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In the first year of the project, the protein expression maps of Taiwan snake
venoms were established by two dimensional gel electrophoresis analysis. There
are some snake-specific proteins discovered in certain snake venoms as analysis
by gel image analysis. This result indicates it is feasible that the species of
snakes can be identified only on the basis of the specific venom protein patterns.
To further identify the specie-specific venom protein, the proteomic technology
has been used to characterize these proteins. Protein spots were picked from
2D-PAGE gel and in-gel digested by trypsin. Peptide fragments were extracted
and identified by MALDI-TOF and database searching to determine the protein
identification. On the other hand, protein chip technology has been served as a
model to rapidly identify the snake venom protein species. Our results show that
the tested snake venom protein chip model has been successfully installed to
discriminate the differential specie snake venoms. Combination of proteomics
and protein chip technologies, rapid detection kit for Taiwan snake venoms will
be further studied to produce a practically useful diagnostic product for polular

availability in Taiwan as well as other countries.
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| PGphor, immobiline drystrips, carrier ampholytes, ammonium persul phate
and TEMED were from Amersham Pharmacia Biotecth (Uppsala, Sweden).
Second dimensional gels were cased and run in a Bio-Rad Multi-Cell Casting
chamber and Protean Il xi Cell. Acrylamide was from AMRESCO. Urea and
CHAPS were from J.T. Baker. Thaiourea was from Aldrich. lodoacetamide and
glutaraldehyde were from Fluka. Sodium acetate, formaldehyde, acetic acid and
citric acid were from Merck. DTE was from AppliChem. Silver nitrate was from
Mallinckrodt. Methanol was from BDH. Deionized water preparing with a
tandem Milli-Q system (Millipore) was used for all buffers.

1. (
)
-20°C
2. 01 0.35 6000 30
18 | PG(immobilized pH gradient) (pH
3-10)  20°C (8000 V) 100 KVh
SDS-PAEG(10%-20% acrylamide) (silver stain)
Image Master
3. 1 0.35 6000 30

18 IPG (H 3-10)  20°C



(8000V) 20KVh SDS-PAEG(10%-20%

acrylamide) SYPRO Ruby™
Image Master
(in gel digestion)
4. 1 0.35 6000 30
18 IPG (pH 3-10)  20°C
(8000V) 20KVh SDS-PAEG(10%-20%
acrylamide) SYPRO Ruby™
Image Master™
5. SDS-PAEG electroblotting
PVDF amido black



7. Protein digestion and MALDI-TOF MS analysis

Protein spots were excised, destained with 50% Acetinitril (ACN) in 25
mM ammonium bicarbonate buffer pH 8.0 and dried in a speed vacuum. The
dried gel pieces were swollen in 10 pyl of 25 mm ammonium bicarbonate
containing 0.1 pg trypsin (Sigma). The gel pieces were then crashed with
siliconized blue stick and left at 37°C for at least 16 h. The gels were extracted
with 50% ACN, 5% TFA and dried in speed vacuum. The pellets were dissolved
with 0.1% TFA and the suspended solutions were purified with Zip-Tip
(Millipore, US). The purified solutions were concentrated into a volume of 10 pl.
1.5 pl of the samples were applied onto spot matrix (1.0ul). The matrix was
consisted of a-cyano-4-hydroxycinnamic acid (Sigma) dissolved in 60% ACN
containing 0.1% TFA. The digested mixtures were analyzed by matrix assisted
laser desorption ionization time of flight (MALDI-TOF) MS on Voyager Elite
(Perseptive Biosystems, Framingham, MA, USA). The monoscopic peptide
masses were matched with the theoretical peptide masses using Protein
Prospector Software. M ass tolerance windows under 50 ppm were allowed.

8. Specificity of snake venoms on antibodies

The snake venoms used for this experiments were obtained from B.
multicintus, N. naja atra, D. acutus, V. russelli formosensis, T. mucrosquamatus
and T. stgnegeri. They were tested the specificity with two polyclonal
antibodies that were anti-Bungarus and Naja, and anti-Trimeresurus. The snake
venoms were applied approximately 10 ug per well on the PV DF membrane and
then blotted on to PVYDF membrane using BioDot (BioRad). The membranes
were incubated in blocking buffer pH 7.6 containing 5% BSA, 50 mM Tris, 150
mM NaCl and 0.1% Tween 20 for 1 h at 4°C, and washed with the same buffer



twice times. The membranes were then incubated in 10 ml of FITC-conjugated
antibodies that resuspended in the same buffer (1:1000) for 1 h at the room
temperature. After that, they were washed with the basal buffer and visualized
using CCD camera.

9. Protein chip model test of shake venoms

For protein chip preparation, two kinds of polyclonal antibodies, Bungarus and
Trimeresurus antibodies, were used for protein chip test. SuperAmine substrates
(ARRAYIT, USA) were used as supporter for spotting the antibodies. The slides
were washed and made to be an active form. Antibodies (0.25-0.5 ug/ul) were
spotted onto the active dlides and let it stand for 1-2 h and then rinsed with PBS
buffer for three times. The reactions of antigen-antibody on slides were blocked
with 5% BSA for 30 min and the slides were final rinsed with water and PBS
buffer for three times. After protein chip preparation, the two snake venoms: B.
multicintus and Tr. Mucrosquamatus venoms (1 ug/ul) in buffer A were added
on the slides containing antibodies and incubated at 37°C for 15 min. The slides
were washed with buffer A and incubated one more time with FITC-conjugated
antibodies. The slides were then washed with buffer A and visualized with CCD

camera



3)

1. 2-D PAGE anaysis of snake venoms

Six samples of snake venoms in the families of Elapidae and Viperidae were
separated on 2-D gels using non-linear gradient pH 3-10. In the first study, all of
the snake venom samples were solubilized with lysis buffer without thiourea in
the |EF step. The results of 2-D gels showed that the separation of snake venoms
was not good and only afew proteins were detected on 2-D map of each kind of
snake venom. Some of snake venoms 2-D maps appeared horizontal streaking
lines and smearing area due to no completely solubilization of the venom
proteins. The proteins on 2-D maps were not thus identified. Otherwise, the
protein compositions in snake venoms were abundant and more complex that
was easily to aggregate when they were run on 2-D PAGE. Moreover, we
improved the separation of snake venoms on 2-D PAGE and succeed in use of
thiourea to solve the problem of solubilization. Thiourea was used at
concentration of 2 M in conjugate with 7 M urea and was sufficient to
demonstrate greatly improve solubility compared with standard I1EF solution

without thiourea. The 2-D maps of the snake venoms presented more abundant

of proteins and well separation ( ). 2-DE reveaed unique and complex

patterns of venom proteins in each species. Snake venom compositions have pl
values from acidic to highly basic. The morphology of the spots from the gels
appeared to be circular-oval, line and tailing spot shapes.

In the family of Elapidae, the snake venoms in the same species such as N.
naja atra and N. naja kaouthia had the nearly same patterns of 2-DE maps. The

difference between the 2-DE maps was the number of protein spots and/or



abundance of proteins in the same area. At the molecular weight area about
30-40 kDa, the 2-DE map of N. naja kaouthia venom showed the different
protein pattern that had more spots of proteinsthan N. naja atra. The 2-DE maps
of B. multicintus and B. fasciatus, which were different in species of the genus
Bungarus, were also similar and had some differences of proteins in a range of
acidic pl value. At the acidic area, B. multicintus had many proteins more than B.
fasciatus and the 2-D map was clearer. They have the lines of dark stain at the
basic pl value nearby the low molecular weight that indicated the aggregation of
some proteins. In contrast, they had no appearance of proteins in a range of
molecular weight between 20 to 40 kDa. Otherwise, the 2-DE maps of O.
Hannah venom showed the most abundance of protein compositions among the
snake venoms in the same family. Its molecular weights and pl values of protein
compositions were widely distributed than the other snake venoms but the 2-DE
map aso showed the aggregated peak areas indicating the aggregation of
proteins.

In the family of Viperidae, V. russelli siamensis and V. russelli
formosensis venoms had very similar in 2-DE maps but also showed the
differences in some details such as the apparent of different proteins at the low
molecular weight nearly to the basic area. The snake venoms in the genus
Trimeresurus, Tr. mucrosguamatus and Tr. Segnegeri, had significantly different
patterns in 2-DE maps. The two snake venoms had many different kinds of
proteins, which were varied to molecular weight and pl value. However, they
had also the dense areas of aggregated proteins. For D. acutus venom, only few
of proteins were separated and it had the dark line of proteins in the middle of
2-DE map because of underfocusing in |EF step. The separation will be better if



it was prolong the focusing time. However, its 2-DE map was different from the
others n the same family. Therefore, the 2-DE patterns in the snake venoms
showed a difficulty for separation when the same conditions for 2-DE were
used.

The differences in protein profiles of snake venoms on 2-D gels may be
caused by the genetically differences in different family, genus and species, or
other factors. Snake venoms are composed of the extracellular proteins, which
the synthesis is influenced by the change of environment conditions. So, the
environmental stimuli had effects in the synthesis of some protein compositions.
Otherwise, the geographical difference is one of the important factors that
effects on variations in venom compositions, venom properties and
biochemistry.

Trains of spots were noted in protein profile of 2-DE map of most kinds
of snake venoms. The trains of spots presenting on 2-D gels may indicate the
iIsomorphs, post-translational modification of some proteins or degradation
components. There always have the identification of isoforms and new proteins
in snake venoms such as various isoforms of phospholipase A, in the same
venom. The isoforms of the same protein were usually resulted from the
post-translational modification such as methylation or phosphorylation or the
change of some low conserved amino acids in protein sequences. It is possible
that the post-tranglational modifications occur to be a high rate in snake venom
and all protein spots did not represent a unique protein. It is also possible that
there are gradually change in the biological activity of gene expression of many
proteins in snake venoms. These show the complex nature of snake venoms. The

variation of biological properties of phospholipase A,, which has highly in



sequence homology, is an example. 2-D PAGE is a present method of protein
identification that allows to separate and analyzed protein isoforms.

All kinds of snake venoms aso showed the complex clusters of spots on
2-D profiles indicating that the complex interaction of proteins had closely in
molecular weights and pl values. The proteins had affinity to each other and did
not separate well even in the strongly denaturing conditions. For the Elapidae
snake family, there was evidenced that the venom proteins accumulated
preferentially in the basic part of the gels and especialy on the low molecular
weight area. The separation of basic proteins had long been difficult via 2-DE
and the basic proteins were under presented in amost referent mapping database.
For the Viperidae snake family, the dark stained area was presented at high pl
values with moderated molecular weight area of Tr. mucrosguamatus venom
whereas Tr. stgjnegeri and D. acutus venoms were found on the wide ranges of
pl values with the moderated molecular weight areas. Therefore, the results of
2-DE gels showed a high throughput of the method in separating proteins
mixture of snake venoms. However, it still has a limitation for the separation of
some kinds of proteins such as a mixture of small proteins having highly

hydrophobic and basic nature.

2. MALDI-TOF MS analysis and protein identification

For protein identification, we use the gel digestion and MALDI-TOF MS
analysis to identify some of proteinsin snake venoms from N. naja atra, N. naja
kaouthia, Tr. mucrosquamatus and Tr. stejnegeri that separated on 2-DE maps.

The mass fingerprints were used to search proteins using Protein Prospector



Software and some of proteins could be identified ( ). From previous

reports of the studied of proteins from snake venoms, many kinds of enzymes
and toxins were noted. Proteins that have been purified to see the molecular
weight, pl, and amino acid compositions as well as studied in their biological
activities were identified at the low molecular weight. Data based of proteins
identifying from snake venoms were still limited. From 2-DE maps of snake
venoms presented in this study, it was found that the low molecular weight
proteins which were presented as a limit number in protein data based not easily
be identified because of their aggregation.

3. Specificity of snake venoms on antibodies and protein chip model test

The two polyclonal antibodies were used for testing the specificity of 6 kinds of
venoms. The anti-Bungarus and Naja were used for defining the snake venoms
that specified to the hemotoxic venoms and the anti-Trimeresurus was used for
defining the snake venoms that specified to the neurotoxic venoms. The venoms
from B. multicintus and N. naja atra in Elapidae family showing neurotoxicity

had the high specificities with the anti-Bungarus and Naja whereas little

cross-reactivity to anti-Trimeresurus ( ). The venoms from Tr.

mucrosguamatus and Tr. stejnegeri in Viperidae family had the specificity with
the anti-Trimeresurus and also showed a little cross reactivity to anti-Bungarus
and Naa. The venom from D. acutus had the specificity with the
anti-Trimeresurus higher than anti-Bungus and Naja whereas the venom from V.
russelli sslamensis had a low specific binding to both antibodies. These results
indicated that the snake venoms had the different toxic compositions even

though in the same family. Although the snake venoms show a basic toxicity as



hemotoxic or neurotoxic but they also have cross reactivity to another toxic
property. From the specificity of snake venoms and two antibodies, we are
trying to create a biosensor chip of snake venom that is very important for the
pharmaceutical use. In preliminary study of protein chip of snake venoms, we
used only two antibodies and two snake venoms as antigens correspond to the

antibodies for testing. The result showed that the antibodies had well specific to
the low concentration of snake venoms as antigens ( ). In

pharmaceutical application, various kinds of antibodies from various kinds of
snake venoms in different families have to be applied and varied in their
concentrations. The sensitivities had good enough for detecting vary diluted
snake venoms from biological samples such as blood from victims of snake
envenomation. In addition, the array of antigen-antibody is very useful and
being a high efficiency diagnostic method to generate in the formation about the
kind of snakein any case of snake envenomation. Microarray data coupling with
clinical information promise to accelerate and reduced the cost of drug

development.

(4)

protein chip



()

protein chip

MALD-TOF
trypsin digested peptides
peptide fragment fingerprint

(protein chip)



(6)

Amuy, E., Alape-Giron, A., Lomonte, B., Thelestam, M. and Gutierrez J. M,
(1997) Development of Immunoassays for Determination of Circulating
Venom Antigens During Envenomations by Coral Snakes (Micrurus
Species). Toxicon, Vol 35, pp. 1605-1616.

Chavez-Olortegui, C., Penaforte, C., Silva, R., Ferreira, A., Rezede, N.,
Amara, C. and Diniz, C. An Enzyme-Linked Immunosorbent Assay
(EL1SA) That Discriminates Between The Venoms of Brazilizn Bothrops
Species and Crotalus Durissus. (1997) Toxicon, Vol. Pp. 253-260.

Theakston, R. D. G, Lloyd-Jones, M. J. and Reid, H.A. (1977) Micro-ELISA
for Detecting and Assaying Snake Venom and Venom Antibody. Lancet ii,
639-641.

Coulter, A., Harris, R.D. and Sutherland, S.K. (1980) Clinical Laboratory:
Enzyme Immunoassay for The Rapid Clinical Identification of Sanke
Venoms. Med. J. Aust. 1, 433-435.

Theakston, R. D. G, Pugh, R. N. H. and Reid, H.A. (1981) Enzyme-Linked
Immunosorbent Assay of Venom Antibodies in Human Victims of Snake
Bite. J. Trop. Med. Hyg. 84, 109-112.

Labrousse, H., Nishikawa, A. K., Bon, C. and Avrameas, S. (1988)
Development of A Rapid and Sensitive Enzyme-Linked |mmunosorbent
Assay (ELISA) for Measuring Venom Antigens After An Experimental
Snake Bite. Toxicon 26, 1157-1167.

Barral-Neto, M., Schrieffer, A., Vinhasd, V. and Almeida, A. R. (1990)
Enayme-Linked Immunosorbent Assay for The Detection of Bothrops
Jararaca Venom. Toxicon 28, 1053-1061.



Audebert, R., Sorkine, M. and Bon, C. (1992) Envenoming ny Viper Bitesin
France: Clinical Gradation and Biological Quantification by ELISA.
Toxicon 30, 599-609.

Chavez-Olortegui, C., Fonseca, S. C. G, Campolina, D., Amaral, C.F.S. and
Diniz, C.R. (1994) ELISA for The Detection for Toxic Antigens in
Experimental and Clinical Envoming by Tityus Serrulatus Scorpion
Venom. Toxicon 32, 1649-1656.

Chavez-Olortegui, C., Lopes, C. S., Cordeiro, F. D., Granier, C. and Diniz, C.
(1993) An Enzyme-Linked Immunosorbent Assay (ELISA) That
Discriminates Between Bothrops atrox And Lachesis Muta Venoms.
Toxicon, 31, 417-425.

Yang, C. C., Chan, H. L. (1999) Immunochemica Study on
#%1-Bungarotoxin  Using Polyclona And Monoclonal Antibodies.
Toxicon 37, 729-742.

Selvanayagam, Z. E., Gnanavendhan, S. G, Ganesh, K. A., Rgagopal, D. R.
and Rao, PV.S. (1999) ELISA for The Detection of Venoms Form Four
Medically Important Snakes of India. Toxicon 37, 757-770.

Kohler, G and Milstein, C. (1975) Continuous Cultures of Fused Cells
Secreting Antibody of Predefined Specificity. Nature 256, 496.



(7)

O

.

Naja naja atra



Vipera russelli formosensis



Trimeresurus mucr osquamatus




Trimeresurus stejnegeri



Bungarus multicintus



Deinagkistrodon acutus



Sanple
Soot

Mass analysisof Najanaja atra

Najangaara

Ertry
1 gl12723144 Lactocoocs lactis
2dl323539 Dengevirstype3

3gl35993%2 Cenarcheeumsymbiosum

4 gl2880052 Arabidopssthelina
5 ¢l7463844 Helicobacter pylori
6 gl7447142 Hono spiers
7/gl7448583 Hdlicobacter pylori

Maches MW
43100.24
723183
63599.49
56152.2
62813.25
54500.78
57127.16

~N O 00NN O

=]

- o

. 3

Description
5.28 anino adid amidohydrolase
6.66 L11430 polypratein
6.31/ AF083071 glucose- 1-dehydrogesase
7.25 Cytochrome P450 71A12
7.63 ATP-dependert Znc netdlopeptidase
8.04 D10355 danine aminatrarsferase
854 Sgre-54 interacting protein

Sequences coverage

BREBNRRYN



Mass analysis of Tr. mucrosguamatus

Sample Tr. Mucrosgquamatus

Spot

Entry
1 gil74814: Streptomyces codocolor
2 gil 156493 Caenorhabditis elegan
3 gil 7471082 Deinococcus radiodurans
4/ gil 13473088 Mesorhizobium loti
5 gil 14707  Xenopus laevis
6| gil 6226337 Rickettsia prowazekii
7 gil 283786 Pseudopleuronectes ameri
8 gil 9665155 Arabidopsis thaliana
9 gil 297490 Helicobacter pylori
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9.51 multidrug resistence protein A
5.89 unknown protein
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Sequence coverage
37

888

39
39

47



Mass analysis of Tr. stejnegeri
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Characterization of anti-snake venom antibody

Antibody: A- anti-Bungarus and Naja

B- anti-
A B
Snake venom
— (Bungarus multicinctus) neurotoxin
— (Deinagkistrodon acutus) hemotoxin
(Vipera russelli formosensis) hemotoxin or mix
—— (Naja naja atra) neurotoxin
—— ( mucroguamatus) hemotoxin
— ( stejnegeri) hemotoxin



Protein chip- snake venom detection system
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PROTEIN CHIP OF SNAKE VENOM

20 ug/ml 10 ug/ml 1 ug/ml 100 ng/ml
10 ng/ml 1 ng/mi 0.1 ng/mi

Aab = B. multicintus 0

Bab = Tr. mucrosguamatus 6

Antigen = Tr. mucrosguamatus ALb BLb




PROTEIN CHIP OF SNAKE VENOM

Aab = Bungarus fasciatus antibody
Bab = Trimeresurus mucrosguamatus antibody
antibodies : 5% BSA in PBST =1: 1000

Aag = B. multicintus venom

Bag = Tr. Mucrosguamatus venom

Antigen conc. = 1 ug/ul

positio 123456789 101112
000000000 0 00
000000000000

Ab spoted on membrane is 10 fold seria
dilution of thefirst position (10 mg/ml)




