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CHAPTER1

INTRODUCTION

1.1 Background and Rationale

Viper snakebites still pose public health problems worldwide. In Thailand, green
pit viper (Trimeresurus albolabris or Trimeresurus macrops), a crotaline viper, accounts
for 40% of all bites (Viravan et.al, 1992). In addition, green pit viper is most widely
distributed and comprises more than 95% of venomous snakebites in Bangkok (Meemano
et.al, 1987 Mahasandana and Jintakune, 1990). As we invaded their habitat, green pit viper
adapted to live with humans. Consequently, more than 400 new cases of bites came to
Chulalongkorn hospital each year. Most of them were bitten in Bangkok or nearby
regions, despite extensive urbanization.

Green pit viper venom causes hypofibrinogenemia and thrombocytopenia that may
result in systemic bleeding (Mitrakul and Impun, 1973 Mitrakul, 1973 1982 Mahasandana
et.al, 1980 Rojnakarin et.al, 1999). In some patients, severe thrombocytopenia occurs with
relatively normal clotting time suggesting separate destructive mechanisms of fibrinogen
and platelets. While the cause of hypofibrinogenemia was found to be the thrombin-like
and fibrinolytic effects of venom, the pathogenesis of thrombocytopenia remains to be
determined. Platelet-aggregating agents in the venom were proposed to activate platelets
in vivo resulting in platelet consumption and thrombocytopenia. These platelet activators
in viper venoms are usually in the family of C-type lectin proteins. Although these
proteins have been purified from crude venom and partially sequenced at the protein level,

cDNA sequences and complete protein sequences have not been reported.



Obtaining the complete cDNA sequences of these proteins will give us more
accurate amino acid sequences. In vitro activity of lectin proteins purified from Thai green
pit viper venom will also determined. These sequence and activity data of platelet
activators will be correlated with each other, as well as with data from this and other
species. This will give us deeper insights in structure-function relationship of the C-type

lectin proteins.

1.1.1 Green pit vipers

Venomous snake in family Viperidae can be divided in to 2 subfamilies,
viperinae and crotalinae. Crotalinae has pit organs but viperinae does not. Green pit
vipers (GPV) are venomous snake in the family viperidae, subfamily crotalinae. A pit
organ is a sensory cavity located between an eye and a nostril. It consists of numerous
nerve ending that are sensitive to temperature changes of only 0.002 °C. This property
helps GPV to precisely locate the position of preys, such as mice and birds that have
high body temperature. GPVs are members of genus Trimeresurus. The two most
common species of Trimeresurus in Thailand, especially in the middle part including
Bangkok, are Trimeresurus albolabris and T. macrops (Mahasandana and Jitakune,
1990).

T. albolabris or white-lipped pit viper is a medium sized snake. The average
length of male is approximately 50 centimeters, while female is 70 centimeters, It has
a triangular head that looks different from other nonvenomous species. The head is
distinguishly larger than the neck. The head and body are light green. Ventrum is
yellow or white. Some snakes show white lateral lines along the bodies. Notably, they
have brilliantly red tail. Most have yellow eyes but some have red. It can hunt on trees.
The preys are rats, birds, lizards or small amphibians. They are oovivorous with

approximately 7-15 offsprings per litter.



T. albolarbris is the most important and dangerous of the GPV group. Although
the death rate of patients who were bitten is low, the number of victims as compared

with that of other vipers is relatively high (approximately 34.8%).

1.1.2 Clinical signs and symptoms of green pit viper bites

Snake venoms can be classified by their effects into three categories:
neurotoxin, myotoxin and hematotoxin. Green pit viper venom affects hemostatic
system. Similar to those of other venomous snakes, the toxic symptoms can be divided
into two categories: local and systemic effects. The local effects start to appear within
30 to 60 minutes after pit viper envenomation. These effects include pain, edema,
blister, hemorrhage and ecchymosis at the bite sites (Trishnanaada, 1979). The
systemic effects include coagulopathy, hypofibrinogenemia and thrombocytopenia
(Rojnuckarin et al., 1996, 1999, Ferrer, 2001). Green pit viper bites may also result in

hypotension, respiratory distress, ot severe tachycardia.

1.1.3 Components of green pit viper venom

GPV venom contains a variety of proteins with biological activities and many
of these proteins belong to a few proteins families, such as serine proteinases that
contain the catalytic triad (histidine, aspatate and serine) and affect coagulation factors
and fibrinolytic system; phospholipases A, that induce a wide variety of
pharmacological effects by interfering with several physiological functions, including
endothelial injury, myotoxicity, thrombosis and hemostasis; metalloproteinases-

disintegrin that is also termed catalytic hemorrhagic proteins, and C-type lectins that

affect platelets and coagulation factors.



The C-type animal lectin superfamily is defined by a sequence motif,
Carbohydrate- Recognition Domain (CRD) that binds carbohydrates (i.e. lectin) in a
Calcium-dependent manner (i.e. C-type). They can be classified in to seven groups (I to
VII) base on their structural characteristics. (Weis et al., 1998 Drickamer, 1999)

Group I (a proteoglycan core peptide and a single C-type lectin domain in the
vicinity of the C-terminus), group III (collectins, which participate in the host defense
mechanism through complement activation), and group VII (found in pancreas and snake
venoms) are soluble proteins, containing one isolated CRD. (Tomohisa et al, 2005)

Group IV (selectins, which mediate the adhesive interaction between leukocytes
and vascular endothelial cells) and group VI (macrophage cell surface mannose receptors
and DEC-205, a dendritic cell surface molecule) are type I membrane proteins (an extra
cellular region consisting of a cystein-rich domain, a fibronectin type II domain, and
tandem CRDs followed by a transmembrane domain and a carboxyl terminal cytoplasmic
domain) (Tomohisa et al, 2005)

Group II (asialoglycoprotein receptor of hepatocytes) and group V (natural killer
cell receptors and the low affinity IgE receptor CD23) are type II membrane proteins ( an
extracllular carboxyl terminus, a single transmembrane domain and a cytoplasmic amino

terminus) (Stockert, 1995 Lanier, 1998 Kijimoto-Ochiai, 2002 Tomohisa et al, 2005)

Snake venom C-type lectin-like proteins are in the group VII animal lectins
containing conserved folds and several disulfide bridges. The simplest structure of
lectins is composed of OLB heterodimers linked by an interchain disulfide bond (Fig.
1). Higher multimers or (OLB) . are present in some proteins (Fig. 2). In addition,
structures may be more complex, e.g. heterotetrameric (O(,IO(QBIBZ). Each subunit is

translated from one gene. Therefore, one lectin protein derives from multiple genes.



Subunit A

Extended
Loop

Loop after 2nd
o-helix

Extended
Loop

Figure 1 A 3-D structure of a heterodimeric O(,B C-type lectin

(Factor IX Binding Protein from Habu snake: Mizuno, et al 1999)

Figure 2 A 3-D structure of a higher multimeric (OLB) , C-type lectin

(Convulxin from Crotalus durissus terrificus: Muramaki et al., 2003)



1.2 Research Questions
What are the complete cDNA sequences and characteristics of platelet-
aggregating C-type lectin-like proteins from 7. albolabris?

Is there any conserved motif that may contribute to their function?

1.3 Objectives of the Study
1. Molecular cloning and sequence analysis of the platelet aggregation C-type
lectin-like proteins from green pit viper (7. albolabris) venom

2. Purification and characterization of their effects on human platelets.

1.4 Keywords

C-type lectin-like proteins, Platelet aggregation, 7. albolabris



1.5 Conceptual Framework

Viper Snake bites still pose public health problems in Thailand

g

Diagnostic and snake bite therapy will be more

effective if proteins in venom are characterized

U

5'-RACE and 3’-RACE

from snake venom gland mRNA
for completing cDNA sequences of

snake venom C-Type Lectin subunits

U

Sequence analysis and

functional prediction of each

C-type lectin subunits <:>

{

Protein purification of
C-type lectin-like proteins

from snake venom

U

U

Mass spectrometry
to identify each

subunit

Analysis of structure-function relationship

L

In vitro
effects on

platelets

Structure-function relationship and mechanism of C-type

lectin-like proteins and cDNA for future expression




1.6 Benefits and Applications

1.

The study will give us deeper insights in the structure-function
relationship of the snake venom C-type lectin-like proteins and the
molecular pathogenesis of green pit viper envenomation.

The cDNA can be used to produce recombinant proteins. These proteins
are potentially useful as diagnostic agents or reagents to dissect

mechanisms of platelet activation.



CHAPTER 11

LITERATURE REVIEW

2.1 The C-type lectin proteins from snake venom.

Snake venoms C-type lectin proteins containing carbohydrate recognition domain
(CRDs), Ca’ dependent, sugar (galactose) binding domains are generally found in
homodimeric or homooligomeric forms, such as galactose-specific C-type lectin from the
venom of the rattlesnake (Crotarus atrox) (Hirabayashi et al., 1991), B. jararaca lectin
from Bothrops jararaca (Ozeki et al., 1994), Bjcul from Bothrops jararacussu (de
Carvalho et al., 2002), PAL from Bitis arietans (Nikai et al., 1995), LmsL from
Lachesismuta stenophyrs (Aragon-Ortiz et al., 1996), HHL from 7. okinavensis (Nikai et
al., 2000), and TSL from T. stejnegeri (Xu et al., 1999). Although highly homologous to
C-type lectin proteins, the C-type lectin like proteins (CLPs) differs in their physiological
activities. CLPs show typical folds similar to classic C-type lectins and display a variety of
biological properties, including anticoagulant, procoagulant, and agonist or antagonist of
platelet activation. However they lack carbohydrate-binding activity (Tomohisa et.al,

2005).

2.2 Snake CLPs: Characteristics and Relationships

CLP activities on hemostatic system are diverse. They may enhance or inhibit
platelet-ligand bindings or platelet aggregation, as well as inhibition of clotting factor
IX, X or thrombin. The main target proteins of snake venom lectins are the von
Willebrand factor (vWF) receptor and collagen receptors on platelet surface. These
receptors not only mediate platelet adhesion to subendothelium, but also co-
operatively activate signal transduction in platelets upon ligand binding, resulting in

platelet aggregation. For example, stejnulxin from 7. stejnegeri (Chinese green viper)
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(Wen-Hui Lee et al., 2003), convulxin, a hetero-octamer lectin, (OLB)4, from
Crotalus durissus terrificus (Tropical rattlesnake) (Polgar et al., 1997 Leduc et al.,
1998 Kanaji et al., 2003 Muramaki et al., 2003) and ophioluxin from Ophiophagus
hannah (King cobra) (Du et al., 2002) induce platelet aggregation by acting via
glycoprotein VI (GpVI), a collagen receptor on platelet surface resulting in activation
of Src kinases (Cicmil et al., 2000), phosphorylation of the Fc receptor Y chain, and
activation of p72SYK (Polgar et al., 1997). Alboluxin and alboaggregin A from T.
albolabris (Green pit viper) (Peng et al., 1992 Andrews et al., 1996 Kowalska et al.,
1998 Dormann et al., 2001) induce platelet aggregation via both Gp VI and
glycoprotein Ib (Gplb), a part of the Gp Ib-IX-V complex that is the platelet vVWF
receptor. Mamushigin from Agkistrodon halys blomhoffii (Mamushisnake) (Sakurai et
al., 1998), alboaggregin B from 7. albolabris (Peng et al., 1991 Kawasaki et al., 1998)
and TSV-GPIb-bp from T. stejnegeri (Lee and Zhang, 2003) can bind to platelet Gp Ib
and directly aggregate platelets. On the other hand, flavocetin A and B, high-
molecular-weight lectins from 7. flavovirides (Habu snake) (Taniuchi et al., 1995
Fukada et al., 2000), agkicetin C and agglucetin from A. acutus (Hundred-pace pit
viper) (Chen and Tsai, 1995 Chen et al., 2000 Wang et al., 2003), CHH-A and B from
Crotalus horridus horridus (Andrews et al., 1996), mucetin and mucrocetin from 7.
mucrosquamatus (Wei et al.; 2002 Lu et al., 2004 Huang et al., 2004), lebecetin from
Macrovipera lebetina (Sarray et al., 2001, 2003, 2004), tokaracetin from 7. tokarensis
(Kawasaki et al., 1995), purpureotin-from 7. purpureomaculatus (Li et al., 2004) and
echicetin from Echis carinatus (Saw-scaled viper) (Polgar et al., 1997b Navdaev et al.,
2001b) can bind platelet Gp Ib and directly block vWF binding and, hence, inhibit
platelet aggregation. Interestingly, when echicetin is multimerized by IgM, platelet
will be activated suggesting the higher multimer structure may crosslink receptors

together resulting in activation instead of inhibition. Bothrocetin from Brothrops
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jararaca (Jararaca snake) (Usami et al., 1993 Sen et al., 2001 Fukada et al., 2002)
binds vWF and activates its function in agglutinating platelets via Gp Ib. This has a
potential role as a diagnostic reagent for von Willebrand disease, a common disease
characterized by lacking vWF. Bitiscetin from Bitis arientans (Puff adder) (Hamako et
al., 1996 Hirotsu et al., 2001 Maita et al., 2003) binds both Gp Ib and vWF and
enhances their interaction, resulting in platelet activation. Bilinexin from Agkistrodon
bilineatus (Mexican moccasin) (Du et al., 2001) agglutinates platelets using both Gp Ib
and integrin O(,2B ,» another collagen receptor on platelet. Rhodocetin from
Calloselasma rhodostoma (Malayan pit viper) (Wang et al., 1999 Eble and Tuckwell,
2003) and EMSI16 from FEchis multisquamatus (Central Asian sand viper)
(Marcinkiewicz et al.,, 2000 Horii et al., 2003) inhibit collagen- induced platelet
aggregation by blocking collagen binding to integrin OLzBl.

On the other hand, several lectins can inhibit coagulation factors. TSV-factor
IX binding protein (FIX-BP) from 7. stejnegeri (Lee et al., 2003b), AHP IX-BP from
A. halys pallas (Zang et al., 2003), and Habu FIX-BP isolated from 7. flavovirides
(Morita et al., 1996) inhibited clotting factor IX. Jararaca IX/X-BP from B. jararaca
(Sekiya et al., 1993), Habu FIX/X-BP isolated from T. flavovirides (Atoda et al., 1995
Mizuno et al., 1999), halyxin from 4. halys brevicaudus (Koo et al., 2002),and ECLV
from Echis carinatus leucogaster (Chen and Tsai, 1996) can bind and inhibited the
activity of blood coagulation factor [X/X. Furthermore, Bothrojaracin from Bothrops
jararaca (Zingali et al., 1993 Monteiro et al., 2001 -Monteiro and Zingali., 2002) binds
to both positively-charged sites of thrombin, the exositel and exositell, and, thus,
inhibits thrombin-fibrinogen recognition. These proteins may become novel classes of

anticoagulants in the future.
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Tablel. Functional classification of snake venom C-type lectins and C-type lectin-like

proteins.
Type Target Examples Subunit PDB References
Molecules Snake Protein structure Code
species
1. Lectins Sugar Bj B.jararaca lectin Homodimer - Ozeki et al. (1994)
(galactose) Bs BjcuL Homodimer - De Carvalho et al. (2002)
Bia PAL - - Nikai et al. (1995)
Ca RSL Homodimer - Hirabayashi et al. (1991)
- - IMUQ | Walker et al. (2004)
Lm LmsL Homodimer - Argon-Ortiz et al. (1996)
To HHL - - Nikai et al. (2000)
Ts TSL Homodimer - Xu et al. (1999)
2. Platelet GPlIalla Cr Rhodocytin OLB - Shin and Morita (1998)
aggregation GPVI/ GPlalla Oh Ophioluxin OLB - Du et al. (2002a,b)
agonists GPVI/GPIb Ts Stejnulxin QB N - Lee et al. (2003a)
Cd Convulxin - - Polgar et al. (1997)
- - - Jandrot-Perrus et al. (1997)
- (},4[34 - Leduc and Bon (1998)
- — 1UMR | Muramaki et al. (2003)
Ta Alboagregin A OLI%BIB: - Dormann et al. (2001)
vWF(GPIb) Bj Botrocetin O“B - Read et al. (1989)
- - - Andrew et al. (1989)
- - - Fujimura et al. (1991)
- 3 IEVU | Senetal. (2001)
- TVWEF-A1 IUK | Fukuda et al. (2002)
Bs Bitiscetin o B - Hamako et al. (1996)
- - 1JWI | Hirotsu et al. (2001)
- +vWF-Al IUEX | Maita et al. (2003)
GPIb Ab Mamushigin O“B - Sakurai et al. (1998)
Ta Alboaggregin B (xﬁ - Peng et al. (1991)
- - - Usami et al. (1996)
Ts TSV-GPIb-BP OLB - Lee and Zhang (2003)
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3. Platelet GPIb Aa Agkicetin Otﬁ - Chen and Tsai (1995)
aggregation Ch CHH-A/B G,B - Andrews et al. (1996)

antagonists Ec Echicetin QB - Peng et al. (1993)
- - - Peng et al. (1995)

R - - Navdaev et al. (2001)

Tf Flavocetin A o 4B B - Shin et al. (2000)
- o, B, cyclic - Fukuda et al. (2000)
Aa Agglucetin aB - Wang et al. (2003)
Tt Tokaracetin aB 1C3A Kawasaki et al. (1995)
Tp Purpureotin (xﬁ - Li et al. (2004)
GPIalla Cr Rhodocetin O,B - Wang et al. (1999)

Em EMS16 (XB - Marcinkiewicz et al. (2000)
5 < - Okuda et al. (2003)

- & - Horii et al. (2003)

Ba Bothroalternin (X,B - Castro et al. (1998)

Bj Bothrojaracin a/b of - Zingali et al. (1993)

- IUKM | Arocas et al. (1997)

4. Anti Factor IX/X Ah Halyxin aB - Koo et al. (2002)
coagulant Bj jararacalX/X-BP QB - Sekiya et al. (1993)
proteins Ec ECLV IX/X-BP O“B - Chen and Tsai (1996)
B habulX/X-BP Q,B 1IXX Atoda and Morita (1993)
Factor IX Ap AHP-IX-BP of - Zang et al. (2003)
Tf Habu IX-BP of IBJ3 | Atoda etal. (1998)
Ts TSV-FIX-Bp (IB - Lee et al. (2003)
Factor X Aa ACP of - Tani et al. (2002)
Da X-BP - 1IDO Atoda et al. (1998)

Abbreviations: BP, binding protein; Ah, Agkistrodon halys brevicaudus; Ap, A. halys Pallas; Ab, A.halys
blomohoffi; Aa, A. acutus; Bj, Bothrops jararaca; Bs, B. jararacussu; Ba, B. alternatus; Bia, Bitis arietans;
Ca, Crotalus atrox; Ch, C. horridus; Cd, C. durissus terifficus; Cr, Calloselasma rhodostoma; Da,
Deinagkistrodon acutus; Ec, Echis carinutus leucogaster; Em, E. multisquamatus; Lm, Lachesismuta
stenophyrs; Oh, Ophiophagus hannah; Ta, Trimeresurus albolabris; Tf, T. flvoviridis; Tm, T.

mucrosquamatus; To, T. okinavensis;Tp, T. purpureomaculatus; Ts, T. stejnegeri; Tt, T. tokarensis.
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Three dimensional (3-D) structures of several lectins have been solved using X-
ray crystallography. The basic structure is a dimer providing two convex surfaces,
intervened by the interface between the dimer providing one concave surface
(Figurel). The interface between two subunits is formed by a domain swap, i.e. a loop
of one subunit protrudes into the other and vice versa. This concave interface serves as
a binding site for various lectin target proteins including platelet Gp Ib, vVWF and
clotting factor (Morita T et al, 1996 Batuwangala T et al, 2003). Due to the availability of
3-D structures and sequence of various lectins, structure-function analysis is possible
for our cloned genes by comparison among homologous viper venom proteins. This
will give us not only insights in the molecular mechanisms of platelet activation, but
also preliminary data for future recombinant protein expression by designing lectins
with desirable functions for clinical or research uses.

In previous studies, platelet-aggregating proteins, alboaggregin A, B and C,
have been purified from 7. albolabris venom. They are oligomeric protein of the C-
type lectin family. Both alboaggregin A, a 50 kDa heterotetramer and alboaggregin B,
a 25 kDa heterodimer, bind to platelet membrane glycoprotein Ib-IX-V causing
platelet agglutination (Peng et al., 1992). Alboaggregin A has been demonstrated to be
a stronger platelet activator of the two with EC,, of 10 nM, compared with 200 nM of
alboaggregin B. The mechanisms of action of alboaggregin A have recently been
shown to activate the collagen receptor, glycoprotein VI in addition to Gp Ib binding.
This contributes to tyrosine phosphorylation of signaling molecules in platelets leading
to platelet shape change and aggregation mediated by glycoprotein IIb/Illa and

fibrinogen (Kowalska MA et al, 1998 Dormann D et al, 2001 Asazuma N et al, 2001).
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The in vitro activity, as well as the protein sequence, of alboaggregin C, a 121
kDa protein, is still poorly defined. Recently, alboluxin, a novel 120 kDa multimeric
protein, (O(,B)3 , was purified from 7. albolabris venom. It was found to be potent
platelet activator acting via both Gp Ib and Gp VI on platelet, similar to alboaggregin
A (Du Xiao-Yan et al, 2002). The sequence of alboluxin is still unknown. Although
partial protein sequences of alboaggregin A and B from green pit viper have been
published, molecular cloning of ¢cDNA will give us more complete and accurate
protein sequences for the studies of structure-function relationship and for future

expression of the recombinant proteins.



CHAPTER 111

MATERIALS AND METHODS

3.1 Materials
3.1.1 Obtaining Full Length cDNA

3.1.1.1 Rapid Amplification of cDNA Ends (RACE)
We used SMART™ RACE ¢DNA Amplification Kit purchased from CLONTECH

Laboratories Inc, CA, USA
3.1.1.2 Gene Specific Primers (GSP)

Synthetic oligonucleotides were purchased from BGM, BKK, Thailand

Table 2 Oligonucleotides and their descriptions.

Name Sequence Description
T7 5'- GTAATACGACTCACTATAGGGC -3’ Sequencing primer
SP6 5"-ACTCAAGCTATGCATCCAAC -3’ Sequencing primer
. , , 5'-RACE PCR
Lectind1 5'- CTCCAGACTTCACTCAGCTGGACCTTC -3

for clone 041

5'-RACE PCR

Lectin51 5'-CCAGACTTCAGACAGCTGGATCTT-3’
for clone 051

Common lectin 5'-CCAGACTTCAGACAGCTGGATCTT-3’ 3'-RACE PCR
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3.1.1.3 DNA Extraction and Purification from gel slice
. ® . . :
QIAquick ~ Gel Extraction Kit was purchased from QIAGEN Inc., Valencia, U.S.A.

. ®
Wizard SV Gel and PCR Clean-Up System were purchased from Promega, WI,
U.S.A.

3.1.1.4 Cloning of RACE Products
pGEM®—T Easy Vector System II was purchased from Promega, WI, U.S.A.
It contains Eschericia coli, IM 109 strain, pGEM®-T Easy Vector, T4 DNA Ligase
and 2x Rapid Ligation Buffer.
Isopropyl-pB-D-Thiogalactopyranoside (IPTG), Dioxane-Free, Formula weight 238.3,
was purchased from Promega, WI, U.S.A.
5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside (X-gal), 100 mg was purchased
from Promega, WI, U.S.A.

3.1.1.5 Enzymes

Tag DNA polymerase (Invitrogen' " life technologies, CA, USA)
T4 DNA Ligase (Promega, WI, USA)
EcoR 1 (Sigma, MO, USA)

3.1.1.6 DNA Sequencing

® ®
We use ABI PRISM =~ BigDye Terminator V.3.1 Cycle Sequencing Kit purchased
from AB Applied Biosystems, CA, USA
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3.1.2 Proteins Detection

Sodiumdodesylsulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Mini-Protein 3 Electrophoresis apparatus was purchased from Bio-Rad Laboratories,
Ltd., CA, U.S.A.

Protein marker See Blue Plus 2 was purchased from Invitrogen'" life technologies,
CA, U.S.A.

Coomassie Brilliant Blue R-250 was purchased from USB, Ohio, U.S.A.

3.1.3 Protein Purification
Protein purification using BIORAD Biological LP system, gel filtration sephacryl
S200 and RESOURSE Q ion-exchange chromatography were purchased from

Amesharm Biosciences, Uppsala, Sweden

3.1.4 Concentration of Protein
Vivascience ultra filtration was purchased from Vivascience Sartorius Group.,

Gottingen, Germany

3.1.5 Protein Quantitative Assay
Micro BCA™  Protein Assay Reagent “Kit" was “purchased from PIERCE

Biotechnology., IL, U.S.A

3.1.6 Activity Assay
Creatine phosphokinase was purchased from Sigma, MO, U.S.A.

Monoclonal antibody GPIb clone SZ2 from Immunotech, Radiova 1, France
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3.2 Methods

3.2.1 Obtaining full length C-type lectin subunit cDNA
Green pit viper venom gland library has been previously prepared. Two partial
C-type lectin cDNA have cloned from green pit viper, called clone 041 and 051

Lectin.

3.2.1.1 5’and 3’ RACE

5'-RACE was used for generating full length ¢cDNA. The templates of 5'-
RACE-PCR are prepared by reverse transcriptase polymerase chain reaction (RT-PCR)
using the joint action of the SMART IIA™ oligonucleotide and PowerScript'", a
variant of MMLV reverse transcriptase, reverse transcription. For preparation of 5'-
RACE-Ready cDNA, we synthesized the first strand cDNA using poly A" RNA in the
reaction as followed. Firstly, 500 ng of poly A° RNA from venom gland of
Trimeresurus albolabris, 1 pl of 5'-cDS primer, 1 ul of SMART IIA oligonucleotide
and sterile H,O are combined to a final volume of 5 pl. It was, then, incubated at 70 °c
for 2 minutes. Subsequently, the reaction tube was kept on ice for 2 minutes. After
that, the following reagents were added to the reaction; 2 pl of 5X first-strand buffer
(250 mM Tris-HCI pH 8.3,375 mM KC1,30 mM MgCl,), 1 ul of DTT (20 mM), 1 pl of
dNTP Mix (10 mM each), and 1 pl of PowerScript reverse transcriptase. The tube was
then incubated at 42 °C ‘for 1.5 hours. Finally, the first-strand reaction solution was
diluted with Tris-EDTA buffer (10 mM Tris-KOH pH 8.5, 1| mM EDTA) and heated at

72 °C for 7 minutes.

At this point, we have 5'-RACE-Ready ¢DNA templates with the SMART
ITA™ oligonucleotide incorporated in its 5'end. 5'-RACE was carried out using the
SMART RACE cDNA amplification Kit with gene specific primers based on

nucleotide sequences derived from the primary library. The calculate Tm should be
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between 60 — 70 °C. Firstly, PCR Master mix was prepared by combining 27 pl of
PCR-Grade Water, 5 pl of 10X Advantage 2 PCR Buffer (100 mM Tris-HCI pH 8.3,
500 mM KCI, 15 mM MgCl,), 1 pl of dNTP Mix (10 mM each), and 1 pl of 50X
Advantage 2 Polymerase. Secondly, 10 ul of 5'-RACE-Ready cDNA, 5 ul of 10X
Universal Primer A Mix (UPM) that was complementary to the SMART IIA
oligonucleotide, and 10 pl of 10 pM Gene specific primer for clone 041 or 051 were
then added to 34 ul of PCR Master mix as described. We used PE GeneAmp Systems
2400 thermal cycle for amplifying 5'-RACE fragments using 40 cycles with following
the temperature cycling parameters: 94 °C for 5 seconds of denaturation, 68 “C for 10

seconds of annealing and 72 °C for 3 minutes of extension.

3.2.1.2 DNA Extraction and Purification from Gel Slice

After amplification of 5'-RACE, the RACE products was electrophoresed on
1.2 % agarose gel. A band of DNA was excised from an agarose gel using a sterile
blade. The RACE products were purified by the NucleoTrap'" Gel Extraction Kit.
Two volumes of NT 1 Buffer to one volume of gel are added and the tube was placed
in 50 °C water bath incubator. After agarose gel was completely dissolved, the tube
was centrifuged at 20,000 x g for 30 seconds and supernatant was discarded.
Subsequently, 500 ul of the NT 2-Buffer was added, mixed, and centrifuged at 20,000
x g for 30 seconds. The supernatant was discarded. This step was repeated once. The
pellet was air-dried. Finally, EB buffer was added to elute DNA before centrifugation
at 20,000 x g for 10 minutes. After that, DNA was precipitated using 0.3 M sodium
acetate in 100% ethanol before centrifugation at 20,000 x g for 10 minutes. The
supernatant was discarded. The pellet was washed with 1 ml of 70 % ethanol, and

centrifuged at 20,000 x g for 10 minutes. The supernatant was discarded. The dry
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pellet was dissolved in TE buffer pH 8.0 (10 mM Tris-HCI1 pH 8.0 and 1 mM EDTA

pH 8.0) or distilled water, and stored at —20 °C until use.

3.2.1.3 Cloning of RACE Products

3.2.1.3.1 Ligation of RACE Products into pGEM@-T easy Vector.

After purified by the NucleoTrap gel extraction kit, the 5'-RACE
products were cloned into pGEM®-T easy vector. The ligation procedure was carried
out in a 10 pl reaction containing 5 ul of 2X Rapid Ligation Buffer (60 mM Tris-HCI
pH 7.8, 20 mM MgCl,, 20 mM DTT, 2 mM ATP and 10% PEG), 50 ng of pGEM®-T
easy vector, 3 Weiss units of T4 DNA Ligase and an appropriate amount of A-tailing
PCR products that optimized from the insert: vector ratio of 3:1 using the following
equation.

> . :
ng of vector X kb size of insert x i& — ng of insert

kb size of vector

Subsequently, deionized water was added to a final volume of 10 ul. Finally, the

o
ligation reaction was mixed by pipetting and incubated at 4 C for 16 — 18 hours.

3.2.1.3.2 Transformation to E. Coli, JM 109
10 ul ligation reaction was added to a sterile falcon tube Cat.
#2059 on ice. IM 109 competent cells that were placed on ice until just thawed were
then mixed with DNA by gently flicking. Subsequently, 50 pl of competent cells were
carefully transferred into falcon tube and gently mixed and placed on ice for 20

minutes. The reaction tube was then subjected to heat-shock for 40 — 50 seconds in a
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water bath at exactly 42 °C and immediately returned to ice for 2 minutes. The
transformed cells were mixed with 450 ul of SOC medium and incubated at 37 °C for
1.5 hours with shaking at 150 rpm. Finally, 500 ul of the transformed cells were plated
on LB agar plate with 100 pg/ml amplicillin supplemented with 100 mM IPTG and 50
pg/ml of X-gal for blue/white screening. The plate was incubated at 37 °C for 16 — 24

hours.

3.2.1.3.3 _Preparation of plasmid DNA by Alkaline Lysis
Minipreparation
Each colony of transformed bacteria was inoculated in 3 ml of
LB broth containing 100 pg/ml of ampicillin. The culture was incubated overnight at 37
°C with shaking at 250 rpm. The culture cells were poured into 1.5 ml microcentrifuge
tube and centrifuged at 20,000 x g for 10 minutes. An aliquot of the original culture
was stored at =70 °C in 50 % glycerol. After centrifugation, supernatant was removed
by aspiration and the pellet was resuspended in 500 ul of cold STE buffer (10 mM
Tris-HCI pH 8.0, 0.1 M NaCl, 1 mM EDTA pH 8.0) and repeat centrifugation. The
bacterial pellet was lysed in 100 pl of ice-cold Alkaline lysis Solution I (50 mM
Glucose, 25mM Tris-HCL pH 8.0, and 10 mM EDTA pH 8.0) and vigorously
vortexed. Subsequently, 200 ul of freshly prepared Alkaline lysis Solution II (0.2 N
NaOH, 1% w/v SDS) was added to bacterial suspension. The tube was closed and
mixed by gently inversion five times. The tube was stored on ice for 10 — 30 minutes.
After that, 150 pl of ice-cold Alkaline lysis Solution III (5 M Potassium acetate,
glacial acetic acid, and H,0) was added and mixed. The tube was stored on ice for 3 —
5 minutes. The bacterial lysate tube was centrifuged at 20,000 x g for 10 minutes. The

supernatant was transferred to a fresh tube. Then, an equal volume of phenol:
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chloroform was added. The tube was mixed by vortexing and then centrifuged at
20,000 x g for 10 minutes. The aqueous upper layer was transferred to a fresh tube.
Finally, plasmid DNA was recovered by precipitation from the supernatant by adding
2 volumes of 100 % ethanol. The solution was mixed by vortexing and centrifuged at
20,000 x g for 10 minutes. The supernatant was removed by gentle aspiration. The
tube was stood in an inverted position on a paper to allow all of the fluid to drain
away. Then, the pellet was washed with 70 % ethanol and the tube was inverted
several times. The tube was centrifuged at 20,000 x g for 10 minutes to recover the
DNA. The supernatant was removed from the tube and open the tube at room
temperature to allow ethanol evaporation. Finally, the pellet was dissolved with 50 ul

of TE buffer pH 8.0. The DNA solution was mixed and stored at —20 °C.

3.2.1.3.4 Restriction Endonuclease and Electrophoresis
Approximately 500 ng of plasmid DNA was digested with 5
units of EcoR I according to manufacturer’s protocol (Sigma) using 1 pl of 10X Buffer
(300 mM Tris-HCl pH 7.8, 100 mM MgCl,, 100 mM DTT, and 10 mM ATP), and 0.1
mg/ml bovine serum albumin. The digestion reaction was incubated overnight at 37
°C. After digestion, the reaction was electrophoresed on 1.5 % gel. Clones containing

the insert of interest were selected for sequencing.

3.2.1.3.5 DNA purification
Plasmid DNA from Alkaline Lysis Minipreparation method was

cleaned up using QIAquick PCR purification kit before sequencing.
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3.2.1.3.6 DNA Sequencing

The sequencing was performed using BigDye " Terminator
reaction Sequencing Ready Reaction Kit. The primer extension reaction was carried
out in a 10 pl containing 4 pl of terminator ready reaction mix (AmpliTag DNA
polymerase and FS with thermostable pyrophosphatase), 1 pM sequencing primer (T7
or SP6) and 1 pg DNA template. After incubation at 95 °C for 30 seconds,
amplification was carried out for 25 cycles of the following thermal cycling
parameters: 95 °C for 10 seconds of denaturation, 50 “C for 5 seconds of annealing,
and 60 C for 4 minutes of extension. The DNA was then precipitated by 95 % ethanol
and 0.08 M sodium acetate pH 8.0. The solution was centrifuge at 25,000 x g for 20
minutes and the supernatant was removed by pipetting. The pellet was then washed
with 1 ml of 70 % ethanol, and tube centrifuged at 25,000 x g for 8 minutes.
Subsequently, the supernatant was removed. The pellet was dried in heated incubator
at 95 °C for 2 minutes. Finally, the DNA pellet was resuspended in 10 ul Template

Suppression Reagent (Perkin-Elmer) and loaded to the ABI PRISM sequencer.

3.2.1.3.7 Alignment and Computational Searching Sequences Analysis
The nucleotide sequences and their conceptual translation
obtained from the clones of interest are compared against nucleotide or protein
sequences in online databases using BLAST N (Basic Local Alignment Search Tool)
program via the World Wide Web. Alignments of sequence are made using

CLUSTALW multiple sequence alignment program.
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3.2.2 Purification of Proteins
3.2.2.1 Gel filtration Chromatography

Five hundred mg of lyophilized T.albolabris venom from Queen
Savabha institute was dissolved in 0.05M Tris buffer, pH 8.0 and precipitate was
removed by filtration through a 0.22pm filter. The sample was clear after filtration and
free form visible lipid contamination. The venom was first purified using gel filtration
chromatography from Automate Biorad Biologic LP system with LP Data view
software. Sephacryl S-200(16/60) was equilibrated with one-half column volume of
distilled water at flow rate of 0.5ml/min and two column volume of 0.05M Tris-HCI,
0.15M NaCl, PH 7.2 (start buffer) at Iml/min. Subsequently, samples were loaded on a
sephacryl column and eluted using 150 ml of start buffer. Protein concentration of
each 1 ml per collecting fraction was detected by LP Data view software using the
absorbance at 280 nm. Each peak of proteins that can aggregate wash or formalin-fix

platelets was collected for further purification.

3.2.2.2 Ion-Exchange Chromatography

Proteins fraction 68-72 that showed strong platelet aggregation were
pooled and concentrated by ultrafiltration using Vivaspin concentrator, which
contained MWCO of 5,000 Da, to the final volume of 1 ml. Samples were loaded on a
RESOURCE Q column, pre-equilibrate with two column volumes of 20mM Tris-HCI,
pHS8.0 (start buffer), two column volumes of 20mM Tris-HCI, PH 8.0 with 0.5M NaCl
and five column volumes of start buffer. Elution was performed with a linear 0-0.5M
NaCl gradient. Platelet aggregation inducing activity was concentrated in the fraction

34-36.Purified proteins was analyzed by Coomassie-stained SDS-PAGE.
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3.2.2.3 Concentration of Proteins
The peak of proteins, which aggregated washed formalin-fix platelets,
was concentrated using Vivaspin concentrator ultracentrifugation, which contains
MWCO of 5,000 Da. The supernatant was poured into the concentrator at the
maximum volume, and then the concentrator was placed in a 50 ml centrifuge tube.
Subsequently, the assembled concentrator was centrifuged at 25,000 x g for 40
minutes. The remaining samples from the bottom of the concentrated pocket were

recovered using a pipette.

3.2.3 Protein Detection

3.2.3.1 Sodiumdodecylsulphate Polyacrylamide Gel Electrophoresis (SDS-

PAGE) and Coomassie Brilliant Blue Staining

12 % of resolving gel and 5 % of stacking acrylamide gel containing
10% SDS were freshly prepared. After gel setting, the recombinant protein was mixed
with ¥4 volume of 2X sample buffer (100 mM Tris-HC1 pH 6.8, 4% w/v SDS, 0.2%
w/v bromophenol blue, 20% v/v glycerol, 200 mM with or without f-mercaptoethanol)
and then denatured at 95 °C for 10 minutes and loaded into gel slots. Electrophoresis
was performed at 125 volts for 90 minutes in 1X running buffer, pH 8.3 (0.25 M Tris-
HCI, 1.92 M glycine, 1'% w/v SDS). After electrophoresis, the gel was soaked in
Coomassie Brilliant Blue Solution for 30 minutes with gentle agitation. After the
staining solution was removed, the destaining solution (10% glacial acetic acid, 30%
methanol) was added and incubated for 2 — 3 hours. The destaining solution was

changed 3 to 4 times during incubation
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3.2.3.2 Quantitative Assay for Purified Proteins

Protein concentration was determined using Micro BCA™ Protein assay
reagent kit (Pierce). The method utilizes bicinchoninic acid (BCA) as the detection
reagent for Cu’ that is formed when Cu’’ is reduced by protein in an alkaline
environment. The bovine serum albumin standards (BSA) were diluted into 6 dilutions
(0.025 — 0.1 mg/ml). Then fresh working reagent was prepared by mixing 25 parts of
Micro BCA™ Reagent MA containing sodium carbonate, sodium bicarbonate and
sodium tartrate in 0.2 N NaOH and 24 parts Reagent MB containing 4% bicinchoninic
acid in water with 1 part of Reagent MC containing 4% cupric sulfate, pentahydrate in
water. 150 pl of each standard or the sample solution replicates were pipetted into
microplate wells and 150 ul of the working reagent was added to each well and mixed.
The plate was covered and incubated at 37 “C for 2 hours. The reaction was then

measured the absorbance at 570 nm on an ELISA plate reader.

3.2.4 Protein Identification Methods
3.2.4.1 In-Gel Digestion

The preparation of trypsin-digested proteins for mass spectrometric
sequencing is according to the book of Protein Sequencing and Identification Using
Tandem Mass Spectrometry (Kinter M. and Sherman E.N.). The gel was rinsed with
water. Bands of interest are excised using clean scalpel cutting as close to the edge of
the spot or band as possible. It was important to reduce the volume of “background”
gel. The excised bands were chopped into very small pieces (ca. 1x1 mm.). Gel
particles were transferred into a microcentrifuge tube (0.5 ml or 1.5 ml eppendorf).
The gel particle was washed with 100-500 pl of water (5 min, ca. 2-3 times) and
spinned down to remove the liquid. Acetonitrile (ACN)/0.1M NH,HCO, (1:1, ca. 3-4

times equal the volume of gel pieces) was added. The gel pieces will be shrunk,
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become white and stick together. The gel particles were spinned down to remove all
liquid. The gel particle was dried in a vacuum centrifuge.

The gel pieces were swelled in 10 mM dithiotriol/0.1M NH,HCO,/ImM EDTA
by adding the liquid enough to cover gel and incubating for 45 min at 60°C to reduce
the proteins. In-gel reduction was recommended even if proteins were previously
reduced. After incubation with iodoacetamide/0.1M NH,HCO, for 30 min at room
temperature in the dark, iodoacetamide solution was removed and the gel particles
were washed with 150-200 pl of 0.05 M Tris-HCI pH 8.5/50% acetonitrile (ca. 3-4
times). Gel particles were rehydrated in the 180 ul digestion buffers (containing 100 pl
of 0.1 M Tris-HCI, pH 8.5, 2 pl of 100 mM CaCl,, 20 pl of ACN and 78 pl of distilled
water) and 20 pl of trypsin solution. Then, incubate overnight at 37°C. After that, 100
Ml of supernatant was kept in a microcentrifuge tube and 100 pl of 2% trifluroacetic
acid (TFA) was added and incubated for 30 min at 60°C. After incubation, supernatant
was combined and dried in a vacuum centrifuge. 30 pl of digestion buffer was added
to the tube containing the gel pieces, incubated for 10 min at 30°C and sonicated for 5
min. Supernatant was removed and combined. 5% formic acid/ACN was added to gel,
incubated for 10 min at 30°C and sonicated for 5 min. All supernatant was combined

in a tube and dry in a vacuum centrifuge.

3.2.4.2 Sample preparation for Mass spectrometry
Peptide and proteolytic digests from the In-gel digestion were desalted
and purified by a microscale reversed phase cartridge. The first step was to clean the
cartridge with acetonitrile (ACN) 500 ul and then equilibrate with 0.1% formic acid
300 pl. Each sample was dissolved in an aqueous acidic solution (0.1 %( v/v) formic

acid) and loaded on the column. The salt was eluted with 100 to 300 pl of ACN: water
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(20:80). The peptide was eluted with 0.1% (v/v) formic acid in ACN: water (80:20,

75ul).

3.2.4.3 MALDI-ToF Mass spectrometry

Mass measurements were carried out on a Biflex (Bruker, Germany)
matrix assisted laser desorption/ionization time of flight mass spectrometry (MALDI-
ToF). The dried samples were dissolved in 0.1% TFA and vortexed. The dried droplet
method was used for MALDI-MS sample preparation. A saturated solution of Ol-
cyano-4-hydroxycinnamic acid (CCA) in 50% ACN/0.1%TFA was used as a matrix.
For peptide sample, 1 Pl of sample solution was mixed with 5 pl of a matrix solution.
Then, 1 pl of the mixture solution was spotted on target and allowed to dry at room
temperature. MALDI peptide spectra were performed in reflectron mode and internally
calibrated with CCA ({2M+H}+, 379.09) and ubiquitin ({M+2H}+, 4283.45) in
oxidized form. The resulting peptide mass fingerprints (PMFs) were compared with
calculated peptide fragment (digested by trypsin) of proteins conceptually translated

from molecular cloning method.

3.2.4.4 Activity Assay
3.2.4.4.1 Preparation of formalin-fixed platelets.

Two bags of platelet concentrate from the blood bank department
of Chulalongkorn hospital were used to prepare washed formalin-fixed platelets. The
platelet-rich supernant was centrifuged at 180 x g for 1 minute, 1942 x g for 15
minutes. Platelets were resuspended in 30 ml washing buffer, 300ul heparin 500 U,
300ul CP/CPK, pH 7.35 (buffer I), incubate 37°C for 10 minutes, centrifuged at 650 x
g for 1 minute, 1942 x g for 15 minutes. Platelets were resuspended in 20 ml washing

buffer, contain 200ul CP/CPK (buffer II) and incubated at 37°C for 10 minutes, add
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2% formaldehyde 20ml and incubated for 1 hour, or overnight at 4°C. Platelets were
then washed three time in plain tyrode (PT), centrifuged at 1942 x g 15 minutes, and
resuspended in 20ml PT followed by adding 2% sodium azide 350ul/ml, and storing at
4°c.

3.2.4.4.2 Preparation of washed platelets.

Platelet rich plasma and the platelet pellet were isolated by
successive centrifugation steps. Platelets were resuspended in 113mM NacCl, 4.3 mM
K,HPO,, 24.4 mM NaH,PO,, 5.5 mM glucose, pH6.5 (buffer B) and centrifuged at 180
x g for 10 min. The platelet-rich supernant was centrifuged at 1942 x g for 10 min, and
the platelets were washed once more with buffer B. Washed platelets were resuspend
in 20 mM Hepes, 140 mM NaCl, 4 mM KCIl, 5.5 mM glucose, pH 7.4 (buffer C), and
the platelet count was adjusted to 3 x 10° platelet/ml by dilution with buffer C. The

platelets were incubated at 37 C for 2 min before analysis.

3.2.4.4.3 Platelet Aggregation Assay
I ml of stored fixed platelets are resuspended in 10ml plain
tyrode (PT), centrifuged at 1942 x g for 15minutes to remove sodium azide. The
platelet count was adjusted to 350,000 platelet/pl. Purified C-type lectin-like proteins
was added to the platelets and incubated with continuous magnetic stirring at 37 °c.
Platelet aggregation was measured by determining the change in light transmission
with platelet aggregation chromogenic kinetic system (PACKS-4, Helena Laboratories,

USA).
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3.2.4.4.4 Effects of monoclonal anti GPIbQ. antibody.

Washed human platelets 450 pl (350,000 platelet/ml) were
incubated with different concentration of monoclonal anti-GPIbOl antibody clone SZ2
at 37°C for 2 min, then fixed concentration of AL-B was add (10 pg/ml, final
concentration). Platelet aggregation was measured by determining the change in light

transmission with platelet aggregation chromogenic kinetic system (PACKS-4).



CHAPTER IV

RESULTS

4.1 Molecular cloning of Full Length C-Type Lectin-like proteins from

Green Pit Viper

4.1.1 5'-RACE

Two partial cDNA sequences of C-type lectin like protein (CLPs) clones
derived from primary cDNA library (unpublished) of Trimeresurus albolabris
venom gland (Fig. 3), were used to design primers (041 and 051) in order to obtain
complete cDNAs encoding CLPs using 5'-RACE technique (Fig. 4). The products
showed smear patterns on gels suggesting that they were consisted of several
different genes. The 5'-RACE products, which were about 600-700 base pairs in
sizes, were eluted and subcloned into pGEM®-T easy vector and transformed in to
Escherichia coli, IM109. The positive clones were identified by white colonies
using blue-white color selection system (Fig. 5). More than 100 positive clones
were identified and isolated by alkaline lysis minipreparation method and digested
with EcoR 1 to screen for clones that contained correct-sized inserts (Fig. 6). The
inserts wre varying in sizes indicating that there were different products.
Subsequently, the plasmids containing inserts were sequenced using ABI PRISM
(Perkin-Elmer) system. The sequencing was performed in both-orientations using
NUP and SP6 sequencing primers. The sequences were analyzed in comparison
with GENBANK database using the BLAST N and CIUSTAL W program. The
first 5'-RACE results indicated that all these clones contained full-length cDNA
inserts encoding C-type lectins that can be divided in to 2 major groups. Clone 041
derivatives were homologous to factor IX binding proteins and those of clone 051

were similar to platelet-binding proteins, alboaggregins. Full-lengh cDNA of B
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subunit of alboaggregin B (AL-B) was obtained from 5’RACE using 051 lectin

primer. All sequences are not been previously reported.

4.1.2 3'-RACE

The cDNA sequences around the ATG start site and 5S’UTR sequences of
various lectin proteins in the same species are relatively conserved (personal
observation). The 5’UTR sequences of clone041 and clone051 were analyzed and
used for designing a primer (common lectin primer). Subsequently 3'-RACE
technique was used in order to obtain other CLPs. More than forty positive clones
were identified and isolated. In the 3'-RACE results, we found 3 additional major
groups apart from 5'-RACE. Three clones were homologous to Ol subunit of
alboaggregin B (AL-B). Eight clones were related to Ol subunit and nine clones
were homologous to B subunit of another alboaggregin. Moreover we found that in
the group B subunit of AL-B, there were 2 polymorphisms; which were different at
3 base pairs positions. Two were silent, but the other was a difference in one

conceptual protein translation (K instead of Q, Figure 12).
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Partial cDNA of 041

CATGAGCAGCGAATAGCGGCATCTGTCTTATCGAAGCGCCGAGAAGCAGCTTCGG
GCCCAGTGTTTCTGAGACATACAGAACACCAAAGCTATGTTGATCGGCTGAGGTT
CAAGGCAAGAAACAATGCACCTCGGAGTGGAGCGATGGCTCCAGCGCAGTTATGA
GACCTGATTGATGCAGAATCCAAAACGTGTCTTGGCTGGACCAAGAGACAGAGTT
TCGTAAGTGGGTCAATATTTACTGGGACTACAAAATCCATTCGTTTGCGAGGCAT
AGTCCCGAAGGTCCAGCTGAGTGAAGTCTGGAGAAGCAAGGAAGACCCCCACCCA
CCCCCACCCCCCACCTGCCGCAATCTICTGCTCTGCCCCCTTCGCTCAAGGGATGC
TCTCTGTAGCTGGATCTGGTTTTGCTGCTCCTGATGGGCCAGAAGGTCCAATAAA
TTCTGCCTAGCAAAAAAAAAAAAAAAARAA

Partial cDNA of 051

GAATTCGGCACGAGGCCICGTGCCGAATTCGGCACGAGGCAGCCACCTGCTCTCC
TTCCACAGCAGTGAAGAAGTAGATTITTGTGGTCTCCAAGACCCTCCCAATTCTGA
AAGCGGATTTTGICTGGATCGGACTCACCGATGTCTGGAGTGCATGCAGGTTGCA
GTGGAGCGATGGCACCGAGCTCAAGTACAACGCCTGGACTGCAGAATCGGAGTGC
ATCGCATCCAAGACAACTGATAACCAATGGTGGACTAGATCCTGCAGCAGGACTT
ACCCTTTCGTCTGCAAGTTGGAGGTATAGTCTGAAGATCCAGCTGTCTGAAGTCT
GGAGAACAAAGAAGACCCCAACTTTACACTCTCCATCCCACACCCCACCCCGCCT
GGCCCAATTTCTGCCCCCTICGCTCACGGATGCTCTICTGGAACTGG

Figure 3 Partial cDNA sequences of 041 and 051 CLPs from the primary library of

T.albolabris venom gland.
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A M F'RACE lectin 041

23 Kb
9 Kb
4 Kb

23 Kb
Kb

564 b

B M S'RACE lectin

19 Kh
9 Kb —
4 Kb @

23 Kb
1 Eh

Figure 4 3’-RACE and 5'-RACE products of CLPs electrophoresed on 1.2%
agarose gel . Lane 1: molecular weight marker (M) A Hind 1II; Lane 2:
3’-RACE (A) and 5'-RACE (B) ¢cDNA product.



Figure 5 E. coli, IM 109, transformed with C-type lectin-like protein cDNA.
The positive transformants were white colonies as using a blue-white

selection system.
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M Un 27 28 29 30 31 32 33 34 35 36

23 Kb
9 Kb
4 Kb

2.3 Kb e -

2 Kb

304

Figure 6 EcoRI digestion of recombinant plasmids clone 27-36 of CLP cDNA.

The inserts were varying in sizes. Clone 27- 36 showed the presence of
inserts. Un = recombinant plasmid that did not contain insert. M =

molecular weight marker A Hind II1.
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4.1.3 Sequence Alignment and Computational Searching Analysis

The insert-positive clones from 3’-RACE and 5'-RACE were sequenced and
compared with the GENBANK database. Three cDNA clones (20-Lec, 74-Lec and
84-Lec) encoded for AL-B Ol subunits and twelve clones (14-Lec, 27-Lec, 47-Lec,
54-Lec, 55-Lec, 69-Lec, 70-Lec, 71-Lec, 84-Lec, 92-Lec, 93-Lec and 97-Lec)
encoded for AL-B B subunits. Using BLASTN the nucleotide sequence of AL-B
Ol subunit showed the highest homology to T .stejnegeri stejaggregin Ol (Fig. 7)
and AL-B B subunits showed highest identity to 7" .stejnegeri stejaggregin B (Fig.
8). An alignment between translated DNA sequence of AL-B Ol and stejagregin B
Ol showed 85.25 % amino acids sequence identity (Figure 9), translated DNA
sequence of AL-B B and stejagregin B B showed 79.45% amino acids sequence
identity (Figure 10). The full-length of AL-B Ol subunit was 468 bp containing a
23 amino acid residue signal peptide and 133 amino acid residue mature proteins
(Fig. 11). AL-B B subunit was 438 bp. The deduced protein sequence of AL-B B
comprised 123 residue mature protein and 23 amino acid residue signal peptide
(Fig. 12). All seven half-cystinyl residues in each subunit of AL-B are well
conserved. The deduced mature protein amino acid sequence of AL-B Ol and B
subunits showed 33.3 % identical to each other (Fig. 13). The amino acid sequence
of AL-B QL and B were compared with other snake venom CPLs using Clustal W
multiple sequence alignment. The results revealed that the identity scores of AL-B
Ol with other known snake venom GPIb-BP OL subunit were as follows: TSV-
GPIb-BP, 83.45%; mamushigin, 60.15%; jararaca GPIb-BP, 51.87%; FL-A,
54.88%; CHH-B, 42.10% and echicetin, 45.86% (Fig. 14). The identity scores of
AL-B B subunit with that of other snake venom GPIb-BP B subunits were as
follows: TSV-GPIb-BP, 78.76%; mamushigin, 74.65%:; jararaca GPIb-BP, 60.97%;

FL-A, 65.75%; CHH-B, 59.34% and echicetin, 54.47% (Fig 15).



Score E

Sequences producing significandt aiganents: (Bits) Vahue
gi[33341207|gh | AF354923.1| Trimer emmus stenegeri stejager eg.. 656 0.0
2133341205 |2 |AF354911.1| Trimer emmns steegeri clone 3 st... 645 0.0
@|333NI03| [AFISHILY| Trimer emnus stemegeri clone I st... 45 0.0
21|33341201|gh |AF3I54820.1| Trimer emmus stefnegeri clone 1 st... 48 0.0
gi[33341190|gh [AFIS4012.1| Trimeresmmus stefnegeri stejagey eg... 631 2e-178
21|33341197 |2b |AF354015.1| Trimer enmus stefegeri stejagey eg... 632 2e-178

21|S5223043 |2 |AVET1785.1| Protobotln ops nmicy osquamatus trime... 452 Se-133
gi[11267284|gh [AF 10290 L1[AF 102901 Demaskistyodon acutus aghe.. 355 Se-104
920562040 |AT091762. 1| pemaghistrodon acutus clone 3019 ... 377 2e-101
21|333323042h |AF541883.1| Crotalns dhmissus tervificns orotocet I6l le-6

120273043 |glh|AF 176420.2| Demasiasi edon acatus clene 21004... I el
a

Figure 7 Homology searching of AL-B Ol subunit using BLAST N program.

Score E
Sequences producing significand aligyonends: (Bits} Value
21|333-1193|gb |[AF354816.1]  Trimer emnus stelegeri stejaggy eg.. TET 0.0
gi|33341195|gh|AF354917.1|  Trimer esumns stenegeri stejageres... 40 0.0
33341211 g |AFIS4025.1| Trimer emmus stefiegeri stejagm eg,.. 473 Te-130
2333215 |gb|AF3IS4927.1| Tromer emmus steiegeri stejagor eg.. 454 Te-114

21|21260583 |gb|A Y089322.1| Demaghisty eden acuus clene 21002... HE  1e-122
21|3552118Mj|AB019616.1|  Agkasty odon blomhefi MBI A for mammsh -HS  1e-122
20562232 |g A YIPLTESL| Trimer emmns stefegeri stejagm eg,.. 351 le-93

ZL|S5293045|gb|AYET1756.1]  Protobotla ops nimcy osquanadus fome... 417 Se-112
21|11967286|gb|AF 102902.1| AF 102902 Demaglist odon acitus aghe.. 379 Se-102
EL3TETEHH|Eh A YINE341]  Protobothr ops noncy osquuamadns macre... 377 3e-101

33341213 |2 |AFIS426.1|  Protoboflo ops noncy osquuanadis C-4yp.. 414 1e-112

Figure 8 Homology searching of AL-B B subunit using BLAST N program.
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AL-B
Ste]

AL-B
Ste]

AL-B
Ste]

61
61

121
121

MGREIFVSFGLLVVFLSLSGTGADCPSDWSSEFKQYCYQIMKILK TWEDAERE CRHOERWE;
MGREIFVSFGLLVVFLSLSGTGADCPSDWSSEFKQYCYQIMKEOLKTWEDAERE CIIBJO\AMErN
HLVSIESYREAVEVAIMRL.SENVKTTKYNVWIGLSV@NKGOQQCSSEWSDGSSVSYENLVKP
HLVSIESYREAVEVAGGLSENVKTTKYRVWIGLSVYNKGQQCSSEWSDGSSVSYENLVKP

INKKCEVLKKIMSIEF RIWSINVMCEQKHIEMCKE LENR 100%
INIKK CE'VLKK[ENFE F'RINW CEQKHIMEMCKE LINSR 85.25%

Figure 9 An alignment of deduced amino acid sequence of AL-B Ol subunit and

stejaggregin. An alignment showed 85.25 % amino acid sequence

identity. Dark highlights represent the identical residues and light ones

for the homologous residues.

AL-B
Ste]

AL-B
Ste]

AL-B
Ste]

I GRE TF[@SFGLLVIBFLSLSGTGADCP SDWSSYDLYCY]a ONWEDAE@GFCROOHTES
I GRE TFYSFGLLVYFLSLSGTGADCP SDWSSYDLYCY] IMNNNWEDAEINE CROOHTINS
61 INSEISSEE NP AR JOADIEV W I G LNV WEIACINLOWSDGTELKYNAWIAESECT
61 IS SEEIN Al i’ NMDIRVIW I GLESIVIWINACIMLOWSDGTELKYNAWSJAESECT

121
121

IMADNOWRTRSCSINT YPEVCKINAYANNOIE
TEIAS TNOIE INSSIOSIOIR4SRUGINF 02 79.45%

Figure 10 An alignment of deduced amino acid sequence of AL-B B subunit and

stejaggregin. An alignment showed 79.45 % amino acid sequence

identity. Dark highlights represent the identical residues and light ones

for the homologous residues.
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61

121

181

241

301

361

421

481

541
601

gaaggaaggaagaccATGGGGCGATTCATCTTCGTGAGCTTCGGCTTGCTGGTCGTGTTC
M GG R F I F V S F G L L VvV V F
CTCTCCCTGAGTGGTACTGGAGCTGACTGTCCTTCTGATTIGGTCCTCCTTTAAACAATAT
L s L s GG T G A D ¢ P S D W S S F K QY
TGCTACCAGATCGTCAAAGAACTCAAGACCTGGGAAGATGCAGAGAAGTTCTGCTCGGAG
c ¥y ¢ I v K E L K T w E D A E K F C S E
CAGGCGAACGACGGGCATCTGGTCTCTATCGAAAGCTACAGAGAAGCCGTICTTCGTGGCC
Q A N D G H»L V S I E.S Y R E A V F V A
GAGCTGCTCTCTGAGAACGTAAAGACAACCAAATACAATGTCTGGATTGGACTGAGTGTT
E L L S g™ N FSE ITANTOKS YN V W I G L S V
CAAAACAAAGGACAGCAATGCAGCTCGGAGTGGAGCGATGGCTCCAGCGTCAGTTATGAG
Q N K G0 JO FOFFS==5 "ERWHRS MWcC S S V S Y E
AACTTGGTTAAACCAAATCCCAAAAAGTGTTTTGTGCTGAAAAAAGAGTCAGAGTTTCGC
N L VvV K.P N P K K C F v L K K E S E F R
ACGTGGTCCAATGTTTACTGTGAACAAAAACATATTTTCATGTGCAAATTCCTGGGATCA
T W S N 4 N PGS EV_OVNARS H I M C K F L G S
CGTTAAgatccggctgtgtgaagtctggagacgcaaggaagcccccccacccccccaccece
R *
ttcgctcaacggatgctctctgtagectggatctggttttgectgectcecctgatgggeccagaa
ggtccaataaattctgcctagcat-Poly A

60

120

180

240

300

360

420

480

540

600

Figure 11 The nucleotide sequence and the deduced amino acid sequence of AL-B

Ol subunit from Trimeresurus albolabris. The translation stop codon is
indicated by the asterisk. The poly adenylation signal (aataa) is
underlined.
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61

121

181

241

301

361

421

481

541

601
661

ggcggcgcgaattcactagtgattgaaggaaggaagaccATGGGGCGATTCATCTTCGGG 60
M G R F I F G
AGCTTCGGCTTGCTGGTCCTGTTCCTCTCCCTGAGTGGTACTGGAGCTGATTGTCCCTCT 120
s ¥ G L L v. F L S L S G T G A D C P S
GATTGGTCCTCCTATGATCTGTATTGCTACAAGGTCTTCCAACAAAGGATGAACTGGGAA 180
b w s s Y bD L Y C Y K V F Q0 Q R M N W E
GATGCAGAGE®AATTCTGCAGACAACAGCACACAGGCAGCCACCTGCTCTCCTTCCACAGC 240
D A E F C R 0 0O H T G s H L L S F H S
AGTGAAGAAGTAGATTTTGTGGTCTCCAAGACCCTCCCAATTCTGAAAGCGGATTTTGTC 300
s E E VvV D F VV S K T L P I L K A D F V
TGGATCGGACTCACCGATGTCTGGAGTGCATGCAGGTTGCAGTGGAGCGATGGCACCGAG 360
w I G L T D VvV W S A C R L Q W S D G T E
CTCAAGTACAACGCCTGGACTGCAGAATCGGAGTGTATCGCATCCAAGACAACTGATAAC 420
L K ¥ N A W T A E S FE G I A S K T T D N
CAATGGTGGACTAGATCCTGCAGCAGGACTTAECCTTTCGTCTGCAAGTTGGAGGTATAG 480
Q W w T R s ¢ S R T Y P F VvV C K L E Vv *
ﬂctgaagatccagctgtctgaagtctggagaagcaaagaagaccccaccttgacactctc 540
catccccacacccccaeccccecgcectgecccaatctetgectcectgecececcttegectcaacgga 600
tgctctcgtgtagectggatctggttttgctgecttcctgatgggccagaaggtgcccaata 660
aatttcggcctaggeatc-Poly A

Figure 12 The nucleotide sequence and the deduced amino acid sequence of AL-B

B subunit from Trimeresurus albolabris. The translation stop codon is
indicated by the asterisk. The poly adenylation signal (aataa) is
underlined. The highlight nucleotide can be found in another clone of
AL-B B subunit (A instead of C changes the translated amino acid from
Q to K. At the other 2 sites, T instead of C does not change the
translated amino acids).

AL-B
AL-B

AL-B
AL-B

AL-B
AL-B

alpha FLSLSGTGADCPSDWSSINNEY CY CRRACHNEN D AFINE CRIHORNNINE
beta G I LSL.SGTGADCPSDWS SpasaRY CY QVARGIOIINI E D A E@)F CINGOIHNEN]
alpha IENYRIMAV ELLSENVKTTKYNIRERSYVONKGOO®S SERISIBES SV SMENLVKP
beta LS HSJSERVD SKTLP-—-ILKADF |\ TDVIWS ——AGRTLOSINETE LKMN——AWT

alpha NPKKEFVLKKESEFRTRSNVY@®EOKHIIIVEGNET.GSR 100%
beta AESE@-—IASKTTDNQEWTRS@GSRTYPV@NTL.EV—— 33.3%

Figure 13 An alignment of the deduced amino acid sequences of AL-B Ol and B

An alignment showed 33.3 % amino acid sequence identity. Dark
highlights represent the identical residues and light ones for the

homologous residues.
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AL-B
TSV-GPIb
Mamushigin
jararaca
flavocetin
CHH-B
Echicetinl

AL-B
TSV-GPIb
Mamushigin
jararaca
flavocetin
CHH-B
Echicetin

AL-B
TSV-GPIb
Mamushigin
jararaca
flavocetin
CHH-B
Echicetin

54
54
56
40
56
33
32

T—-TK|
GLHLVSIES)43l T——TKMD
GHHLVSIESI A TINK——TD)M—|
SIHeAIMEG: IAVSHR AID EIAD R:XFVAP NI GK——SK){Y|

El T SERAERNEE]S GIRIGDIAY XN AVATK IIIT— - SFQY|
SifSALEREMLEVHTA LiFNSIRYDNVL YAKEY - ~LTRY T
NQWDG- G :EINA KL eI XTI FRKLPKSAIED
112
112
113
98
114
91 DPFD--——————-|
o1 GHEERVEZRE-—T

Figure 14 Comparison of the deduced amino acid sequence of AL-B Ol subunit

with those of other known snake venom GPIb-BP Ol subunits. The

sequence are: TSV-GPIb-BP (Lee et al., 2003); mamushigin (Sakurai et

al., 1998); jararaca GPIB-BP (Kawasaki etal.; 1996); flavocetin-A (Shin

et al., 2000); CHH-B (Andrew et al., 1996); echicetin O chain (Polgar et

al., 1997). Gaps are inserted to maximize similarity. Identical and

homologous residues are shaded in black and gray, respectively.
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AL-B
TSV-GPIb
Mamushigin
jararacal
flavocetin
CHH-B
Echicetin

AL-B
TSV-GPIb
Mamushigin
jararaca
flavocetin
CHH-B
Echicetin

AL-B
TSV-GPIb
Mamushigin
jararaca
flavocetin
CHH-B
Echicetin

RRRPrRRRRR

59
59
59
36
61
36
36

L LFL ieABEDCP SDWS SY)IAYCY!
BleAgDCPSDWSSYIIR4CYI]
TGH——DCPSDWSSYEGHCY

[elSHL\YSFHSSEEVDF VS
MEWRD I

LVWIGLEMWELICHIEWSD GIXSLIYia

119 100%
119 78.76%
119 74.65%
96 60.97%
121 65.75%
92 59.34%
96 54.47%

Figure 15 Comparison of the deduced amino acid sequence of AL-B B subunit

with those of other known snake venom GPIb-BP B subunits. The

sequence are: TSV-GPIb-BP (Lee et al., 2003); mamushigin (Sakurai et

1., 1998); jararaca GPIB-BP (Kawasaki et al.,

1996); flavocetin-A (Shin

et al., 2000); CHH-B (Andrew et al., 1996); echicetin B chain (Peng et

al., 1994). Gaps are inserted to maximize similarity. Identical and

homologous residues are shaded in black and gray, respectively.
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4.2 Proteins purification and SDS-PAGE analysis

Not only the c¢DNA cloning but also protein purification and
characterization of platelet aggregating activity of CLPs have been studied in this
thesis. The purification of AL-B was followed by determining the aggregation-
inducing activity of fixed platelets in each fraction. Gel filtration chromatography
of 0.5 g of crude T .albolabris venom was performed on Sephacyl G-200 column
resulting in seven protein peaks (Fig 16). Peakl and 4, which showed strong
platelet aggregation-inducing activity, were separately pooled and concentrated for
further purification. Pooled peak 4 were fractionated on Resourse Q ion-exchange
column using a linear gradient of NaCl from 0-0.5 M. AL-B was eluted at
approximately 0.38 M NaCl (Fig 17).

Purified AL-B was analyzed by SDS-PAGE under reducing and non-
reducing condition. AL-B gave a 25 kDa band on SDS-PAGE under native
condition. Upon reduction, it separated into two bands with apparent molecular
weights of 14 kDa and 12 kDa consistent with Ol and B subunit, respectively (Fig.
18).

4.3 Proteins Identification by MALDI-ToF Mass spectrometry

After obtaining the results from SDS-PAGE, The identities of AL-B Ol and
B subunits were confirmed by matrix-assisted laser desorption/ionization time-of-
flight (MALDI-ToF) mass spectrometry (Fig. 19, 20). Each band of Ol and B
subunit was eluted by In-gel digestion- method- (chapter III)-and. prepared for
trypsin-digested peptide mass fingerprinting. The resulting observed peptide mass
fingerprints (PMFs) were compared with theoretical peptide mass calculated based
on cloned sequence using Protein Calculation Program (Table. 2). The 2
polymorphisms of AL-B B could not be differented due to the equal molecular
masses of lysine and glutamine residues. In addition, no glycosylation was

detectable in either subunit using mass spectrometry.
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0 50 100 150 200
Tube number

Figure 16 Gel filtration chromatogram of 7. albolabris venom (0.5g) on a
Sephacyl G-200 column. Protein concentrations (@ ) were estimated
from the absorbance at 280 nm. Fixed platelet aggregation-inducing

activity (") was assayed as described in Chapter I1I.
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Figure 17 lon-exchange chromatogram of partially purified AL-B on Resourse Q

column. Protein concentrations (@) were estimated from the absorbance
at 280 nm. The elution was performed with a NaCl gradient represented
by a straight line (---). The AL-B containing peak determined by

platelet-aggregating activity was indicated by an arrow.



98
62
49

38

28

17

14

F‘g“ﬁ‘f?ﬁ&ﬁﬁﬁ AR wrIEIRG

MARKER NR

respectively.

R

48

es 2 and 3:

itions (R),



49

a.i.
segsze 8§ g3 3
o 3 V- womo - - el -
kil S & 38 5%
B000
) SN I I e
—
wa ]
s o
a4
s 13
g f - g - + s
2400 nz
Figure 19 The peptide m prin [ gested AL-B O subunit as
determined by !
= ~ o & o
m—_ e P
PN ¢
N
-] NOUUINEUINTT
E o a o’
WIRNNIUNRINETINE
20000
10000
o . l | . l|I - h . . .
1400 1900 24900 TH0  mfz

Figure 20 The peptide mass fingerprint of trypsin-digested AL-B Ol subunit as

determined by MALDI-ToF mass spectrometry.
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Subunit | Sequence Theoretical Observed
masses (Da) masses (Da)
ol 1-10 DCPSDWSSFK 1171.24 -
11-28 QYCYQIVKELKTWEDAEK 2274 .57 2274.037
29-46 FCSEQANDGHLVSIESYR 2055.21 2054.762
47-60 EAVFVAELLSENVK 1547.77 1548.484
47-63 EAVFVAELLSENVKTTK 1878.14 1896.660
64-75 YNVWIGLSVQNK 1420.63 1421.367
76-96 GOQCSSEWSDGSSVSYENLVK 2290.40 2292.034
101-112 KCFVLKKESEFR 1513.82 1530.433
102-122CFVLKKESEFRTWSNVYCEQK 2794 .21 2798.474
123-133 HIFMCKFLGSR 1338.64 1315.192
B 1-15 DCPSDWSSYDLYCYK 1844.98 1844.282
16-31 VFQQRMNWEDAEQFCR 2087.30 2112 .634
32-54QQHTGSHLLSFHSSEEVDEVVSK 2598.81 2599.229
61-76 ADFVWIGLTDVWSACR 1839.1 1838.494
77-86 LOWSDGTELK 1176.29 -
87-100 YNAWTAESECIASK 1572.71 1571.115
101-109 TTDNQWWTR 1207.27 1208.024
110-123 SCSRTYPFVCKLEV 1631.92 1630.254

subunits.

Table 3 Theoretical and observed peptide mass fingerprints of AL-B Ol and B
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4.4 Quantitative Assay of Purified Alboaggregin B.

To determine the quantity of purified alboagregin B (AL-B), the
Micro BCA™ Protein Assay was used for measuring the protein concentration.
Absorbance average of 0.9 at 570 nm at 1:10 dilution of protein sample indicating
that the calculated undiluted purified protein concentration was 95.7ug/ml (Figure
21). The total yield of protein was 2.4 mg from the initial 500 mg of crude venom.

Therefore, AL-B comprised approximately 0.5 % of the total venom weight.

Absorbance 570

O 1 1 1

0 50 100 150 200 250

Concentration (microgram/ml)

Figure 21 The standard curve of protein concentrations fitted by linear regression

(y=mx +b, m=0.0095,b=0,r =0.9966)
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4.5 The Effects of Alboaggregin B on Washed platelets and Formalin-fixed
platelets

In previous studies, AL-B was found to agglutinate washed platelets and formalin-
fixed platelets without any cofactor. Similarly, AL-B purified in our laboratory
induced aggregation of both washed and fixed platelets but AL-B purified in our
laboratory was less active than that of the previous report. The maximum platelet
aggregation dose toward washed human platelets in our study was 10pg/ml, while
the reported AL-B concentration was 0.48ug/ml. Moreover, AL-B at the dose of
10pg/ml could only induce approximately 35 % aggregation of formalin-fixed
platelets. (Figure22). The concentrations that induced 50% aggregation of washed
and fixed platelets were 180 nM and 184 nM, respectively, similar to the previous
reported value of AL-B of 200 nM (Kowalska et al., 1998). The direct human
platelet aggregation activity of AL-B was dose-dependently inhibited by
monoclonal anti-GPIbCOlU antibodies SZ2. Different concentrations of monoclonal
anti-GPIbOU antibodies SZ2 were incubated at 37 °C for 2 minute with 450 pl
washed human platelets (3 x 108/ml), and then, a fixed concentration of AL-B was
added (10 pg/ml, final concentration). The maximum aggregation response
obtained from addition of AL-B without antibody was set as 100 % aggregation.
(Figure23). The anti-GPIbQL antibody was found to-inhibit- AL-B induced platelet
aggregation in a dose dependent manner with IC,; = 19.4 nM. Furthermore, the
complete inhibition occurred at the final antibody concentration of 20pug/ml (117.6

nM).
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Figure 22 Effects of AL-B on washed (A )and formalin-fixed platelets (I )
(final concentration). EC50 (the concentration that induced 50%

aggregation) was determined using curve fitting with linear  regression

(€N L



54

100
()]
S 80 ¢
S 60 f
e L
> 40
o
> 20 |
< L 2
O ' I I I
0 1 2 5 10 20
Anti-GPIb antibody

concentration (microgram/ml)

Figure 23 Inhibitory effects of monoclonal anti-GPIb antibody on AL-B-induced
platelets aggregation. IC50 (the concentration that inhibited 50%

aggregation) was determined using curve fitting with linear regression

(—).



CHAPTER V

DISCUSSION AND CONCLUSION

Although Alboaggregin B (AL-B), a 25 kDa heterodimeric C-type lectin-like
protein that induced platelet aggregation via GPIbOU  from T. albolabris, has been
purified and characterized, there is no report of the complete nucleotide sequence of its
cDNA. This is the first report of the complete cDNA sequences. AL-B is a heterodimer
composed of Ol and B subunits. The cDNA sequence of OU subunit is 471 bp in length
and translated in to 133 amino acid residue mature protein. The cDNA sequence of B
subunit is 441 bp in length and translated in to 123 amino acid residues. All seven
cysteine residues in each subunit of AL-B are well conserved. The overall 3-D
structures of all the platelet-aggregating lectins are closely similar. Therefore, the
disulfide bond pattern of AL-B is that Ol and B chains are predicted to be cross-linked
by a disulfide bond between Cys 79 of Ol chain and Cys 75 of B chains and each chain
contains three intra-chain disulfide bonds between Cys 2-13, 30-126 and 110-118
(Kowalska et al., 1998). Comparing the amino acid sequences of Ol and B chain of AL-
B determined by Usami et al. and Kowalska et al. with the amino acid sequences of Ol and
B chain of AL-B deduced from nucleotide ‘sequences from- our laboratory revealed
81.20% and 78.86% amino acid identity, respectively (Fig 24).The reason for these
differences may be caused by the variations of proteins isolated from different subspecies
or different geographical locations. In addition, nucleotide sequencing technique is likely

to be more accurate than direct protein sequencing.
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Using the combination of gel filtration and ion-exchange chromatography,
T. albolabris venom proteins were purified by molecular size and charges, respectively.
The result of gel filtration, shows 7 protein peaks. Formalin-fixed platelets were used to
identify the specific activity, which is direct platelet agglutination. The fixed platelets
were used in obtaining AL-B to verify that platelet activation and plasma factors were not
required. Peak 1 and 4 showed fixed-platelet aggregating activity. The fractions in both
peaks were separately pooled and further purified by ion-exchange chromatography. The
latter peak (peak4) contains smaller proteins due to gel filtration separation. This peak,
which contains platelet-aggregating activity contained AL-B. Purified AL-B was analyzed
by SDS-PAGE under non-reducing and reducing conditions. It appeared as a single band
with molecular weight of 25,000 and two bands with apparent molecular weights of
14,000 and 13,000 for OL and B subunits, respectively. Moreover, the identity of
purified AL-B was confirmed by MALDI ToF Mass spectrometry. Each subunit of
AL-B separated by SDS-PAGE was digested with trypsin and protein fragments were
detected. The results of OU subunit, showed 9 protein fragments with molecular weights
of 1315.129, 1421.367, 1530.433, 1548.484, 1896.660, 2054.762, 2274.037, 2798.474
and 2292.037 those of B subunits displayed 7 protein fragments with molecular weights
of 1208.024, 1571.115, 1630.254, 1838.494, 1844.282, 2112.634 and 2599.229. When
comparing between observed and theoretical masses, it can be demonstrated that all the
observed mass of 9 protein fragments were matched with the theoretical mass of the Ol
subunit. However, protein fragment of amino acid 1-11 did not match with any observed
mass. Similarly, all 7 observed masses of protein fragments were identical to theoretical
mass of B subunits. However, the protein fragments position at 77-86 did not
corresponded with any observed masses. This was because the range of measured mass

was 1200-3000 Da. Therefore, it is possible that protein fragments lower than 1200 or
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higher than 3000 can not be observed or the protein fragments were lost during the

process.

In this study, AL-B was isolated from the venom of 7. albolabris. It comprised

approximately 0.5 % of the total dry weight. Like the previous study (Peng et al., 1991),

AL-B directly aggregated washed and fixed platelet in a dose-dependent manner and the

aggregation activity was completely blocked by specific monoclonal anti-GPIbOL

antibodies SZ2. Therefore, GPIbOL is likely the site specific platelet receptor for AL-B.

The degree of aggregation is higher with the living (washed) than dead (fixed) platelets,

suggesting that there is platelet activation induced by the AL-B. However, some GPIb loss

during formalin fixation is also possible.

AL-B
Usami
Kowalska

AL-B
Usami
Kowalska

AL-B
Usami
Kowalska

sBMGRE IFVSFGLLVVFLSLSGTGADCPSDWSSFKQYCYQIVKELKTWEDAEKFCSEQANDG
1 DCPSDWS SFKQYCYQIKELKTWEDAERF CINOFIEN
1 DCPSDWSSFKQYCYQIVKELKTWEDAEMFCSEQANDG

(31 VSIESYREAVFVAELLSENVKTTKY VWIGLSVQNKEOOCS SEWSDGS SVSYENLVKP
k}:WH1.VS IES YREAVFNOOLIASENVKT TKYNVWIGLSVYNKIMOOCS SEWSERS SVSYENLVKP
kY- 1.VS IESYREAVFVAELLSENVESOUK YI:P4W I GLS VONKIMOQCS SEWSDGS SVT YENLBSY

-5 BRI 12K K CFVLKKESEFRTWSNVYCEQKHIFMCKF LGSR 100%
98 IRSKKCFVLKKEEFRTWSNVCEQKHFFMCKF LEVIR IS WX
98 b o' $iK CFVLKKESEFRTWSNVYCEQKHIFMCKF LG SR LI W ESN €1 Mt £Y)

Figure 24 AL-B Ol subunits sequence compared with previous protein sequence

reported by Usami and Kowalska. Percentages of identical residues are also
shown. The value in the parenthesis is percentage identity when Xs are

excluded.
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AL-B sV GRF IFGSFGLLVLFLSLSGTGADCPSDWS SYDLYCYKVFQQRMNWEDAEQF CRQQHTGS|
Usami 1 DCPSDWSSYDLYCYKVF QI EANWEDAEFICHOOHTHS
Kowalska 1 DCPSDWSSYDLYCYKVFQQRMNWEDAEQFCRQQHTGS

AL-B 61 I2ISSEEVDFVYSKTI#PLKDI IGLTDVWSACRLOWSDGTELKYNAWTAESECI
R
Kowalska 38 $.0.00.¢:\DFV).0.0.09.90.0.9000000WIGLTDVWSACRLOWSDGTINLE)ANAWTAESECI
AL-B VAN SKTTDNQWWTRSCSRTYPF VCKIANAA 100%

Kowalska 98 ¢L&hesiysiielniibyi{efsilingdy————— 78.04% (95.8%)

Figure 25 AL-B B subunits sequence compared with previous protein sequence
reported by Usami and Kowalska. . Percentages of identical residues are
also shown. The value in the parenthesis is percentage identity when Xs are

excluded.

The relationship between biological functions and the binding sites of GPIb-
binding venom proteins is still poorly understood. GPIbOU extracellular domain contains
several distinguishable domains: residues 1-35 (N-terminal flanking sequence), residues
36-200 (seven leucine-rich repeats), residues 201-268 (double-loop or C-terminal flanking
sequence) and residues 269-282 (anionic region). Both the monoclonal anti-GPIbOL
antibody, SZ2 which is specific for GPIbOl, and the monoclonal antibody AK2, which
binds to N-terminal peptide domain of GPIbCL, can inhibit platelet aggregation induced by
AL-B (Andrews et al, 1996.). The GPIbOL binding domain for AL-B should be
investigated by 3-D crystallography or competitive studies using epitope-mapping

antibodies in the future.



59

Interestingly, known snake GPIb binding proteins (GPIb-BPs) that contain direct
platelet-aggregating activity include only AL-B, mamushigin and TSV GPIb-BP. When
comparing amino acid sequence of AL-B with other snake venom GPIb-BPs (Fig 26-27),
we found that the amino acid motif 109-114 of AL-B, mamushigin and TSV-GPIb-BP is
well-conserved, while the same motif from others were more variable. The crystal
structure of factor X binding protein (X-BP) complexed with the factor X Gla domain
peptide has been determined at 2.3 A resolution (Mizuno et al., 2001). The Gla domain of
factor X contains three hydrophobic amino residues, Phe4, Leu5 and Val8, in the N-
terminal loop that contribute to membrane binding. These hydrophobic residues interact
with the hydrophobic amino acids in a loop of X-BP B subunit. The aromatic ring of Phe4
in the Gla domain stacks over the guanidine group of Argl12 from the X-BP B subunit.
Leu5 of the Gla domain participates in a hydrophobic interaction with Ilel114 of subunitB.
In addition, Val8 of the Gla domain interacts with Metl113 and Ile 114 of subunitB.
Therefore, the amino acid sequence Arg 112-Met 113-Ile 114 in the C-terminal region of
X-BP B subunit is critical for the formation of complex between the Gla domain and X-
BP. This RMM/RMI motif in a B subunit of anticoagulant CLPs contributes to their
specificity for the Gla domain of factor IX or factor X (Morita, 2005). In jararaca GPIb-
BP, the reduced [3 chain separated by electrophoresis significantly blocked the biotin-
labeled jararaca GPIb-BP binding to platelets, but the similarly treated Ol chain did not,
underlying the significance of the B subunit (Sakurai et al., 1998). Notably, RMM/RMI
sequence is well-conserved in IX, IX/X and X binding proteins suggesting that this area in
B subunit is the site for target protein binding. The platelet GPIb binding proteins which
induced platelet aggregation (AL-B, mamushigin and TSV-GPIb-BP) also contain a
conserved motif of Ser (S-112), Arg (R-113), Thr (T-114), Tyr (Y-115): (Q was present
instead of R in TSV-GPIb-BP) at this homologous site in B subunit. This suggests that

this motif may be critical for activating GPIb binding.
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On the other hand, AL-B is a strong inhibitor of the binding of von Willebrand
factor (VWF) to platelets (Peng et al., 1991). Furthermore, TSV-GPIb-BP dose-
dependently inhibits ristocetin-induced platelet aggregation (Lee W.H. et al, 2003) and
mamushigin obviously blocks shear stress-induced platelet aggregation (SIPA) at high-
shear stress, the condition that induces GPIb-vWF interaction (Sakurai K. et al, 1998). It is
interesting to note that at low-shear stress these proteins enhance platelet aggregation,
while platelet aggregation was inhibited at high-shear stress indicating that AL-B is a less
potent GPIb ligand than the natural GPIb ligand, vWE.

Most platelet-aggregating C-type lectin-like proteins (CLPs) contain complex
multimeric structures that can bind several GPIb per CLP molecule and activate platelets
via GPVI. However, the majority of dimeric snake venom GPIb-BPs inhibits platelet
aggregation, only AL-B, mamushigin and TSV-GPIb-BP are reported to be bi-functional
ie. activation when present alone and inhibition with vWF or at high shear. It is possible
that these proteins contain more than one GPIb-binding site (bivalent) but difference
binding affinity, thereby under low=shear stress the molecule can agglutinate the adjacent
platelets together. However, under high-shear stress, the molecule may functional as a
monomer (preventing vVWF binding) (Sakurai et al, 1998). Moreover, based on the
determined crystal structure of flavocetin-A (FL-A), a platelet aggregation antagonist, the
platelet GPIb-binding site of FL-A is mainly attributed to two hydrophilic patched in B
subunit. The hydrophilic patch I is formed by Ser-46, Ser-47, Glu-48 and Asp-52 and the
hydrophilic patch II is composed of Lys-102, Thr-104, Asp-105, Asn-106 and Gln-107 of
the B subunit (Fukuda et al, 2000). TSV-GPIb-BP, AL-B and mamushigin show variable
amino acid residues in hydrophilic patch II. Inaddition, other dimeric snake venom GPIb-
BPs that do not have direct platelet-activating activity including jararaca GPIb-BP, CHH-
B, echicetin and FL-A, retain a relatively concerved hydrophilic patch II (except CHH-B,

in which Lys was replaced by Arg in hydrophilic patch II) (Lee et al., 2003). These data
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suggest that the presence of both SRTY motif and the conserved hydrophilic patches
contribute to the bi-functional GPIb binding of AL-B.

The importance of SRTY motif and hydrophilic patches in direct platelet
aggregation inducing activity by snake venom GPIb-BPs needs further investigation. In
addition, further studies on the expression and characterization of recombinant AL-B
protein and mutagenesis of AL-B are essential to elucidate the structure-function

relationships and molecular mechanisms of platelet aggregating-activity.
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Figure 26 Comparison between amino acid sequence of AL-B Ol subunit and structurally related CLPs.

Ca2+-binding site are shaded and marked with closed circle ( @ ), and the corresponding residues on non-

Ca2+-binding lectins are shaded and shown in white circle ( O ). Secondary structures are shown as

hatched boxes (OU helix, OL1-OL2) and black arrows (B strand, B 1- B7), above the sequence. Half-cystine

residues are in square boxes (Modified from Tomobhisa et al., 2005).
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Figure 27 Comparison between amino acid sequence of AL-B B subunit and structurally related CLPs.

Ca2+-binding site are shaded and marked with closed circle ( @ ), and the corresponding residues on non-

Ca2+-binding lectins are shaded and shown in white circle ( O ). Secondary structures are shown as hatch

boxes (OL helix, OL1-Ol2) and black arrows (B strand, Bl- B7), above the sequence. Half-cystine
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residues are in square boxes (Modified from Tomohisa et al., 2005). The black squares ( [Jl| ) mark the
position of the critically conserved three amino acid sequence RMM/RMI in coagulation factor IX and X-
binding CLPs. The black triangle ( A ) denote the putative conserved motif in GPIb-binding CLPs motif
that cause direct platelet aggregation. Hydrophobic patch I and II are labeled with ( & ) and ( @ ),

respectively.
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APPENDIX

1. Bacterial Media

1.1 LB Medium (per liter)
10g Bacto®-tryptone
5g Bact0®-yeast extract
S5¢g NaCl

Adjust pH to 7.0 with NaOH.

1.2 LB Plates with Ampicillin
Add 15g agar to 1 liter of LB medium. Autoclave. Allow the medium to cool
to 50 °C before adding ampicillin to a final concentration of 100 pg/ml. Pour 30-35
ml of medium into 85 mm petri dishes. Let the agar harden. Store at 4 °C for up to

1 month or at room temperature for up to 1 week.

1.3 LB Plates with Ampicillin/IPTG/X-Gal
Make the LB plates with ampicillin as above; then supplement with 0.5 mM
IPTG and 80 pg/ml X-Gal and pour the plates. Alternatively, 100ul of 100 mM
IPTG and 20 pl of 50 mg/ml X-Gal may be spreaded over the surface of an LB

ampicillin plate and allowed to absorb for 30 minutes-at-37 °C prior to use.

1.4 SOC Medium (100ml)
20¢g Bact0®-tryptone
05¢g Bact0®-yeast extract
1 ml IM NacCl
0.25ml 1M KCI
1 ml 2M Mg2+ stock, filter sterilized

1 ml 2M glucose, filter sterilized
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® ®
Add Bacto -tryptone, Bacto -yeast extract, NaCl and KCl to 97 ml
distilled water. Stir to dissolve. Autoclave and cool to room temperature. Add 2 M
Mg2+ stock and 2 M glucose, each to a final concentration of 20 mM. Bring to 100

ml with sterile, distilled water. The final pH should be 7.0.

2. Buffer

2.11X Equilibration/Wash Buffer (pH 7.0)
50 mM Sodium Phosphate pH 7.0
300 mM NacCl

2.21X Equilibration Buffer (pH 8.0)
50 mM Sodium Phosphate pH 8.0
300 mM NaCl

2.31X Elution Buffer (pH 5.0)
50 mM Sodium Phosphate pH 5.0
300 mM NaCl

2.4 Alkaline Lysis Solution I

50 mM Glycine
25 mM Tris-Chloride, pH 8.0
10 mM EDTA, pH 8.0

2.5 Alkaline Lysis Solution 1T
0.2N NaOH
1 % (w/v) SDS
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2.6 Alkaline Lysis Solution II1T
60 ml 5 M Potassium Acetate
11.5 ml Glacial Acetic Acid

285ml dH,0

2.7STE BUFFER

10 mM Tris-Cl pH 8.0
0.1 M NacCl
1 mM EDTA pH 8.0

2.8 Tris-Glycine Buffer (1X)
25 mM Tris-Cl

250 mM Glycine

2.910X Tris EDTA (TE) pH 8.0
100 mM Tris-Cl, pH 8.0
10 mM EDTA, pH 8.0

2.10 1X Phosphate-Buffered Salive (PBS)

137 mM NacCl

2.7 mM KCl

10mM Na,HPO,

2 mM KH,PO,

Dissolve 8 g of NaCl, 0.2 of KCl, 1.44 g of Na,HPO, and 0.24 g of KH,PO,

in 800 ml of dH,O. Adjust pH to 7.4 with HCL. Add dH,O to 1 liter and sterilize by
autoclaving for 20 minutes at 15 psi (1.05 kg/cmz) on liquid cycle. Store the buffer

at room temperature.



3. Vector

3.1 pGEM®-T Vector Circle Map and Sequence Reference Points.

Xmrr | 1994
Scal 1875 o
1 or
Amp'
i PEEM"-T tacz

(3000bp)

0on

pGEM®-T Vector sequence reference points:
T7 RNA polymerase transcription initiation site
multiple cloning region
SP6 RNA polymerase promoter (—17 to +3)
SP6 RNA polymerase transcription initiation site
pUC/M13 Reverse Sequencing Primer binding site
lacZ start codon
lacoperator
B-lactamase coding region
phage f1 region

lacoperon sequences

17
1 start
Apa 14
A':'_?jf Il 20
Soh | 26
Bstf | 31
Necol 37
Sacll 46
spel hh
Nortl 62
Bstf | 62
Pt 73
sall 75
Nde | 82
Sac| 94
BstX | 103
Nsi | 112
o | 126
SPGE
1
10-113
124-143
126
161-177
165
185-201
1322-2182
2365-2820
2821-2981, 151-380



pUC/M13 Forward Sequencing Primer binding site 2941-2957

T7 RNA polymerase promoter (—17 to +3) 2984-3

®
3.2 pGEM -T Easy Vector Circle Map and Sequence Reference Points.

Amin | 2009
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_ ‘\ 1 starl

an Apal 14

Aat || 20
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o Sall 90

Mele | a7

sac | 109

Bstx | 118

Nsi| 127

141

S5P6
® "
pGEM -T Easy Vector sequence reference points:

T7 RNA polymerase transcription initiation site 1
multiple cloning region 10-128
SP6 RNA polymerase promoter (—17 to +3) 139-158
SP6 RNA polymerase transcription initiation site 141
pUC/M13 Reverse Sequencing Primer binding site 176-197
lacZ start codon 180
lacoperator 200-216
B-lactamase coding region 1337-2197
phage fl region 23802835

lacoperon sequences 2836-2996, 166-395
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pUC/M13 Forward Sequencing Primer binding site 2949-2972
T7 RNA polymerase promoter (—17 to +3) 2999-3
4. Others

4.112 % Gel (5 ml) Resolving Gels for Tris-Glycine SDS-Polyacrylamide

Gel Electrophoresis

1.6 ml H,O0

2.0 ml 30 % acrylamide mix

1.3 ml 1.5 M Tris, pH 8.8

0.05 ml 10 % SDS

0.05 ml 10 % ammonium persulfate

0.002 ml TEMED

4.25 % Stacking Gel (1 ml)

0.068ml  H,0

0.17 ml 30 % acrylamide mix

0.13 ml 1.0 M Tris, pH 6.8

0.01 ml 10 % SDS

0.01 ml 10 % ammonium persulfate

0.001 ml TEMED
0.1% SDS
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4.32X SDS Gel-Loading Buffer
100 mM Tris-Cl, pH 8.8
4 % wlv SDS
0.2 % w/v  bromphenol blue
20 % v/v glycerol

200 mM dithiothreitol or 3-mercaptoethanol

4.4 Washing buffer
Stock 1 2.5 ml.
Stock 11 0.5 ml.
Stock III I ml
Glucose anhydrous 0.05 g., 17.5 % bovimealbumin 1 ml. pH 7.35
4.4.1 Stock 1
NaHCO, lg
KCl 02¢g
NaH,PO, 0.056 g
NaCl 8¢g
H,0 (DW) 50 ml
4.4.2 Stock 11
MgCl, 6H,0 203 g./in 10 ml. DW
4.4.3 Stock I11

CaCl, 2H,0 147 g. in 10 ml DW

4.5 buffer 1

30 ml. washing buffer, 300 pl. heparin 5,000 U/ml., 300 ul CP/CPK
4.6 buffer 11

20 ml. washing buffer, 200 ul CP/CPK
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