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1. Develcpment of

shake venoms.

Background in the previous progress reports, the study on two
different twnunoassays namel& passive lhiemagglutination inhjbition
(PHALY test  and the reverse [ ates sgglutipation (RLA) test were
desoribed., The  THAL was  shown to be rather insensitive and

probably not usetal for vensm detection in actual cases.  The RLA

was  tound  to be very sensitive, specltic  and ~apid. As  we
mentionz=d  in the previous report, two problems were escountered
in  KRLA. Pivst, Moo.siamensis venom cross-reacted with anti-

soiabilg venom zensitised Latoy. wecond, some  non-specific

B.1a:

itn

intevrtference was  oboserved tram the body- tfluids of rural people.
During this reporting peviod we found that the cross- reaction was
the rvesult of one pecenliar  rabbit  serum oo sera trom other
rabbits produced such Gross o reaction, The problem with non-
specific  intecference was pavbially solved by the inclusion of
normal  rabbit  serum. Hoviever, the addition of normal rabbit
serum  resulted in ditutica of the antigen sample and thus the
reduction iu the sensitivity of the test.

While trying to solve the problem encountered in RLA,
we decided to Concurrenhly explore another immuncoassay -- reverse

passive hemagglutination (IPHA) test pioneerad by Coomb and his

—

colleages. They liave  shown  bLhat RPUA in many cases iz as
sensitive as  ELISA  in the detection of antigen and yet it is
simple to  pertorm  and does not require special expertise or
eduipment.

bince erythrocytes trom different species behave



differently in RPHA eg., stability to venom enzymes, speed of
sedimentation, intertference {f1rom heterophile antibody etc. ., we
decided to study erythrocytes trom  sheep, human and chicken and
compare  their properties in RP'HA in the detection of the six

snake venoms.

Materials and Methods.

The evythroovtes from various sources were sensitized
with FProtein A-puritied rabbit lgu against each of the six snake
venoms.  The coupling agent used was chromic ohloride. All other
procedures were  carried  out similar to thase previously

described.

Coupling of  puarified rabbit [pG to trypsin-treated red blood

calls (T -RBGY .

A Tryvpsin treatment. Lad blood cell was washed 68 times
with G165 M PIus pll 7.0, A 10% suspension of ithe washed cell was
mixed with an equal volome of O 0% trypsin (Sipgma) and incubated

)
at. 37 O with gentle shakiog for 30 minutes. The cell was  then
washed 3 times with S, A 10% suspension was incubated wilhi an

equal  volume of U 0LZLW% soybean brvpsin inhibitor for 30 minutes
at room temperature. Finally the ceall was washed 3 times with
normat saline solution.

b. Coupling of IgG to trypsin treated red blood cell (TT-
RBC) using ohrvomic chloride. An equal volume of 2-3 mg,/ml rabbit
TG was added to packed TT-RBC with rigorous mixing. Two volume
of 0.02% chromic chloride was added dropwise ta the red cell
suspension. The reaction mixture was rotatory mixed for 60’ at

room temperature.
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Results. A comparison of the erythrocytes 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 ohserved at concentrations of several hundred or
thousand folds higher than that of homologous antigens.

The rates of sedimentation of the erythrocytes differed
greatly.  Chick erythrocytes, being nucleated, sedimented rapidiy
and the result of RPHA could bhe read within 30 min. However,
some interrference from sera of rural people was again observed in
tlhe RPFHA test using any kind of erythrocytes. The stability of

the sensitized erythrocytes are also quite satistactory.

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

w
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an  BLISA using purified principal postsynaptic neurotoxin  of
Siamensis as antigen in the estimation of antivenom potency.
The Background, Matevrials and Methods, Resultbts ané Discussion of
this study are descoribed in the enclosed manuscript (ms  ##2)
antitled “"Helection of cobra venom antigens for use in an  ELISA
ol hurse antivenom potency” by Jarasporn  Rungsivongse et al.
This Eliloa will bLe  dintroduced  to the Government
Fharmacentical OUrganization of Thalland aud the Queen Roavabha
Phemorial  Ionstitute  for use duaring the production of  horse
antivenom  against Thad ﬁwhra.‘ 1t will also be used in  studies
on the improvemsut of tmmunogenicity of cobra veurotoxin (#4) and
astudias on refinement. of horass antivenom (HH) deseribed below.
Under  =study oo thils aspect is a similar development of
another  kLISA for use in the estimation of potency of  antivenom
againast. bussell s wviper. The Vipera russelli venom has  been

fractionated by chromatography on a bephadex G-100 column (2.6 X

47 om) doto Y omajor protein peaks (Pig 1. Fach peak and also
the  oruade  venom  will be ased as  antigens - of EbLls in a

comparative atudy Lo zelect the best LLISA  which gives the
highest. correlation aoetficient with the in vivo uneutralization
assay using mice.

A total of 10 batches of horse antivenom against V.

russelli wvenom have heen assayved by the in vivo neutralization

“y

method. The rasults are shown in Table 2.

FPuture plan

In progress is the assay of these 10 batches of

antivenom using the LLIGA’s using each of the 3 antigen
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Fig 1. Chromatographic profile of V.russelli venom on a Sephadex G-100

column.
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Hlorse antivenom potencies determined by in vivo

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

1 64bh.8 (667.8*724.8)*
2. 630,38 (611.5-650.7)
3 H30.8 (5565.2-607.5)
4 390.8 (363.3-420.1)
& A470.5 (447.8-494.3)
6 860.8 {335.0--387.3)
7 720.8 (693.3-744.6)
3 512 8 (492.0-534.4)
9 840.8 (746.8-398.1)
10 536.8 (613.5-561.0)
;-_------_---__-_- .......... - e v e e - o

16% fiducial limits.

]
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preparations. Gomparison will be made on  the correlation
coettficients of the ELIBA s and the in Vivo neut;ra..l.jz:e:tic»rx. The
antigen  which gives the highest carrelation coetficients between
Lhe  two assays wili be used in Lhe production and refinement of
antivenom against V.orussell .

o Puritfication ot Q. baunall postaynaptic peurotoxing.

Background.
As  mentioned previously, the postaynaptic neurotoxin(e ) of

hanval are necded tor

(ta) basic stady on the chemistry of tLhe toxins
(b study oo Live immorogenicity of the tovin and preparation
of polyvalent aovtivonom
() dn wonoclonal :mtivody study of eplitope
Meterials and Hethods

Tz venom ot O hannal (30 gm) was  fractionatec by
suceessive  chronatography  cn a  Sephadex G4-50  tall owed by a
Horex-70  column using gradient elution. The chromatographic

profile  of Biorex 70 column is shown in the previous report.

Hesults and Discussion

Of  the 4 peaks, only peaks #1 and #4 are lethal at 10
ag/ 24 gm mouse, A study on Lhe amino acid composition of peak 1
give resalts shoun v Table 3. The toxin containsg 70 amino acid
residuass  with L disulfide bridges. Lt contaius one residue  of
tryptophan which is alse present in M.n.siamensis toxin 3.

With the limited amount of toxin available, the study
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onanino and carvboxyl terminads have not velb beens ecarried  out.
Intortunately, Chee Datests abitempt ba o purify  more of  these
oo ins ol Lo hannady e )‘r’*.’;l:llt‘.:s. vihicoh  are et rrmely
puss Ling. tn staad o U 4 peaks of toxins obtained previonsiy,
# o botal ot aloal 16 peaks ol bas i, small  molecular  weight
peptidea were oblalosd (g, ). From the nature of the linear
gradiant gegeratad, Pt bl beved thal ail Lhese peaks are bhona
Vidde protein poalke,  bol oan avtitact of Ghe gradiant.. e s not
Broown, Frowe e, hoowi Lhe venon cbtained in Jvophilised form from
Wueen  Boavabha Mamorial Iostitote could ooptain oo (n.’.n‘l,\," protain
Components .,

Meonwvlii le . Por immunopenicity st v, s hiave prepared
Aoboxin Tracbion covbtaioiong ol Lhe Low woleoular Wwedght Lounins
{ N $o000 daltones) . Thias T o raction wWwill e sed in t.he
:%:.t.n\:l_'.f_ i praparvation of pobtant polyvalent antivensm against ol LA

elapid snakes of Thatland.

Future plan. Fhe major toexin paaks will be further parifiod by
el Tilteation. The o w‘."x%lm vE boming wiand e stadied for Moa n(‘l
Loterming s andd adan anion acid composi bions.  Theno resu Lte wiltl
beecomprred with o thiess oF Lasias From e oldesyr o [ apicle, The
fnformation  should be usetfal Lo Lhe understand ing on structures
and functions of different elapid Loxins.
4. Btudy on o the  dmprevemnent ot immunogenicity  of  cobra
postsynaptiz  weuvoloxins  and  preparation  of  polyvvalent

antivenom,

Lgvound. We have previonasly shown that postaynaptic



Amino  adjust Adjust adjust Adjust Adjust Adjust Adjust Adjust Adjust

PROTEIN COMPQOSITION (Toxin BRIT)

Adjust Adjust Adjust Amino Optimum Mean Rea ng Residues
Acid 2n 24D 18A qun 724 7?8 96A 968 Pl P2 M1 M2 Acid Nmoles Weight AA per mol
Aax 38.60 76.66 39.38 55.98 43.39 56.51 58.11 57.77 57.73 5B.869 53.10 52.48 Asx 57.701 115.1 56641.34 7.37
Thr 69.67  69.55 72.31 72.64 59.846 69.94 73.70 74.07 76.71 71.33 . 49.11 0.00 Thr 71.257 181.1 7204.cC8 9.10
Ser 32.78 28.40 30.09 11.73 t6.84 30.66 28.75 28.11 28.00 30.%5 31.85 0.00 Ser 28.589 87.1 2490.08 3.65
Glx 33.86 33.30 37.37 34.57 14.05 24.87 37.39 46.82 35.95 36.57 31.35 32.10 Glx 33.165 129.1 4281.59 4.23
Pro 19.54  16.19 43.91 42.34  59.31 49.20 45.20 236.76 46.89 a4.3 18.62 39.74 Pro 46.384 37.1 4503.92 5.92
Gly 36.67 33,17 d4v.al 128.76 45.86  35.70  35.459  46.77  15.941 15.10 45.37 A7.47 Gly 38.489 37.1 2197.73 4.91
Ala 33.67 238.45 33.57 33.63 42.35 34.3S5 34.35 35.00 34.25 23.45 32.42 31.98 Ala 34.059 71.1 2421.59 4.35
Val 45.44  S3.700 35.80 38.07 36.43 34.77 4l.41 39.70 47.26 24.04 33.A0 34.20 Vul 36.534 99.1 3620.54 4.66
Met 0.00 0.00 0.00 0.00 0.00 .00 0.00 G0 0.¢0 ¢.00 0.00 0.00 Met 0.000 131.2 0.00 0.00
Cys 30.22  60.2) 68.93 130.82 16.81 33.20 57.64 71.19 75.04 75,72 .00 0.00 Cys 75.383 102.2 7704.10 9.62
e 20.98 14.77 11.61 2:.43 19.80 25.13 24.99 23.02 21.21 20.13 17.87 16.16 Ile 19.921 113.2 2255.94 2.54
Leu 3.84 2.43 9.71 8.93 B.63 10.59 10.27 9.39 9.74 10.16 8.32 8.48 L:u 8.891 113.2 1006.46 1.14
Tyr 12 15 5.74 12.69 12.02 3.43 12.09 13.81 12.61 7.61 7.41 13.28 12.36 Tyr 10.407 163.2 1£98.48 1.33
Phe 7.09 8.33 7.72 7.2¢  7.81 1.57 5.66 6. 54 6,47 8.354 7.30 7.37 Phe 64859 147.2 1014.01 0.88
Lys A6.26 45.45° 4B.05 48.49 44.59 46.75 50.7 48.91 48.31 47.66 44.02 42.58 Lys 47.068 126.2 6034.07 6.01
His 0.00 0.00 0.00 0.00 9.00 0.00 0.00 00 0.00 0.00 0.00 0.00 ilis 0.000 137.2 0.00 0.00
Arg 30.08 28.04 29.89 30.48 29.32 32.33 11.63 30.62 32.12 32.05 30.34 29.234 Arg 30.610 156.2 4781.33 3.81
Trp 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0?06 0.00 4.70 1.89 Trp 4.767 186.2 887.57 0.61
168.75 169.75 16S8.75 169.75 169.75 169.75 169.75 169.75 169.75 169.75 169.75 169.75 TOTAL RESIDUES = 70.2368
Total Protein = 58741.94 nenograms
Molec. Weight = 7500

Table 3. Amino acid composition

Protein Load .

7.832258 nanomoles

of a neurotoxin from O.hannah venom.
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reurotorins of  alapidsa  fel Mool slamensis,  U.tascialus  and
O hannah all exbhibit veacy Low v genicity (aenclosed ms #1) .
Forthe rmere Pmnaro bopjead Cross presslion belweoan their
anbibodi=g vere not signiticant . The purpose of this praoject is
too wtody whelier the dnmonegenici ty  nan be  iacreassed  using
chemiaal Cougl ing ten pive bettar dmmunogerns  aoid vibether
hetorapodymer of poccaynapt o penratasinsg of  Lle 5 alapids could

b suocenntolly teaed Lo prapnre peotanh polyvalent st ivernom.

Materialeg aind Metiods

1. Polymerization usming 1 thy 308 domethy Laminopropy L
carbodimide bhydrachlioride (BobL) ac coupling reagaeat. Tetr nyr of
o wac  added to A o bowin veencenteation 1a mEsml)y with
congstant Ativring al toow Leppesratiara Por VAry g period ot tinge.
Thees pl o the poacbion was Dot pean (.';.\",'w' oAy, The preaction was
Lerminated by dialysic using Dpectapoer wmenbrans (MW out off
RIS R

Fodymarisation uaing gliatal denyde as coupling veagent . A

solutiden of glutaldehyds at |, Soor 3% o was addad dropviise taooa

sodubion of tedio (28 wmpsml) with constant st rring. The volume
at o glataldaberds addad was 001wl SmE baoaiin, The panct o bime was
varied from 1% hours  and  the reaction vias  Lerminated  as
dascribed aliowve.

3. Dnantitation of genratoxin incorporation was made using

I '..' f“
I-toxin.

Besnl by The  following polymers based on M.v.siamens]

have  heen  prepaved usiog RO and/or glutaldehyde  as coupling

agents .



ot b v v e,

Foo Homopodymecs oF Wl usineg popd Uneley any
corehi bioms sbodied (veaying Lime and concantirabion e Bl
potymers oy et Leten  awd peptamersy of the  Loxin were
ERERESE) RV (lidg oy, Ovarnight polymerisation peasial Ledd in
pavticulate that did not entar the pel.

o Homeopodlwmer ot HY G uoing @luts Polabiyde cimilar
rasul ta an e ibed e i BODE were obilaiasd bat o la regaer
Bl VIS E S G e e il t

Helevopolymers

Helerapolvme s of W10 and BOALHT2S 2o thyrogliobulin
Fevvss hean preapaoesd aedng BOD '. AN crampLing agaal.. T T EA B VS T TN
Beeterapebvme ve of U g0 Siamansis tecin 0, jesd Ly nantis Losins
o banedntas A pectasnapt e Laninn of O hamade . have alae

IS
¢
'

Poein repsied . DanbiLat 1on of She ncorpoeration of W23 10 eaeh

Podymer da cmrried st by i e vaory Lami-da e clectaophorasis

oo Lol by b ingy L ool Gnte 1 e 2w o) i sy ol e
slice e padiceestivi Ly From  Lhis dats, iz amouantl. of

remaioing Free Loxin can be o subatracted Peem e L Lol parcdtein din

1ok

e reactioo, Fovin the specitio radionebivi Ly ot TN veed,

S A Lo b ot e P e bes o NS trerorparatead o @ach po b vaeer,

Fatuare  plan. FE Ghe dnanvporations of NUxd into each L yipe  of
potymsrs ace found Lo give reasonab) y high  Loxin  density, the
polvmerization reacticon misboge ".-ii PE he used as dminunogens in the
study n orats, Comparison vt e giagdes botsgeon dif{erend bypes
o f podyimers dn e poeewddiec b b S ol U Wy AvAainst HP 8

Daantitaticn  of  antibody Againat HTxR will be made  using  the



Fig 2. SDS-polyacrylamide gel electrophoresis of polymerization

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

Track #1 : S3tandard protein markers ; tracks #4, 5 and
6, toxin with 10 mg ECDI for 1, 2 and 3 hrs, respectively ;
tracks #7, 8 and 9 ; toxin with 20 mg ECDI for 1, 2 and 3 hrs,
respectively ; tracks #10, 11 and 1%, polymerization for 2 hrs at
ZSOC followed by overnight incubation at 4OC. S5DS~PAGE was under

non-reducing conditions.



ELISA described in #i2. The best 2-3 immunoogens will future be
compared in  the study using larger animals. it is hope that
highly immuncgenic polymers which could stimulate production of

potent antitoxin antibody will be found.

(s

tefinement of anti-snake venom antiserum.

Hackeground. Anti-snake venom anticera available in Thailand are
monaospecitic erude horse sers. The supply of the antivenoms are
about. nalt ot Lhe demand ad thus increase ot the potency or
volume ot the sera is necdead. The crude horse sera also cause
hypersensitirity veactions in about LU% of the cases while
"refined’ hovee plobulin canses  3U% resctions, The major
obstrucle that hindevs the much needed improvements so far is the

ack of an ascurate in vitro assay of the antivepom potency  (see

)

attached wms #2). With the success in the development of BELISA
for the assay  of  horse antibody against the principal
postaynaptic  weurotoxin of Thai cobra (HZ) . accurate estimation
af anbivenom  againsl. cobpra venan  curing immunization and
refinement become possible. We therefore decide to improve the
horse antivenom in terms of gquantity and quality.

Dince  alapid postaynaptic toxing are very bhasic
peptides, amino  groups  are Likely Lo be part ot  the dominant
epitopes on the toxins. The covresponding antigen-binding. sites
and the horse immunoglobulins should therefore be acidic, more so
than the averape horse antibody . buch characteristics have been
previously observed with rabbit antibodies against humarn

» toxin 3 (KR, unpublished).

n

choriogonadotropin and N.n.siamengi

¢



Thuazo o the conventional procedure for the fractionation
ot horse  antibody may not be optimal ftor Ulye tractionation of
anli-cobra antibody. A study towards optimization of condilions
for the retfinemeut in terms of vield and purity of horse antibody

is the aim of this rescarch pa et

Materials and Methods
The  ELISA for tLhe quantitation of horse antibody
Aafainst Nooosiamensis toxin o has previously described (attached

me #i) .

Bo o far we have studied the yield and purity of  the

(32}

Hesulls
horses  anbibody  uoder varicns conditi ong o amwoniam aulfate
precipitatiog. The  wizld ot antibody was messures by protein
concentration and antibody activity in Che BLISA.  The purity was
stand L iy oty acry D ani de 2 electrophoresis. The
conditions under stady are varying  the vconcentration  of
ammoteiune s tate,  Lhe rates o salt o acd Ption, the  time and
P ralore of protein procipitation reaction. the dialysis time,

for example.

Future plan. Develoyment of another ELISA For the gquantitation

of  horse  F(ab) °  fraction against N.on.siamensis toxin is  now
ander study . This involves the pepsin digestion of horse anti-

cobra  antibody  followsd oy gl filtration on a  wephadex G-200
column  and ol low Dy odoncexchange chromatography on a  DEAR-
celluloze oolunn., This assay io eassential to the optimization of

conditions durving pepsin digestion and preparative ion-exchange

chromatography of the horse Fiaby 7.

1¢
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6. Lreparation of monocloasl anbtibodies against Siamensis
toxin 3. The Uackground and Objectives of this study was

described tn details in the pravious reports.

s and Methods

Production of Hybridomas. Several additional immunized
mice were wsed In tusion experiments in an eftfort +to produce
hybridmas secreting anti-toxi monoclonal antibodies. Different
slrains  of the =ame mycloma line were uzed in the fusions since
evidence clearly demonstvrabed Ghat our previous myeloma line was
infected with wyecoplasma.  Use of thisg myeloma resulted in highly
unpredictable and usually unsaccesstul oatgrowth  of hyridomes
from the fusioo plating as Ghe mycoplasma repidly destroyed the
thvinidins  in  HAT salection mediom leaving all  ocells including
hybrides susceptible to Filling by aminopterin.

Urothe successtoal fusions,  one was made with a myvelonma
obtained from another local laboratory. The spleen cells for
t:F:i.s; tusion  were Frodn o An animal tnmunized twice with a  toxin-
throglobnl in congupgate emnlsified  in Freund's complete  and
incomplate  adjuvants.  The same material without adjuvent was
adminsitered 3 days  prior to fuasion. The second successtul
fusion, was made between glutaraldehyde-toxaoid immunized spleen
cells and a mycoplasma- free myeloma line pruchased fr~m Flow
Laboratories Australia.

The fusions were made in the usual manner using a short
exposure to 40% polyethytiene glyeol. Culture supernatante were
assayed for antibody néing toxin-coated polyvinyl SE-well plates

in an ELISA scored by (rabbit) anti-mouse Ig enzyme conjugate.

Il
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Cell from anti-toxin positive wells were transterred to 24-well

cluster dishes, Ualy well which wmaintained moderately high-

secretion  at the Z4-well stage were cloned hy limiting dilution.
This oloning-selection wvas repeated at least twice for each
hybirid line.

seale  up o of  Monoolonal Antibody  Production. Two
methods  were used to obtain sutficient monoe onal ant.ibody for
characterization, especially the in vivo neutralizatikon tests in
mice. Hybridoma =supernatants  trom low-serum, high density

cultures were concentratod by 0% saturated  ammonium sulfate

precipitation. The pellet was resuspended in 1/20th volume of
FPRS dialyzed. The second procedure was to induce ascites tumors

in ristane-injected histooomnpatible mice by 1i.p. indectin of 1 -

5

10210 washed hybridoma cells. Ascites Tlaid collected 2-3 weeks
later was similarly partitally purified of serum protein by

ammonium sultate precipitation.

Ay indirect methiod  was used to estimate the
concantration  of mouoclonal antibody in the ascites fluid. The

dot  immuncobinding assay was used to establish a standard curve,
spolting  DEAE -cellulose puritied mouse lgG onto nitrocellulose.
Hybridoma snpernatants.,  where the only meuse lg  is  monoclonal

antibody, were spolted in paraliel and detected by anti-mouse

lg-horaaradi sh peroxidase  (HAUV)Y  with 4-chloro-1-napthol as
praecipitating chromoger . The  monoclonal antibody in  ascites

which  contains additional menoe [eg's,  was then related to  the
determined concentration in ~ulture supernatant through end-
poinlt ELISA measurements.

Determination of antibody class/subclass for monoclonal

12
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antibodies. Hybridoma supernatants were reacted with toxin-
coated  wells  as  in routiune BLISA. Class and 1gG subclass-
specitfic  (rabbit) anti-mouse lg’s vere used in parallel on each
hybridoma supernatant. Swine anti-rabbit lg-HAF  conjugate
with Z-phenylenediamine was used Lo score all wells.

In vivo newutralization using monoclonal anti-toxin

ant.ibodies. A single preparation of pooled purified toxin of
Eriown  concentration was usoed for all in vivo tests. Mice of

similar weight were injaected i.v. with varying concentrations of

toxin  in tixed volume, with 6 animals for each concentrations.

This estimate of the LD {approx. 3.0 ug/ 20 gm mouse), was
fl {)
doubled in the neutralization test (i.e.., 6 ug., where LD was
100

aboul 4.0 ug/mouse) .

Toxin mized with — ammonium sulfale tractionated
Q
monoclonal  ascites fluid was preincubated at 37 ¢ for 1 hr.
Then equal volumes containing 2 X LD (1.% X LD ) of towxin
50 100

plus McAb were injected 1.v. into 8 mice, along with toxin-only
and McAb-only controls. Neutralization or protection was scored
as the Lime until death, which in turn wvas converted to multiples
of  the mean survival time of toxin-only control animals from
the some day in order to compare results tfrom different days.
Monoclonal antibody in the toxin-Ab mixture was determined to be
at minimum, a 4-fold wmolar excess of antigen combining site.
This was increased again several fold in later repeat axperiments
in  attempts to obtain a wmore definitive (i.e.., greater than 40

hr) protection.



results and Discussi

H
i.:v

(

i
Production of Moncclonal Antibodies against Siamensis

toxin 3

Determination ot  the sourse of previouns tfugion
dittficulties. Many fusions have been made by persons working on

this project or by others with different antigens, but using
common  equipment.  and highly similar procedures. Almost. all
fusions made until recently were of very limited success in terms
of  numbers of hybrids produced or surviving to the assay stage.
some  tusions unever evidenced clear signs of hybridoma growth,
while others showed variabile high, or low frequency growth, which
suddenly ceased in all wells and was vapidly tollowed b - nearly
similiansous death of almost all clones. The erratic appearance
and  timing of the problem combined with different persons
performing tusions and tending hybrids with similar, but slightly
different  techniques  and reagents,  sent us seavching in  many
different divections as Lo Lhe cause(s) of these failures. Each
component,  of HAT selecitqn media (supplemented for low density
grovth) was checked and where possible., substituted. finally, we
began tsing an established HAT- resistant hybridoma as a method of
bioassay  for our meadia. Thee most frequent observation was that
media in which the HAT sensitive mycloma had died. had somehow
become toxic to otherwise HAV- resistant hytbridomas. Then we
found that wnormal wmyveloma culture supernatant. added to the
hybridoma rendered in susceptible to HAT at any subsequent point.
o)
However, filtration (0.1 um pore) or heat (56 C, 3¢ min),
conditions known to eliminate mycoplasma, pervented +this HAT

reversal. Death of infected hybridomas was delayed by increasing

14
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the thymidine concentration, suggesting that the mechanism of HAT
revevsal  is  via  the khnown mycoplasmal pyrimidine nuclecside
phozphorylase activity. thus reducing the available T to  Jevels
insufticient to  support grovtlh by the Thymidine kinase salvage
pathway . The wvariability in hybridoma growth and final yield,
theﬁ probably  reflect the lavels of infection of the mye loma,
which in  turn  are dependent upon the  tfrosen stock, time in
cul ture, and use ot Genbamioen, as well ag_the use of myeloma-
Tconditioned” media for low density growth,  number and timing of
early HAT replacmant ov teadings.

The preferred solution is to dispose of all infected
cualtures and celect an altornative myelaoma line. Une of the two
suczesstul fusions reportad here was made with a myeloma obtained
from another Jocal  bvbeideons Laty,  and appears by this c¢rude
bicassay (ability to induce HAT reversal in hybrids) net to be
infected with similay myooplasma. Howevar, the history of this
bine is  largely unbknown. il shows drregular wmorphology not
alterable by antibiotics agAainst mycoplasma, and has been grown
in  continuous  cultire for Pong periods at high density. The
second  tusion was made with o mycoplasma*free myeloma strain
purchased from Flow-Austlralia.

Fusion Results Two tusion gave usetful hybridomas . The
first was made using spleen colls from a mouse immunized twice on
day 0 and day 58 with toxin coupled to thyroglobulin, in Freund’s
complete and incomplete adjuvants. Three weeks later the animal
received 70 ug of toxin-Tg without adjuvant, and spleen cells

were fused 3 days later with the 6683 myeloma from ancother 1lab.

v



Little is known of the history of this line, except that it had
been cloned many times, kept in long term culture at high density
and grown in antibiotics including Gentamicin. 1t passes the HAT
revercal test, but. shows poor growth at low density and gives a
low  but  consistent hybrid visld. This fusion gave only 3
antigen-specitisz clones, one of which was logt. An additinal 7
wells originélly seored  as "positive”  were egually reactive
against the Llocking/satuvating protein and were not
chavacterized further, lossibly these were slimulated by the
carvier and cross-ovreact with similar epitopes on ovalbumin used
to block additional proteio binding sites on plastic wells.,

fhe  second fusion uszed spleen oells from a mouse
immun i med with 40 wg ol elutaraldebhyvde toxoid in Freund’s

complete  adiuvant  and was bhoostered 3 davs betore  fusion  with

apother 80 ug. These immuae calls wers fused with nmycoplasma-
fres 663 myeloma cells purchased tform Flow-Anstyralia. This

fusion gave 9 ootigen-specitfic hyvbridomas which survived transfer
andd  cloniag. Mone  of  these hybrids appear to be "false
positives”  in the sense of reacting with the bhlocking/saturating
protein rather than with tosxin, unlike those where toxin-carrier
was immunogen.

Charactevization of Monoclonal Antibodies. Cloned
hybridomas  wers scaled up and grown under standard conditions in

order that end point dilution titers could be comparved by ELISA.

b

Titers ranged from about 1:100 to greater than 1:10 for lgG-
secreting clones.  The 2 TgM secretors had very much lower titers
(1;4 and 1:9). af 11 different monoclonal antibodies, 2 were of

the 1gM class and one of the [gG subclass; all others were
b

16
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To  oblain  suftficient monoclonal antibody for in vivo
neutlralization tests, ten of the hybridomas were grown in ascites

tumor form in BALB/c mice primed with Fristane. All except one

of  these producac fiigh titer ascites fulid; clone # 63 gave

ascites Fioid but with extremely low and unsuitable titer. One

hatch  of puritied Loxin was used {or all experiments. The 1i.v.

LD for this batch was determined to be 2.0 ug/ 20 g mouse. At
50

an  estimated 4 fold  exeoss  of antigen combining site aver

toxin,all  of the partially puritfied ascites monoclonal antibody

prepavation:s  preincubated with ¥ x LD ol Loxian failed to
HU
provide an absolute” protection (i.e¢., no death or survival

[ow)
.

greatar thian A8 hiry. Monetheless, seveaeral evidenced

neutralization  through  the prolongation of the interval hefore

respiratory pas alysis. Therne in vivo tests were repeated using
much  higher concentrations ot ascites fluids, however with the
S aAMm e Z2eneral result - -protongation of  life without complete
protectiaons. The time beforz death relative tao toxin  controls

without antibody was  then taken as a measure of relative
nautralisation. The: concantration of the single 1gM monoclonal
tested could not be estimated accurately by the procedure used,
and the ascites titer was sufticiently low that it could not be
further concentrated for the repeat. analysis. This IgM clone
shoved no signficant protecticn. However, for all [gG antibodies
the results are known to repiresent  large antibody excessed
despite the faol that the Ly concentrations are not equal. All

of .the IgG monoclonals exhibited neutralization with at least 3-

=



fold prolengation of life. and several showed much longer
protection.
----------------—----------—---------—--------------------------;
Fusion End point Class / Neutralization
clone ELISA titer subclass

toxin-Tg

o ol 20,000 legG h.9 + 2.1
1
b 10 9 1egM 1.2

Blutaraldehyde-toxoid

48] ol 81 Iga 9.1 + 2.6
20

20 S T Y 1) 1ai; 4.5 + 0.7
1

30 10 149,000 1gG 5.3 + Q.5
1

3 o177, uun lega 10.1 4+ 1.6

L0 10 4,000 1gG 41.7 + 3.3

Lo 10 by, a0 1gG 7.2 4+ 1.6
1
hy 10 6L.ouo LG 3.7 + 0.9

63. M. D 1gG N.D.
6y T LM N.D.

3
number  represents  ratio of times until death with/without

Q

concentrated ascites monoclonal antibody + 8D (death’

followed an average of 28 (used with clones 20 and 50), 42,
44, or 48 min after injection of toxin alone in the series

ot tests shown)

—
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Conclusion and woahplan

Monoclonal Antibodies against Venom Toxins Eleven anti-

Dilamensis toxin 3, monoclonal antibody-secreting hybridomas were
praoduced from ¢ fusions. For unknown reasons, the majority of

these are ot the lgG  subolass:  possibly Lthe commercial anti-
1
mouse  Lg-HAl scoring reagent raveres identitication of clones of

this class. Two 1M secraetors viere of very low titer in culture
supernatant and in ascites. All clones tested displayed toxin

neutvalization when tested by  an  in  vivo assay, with the
exception  of the single lgM szoretor, where because of the low
titer we cannot be certain of antibody excess. Neutralization,
as retflected by slower onset  of  envenomation symptoms and
eventual death, appears to show no relationship to the original
titer in culture or e$oite9, provided the antibodies are in
excess .

buring the next peviod we shall complete our epitope

te

compatition studies to determniue whether better neﬁtralization s
ascociated with a parvticular epitops. We will also rank
monoclonal antihodies in terms of affinities to determine the
extent to which the roautralization disparity is affected. We are

troutiled by the failure to find a clone which confers absolute

protection. This could mean that none of the clones recognize

the active site of the toxin with sufficient affinitv or that_

precipitin  or higher order complex formation is critical with a

low MW toxin. Once we have completed the epitope mapping, we
shall attempt monoclonal mixing experiments to assess the
contribution of precipitation and complex formation. It would

appear that these monoclonal antibodies wculd not be effective in

19
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neutralizing the toxin in orude venom used  as  immunogen  for

antivenin produaction  in horses, UHowever they can be used  to

simplity our toxin puritication procedure, and purified toxoid

coula  be used to osupr lewvent e rse Lmmunoger . It should bLe of

lntersest also Lo determine the residual toxicity of toxin-

Jepletaed Siamensis venaom.

20
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SPECIAL ARTICLE

Immunodiagnosis of Shake Venom

Poisoning

Kavi Ratanabanangkoon, Peter B. Billings and Pornchai Matangkasombut

Snake venom poisoning and problem
in management

Snake venom potsoning remiains
an important health problem in
Thailand ana many other developing
countrics in Asia and Africa. Although
spectfic anvivenoms are availabie in
most of these countries, a significant
fraction of the snakebite victims die
and many who survive suffer some
degree of permanent injury.

The current scheme of manage-
ment  of  snake  envenomization
includes attempt at identification
of snake species involved and the
seiection of the corresponding anti-
venom for therapy. The species
diagnosis, almost always without
catching the culprit snake, is based
on configuration of the bite, differen-
tiating clinical  manifestations,
knowledge of species commonly
recognized In a given geographical
arca and information trom the victim
or witnesses. None of these provide
the clinician with sufficient grounds
to arrive at an accurate identification
of the source of envenomization and
often lead 1o failure to do so.
Differentiating the culprit species on
the 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
and clinical symptcms and against which para — specitic cross — neutralizing
antivepom is not available. Attempts have been made to eliminate some of this
umbiguity through the development of various immunodiagnostic tests. Tests based!
on ELISA are sensitive, specific and even quantitative and adaptable to field
application. In the development of diagnostic tests for use in developing couriries,
however, practical consideration must be given to speed, cast, simplicity in tarms of
equipment and expertise, and stability to the ctimate and storage conditions. This
may dictate further modification or selsction 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 samples from rural people.

Health recently estimated that the
culprit species was identified in only

tained in venoms of different species

are otten  physico-chiemically and

phurmacologically  similar For  around 60 percent of the reported
example, venoms of  Ngie naja bites. Until recently, however, once
siamensis,  Opkiophages  hannat - an identification was made, there

and Bungarus fusciatus all contain
pastsynaptic neurotoxins inhibiting
neuromuscular transmission leading
to similar predominant  c¢hinical
features, nanely, paralysis, respiratory
failure and eventually death.! The
distribution of sndakes is not clear
cut and cach locality is usually
inhabited by several species. Higher
frequency of inhabitation by a given
species does not necessarily indicate
higher incidence of bites by that
species.

The Thai Ministry of Public

wis no way of confirming it. Some
indication that a correct identifica-
tion has been made is obtained when
use of the corresponding antivenom
eftectively and dramatically improves
conditions.  Unfortunately, for u
variety of reasons, this is not often
the case; more frequently, correct
antivenom merely arrests progressive
deterioration  without  immediate
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confirmation of diagnosis. Thus the
actual rate of correct diagnosis is
likely 1o be lower than
estimated,

cven

Accurate identitication of the
source of envenomization is crucial
sinee there is very little, if any, para-
specific or cross-neutralization Yy
the monovalent horse antivenom.
available in Thailand.® Thus, only
the appropriate specitic antivenom
will be effective; misdiagnosis s
both wastetul of precious antivenom
and dangerous to the patient, in that
effective trearment may be omitred
while the patient is  nonetheless
subjected to adverse hypersensitivity
reactions. This is particularly dis-
cenceriing  since in antivenom
therapy, massive quantities in the
range of 30-600 ml may be required
in i given case.’ The incidence of
hypersensitivity reactions has been
estimiatted 1o be as high as 300,500,
according to various reports, S Tlhe
inabitity to achieve a prompt and
unequivocal, accurate identification
of the source of envenomization
remaing a major limiting tactor in
the management of snakebites.

Development of innunoassays and
immunodiagnostic tests

As mentioned above, venoms
of many snakes are similar physico-
chemically  and nharmacologically
vet euch of them requires specitic
antivenom for neutralization. Thus,
various assays and diagnostic tests
based on the immunochemical dit-
ferences of these venoms have been
developed with different characteristics
and degrees of success, The reagents
and methods developed were reviewed
recently.®

Inimunodiffusion and immuano-
clectrophoretic assays tor the detection
of various  venom  proteins  have
been cescribed.” Venom proteins
were detected in wound aspirates,
blister fluids, sera or urine by
immunodiffusion assay in 40 out of

101 patients tested. Passive hemagglu-
tination (PHA) was first studied for
venom antibody detection by Boclie
and  Russell,® who used venom
coupled to bis-dizzobenzidine treated
sheep RBCs. The preparatior: could
be used to deteet anti-venom antibody
at dilutions as high as 2 x 10%, while
the venom  proteins  could  be
detected by the corresponding
inhibition test.

Radioimmunoassay has been
developed by several groups ot
investigators for the detection of
venom or anti-venom antibody. 7910

Itis by far the most sensitive
technique,  capable  of detecting

subnanogram quantities of venom.?
Howcever,  the  requirement  for
routine protein labeling with short
lived P31 the need for expensive
detection equipment and well-trained
persornel, e problems of radioactive
waste disposal and the time required
to complete the assay (24 hrs) preclude
its use in diaznosis of venom poisoning
espectally in raral areas of developing
countries,

Theakston er ol 1! were the
first to use enzyme-linked immuno-
sorbent assavs (ELISA) performed
i microtiter  plates  for specific
detection of various snake venoms,
Using specific antibodies (1gG frac-
tion) immobilized on the plate and
an alkaline phosphatase-antibody
conjugate for scoring. they could
detect 1-5 ng ot venom per mi of
sera from  experimental  auimals,
The time required for the test js
about 3 hrs. Coulter er al.'? using
similar— techniques  could  deteet
Australian snake venoms at about
6 ng ml within 30 min. The improve-
ment was attributed to the use of
antibody  purified on 2 protein
A-Sepharose column.

Recently, Chandler and
Hurrell™* have developed a new test
Kit consisting of six glass capillary
tubes joined by silicone rubber tubing
and connected to a 1-ml syringe.

Internally, cach glass tube is coated
covalently  with  specific  rabbit
antibody against one of five poisonous
snake venoms. The test sample con-
taining venom is draw up through
the tubes resulting in venom zttach-
ment to one of the coated tubes. An
enzyime conjugate (urease coupled
to anti-venom IgG) is drawn up,
followed by substrate (urea plus
bromocresol purple as pH indicator),
resulting in color development on
the tube coated with homologous
antibody. This test kit, which has a
sensitivity of 5-10 ng/ml and a test
time of 30-40 ain, costs abouwt
USS15/test. The cout tactor relative
to per capita income likely will pre-
vent direet application of this assay
methodology or its wide-spread use
in developing countries.

Of the various immunodiagnostic
tests deseribed, ELISA thus far has
been the most widely used. However,
Ho er al™ recemtly cautioned ihat
various  factors influencing  the
successful application of ELISA in
snike venem detection have not vel
received due consideration, These
factors include nonspecitic reactivity,
the cross-reactivity and the quality
of the reagents. Nonspecificity may
be encountered if  sera contain
heterophile  antibodies — especially
common in sera of rural people, or
rhematoid factors. These immuno-
globulins elevate background ELISA
values and frequently vield false
positves. Cross-reactivity between
heterologous venom antigens may
give ambiguous ELISA 1esults and
thus equivocate the diagnosis. The
quality of reagents, e.g., the purity
and affinity of the antibody influences
the signal to noise ratio and reaction
times and hence aftect the sensitivity
of the test. Ho et al. ™ also suggested
various technical manipulations 1o
avoid or minimize these problems.

Some possible future improvements

Two extremely simple and
useful immunoassay systems, passive
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hemagglutination (PHA) and latex
agglutination  (LA) have received
limited or no atiention thus far for
the purpose of venom  detection.
PHA has been adapted as a laboratory
assay for venom antigen and antibody
as reviewed above but has not been
adapted for immediate diagnosis.
The sensitivity of this assay, caleulated
from the result of Boche and
Russell,¥ should be at the level of
detecting 2 ng/ml ol antibodv, in
accord with the observadons of
Adler and Adler,'™ that PHA and
reverse PHA are capable of detecting
1-10 ng/zml of antibody or antigen,
respectively. Thus, the sensitivity of
this assay should be 2-3 orders of
magnitude greater than immuno-
diffusion or immunoclectrophoresis
and comparable to that described by
Treakston ef ¢l 'Y using an ELISA.
Venom  proteins present in body
tluids should thus be detectable by
reverse PHA. Tt should be mentioned
thar « ~1ke venom detection based
u smagglutination tests may be
pI to hemolysis (P Boguet,
per onal comm.). However, in our
experience, using  glutaraldehyde
treated sheep RBCs, ' no hemolysis
wias observed in the presence ot high
concentrations  of  three  Elapid
venoms, known to contain o et
Ivtic tactor and phospholipase Aj.
The advantages of PHA and reverse
PHA and the corresponding inhibi-
tion assays include simplicity, sen-
sitivity  and cconomy.>S In many
cases the sensitized erythrocytes can
be lyophilized and reconstituted
with distilled water before use. 718
1t has also been reported that with
avian erythrocytes which are nucleated
and settle faster, the agglutination
result can be read within 30 min 18

Latex agglutinarion — assays,
although providing additional
advantages, have not been adapted as
vet for use in venom detection. In
addition to enhanced stability and
relative insensitivity of the particles
to enzymes and toxins, the greatest
advantage of this technique is the

speed with which the result ¢an be
read. 1t also does not require any
special - laboratory  equipment  or
exyertise. The detection of human
choricgonadotropin in the pregnancy
test, fur example, can be completed
within a few minutes, using only
medicine droppers and a microscope
slide. The sensitivity of the test can
be very hieh, for example, polyribose
phosphate can be detected at a level
of 0.2-0.5 ng/ml of serum, cerebro-
spinal fhuid, joint tluid or pleural
fluid ! For protein antigens, for
immunoglobulins,  the
limit iy about 35-225

example
detection
ng/mp. A

The successful adaptation of

reverse PHA or LA for snake
venom detection should offer several
advantages over ELISA, in that
both are relatively easy 1o perform
and are considerably faster--especially
in the case of latex agghitination.
Sensitivities imay be somewhat less.
Preliminary results from our labora-
tory showed that a reverse PHA
using sheep RBC and a reverse LA
could detect 5-80 ng/ml and 160-
1200 ng/ml, respectively, of various
snake venoms (Unpublished observa-
tions). Considering the previoasly
reported=! concentrations of venom
in wound aspirates (200 ng/ml) and
in serum (160 ng/ml), reverse PHA
and possibly, reverse LA with some
improvements, should be adequate.
They are about 10-20 times less
expensive than ELISA to produce in
Thailand (B. Petchelai, personal
comm.). The stability of the reagents
for cach test may be an important
factor in developing  countries.
Sensitized latex particles or red cells
can usually be stored at 4°C for
vears=23 or in some cases, lyophilized
and stored desiceated at room tem-

perature for even longer periods of

time.>* Our preliminary experime.

indicated that latex particles coated
with  rabbit  }gG azainst  snake
venom are stable 1o lyophilization
and to cycles of freezing and thawing
(Unpublished observations). ELISA

plates sensitized with anti-venom
189G deteriorated at 4°C after 16
weeks. 2

Special requirements ¢f immuno-
diagnostic assays for developing
countries

People in  the developing
countrics 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-
tion and medical facilities and the
resultant defay or shortage of specific
antivenoms  make  treatment  of
venom poisonings even more difficult
as a result.

Against this background, ihe
immunodiagnostic tests for snake
venlom poisonings also must incor-
poraie certain special features to be
useful in developing countries. Not
only must the tests be specific,
sensitive and rapid enough  for
diagnostic purposes, but they also
must bte simple to perform and
requirec  minmmal 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, cach country most
likely will have to produce its own
tests exeept where there is an overlap
ol snake habitats. The ideal test
therefore shawd allow for regional
customization to include additional
species or to delete those unnecessary
within a given area. The low com-
mercial viability provides little
incentive for pharmaceutical cor-

3
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porations in developed countries 1o
invest in the research and development
of inespensive  venom diagnostic
tests tatlored 1o developing countries
or regions thereot, Thus, it is essential
that developing
countries share whatever methodo-
and developed
whenever possible,

researchers  in

logies reagents

ACKNOWLEDGEMENTS

Fhe authors thank Drs. B,
Petchelai and David Warrell for
valuable suggestions. Snake venom
research in the authors’ laboratory
s supported by the National Research
Council of Thailand and USAID
Girant No. 936-5542-G-00-5079-00.

REFERENCES

1. Chang CC. The action of snake venoms
ononerve and muoscle. In: bee CY, oed,
Handbook of experimental pharmacoiogy,
Vol 52,
09-70,

2. Ganthavorn S, Ihailand
siiahe venoms and neatralization capiiy
ol antivenin. Toxicon 1969: 7:239.41 .

3 Camphell CH, Sympromatology. pitho-
oy, and ticatment ot the bires of clapid
snakes. I Tee €Y, ed, Handbook ot
experimentat pharmacology, Vol <2,
Berlin: Springei-Verlay, 1979898901

4o Camphelt CHL Clirdeal aspects of snahe

Berlin: Springer-Verlug, 1979:

Fovicities of

bite 1 the Pacilic arca Lovicon 1usy;

7:25-8.

n

- Reid HAL Sy mptomiclogy,
and treatment of the bites of sea “nithes,
In: Lee CY, ed, Handbook of experimental

pathology

10,

16,

pharmacology, Vol 82, Berlin: Springer-
Verlag, 1979:922.55,

Theakston RDG.  The
mmunoassay - technigues,
cizsme-linked  immunosorbent
(ELISA), 10 snake  venons
Lovicon 1983 21:341-52,

apphication of
including
RISWTS

research,

- Greenwood BM, Warrell DA, Davidson

NMeD, Ormerod LD, Reid HA. Inimnno-
diagnosis of snake bite, Br Med J 1974,
47438,

- Boche RD, Russell FE. Passive Sragglu-

tindticn studies with snake venom and
wntivenom. Tovicon 1968: 6:125-10),

- Coualter: AR, Con JC, Sutherland SK,

Waddelb C1o A new wolid phase sundwich
radioimmunoasay and ity application
to the detection of snake venom. J Inmunol
Methody 1978; 23:241-€2,

Sutherland SK, Coulter AR, Broad AJ.
Human snake bite victims: the suceesstul
detection of airculating snake venom by
radiommunoassay . Med 1 Aus 1975,
1:27.9.

Iheakston RDG, Llovd-Jones MJ, Raid
HAL Micto-FLISA  tor detecting and
assaving  spakhe venom and
antibody. Tancet 1977; 2:639.4]

venoms-

- Coulter AR, Harris RD, Sutherland SK.

Fnzvine immunoassay tor the rapid
cinteal identification of snahe venon,
Med o Aust 1980; 1:933.5,

Chandler HM, Hurrell JGR. A
CHZAINE BRIuno e av svstem suitable for
fedd use and s application in o snake
venom detection kit Chine Chim Aty

JUS2121:228- 20,

new

S HOMOWar el ML Warrel! DAL Bidwell

DoVoller AL A Gineal reappraisal of
the nse of FLISA in the study of snake
bite. Tosicon 1986; 24:211-2].

Adler FECAdber LT Passive hemagplu-
tination and hemolvais for estimation of
antigens and antibodies. Methods Lnzymol
1980; 70:455-00.

Khupulsup K, Poopyruchpong N,

1y,

20,

to
>

- Dirks-Go SIS, Zanen HC,

Petchelai B, Ratanabanangkoon K.
A passive  hemagglutination test for
antibody to Nuje naja siamensis toxin 3.
Toxicon 1981; 19:863-6.

- Prince AN, Ikram H, Chicot D, er al

New reversed passive hemagglutination
test for detection o) HbsAg, Voy Sang
1975; 29:319.29,

Cayzer 1 Dane 1bS, Cameron CH,
Denning IV A rapid hemagglutination
test for bepatitis-B antigen. Lancet 1974;
1:947-9,

Ward U1, Siber GR, Scheifele DWW,
Smith DH. Rapid ¢iagnosis of Hemophilus
imfluenzae type b oinfections by latex
particle anglutination and counterimmuno-
clectrophoresis. 1 Pediatr 1978; 93:37.42.
Kisahara T, Harada H, Enomoto H,
Chalo Asimple and rapid latex fisation
measuring  inwnunoglobuling
produced incell cultures. J Immunol
Methods 19815 47:113 20.

test for

- Wantell DA, Looareesuwan S, White

NI eral. Severe neurotoxic envenoming
by the Malavan krait Bungurus candidus
(Finniteus): response 1o antivenom and
anticholinesterase. Br Med J 1983; 286:
67880,

< Severin WP Lates agglutination in the

diagnosis of micningococcal meningitis,
J Clin Path 1972; 25:1079-82.

Latex aggluti-
nation, counterimmunoclectrophoresis,
and protein A co-agglutination in diagnosis
of Facterial meningitis. J Clin Path 1978;
3:167-71.

- Bandy M. Indirect (passive) hemaggluti-

nation, In: Williams CA, Chase MW,
eds, Methods in immunology and inmuno-
chcﬁlislﬂ'. Vol 4. New York: Academic
Press, 1977:26-30

- Coombs RRA. Assays utilizing red cells

as markers. In: Voller A, Bartlen A,
Bidwell D, eds, Immunoassays for the
8Os, MTP Press  Lid, International
Medical Publishers. 1981:17-34.

'/)',


http:Cil.ri.it
http:1.1.I)(I.MI

a('c.szz o A4t v

[’ML-://'( e Cey b 7

ANTIGENIC RELATIONSHIPS AND RELATIVE IMMUNOGENICITIES OF
VENOM PROTEINS FROM SIX POISONOUS

SNAKES OF THAILAND

LEERA CHINONAVANIG
PETER B. BILLINGS
PORNCHAI MATANGKASOMBUT
AND

KAVI RATANABANANGKOON

Department of Microbiology
Faculty of Science, Mahidol University
Rama 6 Road, Bangkok 10400

Thailand.

Running title : Antigenic Relationships of Snake Venoms.

For correspondence :

Dr.Kavi Ratanabanangkoon
Department of Microbiology
Faculty of Science, Mahidol University
Rama 6 Road, Bangkok 10400
Thailand.

‘ﬁax/(m\/ e, o
/ ) ’

.



LEERA CHBINONAVANIG, P.B. BILLINGS, P. MATANGKASOMBUT
and K. FRATANABANANGKOON. Antigenic relationships
and relative immunogenicities of venom proteins from

six poisonous snakes of Thailand. Toxicon ,

, 19

Venoms from Naja naja siamensis, Ophiophagus hannah,

Bungarus fasciatus, Vipera russelli, Calloselasma rhodostoma and

Trimeresurus albolabris have been studied by means ot sodium

dodecyl sulfate polvacrylamide gel electrophoresis and
immuncblotting. The iwmmunoblots werz 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 O. hannah venom are extraordinarily immunogenic. Cross
reacting and species specific venom proteins were readily
identified by the immunoblot techiiiques., It was revealed that

only a small number of venom proteins were cross-reactive among
the snake species tested while the remaining appeared to Dbe

species specific.



INTRODUCTION

Recently, a great deal of interest has been tocused on

the development of various immunoassays for studies of snake

venoms and thelr respective antibodies (Theakston, 1983). For
example, immunodiagnostic tests for snake venom proteins have
been developed tor rvapid iddentification of the source: of
envenomation in victims of snakebite. Immunoassays for the

detection of human antibody against snake venoms have also been
studied for epidemiological surveys of snakebite incidence (Pugh
and'Theakston, 1980) . In addition, in vitro assay of horse serum
antivenom potency has been under study as a notential replacement
for in vivo neutralization tests (Theakston and Reid, 1979).
These various immunoassays have been studied using crude
venoms and their corresponding antibodies. However,
complications could arise from the use of uncharacterized and
unfractionated venoms in these assays. For exXxample,
immunological cross reactions between venom proteins of different
species could lead to ambiguity in the species diagnosis (Fulde
and Smith, 1984; Marshall and Herrmann, 1984; McCarthy, 1984). On
the other hand, in vitro antivenom potency estimation would be
meaningtful only 1if it is primarily the antibodies against major
lethal components in the venom which are being assayed
(Christensen, 1979). Thus, knowledge of +the properties of
constituent venom proteins with regard to immunological cross-
reactivities, relative immunogenicities, abundarncies, toxicities,
etc., would be wuseful in identifying and eliminating any

complications that may arise during the development of +these



immunoassays. {t +the present communication, a combination of
sodium dodecyl suffate polyacrylamide gel electrophoresis and the
Western- or immunoblot has been used to study the relative
abundancies, immunogenicities and immunological Cross-
reactivities of +the various venom proteins from the six major

poisonous snakes of Thailand.



MATERIALS AND METHODS

Venoms and chemicals

Yix major poisonous snake species, against which horse
antivenoms are available, were studied. These were: Naja neaja
siamensis which is also known as Naja kaouthia (Viravan et &l.,

1986), Bungarus fasciatus and Ophiophagus hannah of the Elapidae

family and Vipera russelli, (alloselasma rhodostoma, Trimeresurus

albolabris of the Viperidae tamily. 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

immediately ftrozen in dry-ice. The venom was kept frozen at
<)

-20 ¢ until use. lixtreme care was taken to avoid cross

contamination of these venoms during milking and throughout this

study . Chemicals were of reagent grade obtained from HSigma
Chemical Ca., St. bouis, Missouri, USA, except as indicated.

Imnunization of rabbits and preparation of 1gG from rabbit

Venom of each snake species was used to immunize three

or four rabbits. Primary immunization was with 40 ug venom
protein (determined by Lowry method, see below) emulsified with
Freund's complete adjuvant injected s.c. into the back.

Subsequent injecti-sne were made in Freund’s incomplete adjuvant

at one month intervals. Rabbits were bled biweekly and the sera
were prepared. The rabbit 1gG was purified by Staphylococcal
Protein A-Sepharose column chromatography (Goding, 1978) .

Elution of the I1gG@ was made Wwith ice cold 3 M sodium thiocyanate

(Twining and Atassi, 1979).
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‘Western Blot.

Proteins ot each venom were tractionated by
polyacrylamide gel electrophoresis (PAGE) in the presence of
sodium dodecyl sulfate (SDS) under non-reducing conditions and
the protein patiterns were visualized by direct staining with
Coomassie Dblue. Identical gels with the same six venoms were
transferred electrophoretically te 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 bne of the six snake wvenoms. The
transfer was carried out at 15 V/cm for 4 hr at room temperature.
For direct visualization of protein bands, the nitrocellulocse
membrane was stained with amido schwartz. For immunological
detection of protein bands on the nitrocellulose membrane, the
membtrane was first incubated for 1 hr in 50 mM Tris-szline (pH
7.4) containing 5 % non-fat dry powdered milk to éaturate 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 hy with horse~radish peroxidase
conjugated anti-rabbit Ig@G (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.



Other methods.

SD5-FAGE  was performed by the procedure described by

Laemmli (1970) using 10% acrylamide. Molecular weights of venom
proteins under SDS-FAGIE were calculated from their

electrophoretic mobilities by comparison to a curve of logarithm
mol. wt. versus mobility of protein standards. Standard proteins
used were rabbit muscle phosphorylase B, mol. wt. 94,000 ;
BSA, mol. wt. 68,000 ; ovalbumin, mol. wt. 45,000 ; soybean

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

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

(1951) using BSA as standanrd.



Molecular sizes and relative abundancies of venom proteins from

By 5DS polyacrylamide gel e¢lectrophoresis, each venom
exhibits a characteristic polypeptide size and abundance
distribution pattern. The separation in pattern of the two
tfamilies is not as apparant.; however, +the presence of abundant
very low mol. Wwt. components ot less than 3,000 mol. wt. togetner
with several przdominantly very high mol. wt. proteins appears
characteristic of the elapid venoms. In contrast, +the viper
venoms  show little stainahle material of less than 10,000 mol.
wt. and display seversl discrete polypeptides of intermediate

siamensis venom shows  the

mol. wt. Among the elapids, N. .

Hi]
ja

greatest abundance of verv low mol. wt. polypeptides, largely

post-synaptically acting toxins and cardiotoxin (Karlsson et al.,

1971) of mol. wht. ca 7,000 - 8,000 . 0. hannah venom contains
more high mol. wt,. proteins, with a proportionate reduction of
the toxins of mol. WU . less than 8,000, consistent with the

comparatively lower lethality of this wvenom (Ganthavorn, 1969).
The viperid venoms exhibit unexpectedly large quantities of
protein(s) of mol. wt. about 10,000 even under the non-reducing
electrophoretic conditions employed. Mo function(s) can be
ascribed to these, since the known abundant toxins and enzymes of

these venoms are of greater mol. wt. (Iwanaga and Suzuki, 1979).

N



Immunogenicity and antigenic similari*y

The relative immunogenicities of individual constituent
polypeptides from a single wvenom, 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 antiserum generated
against the venom of one snake species. In this case, binding of
antibody t6 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 hetefologous 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 1is «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
9
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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. w+* exhibited considerably reduced
immunogenicities in comparison to other, less abundant proteins
of the same venoms. In the case of Q. hannah 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
SD5  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 eacﬁ: 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 éf 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

10



with homologous antigen was, as expected, the most diverse and
the most intense, often identifying an entire mol. wt. range of
polypeplides (see Table 1 tor summary of homologous and
heterologous reactions). Cross-veactivity, where it was observed,
was restricted to only a subset of polypeptides in the
heterologous venom, which because of 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~logous bands were identified, cross-
reaction was largely confined within the same family: Within a

family, T. albolabris venom was considerably more cross-reactive

than that of other species ; it is also more reactive with
antibody against the V. russelli than that against €. rhodostoma
(Table 1). None the less, some inter-family cross-reactivity
which can not be attributable to cross-contamination (see
Materials and Methods) was observed, such as that between a few
polypeptides of Trimeresurus albolabris venom and antiserum
raised against venom of +the Thai cobra, H.on. siamensis.
Reciprocal reactivity was not observed in this case, nor in
several other cases. Repregentative blots containing the

proteins of all six venoms reacted with antiserum against an
elapid (Q. hannah) or against a viper (V. russelli) are pfesented
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.

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

11
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region of blots of elapid venoms was not observed except for
minimal reaction of anti-N.n. siamensis serum with O. hannah

venom.

12



DISCUSSION

The elapid neurctoxins were generally less immunogenic
cempared with other venom proteins. This accounts for the  well-
recognized difficulty in the preparation of poteunt neutralizing
hyperimmune sera against elapid venoms (Christensen, 1979). In

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

hannalhh  vencm) are extraordinarily immunogenic. It will be of
interest to detecrmine the extent to which chemical coupling of
the postsynaptic toxins with these high mol. wt. constituents
enhances their immunogenicities.

It is well known that horse antivenoms against snake
venoms are quite specitfic and that cross-neutralization is not
commonly observed (Ganthavorn, 1969). Nevertheless extensively
cross-reacting precipitin bands between various venoms, even
those belonging to ditferent families, have beern observed using
immunodiffusion or immunoelectrophoresis (Minton, 1979). These
observations have led to the conclusion that the cross-reaction
was confined to fnon"toxic venom proteins. The alternative
interpretation, i.e. that the toxins were involved in the antigen
- antibody c¢ross-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 absernce. of immunological cross-

reaction.

13



In the development of immunodiagnostic tests for rapid
identification of source of envenomi nation, cross-reacting venom
antigens could lead  to ambiguity or even error in diagnosis
(Marshall and Herrmanu, 1984 . The  immunoblotting technique
enables precise identification of the venom antigens involved in

the cross-reaction. Where such cross-reaction presents a serious

venom antlilgens

ol
@]
-
=+,
-
O

problem to the species diagnosis, species-sy
could be identified, isolated and used to prepare mono-specific

antibody for immunodiagnostic tests.
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Figure

Figure

Figure

Do

3.

LEGENDS TO FIGURES

SDS-polyacrylamide gel electrophoresis of the six Thai
poisonaus snake venoms. The positions of the protein
standards with the molecular weights in kilodaltons

(kd) are shown on the left. N3, N.n. siamensis ; BF,

B. fasciatus ; OH, O. hannah ; CR, C.rhodostoma ; VR,
V.russelli and TA. T. albolabris.
Reaction of antiserum against O. hannah with

homologous and heterolgous venom antigens.

Western HBlot of 0. hannah venom on 0.1 micron
nitrocellulose membrane. The right hand lane was
stained with amido schwartz. The left hand lane was

reacted with rabbit homologous antibody against

O.hannali (a-0H) followed by enzyme conjugate and
o-dianisidine.

Immunochemical cross-reactivity between antiserum

against Q. hannaly and venom proteins from wvarious

snhakes . A Western Blot of the six snake venoms was
reacted with rabbit antibody raised against O.hannah

venom. Venom abbreviations are as in Fig. 1.
Reaction of antiserum against V. russelli with

homologous and heterologous venom antigens.

Western Blot of V.russelli venom on 0.1 micron

nitrocellulose membivane. The right hand lane was
stained with amido schwartz. The left hand lane was
reacted with rabbit homologous antibody against V.
russelli (a-VR) followed by enzyme conjugate and

15



o-dianisidine.
Immunochemical cross-reactivity between antiserum

against V.russelli and venom proteins from various

itn

snakes. A Western Blot of the six snake venoms was
reacted with rabbit antibody raised against
Y. russelli venom. Venom abbreviations are as in
Fig. 1

16
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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
compiled from a series of blots, as in Figs. 2 and 3,
reacted in parallei with the <warious antisera.
Molecular weights of the immunologically reactive
polypeptides were calculated from their
electrophoretic mobilities (see Matericls and
Methods). Veanom abbreviations are as in Fig. 1.

Antigen
NS BF OH CR VR T
Antibody
8K-22K 81, 19K, 22K
32K 48K- 54K
At 2ok
ANCL- .
NS 87K 80K- 105K
140K 130K-170K
8K
38K
Anti-aF 48¥ 45K- 54K
58K 58 58K 54K-170K
(575126 66K 66K
74K 90K, 110K 84K-96K, 110¥
19K
22K 23K
25K 25K
Anti-oH 32K
39K
52K,58K,56K | 48K, 66K 43K~100K 90K 48K
100K-~155K 110K 125K
10K-18K
40K
66K 66K
» 80K 80K
Anti~-CR 90K
105K
110K 110K
25K~ 35K
42K~50.5K 45K
56K~-74K 66K
84K-96K 90K
Anti-vR 100K
103K-120K 110K
125K 125K
130K 130K
16. 5K=-19K
19.5K
22K-28K
. 34K-42K
Anti-pn 45K -54K
561K 90K 90K--105K 54K-90K
110K 110K 110K~ 140K
1S0K-170K
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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
antivenon 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 BELISA and hy 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
V.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 1is extremely laborious, expensive and gives results
which are variable and difficult to reproduce. Not of the least
concern is the killing of a large number of animals.
I'urthermore, the problems and difficulties of the in vivo
neutraliz.tion assay are a major obstrucle that hinders the much
needed improvements on potency and purity ot antisera against

snake venoms. In  the preparation of potent hyperimmune sera

against snake venoms, for exawmple, experiments have to be carried

out with different venom antigens and forms, immunization
schediiles, adjuvents etc., to establish optimal immunization
conditicus. In the fractionation of hyperimmune sera, conditions

must be found so as to give the highest vield and purity of +the
product. wuch 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 (ELISA) has been developed as an possible
alternative to the in vivoe nentralization test (Threakston and
Reid, 1979) . They studies horse antivenoms against two viperid
and two elapid wvenoms using crude venoms as antigens. The

correlation between the FELISA and the in vivo neutralization

assay was good with the correlation coefficient of 0.92; P<0.001.
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1t has long been observed, however, that in antisera against
snake venoms, the antibody contente, as estimated by the
intensities and numbers of precipitin bands, do not usually

correlate with the neutralizing capacities (Minton, Jr.,1979).
Most of +the antibod& generated against the venom are directed
against the non-toxic yet more immunogenic components of the
venom. This is specially t-ue vith the elapids whose toxins are
low molecular weight (abouat SU to 74 amino acids) peptides and
are extremely toxic yet barely immunogenic. Therefore, at least
with elapid venoms, the use of fractiopated toxin(s) rather than
the «orude venom as antigen in tue BLISA should give better
estimate of the antivenom potaency.

In the present study. we compared three different

preparations of antigen trom Thai cobra venom in an ELISA of
horse antivenom antibody. These prepacations are crude cobra
Vernom, partially puritied toxin  and purified principle
postaynaptic toxin. The results obtajned from the ELISA of 8

batchas of horse antivenoms were compared with those from in vivo
neutralization assay using mice. The use of purified toxin as
antigen in  the ELISA was found to give much higher correlation

coefficient than that of crude cobra venom.
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MATERIALS AND METHODS

Biochemicals and chemicles

Venom of Thailand cobra (Naja naja siamensis, also
known as Vaja 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.

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

Crude cobra venom (700 mg) was chromatographed on a
Sephadex G-50 column (2.6 x 97 cm) using 25 mM  ammonium
acetate as eluent. The toxin fraction as indicated by
( <=--> ) in Fig. 1 was pooled, lyophilized and used as an
antigen in the ELISA. This "toxin fraction" was used also as

starting material for +the purification of N.n.siamensis

M

postsynaptic neurotoxin 3.

Purification of N.n.siamensis postsynaptic 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 Karlsson et al
(1971). The pure toxin was lyophilized free of the volatile

buffer and used as an antigen in the ELISA.
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Groups of six wwiss albino mice weighing 2L + 2 gm
were injected intraperitoneally with cobra venom at doses
ranging from 0.16 to 0.6) ug/gm mouse. The venom was

prepareaed in normal saline and the volume of injection was

kept constant at 0.1 ml / 25 gm mouse. Control animals were
inject 1 with normal saline only. The percent death of
animals were recorded 24 hours after injection. The medium

lethal dose (LD ) of thie venom was estimated by the method
H()
of Litehfield and Wilcoxou (1849).

The in vivo neutralizing activity of horse anticobra
antivenom was determined by a procedure recommended by WHO
(1983). The procedure is similar to that described above for
LD determination but cobra venom at different concentration

.
914}

in normal saline (0.2 - 0.8 mg/m)l) were incubated with an

agual  volume of horse anticobra antiveaom for 1 hour at

0

37 C bhefore injection. The volume of injection was kept

constant at U.1 ml / 45 gm mouse. The LD of the venom in
50

the antivenom-venom mirture was determined and the

neutralizing activity was calculated as follows :

/
Neutralizing activity = (LD - LD ) x weight of moucse (gm)
[

50 50 volume of antivenom (ml)
where - LD is the medium’lethal dose of cobra venom alone
(ugsgenom / EmM mouse)
- LD;O is the medium lethal dose of the venom and

antivenom mixture.
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One batch of horse antivenom was arbitarily selected as
referencs antivenom. Various dilutions of this reference
antivencm were made and assayed for antibody by ELISA using each
of the 3 ditfferent antigens. The reference curves of optical
densities from ELISA using the three antigens were then plotted

For a given antigen, the optical densities from of 7
other horse antivenoms were then compared with that of the
reference antivenom to give the theoretical ELISA neutralizing

activity. The results were tihien compared with those obtained

el

6. Other biochemical procedures.

Protein concentration was determined by a procedure
described by Lowry et al (1951) using serum bovine albumin (BSA)
as standard. Slab SDhS-polyacrylamide gel electrophoresis was
carried out as Jdescrihed by Laemmli (1970) using ten percent
acrylamide and the folleowing protein standavds @ rabbit muscle

phiosphorylase B, 94 Kd; SA, 68 id; ovalbumin, 45 Kd; soybean

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

AN
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RESULTS
1. Molecular veight characterization of the antigens

The “"toxin fraction” and the purified N.i
neurotoxin &, preparcd as described in Materials and Methods,
together withh the corude cobra venom were subjected to 8DS-
polyacrylamide gel electrophortesis. The results are shown in

Fig. 2. In all these preparations of antigen, N.n.siamensis

neurotoxin 3 which is the principal toxin of the venom (Karlsson
et al, 1471)  is obviocusly the most abundant component. The
“toxin fraction” differs from the pure N.n.siamensis 1 surotoxin 3
by the presence of 2 minor protein of 12,400 daltons (Fig. 2.).
1t should be mentioned, hovwever, that also present in the
neurotoxin 3 band of the “"toxin fraction” are some minor short
postasynaptic neurotoxing  and cardiotoxins  which were not
separated from the principal neurotoxin under these conditions
(Karlsson et al, 1971).
]

¢. Optimal counditions of ELIG
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venom.

Using checkerbroad titrations, it was established that
the reagent concentrations and optimal conditions of ELISA for
the determination 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 2 (5 ug/ml) by overnight

o
incubation at 4 C
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b. horse monovalent antivenoms at dilution of 1 : 86250
were allowed to bind the immobilized antigen on the
o
well by incubation for 1 hour at 25 C

C. to detect the bound horse antibody, sheep anti-

horse 1gG peroxidase conjugate at dilution of 1:30
Q)

)

was incubated for | hour at 2b €

d. a substrate solution (10 mg O-phenylenediamine in
25 ml of b mM phosphate-citrate buffer pH 5.0
containing 0.003 % hydrogen peroxide) was incubated
for 30 min. at 26 OC and the optical density at 490

nm was recorded.

3. In vivo neutralizing activity of horse antivenoms.

The ELISA of 8 batches of monospecific horse antisera
against cobra venom, as carried out under optimal conditions
described above, gave optical densities shown in Table 1 for each
of the 3 antigens. In general, the optical densities obtained
from the use of crude venom were higher than those wusing 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 correlaticn between the in
vivo neutralizing activities and the ELISA neutralizing
activities of the 8 batches of horse antivenoms using purified
N.n.siamensis +toxin 3 as antigen. In this case the correlation
coefficient is 0.93 ( P < 0.001). The corresponding values when
crude cobra venom and 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 wvarious reasons +that in vitro
immunocassays for antivenom potency estimation are needed to
replace the 1in viveo neutralization assay using life animals.

Various immunoassays based on indirect hemagglutination (Peel,

1980), radioimmuncassay (Habermann et al., 1977) and gel
diffusion (Mouillot et al., 1978) have been studied. However,
one of the most promising assays seems to be that based on ELISA

since the method can give gquantitative and reproducible results
and is simple to preform. Although there are some concern about
the use of ELISA to measure neutralization by quantitating
antibody of unknown affinity (Steward and Lew, 1985), several
ELISA’s have been developed for tetanus antitoxin (Melville-Smith
et al., 1983 : Simonson et al., 1986 ; gentili et al 1984) and

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

In the case of snake venoms especially those of the

elapids, the lethal components are low molecular weight basic
peptides called postsynaptic neurotoxins. These toxins bind
specitically 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 (Ratanabanangkoon 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
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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 obtained when the toxin was wused as
antigen in the EL1SA. Furthermore, 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 ELISA.

Thus, in the development of ELISA for potency
determination of antisera against snake venoms, fractionation and

experimentation with different venom components as possible

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

|4

=
<
e
<
o)

which gives result best correlated with the
neutralization should then be used as antigen in an in vitro

neutralization assay.



Rungsivwongse et al 12/18

ACKNOWLEDGEMENTS

This study‘ was supported by a grant from the USAID
grant. 1no.936-565642-G-00-5079-00 and the MNational Research Council
of Thailand. The anthors thank Dr.PFPradon Chatikavanij, Head of
the National Laboratory Animal Centre, for help with the supply

of mice.



g
=

s

=

oo

Rungsiwvongse et al 13/18

LEGENDS TQ FIGURES AND TABLES.

The elution profile «f cobra venom on a Sephadex G-50

column (2.6 x 97 om). The eluent was 25 mM  ammonium
acetate, pll 7.4. The flow rate was 15 ml per hour, at
0

4 C and fractiong of 3 ml were collected. The dashed

line is the elution profile of N.u.siame isis neurotoxin 3
in a separate chromatography on the same column under

identical conditions.

BhG-polyacrylamide gel electrophoresis of crude cobra

venom, “toxin  fraction” and purified N.n.siamensis
neurotoxin 3. Molecular weights in  Kilodaltons of
stardard proteins are shown on the left.

Correlation hetween the in vivo neutralizing activity

and the ELISA neutrvalizing activity when purified

N.n nensis neurotoxin 3 was used as antigen in  the
ELISA.

ELISA optical densities of horse artivenoms using 3

different preparations of antigen.

Horse antivenom potencies as determined by in vivo
neutralization assay using mouse and by ELISA using 3

different preparations of antigen.
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Table 1 ELISA optical densities of horse antivenoms

using 3 different preparations of antigen.

Ag of ELISA ELISA opticel density at 490 nm.+
Borse Crude vemom  Toxin fraction Pure toxin 3
antivenom
1 0.8691+0. 156 0.57040.077 0.591+0.049
2 0.97640.142 0.869+0.138 0.750+0.064
3 Q.76040.110 0.74340.122 0.680+0.041
4 0.94040. 0491 0.844+0.187 0.931+40.040
5 0.71740. 209 0.537+0.074 0.488+0.087
6 0.87620.134 0.74440.129 0.7144+0.174
7 0.77640.096 0.621+0.058 0.51940.063
8 0.8920+0.108 0.761+0.103 0.735+0.152

The values reprecent means of 8 determinations + S5D.
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Table 2 Horse antivenom potencies as determined by in vivo
neutralization assay using mice and by ELISA using 3

ditfferent preparations of antigen.

G0 O0 mU MG S G TN R kN S0 SR SE NN SN PR RS Gu S RN R I S S SN Y B R G G G G O B St e A Sut g Y DY VI B R ST G N NN U SNV S G W S 0 R BB M 2 U G ON B SN OGN N B G BD

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

antivenom activity (ug/ml) Crucde venom Toxin fraction Pure toxin3

1 252.5 (240.8—264.6)* 3835.7 205.6 2583.5
P 402.0 (364.3-443.5) 518.6 462.8 387.3
3 345.0 (315.3-376.6) 284.9 328.5 321.5
4 435.0 (455.9-516.5) 469.33 432.6 626.9
] 150.0 (128.1-173.86) 252.6 138.2 193.1
8 27T7.5 (265, 5H-300.7) 392.8 329.5 3561.7
7 228.6 (201.4-256.6) 297.5 2356.9 209.3
8 350.0 (323.2-378.4) 443.9 318.5 372.2

X
Numbers in parentheses are 95% fiducial limits.
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" Crude cobra venom
—Toxin fraction

—Purified N.n.siamensis toxin 3




ELISA NEUTRALIZATION f{ug/ml)
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