
AGENCY FOR INTERNATIONAL DEVELOPMENT 
WASHINGTON. D.C. 20523 

DATE: ... J ( , 

MEMORANDUM
 

TO: AIDPPC/CDIE/DI, room 209 SA-18 

FROM: AID/SCI, Victoria Ose 

SUBJECT: Transmittal of AID/SCj Progress Report(s) 

Attached 
for permanent retention/proper disposition 
is the following:
 

AID/SCI Progress RQDort 
No. _______ 

Attachment
 

(A~



PROGRESS REPORT NO. 3
 

Development of immanodiagnosis and
 

Improvement of Immunotherapy of Snake Venom Poisoning
 

A Research Project
 

USAID / PSTC PROGRAM
 

GRANT NO. 936-5542-G-00-5079-00
 

SUBMITTED BY
 

Kavi Ratanabanangkoon, Ph,D.
 

PROJECT LEADER
 

DEPARTME1T OF MICROBIOLOGY
 

FACULTY OF SCIENCE, MAHIDOL UNIVERSITY
 

RAMA 6 ROAD, BANGKOK 10400
 

MAR 



Project profile
 

Country Thailand
 

Grant no. 936-5542-G-00-5079-00
 

Program Program on Science and Technology
 

Cooperation
 

Project title 	 Development of Immunodiagnosis and
 

Improvement of Immunotherapy of snake
 

venom poisoning.
 

Project leader Kavi Ratanabanangkoon, Ph,D.
 

Organization Department of Microbiology, Faculty of
 

science, Mahidol University, Rama 6 Road,
 

Bangkok 10400
 

Co-Investigators Peter Billings, Ph,D.
 

Pornchai Matangkasombut, M.D.,Ph,D.
 

Project consultants 
 -

Authorized officer 	 Dr.Pairute Prempree
 

Dean, Facul.ty of Science, Mahidol
 

University
 

Total Project Budget: US$ 149, 281
 

Project Duration 3 years.
 

Reporting Period Sept 1986 - Feb 1988
 

Budget allocgation for this peroid B 933,836.34
 

http:933,836.34
http:Facul.ty


Table of content 

Item Topic Page 

# I 

# 2 

# 3 

# 4 

# 5 

# 6 

Development of immunodiagnostic test 

for the detection of snake venoms 

Development of ELISA as an in vitro 

assay of antivenom potency 

Purification of O.hannah postsynaptic 

neurotoxins 

Study on the improvement of immunogenicity 

of cobra postsynaptic neurotoxins and 

preparation of polyvalent antivenom 

Refinement of anti-snake venom antiserum 

Preparation of monoclonal antibodies 

against Siamensis toxin 3 

1 

3 

5 

6 

8 

11 



spot, verumps 

baogrownrd in the previous progress reports, the study on two
 

di f erent i miimuncassays nam ly p sive hemaggi utinaLion inhi bi tion 

WAI.I tes and.. h rerse a agglut.irnat ion (RlLA) test. were-x 


describe d. ''he. I'A! 
was sh:wn to be rather insnensit ive and 

probably riot, us;-.50. .tor v-nm detetion in. act,ual oases. The RLA 

was f o ind to be very sesitive, specific and rapid. As we 

h.,he ,ovi.ous
men Loioned in pre . report,itwno prob lemins were encountered 

in LI 1' r.2. , II.ManensisO venom c ros-reacted with anti-

1.f.as .qiAt. . ,nom ens at. I.a.:o-. ve .- ; e d . Second , some non--specif ie 

interference wa-; obser-ved fom',m the body-flui..ds f ril,al. people.
 

[u rinr. g thi.s reporLiting p.iod w,:. found that, the cross-reaction was 

the r -e-;u. t. of one peci i a r - bi t serum ; no sera from other 

rabbit; produced su.:h , .- r., t ,n [h e prohl-: em wi th non-

spe- ific in L.t -rnce wa; :,kiall y sol.vedpa r by the inclusion of 

normal, rabbit, serum. lowev:r, the addition of normal rabbit 

serum result-d ir, ci. . oftitn the antigen sample ani thus the 

reducti n ii t,he son. it, ivi-.ty :fithe test. 

While 
 Lry i ng to solve the problem encountered in RLA, 

we decided to concurenrnt,Iy o xp,.lor another immunoassay -- reverse 

passive lIeragglut.inaticorn (I:I-A) test pioneered by Coomb and his 

,o]. eages. They have ,sh,own Lha t. RPIIA in many cases is as 

sensit ive as El I,SA i.n Lhe doection of an..gen and yet it is
 

simple to perform anid 
does not, require special expertise or 

equipment. 

si.nce erythrocytes 
 from di.f ferent species behave 



differeritly in 1P1HA eg. , stability to venomi enzymes, speed of 

sedimentation, interference irom heterophile antibody etc., we 

decided to study erytrocytes from sheep, humian and chicken and 

C. mparFe their propert.es in kI-.f'lIA in the detection of the six 

snake venoms. 

Ma tei-ia].s arid Met, hods. 

T[j t:yth.ocytes f-'om various sources were sensitized 

wi th Proto ii A-pur'ied rabhi t I g against each of the six snake 

ve ncms . T1I i. C:<,1)Jilg a ,eit used was ::hromic clii,_,r i d,.. All. other 

protczei Ir es. w te i-e carried cut, similar to those previously 

desri bed. 

Puur.,ciup1 ig of T) if rabbi t L I , to trypsi-r- treated red blood 

C:ell.s ( '['T-H3<.:) 

h . Trypsi ri trea tiient. ,od blood cell was washed 6 times 

with 15 M Pf. I1: 7p . A 1..'rnr;pension of bhe washed cell wasLb 

mixed with anm equpa] voi f( tryr,- sni g rii"b t 

t.3Y (..' with gent. e shak ing for 30 mlnutes. The cell was then 

washed 3 ti.mes wi. th 1'[. A - ' j1i .s. suspension was incubated with an 

Iinm ou., sboari try p: inhibito.r for 30 mi riutes 

at. room temprature. lina .1:, the cel. was washed 3 times with 

normalI sa.i ne soluti.ort. 

b. CIup]ing of IgG to trypsin treated red blood cell (TT-

RI3C) using ,hromic ch._ride . An equal volume of "-3 mg/ml rabbit 

IgG was adde, to packe.d TT'-- ISC w ith rigorous mixi.rig. Two volume 

of 0.02o chrmic chlor:)-ide war added dropwise to the red cell 

suspension. The reaction mixtiire was rotatory mixed for 60' at 

room temperature. 
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Results. A comparison of the erythrocyte7 from these 3 sources
 

in RPHA is show in Table 1.
 

In 	 summary, all erythrocytes gave highly sensitive
 

detection of venom antigens in RPHA. The minimal detection
 

limits were between 2 ng/ml to 610 ng/ml which are comparable to
 

those obtained from ELISA. Cross-reaction of heterologous
 

antigens were observed at concentrations of several hundred or
 

thousand folds higher than that of homologous antigens. 

The 	rates of sedimentation of the erythrocytes differed
 

grebaly. Chick erythrocytes, being nucleated, sedimented rapidly
 

and the result of RPHA could be read within 30 min. However,
 

some interference from sera of rural people was again observed in
 

the RPHA test using any kind of erythrocytes. The stability of 

the 	sensitized erythrocytes are also quite satisfactory.
 

Future plan 

When all the data on this comparative study are
 

available, selection will be made on the most suitable RPHA and
 

study on serum samples obtained from victims of snakebite.
 

A total of about 40 samples of wound aspirates and sera
 

from snakebite victims are currently available for study with the
 

RPHA and RLA described previously.
 

2. 	Development of ELISA as an in vitro assay of antivenom
 

potency,
 

As previously reported,. there are several important
 

reasons for the development of an in vitro assay of antivenom
 

potency. The progress made was the success in the development of
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an ELJ'.A u s ing pui fied pr'iiucipal postsynaptic neurotoxin of 

amen s is potencyN ,i.i a a-, anti gen i ri t,- est ima ti on of anti venom 

TIIe P',ackIgr,,i Id Mat ria.s an(] Methods , Resu.1 s alid Diseussion of 

thi s st udy are dr I bed ill the enc:Lsed manuscript. (ms 02 

,ntit.1ed "c-e t. ion .I cobrt-a veriom for in IELISA.1 antigens uise an 
of ,,se al.i, . "y byn a spon gsiawIlgse et 01. 

'[Lti, ; i{:[,I wi I I L,. It tduc-ed teo tn toveriment['/\i 


P Ila rm1) k-: t,i a icr ,'I l and a ihai .h, :,oavabhaenrrg, a J. i f ha i. .1 a n i (Queert 

P'h'. o i TaI Inrt t. I tI for Is. du i tig the production of horse 

anItti v(om,gic,rm jra: iris L I'lhlX c1 ,bra*k . Ih , wI. I al. so ::ie used in studies 

t i!rotoxiri 

s tu(lies onri ef ir,:me . of ho,rs. ait. Ivenom (t15 des ribed be.1ow. 

IrI:e I s ,U'd v )f t,l Ii ,Spect, i s a s imi .ar Ideve Iopment, of 

an,:,the-r .hA I.r use in the estimation of potenrc:y of arit.J venom 

orj the ifnIp -oveMmt0, of imrmi Inc ii of cobra nn ( 14 ) and 

-! 

aga iris . I ' S vi per. The Vipera vern, beensse . russeIi has 

f1racbitnn tLed I:'v chromat~raphvn ~'',ephadex U -1(0 column 2.6 x 

97 ['1) ma ,o: pt,.i r pea.ks I . [ acIh andut.,-, (l . peak a]_sa 

tht~e crude venomI IIe wI. I, u:Wed as antigens of ELI -3A in a 

compa:r.i e s.tudy to e LeeL the bes t.El. I-A which gives the 

I-Ii ghe s t ,-:',re.1at. , , ,e Liciennt with the in vivy, neutral.izat ion 

assay using mice. 

A tt, aI of 1O batches of horse antivenom against V. 

i-ussei . i venom have been assayed by the in vivo neutralization 

method . 'The resu Ftsare shw in T'lab.e 2 

Future p1 an 

In progress is the assay of these 10 batches of 

ant ivenom using the eLI',A'S using each of the 3 antigen 

4
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Fig 1. 	Chromatographic profile of V.russelli venom on a Sephadex G-1O0
 

column.
 



------------ ----------------------- -----------

----------------- -------------------------------

Table 2 Horse antivenom potencies determined by in viva
 

neutral i zatiorn 

Anti VR# in 	vivo neutrolization
 
activity (ug/ml)
 

------------ ------------ m-------------------

1 	 695.8 (667.8--'724.8) 

2. 	 630.8 (611. 5-650.7) 

3 580.8 (555. 2-667.5) 

4 390.8 (363. 3--420.1 

5 470.5 (447.8-494.3) 

6 860.8 (835. 0-887. 3) 

7 720.8 (693. 3-749. 6) 

8 512 8 (492.0-534.4) 

9 840.8 ('746.8-898.1) 

10 	 536.8 (513. 5-561. 0) 

Numbers in parirntheses are95 fiducial. limitLs. 



p.reparation. Comparis.o[i will be made 
on the correlation
 

coefficients of thie LI, A',;
and the i V1yv( neutrai.zation. The 

antigeon which gives the h.ig[ies;s co rrelation co:eff1iieuts between 

.woasy;.says.h. wlI be 	us ecd in the p rodu ction anrd refinent of 

-ii,.,i -tani venum .;.Lii V. .'usse LIi.. 

,-t. y. hpo nai
3. [ur i ic:- , aji po tq.syrapt:.i nu<'to, iris 

,k gr'und.
 

As men t,i.oned p r,- v i I :, of
tlhe posts,'n apti c neurotoxii( si 


Qanajh are. needed I .,r
 

tal a i., study tin the chcisi-t'y of thie.- t oxin.. 

(b) s tudy ,on ,hen imii r< ni,. I.c'ty of the tox:in and preparation 

of po yVaI antivw/ii.. 11 

in tcin,.,i,ctia L .n tihiod, study of epitop,-

Malwigrn On H.' iaiii-) 

The veno,-,m ,,f .,r_ 0 gm j ,a fractionated by 

successi vE ,!:ohtmatogr aphy on a ephadex G-.50 fol .lowed by a 

[i orex- 'o0 ,o urmnii us I rig g.ad iern t, e lut,ion. The chroma tographic: 

prof i e o.r I rc.:; '/(I ) .iliiiri i s; hsowni iri the prev ioi is report. 

e lPts IvviiIiaid 5cq-.: .,
 

Of the 4 peaks, onl y peaks H11 and 14 
are lethal at. 10 

Ug/ 25 g~m mcuse. A stu dy on lie amino aci cI compoaitio:.ii of peak I 

give resluiorsu U::; iwn ini: labl: 3 . The loxin conlitains 7.) amino acid 

residues with 5 disul,f-ide :ridges. It ,:ontainus one residue of 

t.ryptophan li i s al so, pre.a in . iamet.i.1 toxin 3. 

With the .l.mited amounit of toxin available, the study 

http:compoaitio:.ii


. li' i , . l IIi .::E [J~., itl . . :-I, ,-I 'iv :-t i. l~l : l: .:<Ls .c-- cbI, I l . ; rc - boriV 

onam1" an IarbXY. Vemini *:n 1:1v oLi yet hu, arri e pa rwc 

'ie, ,c'a.a iI, , Ie-,r,h,, )'.Si. I.* s An.n ,itte a~ e oL,n.l., nxldsna.,:+ of yT a "O h ?. I1~.r,,rL I 1h7,1.I o n f ,-lr nu.-hi h re"I.m
 

I. Apt ci scIn nkcs Ch- f toiscV da pk baie.peiosy
 

sI~ n 'i: :[1I. SL r- '1tT)II 

. t otaI;LI.l of,_nJ ahe 1ai,:, r N 's S.l-k a.: c-Li:. ,i ol,--. Ieculart will. 

,.,p r ' w i ! t I,,i-" I". 1' 'I 1.1 a . I ,i, If. "hie 

,,] Ii : -'ArI c' uia: , , I s:;jlti.I l 1.(I t IIr-, : I ,C' i.I-i u nl evIs' t 'aii d 3. n e nP ; r e .srt u c t , 

id gerl,i:-i L_t v(iti i ,- Fai,:' I:. .;iiu t.,: aire
 

4 :- , "illIlit. ; i.' in i I, of ir t-iio -e . ll of cgOb a-


j2'':s tsi,.;Y ap~t.ic:, flt?:A.u l xi: usl alt pij]..t? p.Eirt. i~f.o.H ,,l rpo l yvaierit,n 

,d l t, "I.t?" i I till 

Pac egW, hownc.h.. ? Qv e-: c',1.: .y ciwv tlia t. tbinet.inform i:from 

Man
 



----------- ------------------------------- ----------------------------------------------------------------- ----------------------

PROTEIN COtMPOSITION (Toxin BRIT) 

Amino Adjust Adjust Adjust Adjust Adjust Adju'it Adjust Adjust Adjust Adjust Adjust Adjust Amino Optimum Mean fles ng Residues 

Acid 2,1, 2,1n -1i1A .0in 72A 728 96A 96R PI P2 MI M2 Acid Nmoles Weight kA per mol 

Aux 58.60 76. 6 59.38 59.96 .13.39 56.5.1 58.11 57.77 :)7.73 58.69 53.10 52.48 Asx 57.701 115.1 6641.34 7-37 

Thr 69.67 69.55 72.31 72.6-1 59.66 i9.94 73.70 7,1.07 76.71 7-1.3 -19. 11 0.00 Thr 71.257 101.1 7204.08 9.10 

Ser 32.78 28.40 30.09 31.73 16.84 30.66 28.75 28.11 28.uO 30.53 31.85 0.00 Ser 28.589 87.1 2490.08 3.65 

GIx 23.86 33.30 37.37 3:;.57 1.1.05 81.8737.39 36.62 35.05 36.57 31.35 32.10 GIx 33.165 129.1 4281.59 .1.23 

Pro .19.64 .16.19 .15.J1 -12.9,I 59.3.1 -19.20 45.20 36.76 46.09 ,18.30 -16.62 39.74 Pro 46.384 97.1 4503.92 5.92 
1 7


Gly :6.;6 33.17 A', .41 :i6.76 45.6h 35.70 35.::9 .i6.77 3:5.91 :5.41 0 45.57 47.47 Gly 38.489 57.1 2197.73 4.91 

Ala 33.67 29.45 33.57 33.63 42.55 34.39 34.35 35.00 3-1.25 33.45 32.42 31.98 Ala 34.059 71.1 2421.59 4.35 

Val J35.,14 53.70 35.10 -H. 07 36.4:1 38.77 .11.11 39.70 37.26 2.404 33.40 34.20 Val 36.534 99.1 3620.54 4.66 

HMt 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Met 0.000 131.2 0.00 0.00 

Cys 20.22 60. ,1 1 6.93 30 .2 16.81 :31.20 57.64 71.19 75.0,4 75.72 0.30 0.00 Cys 75.383 102.2 7704.10 9.62 

Ile 20.98 14.77 11.61 22.43 19.80 25.13 24.94 24.02 21.21 20.13 17.87 16.16 Ile 19.92i 113.2 2255.94 2.54 

Leu 9.01 2.43 9.71 8.3 6.63 11.59 10.27 9.59 9.74 10.16 8.32 8.48 Lu 8.891 113.2 1006.46 1.14 

Tyr 12 15 5.71 12.69 12.03 3.43 12.09 13.51 12.61 7.61 7.41 13.26 12.36 Tyr 10.407 163.2 1698.48 1.33 

Ph' 7.09 8.53 7.'12 7.2t 7.61 1.57 6.66 6.54 1.17 8.54 7.30 7.37 Phe 6.889 147.2 1014.01 0.88 

Lys 46.26 45.45 48.05 .18.44 44.59 49.75 50.79 48.91 418.31 47.66 44.02 42.58 Lys 47.068 126.2 6034.07 6.01 

His 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 His 0.000 137.2 0.00 0.00 

Arg 30.98 28.04 29.69 30.18 29.52 32.53 31.63 30.62 32.12 32.05 30.34 29.34 Arg 30.610 156.2 4781.33 3.91 

Trp 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 "0.00 4.70 4.84 Trp 4.767 186.2 887.57 0.61 

169.75 169.75 169.75 169.75 169.75 169.75 169.75 169.75 169.75 
169.75 169.75 169.75 TOTAL RESIDUES = 70.2368
 

Total Protein z 58741.94 nanograms
 

Molec. Weight = 7500
 

Protein Load. = 7.832258 naenomoles
 

Table 3. Amino acid composition of a neurotoxin from O.hannah venom.
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Fig 2. SDS-polyacrylamide gel electrophoresis of polymerization
 

reaction of N.n.siamensis toxin 3 with ECDI.
 

Track 91• Standard protein markers 
; tracks 94, 5 and 

6, toxin with i0 mg ECDI for 1, 2 and 3 hrs, respectively ; 

tracks i7, 8 and 9 ; toxin with 20 mg ECDI for 1, 2 and 3 hrs, 

respectively ; tracks #10, 
11 and 12, polymerization for 2 hrs at
 
0 

25 C followed by overnight incubation at 4 C. SDS-PAGE was under
 

non-reducing conditions.
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ELISA descri bed in V . The best Z-.J irmmunoogens will future be 

compared in the study using l.arger animal s. It. is hc,pe that 

hi ff. y immunogenic pot ymervs whic,c.li cu I st~imuilate production of 

po Lent, anbitoxin anti body wit I be found. 

back[.grtannd! Ant, --snak, veitem antisera avai.able in Thailand are 

mo~ic,asp cit ii::e ,-udie h, s esrl-,. The supply of the antivenoms are 

a bout, il L-tf I'lh., dem aland rtn thus increzto (-,, the. potency or 

vol nin, of the sra i:' ne;ded The crude hurse- sera also cause 

hype rsensiti ri ty r t-!actti'I,-)n s iIi about, 0 f te aCes w Ie 

ref ined ' hor s 2'-l o L 1A. in : a us es ,. t (.,- .ac 1,.iois . The ma j c)r 

ob'stru...e ithat hinder's the muh:-needed improvemen t.s so far is the 

1,ck o" ac: aa-f n Fi e . j..!n", jt. faassay ofI the an ivtnom rp t e rcy see 

,attacted ms i2) Wi. t he :... ... in the deve.lopment of ELISA 

for the assay f hrs,)e - n t. i body a gain s t the principal 

poslt:L; y na'-pi It e, tox, ,f t ha ic,o c )obra ( I.) aVCumat,- estimat.ion 

11 v.a r, mt t i V:- - C "71 i . :-iIa ve lt, l d'i a in na:i- im i ization and 

-e. i ,rl b)eco,-e, pos ihI e. We t.hcrefore decide to improve the 

horse antivevtom in tlerms of quantity ard quality. 

;.-* I Iic'e ,I api I pos tsynapAt c tox ins are very asic 

pept-ides, amino group are 1.i1ke.I y to be part, -f the dominant 

epitopes on -thetoxiis. The couriesponding antigen-binding sites 

ard the horse imunolob [i sho-u-l-d tiere fore be jcidic, more so 

than the averape h1orse antlibodv S,uch cha ract,eris'fics have been 

previou sty observed with r a ['bit antibodies against human 

choriogoradoltropin and N_. n. siamenisis toxin 3 (KR, unpublished) 



Thus, tihe :,-nventi-na.l procedure for the f'actionat.ion 

of l.,rse aFnt.i.bo,,v may cot. io ,ptA mal for the tractioiation of
 

anLi <co:ra antibody. A .L:t ' twards o:ptimi.zat.ion of condtio.ors
 

for the retfineme nt, in terms ut yiAeld and purity of horse antibody
 

is the aim ,_,f ti, s re.sear:h prot. " 

1lhn ELI 'A for tihe quant i tat i on of toise anttibody 

again. . . n... previsly desc ribed (at.tach-ed 

,". . :o fLar we have stucil d tlhe y ice Ld and purity ," the 

horse_:,- ,nLihol,.dy underf;I vai nuls: condi tion-sD of[ immol nium~l~ll :s1I[.atf:
 

preciipita[Li,. The 
 yield ot antib,,dv was iieasu red 
by protein 

c,:tcen Iral. iAri and art. body artivity in t.lhe ELIKpA. The purity was 

S; t,,iI d,.: I ".- ;',r - p I y y I::a i ,do gel e ed r o:t o> res i s. The 

,n dO2ii Il r'stud:,tiy yi areit *1iunde the -ncent,ratic,ri of 

<aIl iu .ll theim nul I.-te.-, rat.": W <;-.
sa t, ad:d it:io<n, thIe t.imei< antd
 

il.mpiil:, 
 n oif:pr1otY-!einl !:,,ocipi l.-.ionl irenu.liorn, tihe dialysis<: timne,
 

for examip. 

Fturc- IP.. Development of another ELJ3A or the quarit.itation 

;e A 'of horsel.' ii'Iab)Mract.on iairst N._.i._snimal.i.sjtF toxin is now 

urder st.udy. 'lThis ivovles tvn.thopepsin digest ion of' horse anti

c:obra- anLi i ,d,, foll.owed k.y gel .l, ration on a Sephadex G-200 

co.Iumn 'rw ".ran crii 4y oi ti,-ige ci omat<,ourcphy on a DJEAE

-l n ,,; c. his,alii. l't ay 
i<, ,Fv.enitia] to the optimizatiori of 
diurn gi gnscondi . c i - pepsinA i gc l.ion anrid preparative ion-exchange 

chromatography of the horse ia t)
 

I (i 
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r 1,pt A;i-0110 rIiaon 1j!C anl Libodies ag!i rist 'Siamerins is 
toi n 3. The bac:,kg roun. and Objectives ofd this study was 

descr.i.b.d i ai/s 	 i 1 1,e :tr!v U,; :reports. 

Ma teriaIsF 	 anld Me-Lhodcs
 

.roduct... orl 
 oA brido.as. Several additional imriunized 

mice were IIFed in fulF~i n experimeints in an effort to produce 

hybridhna secre Li rig aiti-LA,xii Ii ,noc lonal anti bodies. Different 

st.ra ir- s.(' ! Lie sars ri.ylia line were used in the fusions since 

evidence c.rIy demoi,. ,LiaLe. tha t, our previous myeloma line was 

fe<_'ed 'wit~h iiya ,li--;n. _.ei, a L _ this myelo ma resti.lted in hi ghly 

uuipred i , l! e afd urn,- I I ,. 	 l :C,,:s; lu I ,, .grwtl of hyridomes 

f'ron t,t l i t p1atI. irl. as l.ie myc,-p] nas1ra repicdUy desLroyed the 

ll.vmi di flv- i rn HAT e l i me,1i 	mii leavi rig al1. el Is including 

hybrid: Juscep.,i IjpA. t, ki i , b)y ami c,pL-terir -. 

Uil ti.n< su. O,:s :tu .1 f .i,:, ,s oie was mlade with a nye lona 

,b ta i red f otrom a .I a ,,ra ti-,ry TTheI )= spleen cell.s for 

tbhis t'ts.j Ki. wer, , , .ai aI Ai I iuIIIIunised tw.i :e, wi ti a C-)x i.mn
 

thr0 1 :a,,
tb1t. il iup,a te e: .11111] f J ed in lreund ' s ciomp.1.e te and 

ad(iI,mp1et,:a ssane 1,, nateriaL withlut adjuventi uvaIF;. 
was 

aciir,i rI: i Le, rcAl 1 3 days; t.u Ti i W, ic, e second successful 

fusion, was made betweeri gli t,. ral.deiyde.-ttoid immunized spleen 

cell s and a mycoplas.,ma- free myelJoma line pruchased frN.i Flow 

Laboratories Australia. 

The fusiors were made in the usual manner using a short 
exposu- t..- 4(, po].yethtIerie gl. col. Culture supernatarte were 

assayed for antibody using tiaixitr-coated pol yvinyl SEt:-ell plates 

3n an ELI 'A scored by ( rabbi t. an ti --mouse Ig enzyme conjugate. 

1 .t 
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Cell from anti-toxin positive wells were transferred to 24-well 

cluster dishes. ol y well.1 which maintained moderately high 

secret ion at the 24-wel.l stage were cloned by limiting dilution.
 

Thi s c [oni ug-selection was 
 repeated at l ea.st, twice for each 

hybrid line. 

S e up of MoIIOcl.Iona l Antibody P'ri'oduction. Two 

methods were used to obt,.ain sufft i.cient rnonoco antibody forroial 


charatterizat, ior, especially 
 thie in vivo neutralizatikorn test s in 

mice. [lybri doma su pe rnai t; t rom low--serum, high density 

cultures were cor:;entI rated by .,. - saturated ammonium sulfate 

preci pitati in. The p-ellet was resuspended i, 1../20th volume of 

P132 dialyzed. The second proedu re was to induce ascites tumors 

i n Pr .i:r;tano,- j - LAd Ih.i 'i ,pa i . mice by i.p. iniect, in of 1 -

IU)xIU wash, [Iiyrciomabr ,. l . AcK i tes fluid collect ed 2-3 weeks 

later was s imilar.ly part.ilal ly purified of serum protein by 

ammoriu suifaL.e precipitat. ion 

An i nd i rect. thod -am- ws used to estimate the 

.::o ri'erit -rat.k,n of m-noc l al anitib,ody in the ascites f.uid. The 

dot inmunir, nd.in assay was used to estab. ish a standard curve, 

spot ting DIhAK-ccl 1.u os, pur t.ified mouse lgG onto nitrocellulose. 

Hlyb- i d,.ma s,1perna Lan t.s, where thhe us e Jg 

ant.i. b,,dy, were spot.ed in para. i.el and 

only no . .is monioc lonal. 

detected by anti-mouse 

1g- ho rse adA sh prox ,das, (.HAP) with 4 -ch] oreo- 1-riapthol as 

prni,.. piL tati g ma'. n. '1 , ,  moInoclonal antibody in ascites, 'oge 

which ontairis add i I. i -,r <1 mouso , '. , was the n W a ed to the 

dete rmined conceritrati on in culture supernatant through end

point E[lSA measurements. 

Determination of antibody class/subclass for moroclonal 
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antibodies. Hlybridoma s.upernatants were reacted with toxin

coated well.s as in routine KL,1'SA. Class and IgG subclass

specific ( rabbit) anti-mouse 1g's were used in paral.lel, on each 

hybridoma supernatant . Sw Ine anti- rabbit Ig-HAP conjugate 

with 2- phenylenedi amine was used to score all wells. 

I yivo neutrali ation using monoclonal anti-toxin 

antibodies. A single preparation of pooled purified toxin of
 

known concertrati on was 
usd for all] in Vi tests. Mice of 

simi lar weight were in jected i .v wit-, varying concentrations of 

toxi" in fixed volume, with G animals for each concentrations. 

This estimate o-,f the Lb (approx. 3.0 ugl 2U gm mouse), was 

doubled in the nieutralization test (i.e., 6 ug, where LI) was
 
100O
 

about 4.0 	ug/mouse".
 

Toxin mixed withl 
 ammonium su].fa Le f ractioated 
0 

morocLonal ascites f luid was preincubated at 37 C for I hr. 

Tien equal volumes containing 2 X Li) (1.5 X LD I of toxin 

50 100plus MCL6 	were injected i.v. into A mice, along with toxin-only
 

and 
HcAb--,(ly 	control s. Neutra.ization or protection was scored 

as t1 e thi 4.)0 44h i I <lea h, which :in iu rn was converted to multiples 

of the mean survival time of toxin-only control animals from
 

the some day 
 in order to compare results from different days.
 

Monoclonal antibody in 
the toxin-Ab mixture was determined to be
 

at minimum, a 4-fold molar excess of antigen combining site.
 

This was increased again several fold in 
later repeat experiments 

:in attempts to obtain a more definitive (i.e., greater than 40 

hr) protection. 

13
 



results arid Disblussion
 

Production of Monoeelorial Antibodies against Siamensis
 

toxin 3 : 

De termination of the sourse of previous fusion 

diff icul ties. Many fusioins have been made by persons working on 

t, hi s pro ,, t, or by others wi th different antigens , but using 

common equ i pmeint and hi ghly siniil.ar procedures. Almost. all 

fusio's made until recIrLv w.re of very limited success in terms 

of n.m-ubers of hyricis, productd or surviving to the assay stage. 

Some fu1is ions neve r evi.i '::i-d c. ear sig.ns of hIybridoma growth, 

whil.e ot, hers sbowed varial I:1e Iigh, or low frquen -u:ygrowth, which 

sudden.y I Ie I wea -AI wd n ( Vi s rapid .y ti, .. owed I'. nearly 

s imu lta nieou s dea th of almost a i clones . The erratic appearance 

an1 c t. i ml rig of t he prohLA.em c omb rie c w it h di f f ore nt peIrs on s 

peftrmirig fusions and tending hyb rids wi th similar, but, slightly 

different t.,-hn iques and rq-aen s , sent u:, s;earchirig i n many 

(I i t,.ff r t ,irecti njs as t., iIe :au se( S of -tLese failures. Each 

componEri t. of LAT slee7itori media [supplemented for .low dens i ty 

growthi was checked aid wilter,- pissible, subst,ituted. finally, we 

b,-gan ssing an es tab,.ited IIA'I- resistat hybridoma as a method of 

bi,-oassa ., I,,r our media. m,-,s-,'i'-, i f requenLt observation was that 

media in which the HAT sonsitie mycloma had died, had somehow 

become 1oxic to otherwise [IA - resis tarit hytbridomas . Then we 

found that normal myoi ')ma cu.lture supernatant. added to the 

hybridma rendered in suscept i. lie to HAT at any subsequent point. 
0 

However, f iltratioon (0.1 um pore) or heat (56 C, 30 min) 

condi tions known to eliminate mycoplasma, pervented this HAT 

reversal . Death of infected hybridomas was delayed by increasing 

14
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the thymdine ctcentration. suggesting that the mechanism of HAT 

reversal is via the known mycoplasma] pyrimidine nucl eoside 

ph,,sjl ,,ryL. se activit.y, thus redlicing the , vai . IabIe T to l .eveils 

in suff iciient t.o support gr,,wLh by the Thymidine kinase salvage 

pathway. The variabilIitLy in hybridoma growth and final yield. 

then probably refile,.-t the levels f infection of the myeioma, 

which in t.urn are ,dependent p rcn the frozen stock, time in 

culture, and use of Gentamineni , a; well as the use of myeloma

condit.ioled" media for low cili ;.t y growth. number and timing of 

early IAT 	 rep lacment. ocr feedings.
 

The pr'efer'red so .'lut 
 ion is to dispose of all infected
 

cultures an. an t
sel ect Ltuat.ive myeloma line. One of the two 

succ essfuil fusions dII he-v maderep-L.u was with a mye.[oma obtained 

from anothLe r ,ciaL iii.=vi lab, and appears by this crude 

bioassay (ability to HAT reversal iniriduce hybrids) not to be 

iriteaLed wit.h simii. mysc,,plasma, lH,-owever, the history of this 

line is la rgely unknown, i L shows irregular morphology not 

alItera:,le by antibiotics aga:inst mycopl.asma, arid has been grown 

ir ctrinuo us i t. . f,or Iong peri ods at. high den sity. The 

second fusion was made with a mycoplasma-free myeloma strain 

purchased from Flow--Aus-tralia. 

LPusion Results Two fusion gave useful hybridomas. The 

first was made using spleen coils from a mouse immunized twice on 

day 0 and day 58 with toxin coi pled to thyroglobulin, in F'reund's 

complete arid incomplete adjuvants. Three weeks later the animal 

received 70 ug of t,.xin-Tg without adjuvant, and spleen cells 

were fused 3 clays later with the 653 myeloma from another lab. 
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[it t. e is known iif the hist,-ry ,:, this line, except that it had 

been oloned maniy times, kep. in long term culture at high density 

arid grtwri. anti L: 	otizs .In,-uding (lentamiciln. It. passes the HAT 

reversal test, but 	 sd-iow,:,s p,, gowthA at: low density and gives a 

low bu,t. con.sist.,ent lyb i d ie d . This fus-i.,n gave only 3 

ant. igen-spec f i.-.2 	 ones , one ,i wh~i.ch was lost'. An additirnal 7 

s,: .ped Epos reactivewe tLs irgina I I.v 	 a:. i.Live" were equal.y 

against. the LI 	 c'ki n gi I pr'I)tte i rI and wereSri Lu ra . i ag not 

chahacter:I ed .urLthe v, 'os. il y these were s-.imu I ated by the 

IndCaLI iife7 1 1. ,.- - w i t.I s .i.,'-.t e p1it,,pe s ,:, ova.l.bumin us ed 

adii, p i 	 hiidiing 

ite :,. n i " ,Lu:;A I us,.ed sp lheen -. Ils f rom a mouse 

t'o Ilock i.' ,,L t,u sites on plsts:ic wells. 

inini,,i t d wi tb .'jj ag ,:, Lutar..ldeh de t::xciid in i,'r,._eund' s 

coI p eteI. *i-.i1vanlt. and I:stered 3 days f/r1,fus ion:10e:t.,rwi th 

aioIther I- t g3 .	 l1&'11-t! im Il I SF We', f1 se, w A t..h ilmaysd p Ib S ill a -

I -( rl .1i 5 3I nye1 , .	 eE cpli .- 'e,:l t: ] ow- A st ra . SIn s im s tr-.a i a 

ga v g sp hI < oii arh ihi suarvived transferla1s i ,n .- zl i.Pge ri F i . I I v-Li . s 

aa i I I j i Cg . [hoio o t lie ,s- hybrids appear to be fa . se 

pos. it riL.e sen se of I'e--act rig with the lockirg/saturatig 

prt.el i, -a tie than w i ii t,,o, i.it un.l ile t.hose wheire t,-,xin-carrier 

was immanoge'-n|l 

iarac ter ::a t. i n-,iof Monoco 1. Anti bodies .I on a C. oried 

hyb.: i.d0ima. were sca ed i aerind grown under standard conditions in 

order tha end Ci td ;,-,.I-i, o:1, ti-ters cou 1 d he ompared by EI ISA. 
5 

Tite rs ranged from abdut-. 1 1(0i greater than I :10 for 1gG

secr-etinrg ,aI..,i:s . The .1 I H seecnetirs had very much lower titers 

1;4 and 1:9). Of 11 .lfforent mrinoconal antibodies, 2 were of 

the 1gM c.Lass nrid o(ne o the JgG subc].ass; all1 others were 
2 b 
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To obtain suf 1i,-i ent monoci.ola 1 antibody for -in vi vo 

neu ra. zatrion s ei,.....t, . the -.ybridomas wte-re grown in ascites 

tumor form n in BALB/., m,-e p: ;imed with Iri stare. All except one 

of these prIduied hpi ti L-r asc:ites ful id c.Lone It 63 gave 

asc it.e I.iI i ci h ut wtit, I ex tr,.ntIy .1ow and unsu i ta hl e tit er. One 

b-,atch of pur j i ed Lo xiii was used for all. experiments. The i .v. 

LI) for t-Liis hat-cih wa tv ianii.nod to be u ig, g 
-, 

3. . 20 mouse. At 
50 

an i11tir1 te d 4 I ,-]-," f ant. g-ri •o,.' ring site over 

tox ri a.1 of t I1e p!A iit..i A- 1y pu i.i e.d a sC i tes moSoC.1ona, antibody 

preparaton.- pronirkI.cu L wi It x LtI o Lox i fail ed to 
LbU 

proiC e al abhso.Lute" pv, tea ti (.ie.., 
 no death or survival 

grea t,ir LI iai 4 hr.. [one the 1es, several evidenced 

neutIra l .. t1 pv Ior a0-i n :of the i nterva before 

respi 'at,o. pai :i s; i.. . Tii ,, in-
. = 

vi-/vo: te.sts were repeated using 

much -Iigie- ,oncentratios ,:,1 ascites fluids, howeve-r with the 

sane goneII 'aEgiJ] venu 1. -p(c. .,: ,:,no of I.i f:-ewi thout compi ete 

protections. Tihe time be:ore death relative to toxin controls 

wi thut aIti.bCdy wa t1,II taken as a mea sure of relative 

nn-! t;, ra.[i. l I.A r- . 'i-i.oI.it-:at, ,T of theIo tI si Ic 1gM miorio.,cLonal 

tested could net be. estimated accurately by The procedure used, 

and the ascies titer w.a sufficiently low t,hat it could not be 

further concn-tr'ated for i:.bc repeat, analysis. This IgM clone 

showed rio ,grigf.ioart. proHteati ,II. [owever, for all IgG antibodies 

t.,he resiil ts 're knLwn to represent l arge aniti oodly excessed 

despite tie fact. that. tLii I.gu concentratiorns are not equal. All 

of the IgG ronoclonals exhibited neutralization with at least 3

.tI7". 1 



-------------------------------------------------------- 

--- --------------------------- ---------------------

fol.d pro LW.ugatiorn of life. arid several showed much longer' 

pr o i-e (-t io( n. 

Ii I- ii----


Fusion End point Class / Neutralization
 

clone ELISA titer subclass
 

toxiri-Tg 

,..: :JU Iuuu fgC 	 5.9 F-2.1Ig 

17: 	 1gM 
 1.2
 

Bl u t.a ia 	 ct e,-to x i dI (I 	 ,o 

1.: 8t IgG 9 1. + 2 6 
2(1 

2 	 1: ', U.. .gC 4.5 0-7
 
I
 

30 	 1:gG 5.3 I-0 5
 
1
 

37 	 1: 1,7 ,."Y I gU 1(0 .1- I u
 

I
 

5 	 1: 15,4 ,.0o .[gG 1 7. r 1.059 	 1: GU.oou,. .[gC 37 + (11.9
 
[,H~ :(1.().; gg~ 1 3. 7 0 9
 

63. N. . IgG 	 N.D. 
1 

69 4 gM 	 N.D. 

-------------------- ------------------------ M--------

number represe-rts ratio of times 	until death with/without 

concentrated asci tes monoclconial antibody ± SD (death 
followed an average of.. (used witof clones 20 and 50), 42, 

44, or" 4I'8 min af!ter iniection of toxin alone in the series 

of tests slo wn) 



.onri.lusion and woahplan 

Monocina l Anti)odies against Venom Toxins Eleven anti

a ,amens Is5 t2.; in A., mc.',,Ins a ri tibody-secreting hybridomas were 

pr,,ducedo- romi fdus i ons. P'01" unknown reasons, the majority of 

tlIese are u 1-l:,-: Las,s p7. SS i ly the commercial anticI, 1he 

mouse g--HAl: sc0r1i reagent '.'",,r identification of clones of 

this cl.ass. w! I M secret,.rs wre of '.cry low titer in culture 

supera.antn i ast. t s. All clones tested displayed toxin 

neutraI]i za t i 0t whe tested by an in vi-v, assay, with the 

except.i cr of the single g.I sec:retor, where because of the low 

t i Ler wee ca I ) t. be , it i (a ntiiLCl)oy excess. Neutralization,i of 

as ref lected L s .ow,r. oinset of envenoma t ion symptoms and 

eventual, de.-th , appears t. :-how no relationship to I he original 

ti ter i n culture or escit1es, provided the antibodies are in 

exces s. 

vd 

coimpeti. tio)n studies to dete n'iiJe 

.u ri rig t.he next perjc l we shall complete our epitope 

whether better neutralization is 

asEciCated with a pat'Icu r- epitops We will a.].so rank 

monolona], antibodies in terms of affini ties to determine the 

extent Lo which tlhe ndutrai.i..i,,n disparity is affected. We are 

troubled by the failure to find a clone which confers absolute 

protection. This could mean thaL none of the clones recognize 

the active site of the toxin with sufficient affinity or that 

precip itin or higher order ccomp lex formation is critical. with a 

low MW toxin. Once we have completed the epitope mapping, we 

shal] attempt morncclonal mi.xing experiments to assess the 

contributiort of precipitation and complex formation. It would 

appear that these monoclonal antibodies wc.uld not be effective in 
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nen t.[u~i z n t.I eI, t.o)x:in .ude vtc:om used as i.mr nouert :f or 

ar1t.iv , ri i 11 ::t.Ii 1 It I' L - [,-weve I' ley can b- u se d to 

s: impi .fy urf Lu.i 1 ,1' ii. f ic i.,t pri o, , dc ire, and purif ieicl t,oxo id 

c0 t 1C1 L! ,d ,a sUp' 1."'Clf--i ,A.. lo imru C -geIt, .ouh d bLe, of 

.1n ti. - . Lt. a c, (uI.n;o t - r, - -,he. res.i.dual -toxicity of toxin-

d l.et d ;-i : 'nn. ve i, .i S. 
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SPECIAL ARTICLE 

Immunodiagnosis of Snake Venom 
Poisoning 
Kavi Ratanabanangkoon, Peter B. Billings and Pornchai Matangkasombut 

Snake enolm poisoning and problem 
in nianagement 

Snake \cnome poisoning remains 
anl important liin~and 
Thailand ani inany otiher developing 
cOuntrics inAsia and Africa. Although 

ipecilic aliseioms arc avala"e in 
10o05 of thc,,c countries,asiutificani 
traction of the snakebite vie tins die 
and many who survive sulficr soie 
degree of' permanent inljurv. 

File currenll Icheme of illange
linll of snake cnvcnoini/at ion 
include., attempt at idcnificatiot 
of' snake species involved and the 
selection of the corresponding anti-
venorn for therapy. The species 
diagnosis, almost always without 
catching the culprit snake, is based 
on con figuration of the bite, di fleren-
tiating clinical manifestations, 
knowledge of species comtmonlv 
recognized in a given geographical 
area and inforination tront tlie victiti 
or witnesses. None of these provide 
the clinician witi slflicie it grounds 
to arrive at anlaccurate identification 
of the source of envenontization aiid 
often lead Io failure to do so. 
Differentiating the culprit species oit 
tie basis of clinical manifestations is 
difficult simply because toxins con-

SUMMARY Uncertainty as to the species diagnosis remains a serious problem in 
the management of snake venom poisoning. This is particularly so in areas Inhabited 
by numerous species, the venoms of which elicit similar pharmacological effects 

clinical symptcms and against which para-specific cross- neutralizing 
antivenom is not available. Attempts have been made to eliminate some of this 
',mbiguity through the development of various immunodiagnostic tests. Tests basid 
on ELISA are sensitive, specific and even quantitative and adaptable to field 
application. Inthe development of diagnostic tests for use in developing couniries, 
however, practical consideration must be given to speed, cost, simplicity in terms of 
equipment and expertise, and stability to the climate and storage conditions. This 
may dictate further modiiication or selection of more suitable alternative 
methodologies. Furthermore, the test may have to allow more flexibility in 
accomodating local species distributions and to address probable complications of 
heterophile antibodies in test s.mples from rural people. 

lail.,d inllt llonis
of different species 
are? Otien plIsico-chemicall y'and 
piha ill s i i iI [oracologicaaly ar 
exanplc, venomns of Nai,i(ina/a 
sianenl.si., Ol/:iu/-hahu.s hannah 
anid Bunguras jlscialus all contain 
post, vnaplic lleurotoxins inhibili i 
neurom uscuI lar tran.tsnissiott leading 
to similar predontittani clinical 
fcatlires, Ilalliey, paralysis, respiratory 
failurc and ev'ent nally death.1 The 
dist ribultion of snalkes is not clear 
cut and each loality is usually 

inhabited by several species. Higher 
frtCCLienlcy of inhabitation by a viven 
species does not necessarily indicate 
higher incidence of bites by that 

species. 

The Thai Ministry of Public 

Itcalih recently estinated that tlhe
 
culprit species was identified in only 

naund 60 percent of the reported 
hitcs. Until recently, however, once 
an idenlIfication was mide, there 
was no way of' confirming it.Some 
indication that a correct identifica
t ion has been imade is obtained when 
uLSe of the corresponding antivenon 
effectiiely and dramatically improves 
conditions. Uitfortunately, for a 
variety of reasons, this is not often 
Ite case; iiiore frequently, correct 
antivenom merely arrests progressive 
deicrioration without innediate 
.-....... . .......
 
From ieDepartment of Microiology. FacultyofScience, 

Mahdor Uni.ersity. Rana 6 Road, Bangkok 10400. 

For Correspondence: Dr. Kayi Raanabanangkoon, 
Department of Microbiology, Faculty of Science,
Mahido; University, Rama 6 Road. Bangko' 10400. 

http:sianenl.si


188 
RATANABANANGKOON, ET AL. 

cont'irmatron of diagnosis. Thus the 101 patients tested. Passive hernagglu- Internally, each glass tube is coatedactual rate of correct diagnosis is lination (PHA)
likely 

was first studied f'or covalently with specific rabbitto be even lmer than vcnoml antibody detection by Boche antibody against oneof five poisonouseslimated, and Russell,8 who used venom snake venoms. The test sample con
coupled to bis-diazobenzidine treated aining venom is draw tip throughAccurate idnlication of tile sheep R3Cs. The preparation could the tibes resulthing in venom attachsource of envenomi/ation is crucial be used to detect anti-venom tlibody ment to one of the coated tubes. Ansince there is very little, it'any, para- at dilutions as high as 2 x 105, while enzyme conjugate (urease coupledspeciftic or cross-neutralization ),y tle venom proteins could be to anti-venom IgG)fhe ilionosalent Iorse antivenom, detecled is drawn up,by the correspn)ding followcd by substrateavailable in lhailand.2 Thtts, only iibition test. 

(urea plus 
bronmocresol purple as pH indicator),the appropriate ,pecific anti,venonI resulting in color development onwill be effectivC; misdiae, 1sis is Radioin inLitlnoassay has been tlie tube coated with homologousboth wasteflti of preciou.s anti enom dc\eoped by several group;- ot ii body. Tbis test kit, which has aalld dangerous to tile pat, inl that il\ esligalors for the detection of sensitivity of 5-10 rig/mi and a testeftective lrca'l lcll niav be omitted 0venom or ani-venon antibodv.7,'-t tile of 30-40 rain, costs aboutwhile lie palietit is tlklklhlcIt',.. i, by far [lie most sensitive USS 15/test. The co.,( factor relativesubjected to :u.!serse lIvperscnsitiviiv tcchnique, capable of' detecting to per capita income likely will prereactions. This is partiillarly di,-* stublatiograili quantitics of venom .'9 vent direct application of this assay

coicertli112 Si lce il autiVe i i l :e,C ,lie requirement for le! liodologytlerip, or its wide-spread usemassive quauliies illthe rotlitie protein labeling ,,itli short- illdeceloping Countries.
 range of 30-600 ml may be rcquired Iiscd 1>1, the need 
 for expensiveill a give i case .3 Tihe incidence of, dclectiol eiiptiierit and well-trained Oft le various imniunodiagnosticIYlperseiisitivil\ leactiots has beei p siemcl, I Ie proilerns of radioactive tests described, EIISA thus far hasestiiimated to le as high as 30'1, ast,. dispoal atid the tine required
according to various reports. 4 5 

ben the most widecy used. Htowever,
Flie io complete tile assay (24 hirs) preclude

inability to acliec a plolllpl 
Ho el u/. 14 recently cautioned ',hataid is list- in dia-niisis ol'enomi poisoning various factors infliencing theuietuivocal, accuirate idcitificalioi espCcially inrrali areas ofdeveloping successful application of ELISA inof the source of eli\ cnoti.,atioi coutit ries. snake veient defection have not 'et
 

r-,.
ins i ialor h iling l'aclor illtle mllatlageiien of snakebiles. received due consideration. TheseTheakston I a!. I1 were tile tactors include nonspecific reactivity,tirs[ ituse en/yme-linked immuno- tihe cross-reactivitv and the quality
IXevehopment olF irmrtanalssa.s ard sorbeit 
i1m1111n1idiagnoslic tests 

assays (ELISA) perftorted of tlie reagents. Nonspecificity may
illmicroliter plates tfor specific Ile encountered if containsera
detct ion of various snake venoms. helterophile antibodies -especiallyAs ien lioned above, veiiomus Using speciftic antibodies (Ig(i ftrac- common iil seraof inla.it v snakes are similar pih vsico-

of rural people, ortion) iimobilized onltilate and rlieillatoid factlOrS. These irmunocliel ically and pliarmacologically an alkaline Iphosphatase-antibody globulins elevate background ElISAvel each of tlhieii requires specific contigate for scoring. couldthey \altues and frequently yieldantivcnor for in traliationr. Thus, false(Clec! I- g of venoiii per ill of posi tyes. Cross-reactivity between
various assays and diagnostic tLestssCra lCuroni experiniental atlinials. helerologous venom antigens 
 mayiased on tile iItnutiochemfical dif- HI- lieH required for lhe test is give ambiguous ELISA results mridferetices of thliese einiC s have been about 13 hrs. CouLilter vI a!.2 using IlIus equivocate the diagnosis.dlevelopcdwith dilCretit cliaracleristics siuiilar techniques 
File 

Could detect quality 0it reagents, e.,., the )urityait(l degrees of success. thc reacents Aust raliai snake vetiotns at aboul and aflinity of tie antibody inluencesand methiods developed weC reviewed 6 ng. il witlhin 30 rin. The improve- the signal to noise ratio and reactionreceilt. incii\ii was attributed to the use of titmes and hence afTect the sensitivity
arti ibody pturiftied protein fItlriMuniodiffusioii aud 

on a tle est,. i-o ctdi.ltalso suggestedruno- A-Scpharose column. various technical manipulations toelect rop] Ioret iCassIays lOr le (let ect ion avoid or minimize these problems.of karious veniout proteins have Receitly, C tiandler ndbeen Cescriled." Venom proteins HurretlI
a.1 

t have developed a ie\\ test Sorm, po)ssible futnire improvementswere detected in \wound aspirates, kit conisisting of' six glass capillaryblister flurds, sera or urine by tubes joined by silicone rubber tubing Two extremely simple andini Inodiflusion assay in 40 out of and connected to a l-ml syringe. uiseful immunoassay systems, passive 
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hernaggluination (P1HA) and latex 
agglutination (LA) have received 
limited or no attention thus far for 

the purpose of venoml detection. 
PHA has been adapted avsa laboratory 
assay for venom antigen and antibody 
as rei ewe d a hove but has not been 
adapted for immediate diagnosis. 
The sensitiivity of this assay, calculated 
from the result of" Boche and 
Russell,8 shu,,)ld Ihe at the level of 
detecting 2 ng! in Iof atliodV, in 
accord with the obser\atiols of 
Adler and Adler, that P1HA and 
reverse P1I A are capable of detecting 
I-!0 lig/mlI of antibody or antigen, 
respectively. I hus, the scnsitivity of, 
this assay should tc 2-3 orders of 
mlagnilude eatrl hanl 11110u'iS 
di ffusio or itn toleClerophoresis 
and comp~arable to that described b 
Treakston 0t al. I using all IISA. 
Verom proteins, p ent in hody 
fluids Should thIus he detectable b 
reverse HI)FlA.It should he mentioned 
thia ''ike venom detection based 
U. '.magg lut i[ltt iot tests a eC 

1 to hemolysi+ (P. lioquct, 
per onal comm.). |o,,\cver, it Our 
experience, using glutaraldhded 

v. itreated sheep RB3Cs, 10 no f ciiol s 
was obser ,ed itt the presence of' high 
concentraltions of lree Elapid 
venois, known to contain ("..ct 

lytic factor and phosplholipase A . 

Tile advantages of P1IA and reverse 
P1-IA and the corrcsponding inhibi-
ion assay.s include simplicity, sell-

sitiviry and y.- In iany 
cases the sensitized erytlrocytes calt 
be lyophilized and reconstituted 

usc.with distilled water before 17 s 

II has also been reported that with 
avian erylIocytes \hich are nucleated 
and settle faster, tli agglutination 
result Call be read within 30 rain.1 

I atex agglttination assays, 
alth ouigh providing additional 
advantages, have not been adapted as 
yet Io use in venom detection. In 
addition to enhanced stability and 
relative insensitivity of the particles 
to enzvrues and toxins, tle greatest 
advantage of this technique is the 

speed with which the result can be 
read. It also does not require any 
special laboratory equipment or 

exr-rtise. The detection of Iulan 

cloriCgonadotropin ill the pregnancy 
test, f'or example, can be completed 
within a few Minutes, using only 
medicine droppers and a microscope 
slide. The sensitivity of the test can 
he very hih, for example, polyribose 
phosphate can be detected at a level 
of 0.2-).5 ng/ ml of' serum, cerebro-
.,pinl fluid, joint fluid or plcural 
fluid. 1' For protein antigens, for 
example iill intioglobulins, the 
detect oi limit is about 35-225 
in!, fil. 

The SuCCessful adaptation of' 
l-ccrse PHA or LA for snake 
'vcnon detection should offer several 

advatages over ELISA, in that 
both are relatively easy to perform 
and are considerably faster--especially 
in the case of latex agglutination. 
S.'tnsiti\itics iav be somewhat less. 
I tIblimilary results from our labora-

tor showed that a revers" 13HA 
usin g sheep RBC and a reverse LA 
could detect 5-80 ng/ml and 160-
10) g/ml, respectively, of various 
snake venoms (Lnpublished observa-
tions). Considering the previously 
repwrted2 1 concent rations of venom 
in wound aspirates (200 ng/ml) and 
in serun (100 ng/ml), reverse PHA 
and possibly, revers' LA with some 
itnprovcIltent s, should be adequate. 
They are about 10-20 times less 
expensive than ELISA to produce ill 
Thailand (B. Ietchclai, personal

Tycollin.). I-le stability of the reagents 

for each test may be an important 
factor in developing countries, 
Sensitized latex particles or red cells 
can usually be stored at 4"C fo 

sears2'-- or in some cases, lyophilized 
and stored desiccated at room ten-
pcrature for even longer periods of 
t ime.2 Our rreliminary experime. 
indicated that latex particles coated 
with rabbit lgG against snake 
venom are stable to lyophilization 
and to cycles of freezing and thawing 
(Unpublished observations). ELISA 

plates sensiti7ed with anti-venom 
lgG deteriorated at 4 C after 16 
weeks. 12 

-Special requirements of immiuno
diagnostic assays for developing 
countries 

People in the developing 
countries face a number of serious 
problems as far as snake venom 
poisonings are concerned. This is 
because a far greater variety and 
number of deadly snakes inhabit the 
tropics. The occupation and way of 
life of the people also make them 
more vulnerable to snakebites. The 
relatively poorer means of transporta
lion and medical facilities and the 
resultant delay or shortage of specific 
anlivencmls make treatment of 
vehonm poisonings even more difficult 
as a result. 

Agains tihis background, he 
iiniunodiagnostic tests for snake 
venom poisonings also must incor

',rate certain special features to be 
useful in developing countries. Not 
only unist the tests be specific, 
sensitive and rapid enough for 
diagnostic purposes, but they also 
must be simple to perform and 
require minimal equipment or 
expertise. The tests must be reason
ably cheap relative to the per capita 
income of the people. Lastly, they 
must be stable to the climate, and be 
able to withstand transportation 
and storage conditions which may 
be far from optimal. 

Since the components of the 
immunodiagnostic tests are dictated 
by the species of the snakes in the 

geographic area, each country most 
likely will have to produce its own 
tests except where there isan overlap 
of snake habitats. The ideal test 
therefore sh"-.,id allow for regional 
customization to include additional 
species or to delete those unnecessary 
within a given area. The low con
iercial viability provides little 
incentive for pharmaceutical cor
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LEERA CHINONAVANIG, P.B. BILLINGS, P. MATANGKASOMBUT
 

and K. RATANABANANGKOON. 
 Antigenic relationships
 

arid relative immunogenicities of venom proteins from
 

six poisonous snakes of Thailand. Toxicon
 

S----------19
 

Venoms from Naja naja siamensis, OPhiogphgus hannah,
 

Bungarus fasciatus, Vipera russelli, Calloselasma rhodostoma and
 

Trimeresurus albolabris 
 have been studied by means of sodium
 

dodecyl sulfate 
 polyacrylamide gel electrophoresis and
 

immunoblotting. The iinmurtoblots were stained with rabbit 

homologous and heterologous antibodies. In general, the higher 

the molecular weight the protein the higher the immunogenicity 

although two proteins with molecular weights of 23,000 and 25,000
 

from 0. hannah venom are extraordinarily immunogenic. 
 Cross
 

reacting and species specific 
venom proteins were readily
 

identif.ied by the immunoblot techniques. It was revealed 
that
 

only a small number of venom proteins were cross-reactive among
 

the snake species tested while the remaining appeared to be
 

species specific.
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INTRODUCTION
 

Recently, a great deal of interest has been focused on 

the development of various immunoasays for studies of snake 

venoms and their respective antibodies (The-akston, 1983). For 

example, immunodiagno-stic tests for snake venom proteins have 

been developed foo: rapid i dtritific:ation of the source, of 

ervenorna tio ',i in victims of snakebite. immunoassays for the 

detection oft human anrti body against snake venoms have also been 

studied for epidemiological surveys of snakebite incidence (Pugh 

and 'heakston, 1980) In add ition, in vitro assay of horse serum 

antivenom potency has' beeii under study as a potential replacement 

for in vivo neiutralizat-ion tcs Ls (Theakston and Reid, 1979). 

These various immunoassays have been studied using crude 

venoms and their corresponding antibodies. However, 

comp ic at ions could arise from the use of uncharacterized and 

unf ractiona ted venioms i n these assays. For example, 

imimurnological cross reactions between venom proteins of different 

species could lead to ambiguity in the species diagnosis (Fulde 

and Smith, 1984; Marshall and Hlerrmann, 1984; McCarthy, 1984). On 

the other hand, in vitro antivenom potency -stimatiorn would be 

meaningful only it primarily the antibodiesif is against major 

lethal components in the venom which are being assayed 

(Christensen, 1979 ). Thus, knowledge of the properties of 

constituent venom proteiiis with regard to immunological cross

reactivities, relative immunogenicities, abundaricies, toxicities, 

etc., would be useful in identifying and eliminating any 

complications that may arise during the development of these 
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immunoassays. It the present communicatior, a combination of 

sodium dodecyl suffate pol.yacrylamide gel electrophoresis and the 

Western- or immunoblot has been used to study the relative 

abundancies, immunogenicities and immunological c'oss

reactivities of the various venom proteins from the six major 

poisonous snakes of Thailand. 



MATERIALS AND METHODS
 

Venoms and chemicals 

Six major poisonous snake species, against which horse 
antivenoms are available, were studied. These Naja najawere: 


siamensis 
 which is al3so known as Naj.a kaouthia (Viravan et al. 
1986), Burngaru fasciatus and Ophio:.Pabgus hannah of the Elapidae 
family and V'ipea ruseli, Calloselasma rhodostoma, Trimeresurus 

albolabris of the Viperidae family. The snakes were kept and
 
milked at the Queen Saovabha Memmorial Institute, Bangkok. The 
venom milked from 3-8 snakes of the same species was pooled and 
immediatel y frozen in dry -ice. The venom was kept frozen at 
-20 ' unti]. use. Extreme care was taken to avoid cross 
contamination of these venoms during milking and throughout this
 

study. Chemicals 
 were of reagent grade obtained from Sigma 
Chemical Co. , St. Louis, Missouri, USA, except as indicated. 

Immunization of rabbits and prep.aatijon of Igg from rabbit 

antiserum.
 

Venom 
of each snake species was used to immuinize -three
 

or four rabbits. 
 Primary immunization was with 
 40 ug venom
 

protea.ir (determined by Lowry method, see below) emulsified with
 

Freund's complete adjuvarnt injected s.c. into the 
 back.
 
Subsequent injecti:-ns were made in Freund's incomplete 
adjuvant
 

at one month intervals. 
 Rabbits were bled biweekly and the sera
 

were prepared. 
 The rabbit IgG was purified by Staphylococcal
 

Protein A--Sepharose 
 column chromatography 
 (Goding, 1978).
 

Elution 
 of the IgG was made with ice cold 3 M sodium thiocyanate
 

(Twining and Atassi, 1979).
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Western Blot.
 

Proteins of each venom were fractionated by 

polyacrylamide gel electrophoresis (PAGE) in the presence of 

sodium dodecyl sulfate (SDS) under non-reducing conditions and 

the protein patterns were visualized by direct staining with 

Coomassie blue. Identical gels with the same six 
 venoms were
 

transferred electrophoretically to nitrocellulose 
membranes (0.1
 

micron pore ; Schleicher and Schuli) by the procedure of Towbin
 

et al (1979) for simultaneous immunological reaction with rabbit
 

antiserum generated against one of the six snake 
venoms. The
 

transfer was carried out at 
15 V/cm for 4 hr at room temperature.
 

For direct visualization of protein 
 bands, the nitrocelluloa
 

membrane 
was stained with amido schwartz. For immunological
 

detection of protein bands on the nitrocellulose membrane, the
 

membrane was first incubated for I hr in 50 mM Tris-saline (pH
 

7.4) containing 5 % non-fat dry powdered milk to saturate the
 

remaining protein binding site. 
 After washing, the membrane was
 

incubated 
 overnight with rabbit antiserum appropriately diluted
 

in Tris-saline containing 5% bovine serum albumin 
 (BSA). This
 

was 
followed by incubation for 2 hr with horse-radish peroxidase
 

conjugated 
anti-rabbit IgG (Dakopatts, Denmark) in Tris-saline
 

and 5% BSA. 
 The protein bands with the enzyme conjugate attached
 

were then visualized by 20 min incubation in 25 ug/ml of
 

o-dianisidine 
 and 0.01 % hydrogen peroxide in 10 mM Tris.HCl pH
 

7.4.
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Other methods. 

S16-PAGE was performed by the procedure described by 

Laemnli (19'0) using 10% acrylamide. Molecular weights of venom
 

proteins under S.--PAG 
 were calculated from their 

electrophoretic mobilities by comparison to a curve of logarithm 

mo.[. wt. versus mobility of protein standards. Etandard proteins 

used were rabbit muscle phosphorylase B, mol. wt. 94,000 

BSA, mol. wt. 68,00 ; ovalbumIin, mol. wt. 45,000 ; soybean 

trypsin inhibitor, mol. wt. 20,100 ; N.n.siaenensis toxin 3, mol. 

wt. 7,821. Prot ein was assayed by the method of Lowry et al. 

(1951) using BSA as staridrd. 
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RESULTS
 

Molecular sizes ard r(lative. abundancies of venom proteirnis from 

the six Thai poisnous snakes. 

By S1DS polyacrylamide gel electrophoresis, each venom 

exhibits a characteristic polypeptide size and abundance
 

distribution pattern. The separatior in pattern of the two 

families is not as apparernt,; however, the presence of abundant 

very low rol. wt. coimporient-;s c, less than 8,000 mol. wt. together 

wi th several. pr:!dcmina-itiy very high mel. wt. proteins appears, 

charact,e ristic c)f the elapid venoms. in contrast, the viper 

venoms show Little stainable material. of less than 10,000 mol. 

wt. and 
 display several. discrete polypeptides of intermediate 

mol. wt. Among the elapids, N. ri. sianersis venom shows the 

greatest abundance of very low mel. wt. polypeptides, largely
 

post-synapticallty act.irng toxins and cardiotoxirn (Karlsson et al., 

1971) o:f mot. wt. ca 7,000 , 000 0. hannah venom contains 

more high ool. wt. proteins,Is. ' awiGth proportionate reduction of 

the toxins of mol. wt-. l,.s tharn 8,000, consistent with the 

comparatively lower lethality of this venom (CGanthavorn, 1969). 

The viperid venoms e>hibit unexpectedly large quantities of 

protein(s) of mol. wt. about 10,000 even under the non-reducing 

electropho]-etic conditions employed. No funct;ion( s ) carL be 

ascribed to 
these, since the known abundant toxins and enzymes of
 

these venoms are of greater tool. wt. (Iwanaga and Suzuki, 1979). 
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Immunogenicity and antigenic similarity
 

The relative immunogenicities of individual constituent
 

polypeptides 
 from a single venom, and the extents and
 

complexities of the immunological cross-reactions between 
venoms
 

were studied using Western- or immunoblots. Since reducing SDS

polyacrylmide gel electrophoresis showed diminished antibody
 

binding on blots, non-reducing conditions were used to minimize
 

denaturation of protein antigenic determinants. In addition, 0.1
 

uM nitrocellulose membrane was used in the blot 
to maximize
 

recovery of low molecular weight venom proteins. The immobilized
 

venom proteins were reacted with rabbit 
 antiser0um generated
 

against the venom of one snake species. In this case, binding of
 

antibody to the individual polypeptides in the lane with the
 

corresponding or homologous venom provides a 
measure of the
 

relative immunogenicity/abundance 
 of each constituent.
 

Similarly, antibody binding to resolved polypeptides in the lanes
 

containing heterologous venoms reflects the immunological cross

reactivity. It 
is the extent of this cross-reaction relative to
 

the identification of the homologous proteins which 
potentially
 

limits the use of this 
antiserum in an immunodiagnostic
 

application.
 

By comparing the immunological reaction of homologous
 

antiserum 
with the abundancies of individual venom polypeptides,
 

separated according to size, it is 
 quite apparent that
 

polypeptides differ considerably in terms of their abilities to
 

stimulate antibody responses when immunized as a mixture in crude
 

venom. 
 Although, in general, the higher mol. wt. components are
 

more immunogenic, a direct relationship between molecular size
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and the response was not observed, nor did a higher abundance
 

offset a poor immunogenicity. Of particular relevance in terms
 

of immunotherapy, is the observation that the elapid toxins 
 of
 

7,000 to 8,000 mol. 
wt exhibited considerably reduced
 

immunogenicities in comparison to other, less abundant proteins
 

of the same venoms. In the case of 0. hann,%h venom blot reacted
 

with the homologous antiserum almost no antibody bound to the low
 

mol. wt. region containing the postsynaptic neurotoxin (Fig.
 

2A), despite the fact that by chromatographic analysis, the toxin
 

comprised about 8% of the total 
venom protein (K.R., unpublished
 

observation). Homologous antisera against the other two 
 elapid
 

venoms showed low, 
 but still detectable reactions with the low
 

mol. wt. toxins. Of the higher 
mol. wt., generally more
 

immunogenic polypeptides, immunological reactivity on blots from
 

SDS gels was occasionally observed with polypeptide bands 
 which
 

were not readily apparent by protein stain, 
 and the reverse,
 

where moderately abundant bands of reasonably high mol. 
wt. are
 

poorly identified. Fig. 
 2A provides examples of each: bands
 

labeled #3 
 and #4 of mol. wt. 23,000 - 25,000 appear highly
 

immunogenic but are undetectable by direct protein stain, whereas
 

bands #1 and #2, which are of 
higher mol. wt. and more abundant,
 

show almost no reactivity.
 

Reaction of a blot of a gel such as that in Fig. 1, in
 

which proteins from all six venoms have 
 been resolved in
 

different lanes, enables direct visualization and comparison of
 

the reaction of each 
 single antiserum with homologous and
 

heterologous venom constituents under identical conditions. 
 With
 

each of the six antisera analyzed in this manner, 
the reaction
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with homologous antigen was, as expected, the most diverse and 

the most intense, often identifying an entire mol. wt. range of 

polypeptides ( see TPabe 1 for summary of homologous arid 

heterologous reactions). Cros's-reactivity, where it was observed, 

was restricted to only a subset. of polypeptides in the 

heterologous venom, which because cf their lower reactivities, 

could now be resolved as discrete mol. wt. species. in terms of 

numbers of different cross -reacting polypeptides and the 

intensities with which heter-,Iogous bands were identified, cross

reaction was largely confined within the same family. Within a 

family, P al.bol.abri:s venom was considerably more ci-oss-reactive 

than that of other species; it is also more reactive with 

antibody against the V. russelli than that against C. rhodostoma 

(Table 1). None the less, some inter-family cross-reactivity 

which can riot be attributable to cross-contamination (see 

Materials arid Methods) was observed, such as that between a few 

polypeptides of Tri.rime r e s r us albolabris venom and antiserum 

raised against. venom of the Thai cobra, N. n. siamensis. 

Reciprocal reactivity was not observed in this case, nor in 

several other cases. Representative blots containing the 

proteins of all six venoms reacted with antiserum against an 

elapid (0. hannah) or against a viper (V. russelli) are presented 

in Figs. 2B and 3B, respectively. 

Since the elapid postsynaptic neurotoxins demonstrate 

such low immunogenicity by the immunoblot assay, it was not 

surprising that very little cross-reactivity was detected. 

Binding of heterologous antibodies in the 7,000 - 8,000 mol. wt. 

i IV\V 



region of blots of elapid venoms was not observed except for 

minimal reaction of anti--N.n. siamensis serum with 0. hannah 

venom. 
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DISCUSSION
 

The elapid neurotoxins 
were generally less immunogenic
 

compared with other venom proteins. This accounts for the well

recognized difficulty in the preparation of potent neutralizing 

hyperimmune sera against elapid venoms (Christensen, 1979). In 

contrast, certain venom proteins (e.g., bands #3 and #4 of the 0. 

hannah venom) are extraordinarily immunogenic. It will be of 

interest to determine the extent to which chemical coupling of 

the postsynaptic toxins with these high mol. wt. constituents 

enhances their immunoenicitjes. 

It is well known that. horse antivenoms against snake 

venoms are quite specific and that cross-neutralization is not 

commonly observed (Garithavorrn, 1969). Nevertheless extensively 

cross-reacting precipitin bands various evenbetween venoms, 

those belonging to different families, have been observed using 

immunodiffusion or immunoelectrophoresis (Minton, 1979). These 

observations have led to the -tonclusion that the cross-reaction 

was confined to non-toxic venom proteins. The alternative 

interpretation, i.e. that the toxins were involved in the antigen
 

- antibody cross-reaction, but 
 were not neutralized, was
 

considered unlikely. 
Results from Western blots presented here
 

clearly show that the failure of 
the heterologous antivenom to
 

cross neutralize is due to the absence of 
 immunological cross

reaction. 
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In t-he developmc-tit. of immurn-dciagnostic tests for rapid 

identification of source of envern,mJiataor, cross--reacting venom 

antigeris i toco cdcad ambigu.i ty or even error in diagnro sis 

Ma rslial ' and Iter nIajn , 1984 ) . Tie imimun ob Iott,tig technique 

ena b I ts precj.ie i(lenti f icaliri of the venom anti._ens involved in 

the cooss- reactn ,. Where suc-h cross -reaction presents a serious 

problem to the species dI.iagrlc) i., species--specific venom antigens 

could he ideritified, isolated and used to prepare mono-specif ic 

antibody for immunodiagnostic tests. 
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LEGENDS TO FIGURES
 

Figure 1. 	 SDS-polyacrylamide gel electrophoresis of the six Thai 

poisonous snake venoms. The positions of the protein 

standards with t.he molecular weights in 
 kilodaltons 

(kd) are shown on the left. NS, N.n. siamensis ; BF, 

B. fasciatus ; 0t, 0. hannah ; CR, C.rhodostoma ; VR, 

V.russelli and TA. 'T'. albolabris. 

Figure 	 2. Reaction of antiserum against 0. hannah with 

homologous arid hetero].gous venom antigens. 

A. 	 Westeirn Bl ot o:f (V. hannah venom on 0.1 micron 

nit,rocel In lose membrane. The right hand lane was 

stained with amido schwartz. The left hand lane was 

reacted with rabbit homologous antibody against 

0..tarnal (a-OH) followed by enzyme conjugate and 

p-dianisidine. 

B. 	 Immurochemical cross-reactivity between antiserum 

against 0. hannah and venom proteins from various 

snakes. A Western Blot of the six snake venoms was 

reacted with rabbit- antibody raised against 0.hannah 

venom. Venom abbreviations are as in Fig. 1. 

Figure 3. Reaction of antiserum against V. russelli with 

homologous and heterologous venom antigens. 

A. 	 Western Blot of V.russelli venom on 0.1 micron 

nitrocellulose memb,-ane. The right hand lane was 

stained with amicho schwartz. The left hand lane was 

reacted with rabbit homologous antibody against V. 

russelli (a--VR) 
followed by enzyme conjugate and
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o-dianisidiine. 

B. ImUmnochemiical cross -reactivity between antiserum 

against V.russelli and venom proteins from various 

snakes. A Western Blot of the six snake venoms was 

reacted with rabbit antibody raised against
 

V. russelli venom. Venom abbreviations are as in 

Fig. 1.
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Table I 
 Summary of the reactions and cross-reactions of venom
 

proteins from 
 each of the six snakes with rabbit
 

homologous and heterologous antisera. The data were
 

comptied from a series of blots, 
as in Figs. 2 and 3,
 

reacted in parallel with the various antisera.
 

Molecular we.Lghts of the immunologically reactive
 

polypeptides were calculated 
 from their
 

electrophoretic mobilities 
 (see Materials and
 

Methods). Venom abbreviations are as in Fig. 1. 

~ntigen 1 HSN BF OH CR VR 

Ant ibodv 

8K-22K 8K, 19K, 22K 
32K 48K-54K
58K

Anti-NS 66K 
87K 8OK- 105K
 
140K 
 130K-170K 

8K
 
38K
 

Anti-BE' 48K 
 15K-54K58K 5SK 58K 54K-170K 
6 6K 66K 66K 
74K 90K, 11OK 84K-96K, 1011 

19K
 
22K 23K
 

25K 
 25K

Anti-OH 32K 

39K
52K, 58K, 66K 48K, 66K 43K-100K 90K 48K
100K-155K 110K 125K 

1OK-18K 
40K 
66K 66K

Anti-CR 80K 80K 
90K
 
105K
 
110K 
 110K
 

25K-35K 
q2K-50.5K 45K
 
56K-74K 66K
 

Anti-vR. 84K-96K 90K100K 

103K-120K 11OK
 
125K 125K
 
130K 130K
 

16.5K-19K
 
19.5K
 
22K-28K
 
34K-42K
Anti-PA 

45K-54K


110K 110K ] 1OK-140K 

I__ _ 150K -170K 

http:q2K-50.5K
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KEY WORDS, In vitro neutralization assay, ELISA, anti-cobra
 

venom antivenom,
 

ABSTRACT An ELISA for the quantitation of antibodies against
 

Naja naja siamensis venom proteins has been developed for use as
 

a possible replacement of the in vivo neutralization assay of 

antivenom potency. Comparison was made with 3 preparations of
 

venom proteins as antigens of ELISA ; 
these were crude venom,
 

toxin fraction and purified principal postsynaptic neurotoxin of
 

the Thailand cobra. With one batch 
of horse monovalent anti

cobra antivenom as reference standard, seven other batches of 

antivenom were assayed by the ELISA and by the in vivo 

neutralization assay using mice. When crude venom, toxin 

fraction and pure neurotoxin were used as antigens in the ELISA,
 

the correlation coefficients between the ELISA neutralization and 

in vivo neutralization were 0.76 (P < 0.01), 0.91 (P < 0.001) and
 

0.93 (P < 0.001), respectively. Thus, in the development of
 

ELISA as 
 an in. vitro assay of potency of anti-snake venom
 

antivenom, well-defined toxic component rather than the crude
 

venom, should be used as antigen of the ELISA. The conclusion
 

should be applicable to similar study on antivenoms against other
 

elapid venoms whose lethal components are small, poorly
 

immunogenic peptides.
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INTRODUCTION
 

The current method for the estimation of antivenom 

potency involves in vivo.neutralization assay using mice. The 

procedure is extrr-miely laborious, expensive and gives results 

which are variable and difficult to reproduce. Not of the least 

concern i.s the killing of a large number of animals. 

Furthermore, the problems and difficulties of the in. vi.vo 

neut.rali ztion a..,SSay are a major obstrucle that hinders the much 

needed improvements on potency arid. purity of antisera against 

snake venoms. In the preparation of potent hyperimmune sera 

against snake venoms, for example, experiments h-ave to be carried 

out with different vcnom antigens and forms, immunization 

schedules, adjuvents etc., to establish optimal immunization
 

condi_ions. In the fractionation of hyperimmune conditionssera, 

must be found so as to give the highest yield and purity of the 

product.u studies are almost impossible with the currently 

used in vivo neutralization assay for the evaluation of the 

results.
 

Recently, in 
 vitro assay based on enzyme-linked 

immunosorbent assay (E1 SA has been developed as an possible 

alternative to the in vivo neutralization test (Threakston and 

Reid, 1979). They studies horse antivenoms against two viperid
 

and two elapid 
venoms using crude venoms as antigens. The 

correlation between the FLI.7A and the in vivc neutralization
 

assay was good with the correlation coefficient of 0.92; P<O.001.
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it has long been observed, however, that in antisera against 

snake venoms, the antibody con toiits, as estimated Oy the 

intensities and numbers of precipitin bands, do not usually 

correlate with the neutralizing capacities (Minton, Jr. ,1979). 

Most of the antibody generated against the venom are directed
 

against the non-toxic yet more immunogenic components of the
 

venom. This i.s special.y t.-ue Yi,.th the elapids whose toxins are
 

low molecular weight (aboit 60 to 74 
amino acids) peptides and
 

are extremely toxic yet barely imrunogenic. Therefore, at least
 

with elapic venoms, the use of fractionated toxin(s) rather than 

the crude venom as ant.igen in tWe JEL,]SA shouL d give bet.ter 

estimate of the aritivenom potency. 

In 1he present study. we compared three different 

preparations of antigen from Thai cobra venom in an ELISA of
 

horse antivenom antibody. 
 These prepazations are crude cobra
 

venom, partially purified toxin and purified 
 principle
 

postsynaptic toxin. The 
 results obtained from the ELISA of 

batches of horse antivenoms were compared with those from in vivo. 

neutralization 
assay using mice. The use of purified toxin as 

antigen in the EWLSA was found to give much higher correlation
 

coefficient than that of crude cobra venom.
 

8 
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MATERIALS AND METHODS
 

1. Biochemicals arid chemicles
 

Venom of Thailand cobra (Naja naja siamensis, also
 

known as 
 aj!a kaouthia) and monospecific horse anti-cobra
 

antivenom were purchased 
 from. Queen Soavabha Memorial
 

Institute, Bangkok. Other chemicals were generally of reagent
 

grade and were obtained from Sigma Chemical Co. , St. Louis,
 

Missouri, USA, except as indicated.
 

2. Preparation of 
a "toxin fraction" from N.n.siamensis venom.
 

Crude cobra venom 
(700 mg) was chromatographed on 
a
 

Sephadex G-50 column ('.6 x 97 cm) using 
 25 mM ammonium 

acetate as eluent. The toxin fraction as indicated by 

( <---> ) in Fig. 1 was pooled, ]yophilized and used 
 as an
 

antigen in the ELISA. 
This "toxin fraction" was used also as
 

starting material the
for purification of N.n.siamensis
 

postsynaptic neurotoxin 3.
 

3. 	Purification of t.n.siamensis cstsynatic neurotoxin 3.
 

The N.n.siamensis neurotoxin 3 which is 
 the most
 

abundant and 
 most toxic component of the cobra 
venom was
 

purified from 
 the "toxin fraction" using ion-exchange
 

chromatography on a carboxymethylated polystyrene (Biorex-70
 

from BioRad, Richmond, Calif.) as described by Karisson et al
 

(1971). 
 The pure toxin was lyophilized free of the volatile
 

buffer and used as an antigen in the ELISA.
 



Rungsiwongse et al 6/18 

4. 	 Determinations o1 medium lethal dose (_D)o f cobra venom 
ard -te in vivo .,e.traizirzg activity of h-orse, antivenom. 

Groups of six i albino mice weighing 25 4 2 gm 

were injected intraperitoneally with cobra venom at. doses 

ranging from 0. 16 to . 6 1 uf/gm mouse. The venom was 

prepared in normal sal. ine and the volume of injection was 

kept constant at 0. 1 ml / 25 gm mouse. Control animals were 

inject with normal sa!.ine only. The percent death of 

animals were recorded 24 lh, urs after injection. The medium 

lethal, dose ( kI o the venom was estimated by the method 
5 C 

of Li. tchf i,-i. d and W Icoxon (1 94 9 
'lhe in vivo neutralizing activity of horse anticobra 

antivenim was determitned by a pro.,ceclure recommended by WHO 

(1983) . The prccedure is similar to that described above for 

L.,l) determination but cobra venom at different concentration 
50
 

in normaL saline (0.', - -U.8 mg/ml) were incubated with an 

equal. volum,:i of horse anticobra antivenom for 1 hour at 
0 

37 C before in.jection . The volume of injection was kept 

constant at. 0.1 ml / 25 gm mouse. The LD of the venom in 
50 

the antivenom-venom mixture was determined and the
 

neutralizing activity was calculated as follows 
i 

Neutralizing activity = (LI) - L ) x weight of mouse _gn_ 
50 50 volume of antivenom (ml) 

where - LD is the medium Jethal dose of cobra ",enom alone 
50 

(ug venom / gm mouse) 
/ 

- LD is the medium lethal, dose of the venom and 
50
 

antivenom mixture. 
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5. 	Comparison of results of in vivo neutralization assay and 

EL ISA of horse antivenoms. 

(ne batch of horse antivenom was arbitarily selected as 

reference antivenom. Various dilutions of this reference 

antivencm were made and assayed for antibody by ELISSA using each 

of the 3 different antigens. The reference curves of optical 

densities from -i.:3A using the three antigens were then plotted 

against the mouse i.ni viyo neutralizing activity. 

For a given antigen, the optical densities from of 7 

other horse anti venoms were then compared with that of the 

reference antiv,-nom to g.ive the theoretical EL.SA neutralizing 

activity. The results were then compared with those obtained 

from in vivo neutra.ilizing activities of the antivenoms. 

6. 	 Other biochemical proce-dres. 

Protein concentration was determined by a procedure 

described by Lowry et al (1951 .) using serum bovine albumin (BSA) 

as standard. Slab S1S-polyacrylamide gel electrophoresis was 

carried out as deJscribed by Laemmii (1970) using ten percent 

acrylamide and the following protein standards : rabbit muscle 

phosphorylase B, 94 Kd; BSA, 68 iKd; ovalbumin, 45 Kd; soybean 

trypsin inhibitor, 20.1 Kd and N.n.siamensis toxin 3, 7.8 Kd. 
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RESULTS
 

I. 	 Mo0-le-ui-r. weight hrctizionof th-e antigens 

The "toxin fract.ion ,-nd the purif ied N. n.siamerisis 

neurotoxin 3, preparrod is described in Materials and Methods, 

together wi.tl the c(rude cobra Venloill were subjected to SDS-. 

polyacrylamide gel eiectrophortes:s. The results are shown in 

Fig. 2. .in all these prepairations. of antigen, N.n.siame-nsis 

neurotc<xin 3 whi.ch is the principa.L toxin of the venom (Karlsson 

et _I, 197 1 ) is obviously .he mos t abundarit component. The 

"toxiii frac tion" difffers from the pure N. . siamesis iurotoxin 

by 	 the presence o.f =i minor prot~eir of 12,400 daltons (F'ig. 2.). 

.t shou1d be men Li n,:,ed , however, tlhat also present in the 

neur-toxirn 3 band of thle "t,cxin fractior" are some minor short 

p,:,s t:.sy riaT. i c neu rot oxi I,1 which were not;F cardicio tox ins 

separated fr, m the priital. ieurot.oxir under these conditions 

(Karl:son eL. at, 17' 

2. 	 .pt.imal. -ulditions of 1IA of h-.se antisera against cobra 

venom. 

Using chectkerbroad t,trations, it was established that 

the reagent concentrations ad optimal conditions of ELISA for 

the determinatiori of antibody In horse antivenoms are as follows: 

a. 	 plastic microtiter wells were coated with crude
 

cobra venom (10 ug/ml) or "toxin fraction" or 

N..n.siamensis neurotoxin 3 (5 ug/ml) by overnight 
0 

incubation at 4 C
 

3 
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b. 	 horse monovalent antivenoms at dilution of 1 : 6250 

were allowed to bind the immobilized antigen on the 
0 

well by incubatiot for 1 hour at 25 C 

c. 	 to de tect the bound horse antibody, sheep anti

horse IgG p-eroxidase conjugate at. dilution of 1:30 
o 

was inrcubated for I 1-our at 2.5LiC 

d. 	 a substrate soilu.i -n (10 mg 0--phenylenediamine in 

25 ml of 75 mH phosphate-citrate buffer pH 5.0 

containing 	 0.00.3 % hydrogen peroxide) was incubated 
0 

for 30 main. at 25 C and the oiptical density at 490 

nm was recorded. 

3. 	 In vivo neutralizing activity of hose antivenors. 

The EIISA of 8 hatches of monospecific lhorse antisera 

against cobra venom, as carried out under optimal conditions 

described above, gave optical densities shown in Table I for each 

of the 3 antigens. In general, the optical densities obtained 

from the use of crude venom were higher than those using the 

toxins as antigens. The in vivo neutralizing activity of each 

antiserum was determined and the results are shown in Table 2. 

The average neutralizing activity was 311.3 ug/ml. 

Fig. 3 shows a plot. on the correlation between the in
 

vivo neutralizing activities and the ELISA neutralizing
 

activities of the 8 batches of horse antivenoms using purified
 

N.ri.siamensis toxin 3 as antigen. In this case the correlation
 

coefficient is 0.93 ( P < 0.001). The corresponding values when
 

crude cobra venom arid the "toxin fraction" were used as antigens
 

in the ELISA are 0.76 (P < 0.01) and 0.91 (P <0.001), respectively.
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DISCUSSION
 

[t is clear from various reasons that in vitro
 

immunoassays for ant,7iwnom potency estimation 
 are needed to 

replace the in vivo neutralization assay using life animals. 

Various immunoassays based on indirect hemagg.utination (Peel, 

1980), radioimmunoassay (Ilabermann et al., 1977) and gel 

diffusion (Moullot al., have been studied.e t 1978) However, 

one of the most promising assays seems to be that based on ELISA 

since the method can give quantitative and reproducible results 

and is simple to preform. Although there are some concern about 

the use of ELISA to measutre neutralization by quant.itating 

antibody of unknown affinity (Steward and Lew, 1985), several 

ELISA's have been developed for tetanus antitoxin (Melville-Smith 

et al., .1983 Simon!-on et al., 1986 ; gentili et al 1984) and 

for anti-snake venom ('Pheaksto and Reid, 1979). 

In the case of snalke venoms especially those of the 

elapids, the lethal components are low molecular weight basic 

peptides called postsynaptic neurotoxins. These toxins bind 

specilically and 'irreversibly' to nicotinic acetylcholine 

receptor at the muscle end-plate. The binding results in 

blockade of neuromuscular transmission and causes death by 

respiratory paralysis. These neurotoxins, although in some case 

present as a minor constitnents (about 2 percent in B. fasciatus 

venom) have been shown to be the component that causes death in 

animal (Rtanabanangkoon et al., 1978). Because of the low 

immunogenicity and in some cases, low abundancies of these 

toxins, antibodies against them are present in the serum in
 



Rungsiwongse et al 11/18 

disproportionately small amount as compared to those against 

larger non-toxic venom proteins. Thus, useful in vitro assays of 

antivenom potency should measure only antibodies against the 

venom toxic components (Christensen, 1979). The results present 

here clearly show that much better correlation with the in vivo 

neutralization assay was obta ined when the toxin was used as 

antigen In tihe ELASA. liurthermore, this study shows that for the 

Thai cobra venom and most likely for other elapid venoms as well, 

the use of "toxin fraction" which is much easier to obtain, can 

serve as good antigen in the E[IMSA. 

TIhtusv, in the development of ELISA for potency 

determinatio- of antisera against snake venons, fractionation and 

experimentation wJ th different venom components as possible 

antigens in the ELISA should be carried out. The venom fraction 

which gives resul t. best correlated with the in vivo 

neutralization should then be used as antigen in an in vitro 

neutralization assay. 
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LEGENDS 	TO FIGURES AND TABLES.
 

Fig. 1 The elution profile -,f cobra venom on a Sephadex G--50 

cc, lumn (2.6 x 97 cm) . The eluent was 25 mM ammonium 

acetate, p11 7. 4. The f low rate was 15 ml per hour, at 
o 

4 C and fracriions of 3 ml. wero7 collected. The dashed 

line is the elution prcfiLe of N.._ianE.,is neurotoxin 3 

in a separate chromat-graphy on the same column under 

identical conditions. 

[ig2.de gel electrophoesis of crude cobra
 

venom , toxi 1 frac tion" arnd 
 purif ied 4. n. siamensis 

heU.rt,oxi :13. MollecuI ar weights in Ki. .odaltons of 

stardard proteiiis are shown on tLhe left. 

.ig.: . Correlati.on the in vivo. neutralizingr3 |-,etween activity 

and the EL., I1SA neutral i.. irg activiLy when purified 

N. n. sij.amensis neurotoxiri 3 was used as antigen in the 

EMISA. 

Table 1. 	 ELISA optical dens..ties of horse artivenoMs using 3 

different preparations of antigen. 

Table 2. 	 [lorse antivenom potencies as determined by in vivo 

neutralization assay using mouse and by ELISA using 3 

different preparations of antigen. 

http:Correlati.on
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Table 1 ELISA optical densities of horse antivenoms
 

using 3 different preparations of antigen.
 

+
 

Ag of ELISA ELISA optical density at 490 nm.
 

Horse Crude venom Toxin fraction Pure toxin 3
 
antivenom
 

1 0.86940. 156 0.570+0.077 0.591+0.049 

2 0.976+0.142 0.869+0.38 0.750+0.064 

3 0.76040.110 0.743+0.122 0.680+0.041
 

4 0.94010.091 0.844+0.167 0.931+0.040
 

5 0.717+0.209 0.537+0.074 0.488+0.067 

6 0.876310. 134 0.744±0.129 0.714+0.174 

7 0.77640.096 0.621+0.058 0.519+0.063 

8 0.920-0.1.08 0.751+0.103 0.735+0.152 

The values represent means of 8 determinations + SD. 

\"
 

http:0.920-0.1.08
http:0.869+0.38
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Table 2 	 Horse anti-veuom potencies as deLermined by in.yiv. 

neutralizatnn assay using mice and by ELISA using 3 

different prepai-ahions of antigen. 

m------- ---------- - - - - - -

Horse In vivo neutralizing ELISA neutralizing activity (ug/ml)
 

antivenom activity (u.g/ml) Crudie venom Toxin fraction Pure toxin3
 

1 252.5 (24(.8-264.6) 385.7 205.6 253.5 

2 402.0 (364.3-443.5) 518.6 462.8 387.3 

3 345.0 (3153-376 284.9 328.5 321.5 

4 485.0 (455.9-5.5 5) 469.33 432.6 626.9 

5 150.0 (123.1-173.6) 252.6 188.2 193.1 

6 277.5 (255.5-:300.7) 392.8 329.5 351.7 

7 228.6 (201. - .6) 297.5 235.9 209.3 

8 35(.0 (323.2-378.4) 443.9 318.5 372.2 

- --------------- ----------------- ------------- a--------- ----

Numbers in parenthes-s are 95% fiducial limits. 
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