of land snakes. The LDz in mice by I.¥. is liste¢ in Table 2.

The quantity of veron that can te cbtainad from sea snakes

is much s=ailer than the asount that can be obtaired fro= jard

sn2kes. The yielG of venoa frem sea snakes coilected wes fres

C.6 to 19 g per snake.
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C. Chenmistry

1. Co=parison of Yenom from Sea Snake and Land Snake

Recent studies have shown that veros from the snakes of

e O
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: the family Hydrophiidae are much sicpler in cozposition than the

venor of the land snake.

) Tsezlectric points ¢f se2 snake venos toxins are very £
basic; they are ail around or abeve 9, vhile that of 2 land suake, i%
- %
= A. rhodostoca, has an isoelectric point of about 7.0. %
? 2. Isplation ;i:
Since all sr2ke ventms contain 2 rather large nusber of %
proteins, purification is achieved by =cre thar two step colu=n §

e chromatography. Toxins were isolated either using the cexiination

'
[

3 . of Seshadex G-%0 and (H-cellulose Chrozatography or repeating
= | use of CM-cellulose with a different buffer. VYarcms used for

isolation were lavexis nardwickii froo Thailend, Laticas

semifasciata froz the Philippines. and fnhvdrina schistosa

rom Malaysis. CFhospholipase & was ispclated fro= venc= of L.

sexifasciats from F==mi Island, Japan, 5y = two siep purification

utilizing (M-cellulose and PEAE column chreetograpny.
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; 2. Criteric of Furity
In each preperation, 3 or £ of the follevirg cethods :
- were used o confirm the purily of isolated toxins cr ths %
\ 2. Sedizentaticn pattern in 2malytical usltrecentrifuge. z
) b. Polyzcetate electrophoresis at differcnt pH vaiues. :
c. Isselectric fecusirng. ‘%
d. Rechromatography in coly=n. g
2. Straight line i.: the plot of log € against r2 in s=izentation ?_:;
: equilibrivs. ?
i s TR e R e e B 5 - e 5
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f. Crystaliization

4. Physical and Chemicai Properties

Physical and chemical properties of isolated toxins and
phospholipase & are summarized in Table 3.
The toxins contain a total amino acid residue of either
- 61 or 6Z. The phospholipase A consists of 108 amino acid residues.
¥oiecular weights of toxins and phosphGiizase A were
determined by 3 cozbiration of s and B, data fros sedimentation

equilidbrium, amino acid composition, or cuantitative Sephadex

elution zethod. These results are s=marized in Table 4.
End aroup araiysis indicated that there is 2 histidine
at the aniro-terainal and aspartic acid or asparccgine at the

carboxy-tersinal for the toxin of Lapenis hardwickii venos.

For toxins & ard b of Laticauda semifasciats venom froa the
Philipoines, the 2sing-terzinal is arcinine and the c-toreinal
is aspartic acid {asparaginej.

Fairc acid cocmoositions of curiticd toxins and phosphelipsse A
are s=marized in Tabie 5. Al toxinms cont2in § =olzs cysteize,
8 moies giutamic acid, 1 =0ie =sach of tryptonhan, leucinz, and
tyrosire. It is resarkable {kat there is 2 commn nuzber of
residues for certain aming acids rsgardless of ceggraghical
origin. Othar =wro acid compositions are alse remariably simisar.

Only the foxin vrom lapamis herdwrickii conizins mstiionine.

R=ind acid ce=position of paospholipsse 8 is quite cifferent
froa those of ather toxins.
. Chexical Mcgdification

The trypisshan residue was chezically modified using 2

specific raasant, N-breosuccinimide, on toxins isoisted from




the vencms of Laticauda semifasciata, crnhydrina scnistosa,

and Lapemis hardwickii. These toxins contain eonly ¢ne mole

of tryptophan residue. After the modification, the toxicity
disappeared cowpletely. Two other reagents, 2-nitrophenyl-
sulfeny! chloride and 2-hydroxyl-5-nitrobenzylbromide, were used
for the modificaticn of tryptophan residue of the toxin isolated

from the vencn of Lapemis hardwickii. Toxicity of the toxin

ALY LB Y

disappeared agian on modificatien. It is thus corncluded that
the tryptophan residue is i=portant for toxic action.

in contrast to iryptophan, the modificaticn o the majority

TR LA W ¥

of raginire and lysine residues did not alter the toxicities

of toxin a and b of Laticsuda semifasciata vero=. The result

A Kol et )
TR
.

of chemical modification of 5ea snzke vencm Zoxins is susarized
in Table 6.

6. Abseacz of Enzy=e in Purifiec Toxins

j The venom of E. schistosa contains @& m=ter of enzyzes.
Sixteon cubsirates w<re used to tesi various enzy=e activitiss.

The verc= showz the following enzvze activities: cloiiing

activity, hwvelvronidase, atialine phosthatase, phosphoediesterasa,
deaxyridoruciease, acetlylcholinersterase, and loucine azing-
peptidase. iwever, thd versm <oss not ceal2in suth entyee
activities as rideruyclsase, acid phaspheiase, eaino acid osierase
(with K-benzoyi-L-arginine ethyl ester, I-benzoyl-L-tyrosine ethy?

ester, p-toluenssuifoniy-L-arginine mothyl estar, ang acetyl-l-

tyrosire elny! evier as substrates), and proteases {with
casein a2 kecogiodin as substrates). Cre of the sluve
enzy=es ¢re fourd in purified toxirs.

7. Properties of Phosphciipase &

By usirg cvolecithin of known Compositicn in the 1 and 2
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positions, the enzyme Is shown to be specific for the 2 position
jiberating m2inly unsaturzted fatty acids.

Of the substrates tested, only phosphatidycholine wes
hydrolyzed. Of the two phosphatidycholines t» ted, ovolecthin
was hydrolyzed at 3 much rmore rapic¢ rate than the synthetic
lecithin containing only the saturated fatty acid, palmitic
acid. A}l cther substrates tested, ner2ly ghosphatidyl ethano-

lamine, phosphatidgyl-L-serine, phospharidyl imositide, phosphat-

idic ecid, lysolecithin, sphingooyelin, cerebromide, afnd cardio-

KA
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1ipin were not hydrolyzed. The enzy=c s =ost active at pH 8.9,
and at tesperatures between 35 and 20°. The activation energy
calcuiated free Arrhenius plot is 6,800 cal per moie.

The anzyze exhibited heeolytic activity which was greatly
intensified by the asdition of lecithin. The purified phessholipase
£ xas rentexic, rerkamorrhagic, and exkibited orly siight =yolytic
aotivity. 1t wes found that phospholipzie A ev en in prasence

of cvolecithin 2d very lettle effect on the meouse esbryo cells

WAL mmxan\mﬂ:mmn.mm&wmm{ammimm&m1nlimmwkmmmmum:mwm..a,.ammuum-:amwwramamwmmm.1.xv:ixsefaf.ﬂ¢&ﬂﬂmwmﬁmwm»/m_w* Wa:

in tissue suityres.

0. lerurslcoy
Xeutreiizatizn capecity of cormavical antivenin {Cocoron-

wealih Serum Laberatories, Melbourre, Rustraiie) in vitro was

SV G S it Rt

tested against hezoloocus 2nd heterolcgous venoess. The antivenin

was rot only effective for homologous vanm, but It 2is6 evlectively
negtralized 3 ketzrolegous verces tested. One =1 of serum reutralized
178 ticas the lﬂsﬂ value for its owm vensz, i@ !.853 value for Palamis

platurus vencs fre= Formosa, 120 LDSG value for the vencme of Hydrophis

T LSRRI A R ES AT 207,

s

AR

cyanocinctus fro= Malaya and Lapemis hardwickii from Thailand.
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i Tsble 1 %
i Record of Sesa Snake Collecting in Theilznd %
3 From July 3 to August 13, 1955 %
e %
» _ 2
: E
Snake Kumber 3
% 3
2 3
2 Lapemis hardwsickii 53205 %
% Aipysurvs evGouxi 116 §
T Hydroohis cranocinctus 92 3

Hydrophis ornatas 73
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3 Microcerhaicehis gracilis i6
; Thalassopnis snorsius L

Unknosn 155

Acrochordus sranulatus i86
(non-poiscnous)

%,
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5305

L g
'_“Mr\:mm;;mmmm‘t+:>..x«,umxm_s1.;mwmmw:mn.wm«-mmsmmsm‘xwmmmammmm«mmwwammmmﬁmmw

o
LR

Ly
4y



T T U M G s s R e B S A S A S

)
X

T g o T A A
BT B TRt o e g I TR AR A F st s TR S S T S

»‘3‘

¥
- 1)-

Tgble 2

Yield and Toxicity of Sea Snake Veroms

k]
¢ [ o
< -!Mm‘Nts‘.'xm*Mx\‘;Lﬁi&jt;!.‘_pu'.‘:hl-ﬁfw.“dﬁﬂh’.m&}&:!&nmﬁaﬁ:muuﬂhwmﬁﬁﬁ@r&%nﬂ-‘mdﬁamﬁ

Yield IDen Yesr
Venom Origin (mg/snake)(ug/é? Collect~

Aivoysurus Thailand .6 >L 1967
evedouxl

Enhvdrina Malaya ——— 0.90 1967
schistose 0.98 1969
Thailend 8.1 0.14 19567

iLh.C 0.21 1569

Hvdroohis Hong Xong 2.1 -~==-- " 1957
cyanocinctus Halaya -—— 0.35 19567

Thailand 18.0 -- -- 1969

A0 ALY L SRR R A A IR L L et RoAditie b

[fa2

. ornatus Thailsnd 19.0 2.2 1959

Lapenmis g.2 0.71 1967
hardwickii 2.4, 1.40 1969

Laticauda . Japan 7-10 0.28 1967
semifasciata Philip- 16.0 0.28 19567
pines 19:0 0.45 1969

0.18 19567

Pelemis Formosa 2.
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