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CHAPTER
INTRODUCTION
1.1 Background and Rationale

1.1.1 Green pit viper venom

Venomous snakes have been classified to 5 majors families. Venom toxins
from the Hydrophiladae family mainly affect skeletal muscle, while venom toxins
from the Colubridae family have not‘been well characterized. Venom from the
Elapidae family affects_neurological S}-;stem and venom toxins from the Crotalidae
family and Viperidae familigs'interfere wlith the hemostatic system (1).

The snake venoms toxins affeétix‘.lg hemostasis have been sub-classified
according to their overall effects: coagulai.itsJ (thrombin-like enzymes and prothrombin
activating toxins), anticeagulants (toxins éctivating protein C etc.), platelet-activating
proteins (C-type lectin-like proteiné) and ai%{iplatelet agents (disintegrins, a group of
RGD-containing proteins),” fibrinelytic acﬁ_'{fétbrs and hemorhagins (snake venom
metalloproteases that directly degrade blood ife’séel walls).

Green pit viper venoms contain major eftects on the hematological system. In
Thailand, green pit \}iper species that are most commonly found are Cryptelytrops
albolabris and Cryptelytrops macrops. They account for 40% of all venomous
snakebites in Thailand andcare tesponsible for ‘almost all bites in the Bangkok and
nearby areas (2). There was a repott on a groupsof patients whazhad been bitten by
green pit viper (C'allbolabris and C~macrops): The study | found_that fribinolytic
system activation was very common, as indicated by low plasminogen, low
antiplasmin, and elevated fibrin-fibrinogen degradation product (FDP) levels. In
addition, the significant decreases in total platelet counts and in mean platelet volume

(MPV) were demonstrated in envenomated patients (3).



1.1.2 Components of green pit viper

Proteins comprise approximately 90% of pit viper venoms. They are
categorized according to the protein families into serine proteinases, phospholipase A,
(4), C-type lectin-like proteins (5), snake venom metalloproteinses, and disintregrins
(6,7,3).

Serine protease is one type of snake venem proteases and also be found in dung
beetles (Catharsius molossus) (9) and centipeds (Scolopendra subspinipes mutilans)
(10), as well as blue green algae (Spiruli;a Sfusiformis)(11).

Serine proteases” from snake yenoms affect mainly hematostatic system
interfering with prey hémostasis by, speciﬁ_g cleavages of the factors involved in blood
coagulation, fibrinolysi§ and the kallikreir_—r—lf_inin systems. For example, thrombin-like
serine proteases (SVTLES) that are able to"lc_leave fibrinogen (factor I) to fibrin clots by
releasing fibrinopeptide A from fhé AL ch‘:;un or fibrinopeptide B from BB chain or
both fibrinopeptides from ﬁbrinogen(12,l3)}_ He}wever, the activation of factor XIII to
cross-link fibrin clot is weak:Fhese proteiﬂ;-‘a.rertermed ‘thrombin-like’ because the
thrombin possesses niany-mere-functions-than-these-of these SVTLEs on fibrinogen.
In addition to the action on fibrinogen, thrombin is also involved in the stimulation of
blood coagulation by activating coagulation, factor V, VIII and XIII. Its complex with
thrombomodulin on_endothelial cells can, in turn, activate protein C to inhibit blood
coagulation by inactivating the activated forms eof factor V and, VIII as a negative
feedback mechanism. ‘Furthemmaore, thrombin alse: inhibits fibrinolysis and activates
platelet aggregation(14).

There are also other serine proteases that are isolated, structurally characterized
and found to contain unique activities. Kallikrein-like serine proteases are able to
cleave of the BB chain at Arg42 and slowly degrade the AQlL chain of fibrinogen

resulting in the inhibition of normal fibrinogen clotting(15,16). Furthermore, some

serine proteases may directly digest fibrinogen by limited proteolysis and they are



called fibrinogenase. TSV-PA (plasminogen activator) from the Trimeresurus
stejnegeri has been demonstrated to have a fibrinolytic activity(17). The venom from
this species is closely homologous to green pit viper venom. Therefore, fibrinolytic
agents from green pit viper venom are still waiting for characterization and this
protease may be developed to be a novel thrombolytic agent in the future.

Phospholipase A, (PLA,) is a nonsglycosylated protein that can be found in
snake venoms. The snake venom PLA, exhibitS a_wide variety of pharmacological
effects including neurotoxieity, myot;)xicity, and_anticoagulant activities. Snake
venom PLA, are classified into 2:groups based on theiramino acid sequences and their
disulfide bond patterns. The first group is the HD (histidine-aspartate) PLA, that
contains enzymatic activity'and the othe_;‘ is HK (histidine-lysine) PLA, that has no
phospholipase activity and exerts their ﬁinctions through protein-protein interaction
mechanisms. ~ " ‘

Snake venom C-type lectin-like éijﬁapounds show amino acid sequence
homology to the calcium regulation domainfiCRD) of mammalian lectins. Proteins in
this family contain disulfide-linked OLB heterodimeis. C-type lectin-like proteins
promote platelet aggregation by targeting von Willebrand factor, platelet glycoprotein

Ib-IX-V, platelet glycoprotein VI and probably other platelet receptors.

Snake venom ‘metalloproteinases '(SVMPs)~are’ multi“domain proteins that
compose of-a catalytic domain.and .one, or.several non:catalytic.domains. These
proteins have a molecular ' mass of 20 to 100 kDa ‘comprising a signal peptide, a
pro-sequence, a metalloproteinase domain, a disintegrin-like or disintegrin domain
with or without a cysteine-rich carboxyl terminus. SVMPs are homologous to
mammalian proteins in a disintegrin and metalloproteinase (ADAMs) family.
However, ADAMs proteins have other domains besides those of SVMPs that are an

epidermal disintegrin-like domain, a transmembrane domain and a cytoplasmic



domain. The metalloprotenase domain of SVMPs contains a zinc-binding
consensus sequence, HEXXHXXGXXH, which makes it belongs to the metzincins
family of zinc-dependent metalloproteinase. Chelation of the Zn”" ion with EDTA

or 1, 10-phenanthroline abolishes its proteolytic and hemorrhagic activities(18).

1.1.3 Plasminogen activator effects

Plasminogen activators are fibrinolytic-énzymes that cleave plasminogen into
plasmin(19,20). We can divide plasmin(;;gen activators into 2 groups.

The first groupas composed of en|dogenous activators: tissue—type plasminogen
activator (t-PA), the principle endogenoﬁs _‘Iactivator of plasminogen in blood that can
convert plasminogen to plasmin(21) and_;hrgkinase — type plasminogen activator (u-
PA) that is mainly produced in the kidnéy. It can be in the form of a single-chain
molecule (single chain u-PA, scﬁ-PA) or V_a-;_.si ;n active two-chain derivative (tcu-PA,
urokinase) generated by specific cleavage:o;f:‘ the' Lys’58-1le’59 peptide bond by
plasmin(22). - TR

The other gréup—of-plammogen-—activator-is-exogenous activators, such as
Streptokinase (SK) that is derived from Streptococcal bacteria, Staphylokinase (SAK)
that is derived from Staphylococcus aureus,etc(23).

The endogenous plasminogen activator (PA) — plasmin system is responsible
for maintenance of hemostasis and vascular patency through gthe degradation of
fibrin(24). 'Plasmin| 1s regulated by tissue-type plasminogen activator (t-PA),
urokinase—type plasminogen activator (u-PA) and plasminogen activator inhibitor—1
(PAI-1). In the presence of fibrin, tPA converts the proenzyme plasminogen within the
thrombus into its active form, plasmin. PAI-1 regulates plasminogen activation by
inhibiting free tPA and forming an enzymatically inactive tPA/ PAI-1 complex,

which result in a loss of plasminogen activation potential and thereby a decrease level



of proteolytic and fibrinolytic activity. Fig 1 displays an overview of the endogenous

fibrinolytic system.

tPA / UPA =[ Plasminogen ]

A 4

A 4

[ Proteolytic / Fibrinolysis ]

Fig 1. An overview of'the fibrinolytic system. /P4, Tissue plasminogen activator; uPA,
urokinase-type plasminogen activatot.

The imbalange of hemostatic system causes blood clots in the
circulatory system yielding sevére outcomes {0 the patients e.g. stroke, pulmonary
embolism, deep vein thrombosis and acute myocardial infarction(25). These
thromboembolic disorders usually require clinical interventions including an
intravenous administration of thrombolytic agents. Several plasminogen activators,
recombinant tissue type-PA{rt-PA), streptokinase (SK) and urokinase type-PA (u-PA),
activate free plasminogen and fibrin-bound plasminogen withif the thrombus to be the
active plasmin The wide spread systemic activatiofirof the fibrinolytic systems leads to
the depletionof O[2-'antiplasmin-(Ol2“AP)(26). In addition; generation'of free plasmin
results in degradation of several plasma proteins, for example, fibrinogen, factor V and
factor VIII.

We have previously cloned a serine protease that contained high homology to
plasminogen activators. In this study, we are interested in sequence analysis,

recombinant expression and characterization of the activities of a novel serine protease



from C. albrolabris using methylotropic yeast Pichia pastoris. This study will give us
deeper insights in pathogenesis of viper bite and may yield a potentially useful

thrombolytic agent in the future.

1.2 Research Questions

Does the recombinant rlne protease from Green pit viper

(Cryptelytrops albolabris) ont i @nogen activator activity ?

The recombi case from Green pit viper

(Cryptelytrops albola

1.4 Objectives
1. To analyze the amino ac

2. To express and purify the S otease, GPV-PA, in Pichia pastoris

-

system. 'v
3. To study the effectiﬂf snak protcase cﬂplasminogen, and platelets.

1.5 Key Words
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1.6. Conceptual Framework

5’-RACE to obtain the complete cDNA sequence

of snake venom Serine proteases (GPV-PA)

V.

Expression of GPV-PA in Pichia pastoris

system to produce the recombinant protein

Internal factors

- pGEM — T Easy and pGEM T . =

vector systems
- Expression of recombinant protein

using pPICZ Ol-A in Pichia p_gsté_fis

-
] External factors
e - Incubation time
-' - Temperature

Control of internalifactors ]

s J
e

Control ©f external factors

- Strict to the protoéol j

- Optimizing for the incubation time
and temperature

Y.

v

Protein purification to purify serine proteinase

y

In vitro effect on
Plasminogen activator activity

Platelet Aggregation




1.7 Benefits and Applications
1. The study will give us deeper insights in the structure-function
relationship of the snake venom serine protease protein, GPV-PA,
and the molecular pathogenesis of green pit viper envenomation.

2. This protein is potentially useful as a novel thrombolytic agent.
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CHAPTER 11
LITERATURE REVIEW

This thesis studied the expressions and effects of the recombinant snake
venom serine protease with fibrinolytic activity from green pit viper ( Cryptelytrops
albolabris). To the author’s knowledge, such study has never been reported in the
literature.

Snake Venom Serine Proteases (SVSPs)

Snake venom is a.complex mixu;re of toxins.and enzymes, each of which may
be responsible for one-of moue distinct to|xic action. They are responsible for
hemorrhage, shock and'disorders of blood coagulation. They act by activating,
inactivating or modifying hemgstatic and ﬁb{_inolytic system. Because there is a major
medical interest in thrombosis and hemost;sis, venom proteases that affect the blood
coagulation system in human havé Been exte_-:;_ll_'l‘séilvely investigated and considerable
number of venom components acting on hemésﬂt‘sis has been isolated and
characterized(1). - 7EN,

Snake venom-serine proteases (SVSPs) are ainong the best-characterized
venom enzymes that affect the hemostatic system. They perform actions on a variety
of components of the eoagulation cascade,,the fibrinolytic and kallikrein — kinin
systems as well as/cellular components eausing an imbalance of the haemostatic
system of the prey. Serine proteinasés are categorized in the trypsins family S1 of clan
SA, the'largest familyvof peptidases.cThey are present in venoms (of various snake
families including Viperidae, Crotalidae, Elapidae and Colubridae.

Snake venom enzymes of the serine protease family are characterized by a
common catalytic mechanism that includes a highly reactive serine residue that plays a
pivotal role in the formation of a transient acylenzyme complex. The complex is

stabilized by the presence of histidine and aspartic acid residues within the active site.

These histidine, aspartic and serine residues are, therefore, so-called the catalytic triad.
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In spite of the high degree of mutual sequence identity, SVSPs are quite
specific toward a given macromolecular substrate. Although they show primary
substrate specificity similar to that of trypsin, their stringent macromolecular substrate
specificity differs from the less specific activity of trypsin. The substrate specificity of
clotting factor serine proteases, such as thrombin or factor Xa, is determined by the
sequence outside the active sites, so-called exosites. Whether these exosites play
important roles in SVSPs remains to be investigated.

Most SVSPs tend to-be glycopr:)teins showing a variable number of N-or O-
glycosylation sites in sequeneé positions that differ from one SVSP to the other. They
contain twelve cysteine residues, ten of Wh_iph construct five disulfide bonds. Based on
the homology with trypsing the remainil_:l’g two cysteine residues form a conserved
disulfide bridge that is unique among SVS&?S. It involves Cys245¢ that found in the C-

terminal extension(27). ‘)

Snake venom serine proteases (SV§P$*) are among the best characterized
venom enzymes affecting the hemostatic system They act on a variety of components
of the coagulation caseade-including-tibiinogen-clotting, fibrinolysis and kallikrein-
kinin systems and on cells to cause a disturbance of the hematostatic system of the
prey.(12,13)

The venom . serine . proteases | are . classified as families of proteins that
specifically interact with different fargets, on which they exert,their physiological
actions: The genes;have been sequenced and the proteins have béen characterized(28).

The venom serine proteinases are categorized in families of proteins which
specifically interact with various targets, on which they exert their physiological
action. Examples are as following:

Some of venom proteases are frequently referred to as thrombin-like enzymes

(SVTLEs) due to their ability to cleave fibrinogen, releasing fibrinopeptide A,

fibrinopeptide B or both. Recently, BJ-48, a SVTLE from Bothrops jararacussu is
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characterized biochemically. It is capable of cleaving either Ol or B chain of
fibrinogen, but shows preference for the [.)) chain(13).

Cryptyletrop jerdonii snake is a pit viper, venom of which contains both
fibrinogen-degradation and fibrinogen-clotting serine proteases. Jerdonobin-II, a novel
serine protease, was cloned, purified and characterized from the venom. It shares 89 %
sequence identity with TSV-PA, displays a distinct biological activity and a weak
fibrinogen-clotting activity(30).

Kallikrein-like proteinase of }‘achesis muta muta (bushmaster) venom
designates LV-Ka. Approximately 77%. of the protein sequence was determined by
sequencing various fragments/derived frp_m endoprotease digestion. The obtained
partial sequence suggests that I V-Ka 1s _-tif a similar size to other serine proteinases.
Sequence studies on the/NH;= terminal regi._on of the protein indicate that LV-Ka share
a high degree of sequence homol-og‘y with _t%ie-'i(allikrein-like enzyme EI and EII from
Crolalus atrox, with crotalase’ from Crotc;i_us'.{adamatues and significant homology
with other serine proteinases from snake Vengmé-and other vertebrates. LV-Ka showed
kallikrien-like activity.-ieleasing-biadikinin-fiom-kininogen as determined by guinea
pig bioassay(31).

A recombinant gerine protease named albofibrase from Green Pit Viper
(Cryptelytrops: albolabris) is predicted and shown"to be' a fibrinogenolytic enzyme.
Albofibrase degraded fibrinogen by eleavage of peptide bonds in the,A Ol-chain.

The ‘enzyme called thrombocytin,’a serine protease from | Brothrops atrox
venom, is a platelet aggregation inducer, which also activates factor V. In addition, this
enzyme activates factor VIII and factor XIII but very weakly.

A serine protease named scolonase was purified and characterized from tissue
of a Korean centipede, Scolopendra subspinipes mutilans. The study demonstrated that
scolonase was able to activate plasminogen to plasmin by specifically cleaving the

molecular at Arg561 —val™® peptide bond(32).



12

ABUS-PA from Agkistrodon blomhoffii Ussurensis venom has been identified
and purified to homogeneity and activates as a plasminogen activator with arginine

ester hydrolysis activity(33).

The Expression System

Pichia pastoris is the methylotrophic. yeast that has been developed to be a
highly successful system for production of‘a‘varicty of heterologous proteins for both
basic researches and industrial-uses, e.g: L-amino-aeid oxidase (LAAO) from Malayan
pit viper (Calloselasma rhodosioma)(34), vampire bat salivary plasminogen activator
02 (DSPAOQ2) from Desmodis rotundus(35). In addition, prourokinase (proUK) —
annexin V chimeras havesalso been succeé_g%ully expressed(36).

Pichia is a suitablg'host forthe pro.'du‘c'tion of protein for several reasons. Pichia
pastoris has a strong inducible: proni;rer,' AOXI, to induce high levels of
transcription(37). Moreover, Pickia pastofz"é‘ ‘haf the potential to perform many post-
translational modifications typically assqcffz_&éd with higher eukaryotes, such as
processes of folding, disulﬁdé l;ridge formétiog z;nd certain, types of lipid addition as
well as O- and N—linkéd glycosylation. In addition, Pic/ia"pastoris does not secrete a
lot of its own proteins‘into culture medium. The isolation of the interest protein is,
thus, facilitated:

As in the previous study on expression and characterization of recombinant
fibrinolyti¢! §erine protéase from green pitvipen (Cryplelitrops albrlabri ) venom, the
recombiniant albofibrase produced from Pichia pastoris was 0.66 mg/l of culture
medium was active as an Ol fibrinogenase(28).

Albolatin, a novel snake venom mettaloprotease from greem pit viper
(Cryptelytrops albrlabris), was cloned and its disintegrin domain was expressed in the

Pichia system. The recombinant protein was secreted in the culture medium and the
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yield of recombinant protein protien was 3.3 mg/l and could inhibit collagen-induced
platelet aggregation(38).

In the study of molecular cloning, expression and purification of L-amino acid
oxidase from the Malayan pit viper (Calloselasma rhodostoma), the recombinant
LAAO was purified yielding apparently homogenous protein in quantity of
approximate 0.25 mg/l. The recombinant enzyme contained a similar activity as the

native one(34).

Plasminogen Activator'System.and Thrombolytic Agents

Plasminogen activators also play an important role in the processes other than
fibrinolysis. For example, fibtinolytic fact;l;rs; tissue-type plasminogen activator (t-PA)
and urokinase—type plasminogen; activa{fgr ((u=PA) control plasmin in different
processes, such as cell migration, adhesie»"n-,and aggregation(21). Previous studies
suggested the importance of u-PA in de\;el?(;f‘)ment of atherosclerosis in patients.
Furthermore, it also plays an essential rolé 1n ﬁiahy (patlio) physiological processes
that require degradation of extracellular matrix(39). /Additionally, there is a
research demonstrating a significant elevation of t-PA’ concentration in plasma of
patients with abdominal adrtic aneurysm (40).

Currently, we ¢an produce recombinant thrombolytic'agents that function as
plasminogen.activators, The fibrinolytic agents available today.are serine proteases.
They work by converting plasminogen to a natural fibrinolytic agent, plasmin.
Plasmin lyses clots by breaking down the fibrinogen and fibrin contained in a clot
into fibrin degradation products (FDPs)(41). They are very helpful in treating acute
vascular occlusions in human. The examples of these therapeutic agents are

Streptokinase(26), Acylated plasminogen — streptokinase activator complex

(APSAC), Staphylokinase(42), Urokinase(43) and Prourokinase(44).
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The thrombolytic agents, human tPA and uPA, do not stimulate
immunological responses. However, their effects are short-lived in vivo and
consequently of a limited therapeutic effectiveness. On the other hand,
Streptokinase is a non-human protein that can illicit severe anaphylactic response,
which may be fatal. Uses of streptokinase are related with serious risk of
hemorrhage. At present re-administration of streptokinase cannot be recommended
beyond 4 days after first dose as a result ofa.#1S€ in neautralizing anti-streptokinase
antibody.

Acylated plasminogen” ~Sireptokinase activator complex (APSAC) can also
induce fibrinogenolysis. [tdS antigenic chause 1t incorporates streptokinase and it,
therefore, cannot be reuseds -

Staphylokinase s also’a protein"l,,.pf non-human origin and, consequently,
triggers an immune response iﬁ p‘atients}. -'_','A;ltibodies develops in the majority of

i

patients within 2 weeks after initial adminﬁt‘r@tion and are persistent for at least 7
months : AN

Urokinase is Speeified-as-a-fibiinotytie—thiombolytic agent, which is less
effective than that in human tissue plasminogen activator (t-PA). In addition, the
cost is higher as compared to the streptokinase.

The half-life of Prourokinase|is relatively shorter than that of urokinase.
However, it is not commercially available(23).

The ‘Green/pit iper plasminogen activator (GPV' - PA), is ‘a unique protein
waiting for expression and characterization. This protease may lead to a novel
therapeutic plasminogen activator. Molecular expression of this protein may yield an
agent that benefit to thromboembolic patients. Potential advantages include the long

half-life as it is not inhibited by the plasminogen activator inhibitor (PAI-1). In

addition, it may be neutralized by the commercially available green pit viper
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antivenom if there is an overdose of this agent. Nevertheless, immunogenicity will

limit the repeated administrations because it is a foreign protein.

AuEINENINeINS
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CHAPTER III

MATERIALS AND METHODS

3.1 Materials

3.1.1 Cloning of Snake venom serine proteinase
Synthetic 011g e y%)eciﬁc primers
purchased from Bio Geno M L

Table 1 Oligonucleoti

(GSPs) were

Name Description
Sequencing
T7 GC -3’ primer from T7
promoter
Sequencing
SP6 primer from SP6

promoter

Grvear ﬂﬁ&ﬁ%ﬂﬂﬁfﬁ‘f‘fﬁ?ﬁ

GSP for PCR of
the N-terminus of
serine protease
domain with

is and EcoR |
g nition site

’iW']éNﬂ‘mJ RN

5’-TTC ATC TAG ACC CGG GGG GCA
GGT TCG ATC TTT ATT TCC-3’

GPVPAR

GSP for PCR of
the C-terminus of
serine protease

domain with stop
codon and Xba |

recognition site
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Table 1 Oligonucleotides and their descriptions. (Cont.)

Name Sequence Description
50 Pichia
10X] 5'- GACTGGTTCCAATTGACAAGC -3’ sequencing

primer
3 Pichia
10OX] 5'- GCAAATGEGCATTCTGACATCC -3’ sequencing
primer
i ‘ - é Pichia
F oct 5'- TAGTATTIGCCAGCATTGCTGC -3’ sequencing
actor Ay o primer

GSP = Gene Specific Primer ==
3.1.1.2 DNA Extraction and-Purification f;om gel slice

High Pure Plasmd-isolation-kat-was-purehased-ftom Roche Applied
Science, Germany |

High Pure PCR Product purification kit (Gel Extraction Kit) was purchased
from Roche Applied science, Germany
3.1.1.3 Cloning of Snake Venom Serine proteinase Products

pGEM®-T Easy Vector System Il'was putchased.from Promega, U.S.A.
The kit contains Eschericia coli, JM 109 strain, pGEM®-T Easy Vector, T4 DNA
Ligase and 2x Rapid Ligation Buffer.

Isopropyl-B-D-Thiogalactopyranoside (IPTG), Dioxane-Free, Formula
weight 238.3 was purchased from Promega, U.S.A.

5-Bromo-4-chloro-3-indolyl-f-D-galactopyranoside (X-gal), 100 mg was

purchased from Promega, U.S.A.
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3.1.1.4 Enzymes

Tag DNA polymerase (InvitrogenTM Life technologies)

T4 DNA Ligase (Promega)

EcoR 1 (Sigma)

Xba 1 (Promega)

Sac I V/// (Pharmacia Biotech)
3.1.1.5 DNA Sequencing ___—r

o —
We use ABI P ] .1 Cycle Sequencing Kit

purchased from AB

3.1.2 Expression of

rom Biogenomed.

J‘if.u

Easy%lect chhzd"Ex‘ ession K G, 122701, was

encef] 118 ?WW%W@ g
BRY Ui i )

Pre-stained Protein Marker, Broad Range (Premixed Format) was
purchased from New England BioLabs Inc.
Coomassie Brilliant Blue R-250 was purchased from USB, U.S.A.
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3.1.2.4 Western Blotting Hybridization

Trans—Blot® SD semi-dry electrophoretic transfer cell was
purchased from Bio-Rad Laboratories, Ltd.

Polyvinylidene difluoride (PVDF) membrane 0.45 um was
purchased from Bio-active Co., Ltd.

Mouse Anti-His antibody was purchased from Amersham
Biosciences, Ltd. |

Polyclonal.Rabbit Anti-Mouse Immunoglobulins/HRP was

purchased from Dako-€ytomation, Denmark.
|

ECL Plus Western blotting detection system was purchased from

AmershamTM, UK.

HyperfilmTM E€L high peffgrmance chemiluminascence film was

purchased from Amersham ' UK. ¥/ -

3.1.2.5 Protein Purification T !Jlj

Protein purification uéiﬁg Immobili;é-d*.li/[’etal Affinity Chromatography
(IMAC). Talon Super-ﬂow Metal Affinity Resin was purcrhased from BD
Biosciences.

MagneHisTM Protein Purification System was_purchased from Promaga,
USA

3, 1:2:6 Concentration-of Protein

Amicon ®Ultracentrifugal Filter Devices was purchased from Millipore,
USA

3.1.2.7 Protein Quantitative Assay

Micro BCA™ Protein Assay Reagent Kit was purchased from PIERCE

Biotechnology.
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3.1.3 Activity Assay
Chromogenic substrate (Sigma)
Urokinase Plasminogen Activator (Sigma)
Human plasminogen (Sigma)

3.2 Methods

3.2.1 Expression of GPV-PA in Pichia pastoris

3.2.1. 1Amplification of GPV-PA by Polyuierase ChainReaction ( PCR)

PCR was used to“amplify the cDNA fragment encoding the serine
proteinase domain. Twosprimers, GPVPAF and GPVPAR, were used to amplify the
serine proteinase. The &coRI and six hi‘_sﬁdine residues were incorporated into the
forward primer for facilitating pufiﬁcatién and detection. The Xbal recognition site
and UAA stop codon were incorporated ;htd'the reverse primer. The PCR reaction
was carried out in a 50 pl contammg 10X P‘CR buffer (100mM Tris- HCI pH 8.3, 500
mM KCl, and 15 mM MgCl, ) 1 25-units oT Tag DNA polymerase (Clonetech), 10
pM of each primer, 25 mM MgCl 25 mM of each/dNTPs, and 200 ng DNA
template. After incubation at 95 “C for 10 minutes, amplification was carried out
for 30 cycles with the following temperature cycling parameters: 95 °C for 30
seconds of demafutatian 661 @ for303seconds/of @rnealifig 68 “C for 1.5 minute of
extension and 4 final extension at 68 “C for 10 minutes. The PCR products were

electrophoresedin. 1.2- % agarose gel. Subsequently, the DNAwas extracted and

purified from the gel.

3.2.1.2 DNA Extraction and Purification from Gel Slice

After amplification, the products were electrophoresed on 1.2% agarose gel.
A band of DNA was excised from agarose gel with a sterile blade. The PCR
products were purified by High Pure Plasmid Isolation kit (Roche) according to the

manufacture’s instruction.
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3.2.1.3 Cloning of PCR Products
3.2.1.3.1 Ligation of PCR Products into pGEM * - T Vector.

After the PCR product was purified by an extraction kit, it was cloned into
pGEM® - T Vector. The ligation procedure was carried out in a 10 pl ligation
reaction mixture containing 5 pl 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 oprEM® -
T Vector, 3 Weiss units of T4 DNA ligase and an appropriate amount of the PCR

product that was optimized frem the insert: vector ratio of 3:1.

Subsequently, desionized svater was added to the final volume of 10 pl.
Finally, the ligation reaction/was mixed‘b"y pipetting and incubated at 4 °C for 16 —

18 hours.

3.2.1.3.2 Transformation into E. Coli, JM 109

+ ."
-

The 10-pl ligation reaction was addeq‘-go sterile falcon tube Cat. # 2059 on
ice. JM 109 competent cells that were pla(;'_i;gjgn ice until just thawed were mixed
with DNA by gently flicking. Subsequently, 50ul 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 45 seconds in a water bath
at exactly 42 °Q ahd ifnfeditely’ refiirnéd 0/icé for 10 minutes. The transformed
cells were mixed with 450 ul of SOC medium and incubated at 37 °C for 1.5 hour
with shaking at 150 rpm. Finally, 500 ul of the transformed celis were plated on LB
agar plate with 100 pg/ml ampicillin 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 High Pure Plasmid Isolation kit
High Pure Plasmid Isolation kit (Roche) were used for extraction of plasmid

pGEM" - T Vector in E.Coli, M 109.
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3.2.1.3.4 Restriction Endonuclease and Electrophoresis

Approximately 500 ng of plasmid DNA were digested with 5 units of EcoR
I and Xba I according to manufacturer’s protocol (Sigma), 1 ul of 10X Buffer (300
mM Tris — HCI pH 7.8, 100 nM MgCl,, 100 mM DTT, and 10 mM ATP) and 0.1
mg/ml BSA. The digestion reaction was incubated overnight at 37 °C. After
digestion, the reaction was electrophoresed on 1.5 % gel. Clones containing the

inserts were selected for sequencing.
3.2.1.3.4 DNA'sequencing

The sequencing #was performed using BigDyeTM Terminator Cycle
Sequencing Ready Reagtion’ Kit: The PCR reaction was carried out in a 10 ul
reaction containing 4 pltof'the terrnir;{;ttor ready reaction mix (Amplitag DNA
polymerase and FS with ‘thermostable iﬁ._y.rophosphosphatase), 1 pM sequencing
primer (T7) and 1pg DNA' template. Aft:éf incubation at 95 °C for 30 seconds,
amplification was carried out for 25 cy.-clé:.g of the following thermal cycling
parameters: 95 °C for 10 seconds of dena;[ﬁ;-e{;i;)h, 50 seconds of annealing, and 60
°C for 4 minutes of'eXtension. The DNA was then precipitated by 95% ethanol and
3 M sodium acetate pH'8.0 on 4 ~C. Then, the solution.was centrifuge at 25,000 x g
for 20 minutes.and the supernatant was remoyved.by.pipetting. The pellet was then
washed with 1" ml of 70% ethanol, and centrifuge tube at 25,000 x g for 10 minutes.
Then, the supernatant swas, removied. The, pellet-was dried in a~heated incubator at

95 °C for 2 minutes. Finally, the DNA pellet was re-suspended in 10 pl. Template

Suppression Reagent (Pekin-Elmer) and loaded to the ABI PRISM sequencer.
3.2.1.3.5 Alignment and Computational Searching Sequences Analysis

The nucleotide sequences and their conceptual translation obtained from the
clones of interest were compared against nucleotide or protein sequences in online

databases using BLAST N (Basic Local Alignment Search Tool) program available
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in the World Wide Web. An alignment of sequence were made using Genious' "
program.

3.2.1.4 Digestion Plasmid DNA and Expression Vector

After the plasmid clone was confirmed by sequencing the insert,
plasmid DNA and expression vector, pPICZaA, were digested with EcoR 1 and
Xba 1, respectively. The digestion reaction’ was electrophoresed in 1.2 % agarose
gel. Then, gel was extracted and purified as described in Section 3.2.1.2. After that,
the DNA is precipitated.by~0.3 M SZ)dium acetate in 90 % ethanol. Then, the
solution was centrifuged at 25,000 x g If01r 20 minutes. The pellet was washed by 1
ml of 70 % ethanol, and centrifuged at‘.2_§,000 x g for 10 minutes. The pellet was

then dried and dissolved in'sterile distilled water,

3.2.1.5 Ligation of ‘GPV-P;‘!-;;_I;I-'Ilto PPICZ aA Vector

Appropriate amounts of pléiériﬁ‘d DNA and pPICZoA vector were
optimized as described before: The ligatibﬁ';'r'eaction was carried out in a 10-ul
reaction. The ligatiefi feaction mixture contained 3 pl of 2xRapid Ligation
Buffer (60 mM Tris-HC1 pH 7.8, 20 mM MgCl,, 20 mM DTT, 2 mM ATP, and
10% polyethylene glycol)s 1 pul of pPICZaA vector, 5 ul of digested construct
plasmid DNA] and«3 (Weiss units_of| T4 DNA Ligase. The:ligation reaction was
incubated at 4 °C overnight.

3.2:1.6 Transformation of Ligated product into'E. coli, IM109

Transformation was performed by the heat shock method. The
procedure was described in Section 3.2.1.3.2. 500 ul of the transformation were
mixed and plated onto Low Salt LB plate with 25 pg/ml Zeocin'" and incubated at
37 °C, overnight. After that, transformants were isolated and analyzed for the
presence and the correct orientation of the insert. Zeocin' -resistant colonies were

picked, inoculated into 3 ml of Low Salt LB medium with 25 pg/ml Zeocin'" and
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incubated overnight at 37 °C with shaking. The plasmid DNA was isolated by the
Miniprep for restriction analysis and sequenced

3.2.1.7 Linearization of the Plasmid DNA

Prior to transformation into Pichia pastoris, we prepared 5 — 10 pug
of plasmid DNA by minipreparation and linearized with the restriction enzyme,
which cut one time in the 5'-40X [ region of pPICZaA. 14 pl of plasmid DNA
were mixed with 2 ul of 10X Buffer (300 mM-Ttis-HCI pH 7.8, 100 mM MgCl,, 100
mM DTT, and 10 mM ATR); 0.1 mg/rrll BSA and 1 unit of Sac 1. The reaction was
incubated at 37 °C for16- 18 hours. Ar|1 aliquot of reaction was electrophoresed to
verify complete linearizations The readtign was then inactivated using heat at 65
°C for 20 minutes. Thén, plasmid DNA;W%}_S precipitated by 2.5 volumes of 100 %
ethanol and 1/10 volume of 3 M sodiufh acetate. Subsequently, the solution was
centrifuged and the pellet waé Washed_ ‘VYIth 80 % ethanol, air-dried and re-
suspended in 5 pl sterile de-ionized water, 'i'ifd:.-‘stored at —20 °C until use.

3.2.1.8 Transformation of ti;e‘Zinearized Plasmid DNA into Pichia
pastoris, X-33

The transformation was performed using the Pichia

EasyComp' = Kit from¢ Invitrogen. Solutions II and III were stored at room
temperature beforeiuse. The 50 _pl of (competent cells were thawed at room
temperature for each reaction. 3 fig of the linearized plasmidaDNA were placed
with the'competent cells. Then, 1 ml of Solution II (PEG.solution) 'was added to the
DNA/cell mixture and mixed by vortexing or flicking the tube. After that, the
transformation reaction was incubated at 30 °C for 1 hour in a water bath. The tube
was vortexed every 15 minutes. Subsequently, the transformation reaction was
subjected to heat shock at 42 °C for 10 minutes in water bath. The transformed
cells were split into 2 microcentrifuge tubes. Add 1 ml of YPD medium to each

tube and incubated the transformed cells at 30 °C for 1 hour to allow expression of
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Zeocin'" resistance. After that, the transformed cells were centrifuged at 500 x g
for 5 minutes at room temperature, re-suspended in 500 pl of Solution IIT (Salt
solution) and combined into one tube. The transformed cells were then centrifuged
at 500 x g for 5 minutes at room temperature, and re-suspended in 100 to 150 ul of
Solution III. Finally, the transformed solution was plated on YPDS plate with 100
ug/ml Zeocin'* and incubated for 3 to 10,daysat 30 °C.

3.2.1.9 Expression of Recombinant Protein in Pichia pastroris

A single _coleny was ir;oculated .10 ml of BMGY in a 250 ml
baffled flask, and incubatedsat.30 "C i|n a shaking ineubator for 16 — 18 hours or

until culture reached-an OD

soff D€Veen 2 o 6. Subsequently, 10 ml of culture were

inoculated in 100 ml of BMGY dn a 500 ml baffled flask and grown at 30 °C with

shaking until the culture weached an OD of 2 to 6. After that, the cells were

600
collected by centrifugation at 500 x'g for ;5'_,minutes at room temperature. To induce

expression, supernatant was discarded and the cell pellet was resuspended to an

OD,,, of 1.0 in BMMY mediuni. Then, the culture was aliquoted into several 4

600
liters baffled flasks Covered-with-two-layers-of sterti¢ gauze. They continued to
grow at 30 °C with shaking. The methanol concentration was maintained at 0.5 %

(v/v) every 24 hours for induction expression until the time reach 96 hours. After

that, the supernatant and cell pellets were separated by centrifuging at 25,000 x g

for 10 minutes at room temperature. The cellsswere stored at'—80 OC and the
supernatant was 'concentrated by a‘centrifuging concentrator.

3.2.1.10 Concentration of Proteins

The supernatant was separated by centrifugation and concentrated by
ultrafiltration using Vivaspin concentrator that have MWCO of 5,000 Da. The
supernatant was poured into the concentrator at maximum volume, and then the

concentrator was placed in 50 ml centrifuge tube. Subsequently, the assembled
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concentrator was centrifuged at 25,000 x g for 40 minutes. The remaining sample

from the bottom of the concentrated pocket was recovered using a pipette.

3.2.2 Purification of Recombinant Proteins

Recombinant serine proteinase was purified according to protocol from
MagneHisTM Ni-particles from 200 ul of/the eoncentrate (equivalent to 1 ml of
culture). The solution was 'mixed by pipettingup-and down approximately 10 times
and incubating for 2 minutes attoom temperaturc. The tube was then placed in the
appropriate magnetic standfos approximately 30 seconds to allow the MagneHis ™
Ni-particles to be captured by the magnet and the supernatant was removed with a
pipette. After removal of the fube from tilje magnet, 150 ul of MagneHisTM binding/
wash buffer were added to the _MagneH"i's_.T'M_'_ Ni-particles and mixed by pipetting.
Then, it was placed in the magnetie stand_;again for 30 seconds. After MagneHisTM
Ni-particles were captured by the magnet, :éﬁf;érnatant was carefully removed with
a pipette. This step.was repeated twice. Fmélly, MagneHisTM elution buffer was
added and mixed by pipetting and incubated for 1-2 minutes at room temperature.
A magnetic stand was placed to allow MagneHisTM Ni-particles to be captured by
the magnet and supernatafit containing the/purified protein was removed using a
pipette. The samples were ‘analyzed for expression of'the' fusion protein by SDS —

PAGE or by, functional assay or kept at -80 °C until tests.
3:2.3 Protein Detection

3.2.3.1 Sodiumdodecylsulphate Polyacrylamide Gel Electrophoresis (SDS -

PAGE) and Coomassie Brillient Blue Staining
The 10% resolving and 5% stacking acrylamide gels containing 10% SDS

were freshly prepared. After gel setting, the recombinant protein was mixed with Y4
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volume of 2X sample buffer (100 mM Tris-HCI pH 6.8, 4% w/v SDS, 0.2% w/v
bromophenol blue, 20% v/v glycerol, 200 mM with or without -mercaptoethanol),
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 Brillient Blue Solution for 30 minutes with gentle agitation. After the
staining solution was removed, the destaming solution (10% glacial acetic acid,
30% methanol) was added.and incuba;ed for 2.— 3 hours. The destaining solution

was changed 3 to 4 times dusing incubation

3.2.3.2 Western Blotting Hybridization

After SDS-PAGES the proteins v;':er»e transferred to PVDF membrane using
electroblotting in the semizdry ‘systeni",__. The polyacrylamide gel and PVDF
membrane were soaked in a transfer buffé{:’-for_ 20 minutes. Both of equilibrated gel
and wetted membrane were sandwiched betv:/een sheets of transfer buffer-soaked
thick filter papers and then piaced on Tran;-Blot® SD cell. The proteins were
transferred at 40 Volté for 40 minutes. When finished, the blotted membrane was
immediately placed into the blocking solution (5 % w/v Non-fat Dry Milk in 1X
PBS buffer, pH7.4), for, LLhour-at-room temperature with, gentle agitation and then
washed 3 times with TX PBS buffer, pH 7.4, for 3 minutes each. The membrane
was ineubated withy1:3,000 dilution of; Anti-His~Antibedyin blocking buffer for 1
hour at room temperature with gentle agitation. The membrane was, subsequently,
washed 3 times with 1X PBS buffer, pH 7.4, for 3 minutes each. After that, the
membrane was incubated with 1:1,000 dilution of Horse radish peroxidase-
conjugated rabbit Anti-Mouse IgG:HRP in blocking buffer for 2 hours at room

temperature with gentle agitation and washed as described previously. For

developing the blot, the membrane was soaked in the visualizing solution (1.66 mM
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3, 3'-diaminobenzidine (DAB) tetrahydrochloride, 0.04 % NiCl, and 3 % H,0,). The
reaction was allowed to occur in the dark for 5 minutes. Finally, the solution was
removed and the reaction was stopped with H,O and let the membrane dry

overnight.

3.2.4 Quantitative Assay for Recombinant Proteins

Protein coneentration was determined using Micro BCA™ Protein
Assay Reagent Kit (Pieree). The method utilized bicinchoninic acid (BCA) as the
detection reagent for el thét Was formed when Cu’“was reduced by protein in an
alkaline environment. The bovine serﬁ_m; albumin standards (BSA) were diluted
into 6 dilutions (0.025 — 01 mg/ml); Then fresh working reagent was prepared by
mixing 25 parts of Micre BCA™ Re;‘gen_t MA containing sodium carbonate,
sodium bicarbonate and ‘Sodium tartrate 113,()2 N NaOH and 24 parts Reagent MB
containing 4% bicinchoninic acid in watef__; with | part of Reagent MC containing
4% cupric sulfate pentahydrate in water. 156 plof each standard or the sample
solution replicate wete pipetted info microplate wells and 150 pl of the working
reagent were added to each well and mixed. The plate was covered and incubated at
37 °C for 2 hours. The feagtion was then measured the absorbance at 570 nm on a
plate reader.
3.2.5 Plasminogen activator activity assay
The reaction was perforinéd using ‘humai plasminogen (0.1 U/ml, Sigma)
with serine protease protein to provide the final concentrations ranging from 0.3 to
2.4nM. After 10 min at 37OC, 20 LI aliquots were taken, mixed with 180 LLI of
chromogenic substrate S-2251 (1 mM) subtrate in buffer, and incubated for 10 min
to assay for the amidolytic activity of the active form of plasminogen, plasmin. The

same procedure was applied for u-PA for calibrating the plasminogen activating
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activity. The increase in absorbance at 405 nm during a 10 min incubation period
was defined as AO.D.
3.2.6 Platelet Aggregation Assay
Platelet aggregation assay is performed using a Helenna

Aggregometer. Venous blood (9 parts) from healthy donor who has not received

|
any medication for at least 2 weeks w/e in 3.2 % sodium citrate (1 part).
i i -at 1,000
* E

L0 minutes to obtain platelet-rich
plasma (PRP) and plat : epared from the remaining whole

blood by centrifugi g minu s PRP is diluted to 250x10

platelets/L with PPP«#Di re ount of \. inant disintegrins are added to
PRP and incubated at / 10"mi j ’\ ggregation is initiated by
adding collagen (2 JLigl ﬂ' mc 1s recorded and the maximum

aggregation response i ‘he maximal aggregation in the absence of

recombinant serine protea 100 % aggregation

-
y '
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CHAPTER 1V
RESULT
4.1 Expression of A Novel Snake Venom Serine Proteinase (SVSP) in
Pichia pastoris
4.1.1 Amplification of GPV-PA usin Polymerase Chain Reaction (PCR)
The structural gene of serlne p lgf/ymain was amplified by PCR with a

forward primer, GPVPAF %gs an Eco ﬁgﬂltlon site and six histidine
ar§a reveﬁ‘pﬁmer GPVPAR, that has an

residues for facilitating purificaiic
on. After elec ophoresis, the PCR product

Xba 1 recognition site

size was approximat

Figure 2 The GPV-PA coding sequence PCR product of approximately 705 bp in

length electrophoresed on a 1.5% agarose gel.
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4.1.2 Ligation of GPV-PA into pGEM® T-vector and Transformation of E.
coli, JM109
The PCR product was extracted from 1.2% electrophoresis gel using the
High Pure Plasmid Isolation kit, cloned into pGEM® T-vector and subsequently
transformed to E. coli, IM 109. The josmve plasmid clones were identified by the
.

/ h)e plasmid clones were purified and

digested with EcoR I and % verify t f;@me of inserts and then sequenced

blue — white colony screenlng syste

using the T7 Sequencmﬂ;’t confirm -tm and in-framed sequences of
GPV-PA. 7/ ~

The selected clon n -in.?LE""broth with 100 lg/ml of ampicilin. The

plasmid was purifie Si 2 Fﬁgz Pyr PCR Product purification Kit (Gel

Extraction Kit) to obtai ' yleld of&ﬁe pur 1ed 1n§ert

Kknbj27.79

e UL AT

. ®
Figure 3 The restriction enzyme digested products of plasmid pGEM = T-

vector containing the construct.
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4.1.3 Ligation of GPV-PA into pPICZOA and Transformation into E. coli,
JM 109

After the plasmid clone was confirmed by sequencing, the inserts in
plasmid DNA were digested with EcoR I and Xba I. The digestion reactions
were electrophoresed in 1.2% agarose gel (Figure 3). After gel extraction and
purification, the digestion product was cl’y{!}d into EcoR I and Xba I sites of the
expression vector, pPICZ(lA Ll re‘cjomblrra'nf_plasmld was transformed into E.

coli, JM 109, and the colony Was selected on an agai plate of low-salt LB agar with

5 there wete approximately 15 Zeocin' " — resistance

shown in Figure 4.

M) el o R e

knbj in pPicZ

Figure 4 The restriction digested transformed pPICZOLA vector. The picture

shows inserts in the pPICZOLA vector.



33

4.1.4 Sequence Alignment and Bioinformatic Analysis
The cDNA sequence from recombinant clone of GPV-PA was shown with

redundant amino acid sequence after transalation (Figure 5)

cgcccagctgcttaatttaatcaaataaagtgctgcttgatcaaaaagtctceccgettgggt
tatctgattaggttgatacggtacctcaagtttaagtaagggattggaatcttacaggca
aagagctttctgcgcagagttgaag§ ctgatcagagtgctagcaaaccttctg
535' I R V L A N L L

atactacagctttcttacyg tggtctttggaggtcgtccatgt
I L Q L V F G G R P C

aacataaatgaacatqgﬁ;ggg&tgtt tcttgt;&iiifccagcggttttctctgtggt
N I N E H 2V Ve S E S S G F L C G
gggactttgatcaat

; tqaccgé?&bqgﬁctgtgacagtaataatttc
G T L I N O 7\1\“\CDSNNF

aaaaatc

cagttgctgtttgg aaa actaaatq@ggatgagcagacaagagac
Q L L F G V,/H N E D E Q T R D
ccaaaggagaagttc a ggat cgaagtggacaaggacatc
P K E K F F/cC E V D K D I
atgttgatcaagctg 1¢ catcgcgcctctcagcttg
M L I K L 1 I A P L S L
ccttccagccctececcag j occg at atgggatggggcaaaaccata
P S S P P R I M G W G K T I
cctactaaagatatttat ) ol :f,ot Cctaacattaacatactcgatcat
P T K D I Y P DV P C A N I N I L D H
gcggtgtgtcgaacagctta%ﬁéé%@g'do;*»f ggcaaacacaacattgtgtgcaggt
A V C R | : T T L C A G
atcctgcaaggaggcaaagatacatgteactiigactete ggacccctcatctgtaat

G P L I C N

gaacaattccatggc tgtatecttgggg atcct ;tggccaaccgcgggagcct
E Q F H G V S W G G H P G Q P R E P
ggcgtctacaccaatg@t cgattatact tggatccagagcattattgcaggaaat

Aiag;'tg’éaﬂ 1228 ’J it ?ﬂ%ﬁ;}ﬂﬁ Jagaatatgteaca

tattagtacatctcttctatatccdﬁaaccatatqagactacattgghatatattcccag

RRIANNTUNNTINEIAE

Figure 5 The redundant amino acid sequence of GPV-PA was shown with

highlight signal peptide prediction as SYAQK. The predicted N-glycosylation sites
was underlined.
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The inserted positive clones were sequenced, analyzed and compared with
GENEBANK database using the BLAST N. The highest BLAST score of GPV-PA
showed highest homology to Viridovipera stejnegeri, accession number

AAC59686.1. An alignment showed 94 % of amino acids sequence identity (Figure
6).

Score E
Sequences producing significant alignments: (bits) Value
gb|AAC59686.1| Viridovipera siejnegeri venom PA precursor 490 0.0
gb|AAG10789.1| Trimeresurussgerdonii 'serine proteinase2 precursor 485 0.0
gb|AAG10790.1| Trimeresurts jerdonii serine proteinase3precursor 450 0.0
gb|ABB76280.1| Bothrops asper thrombin-likg enzyme 421 0.0
gb|ABD52886.1| Lachesisamula seriné protease precursor 418 0.0
gb|AAN52350.1| Viridovipera stejnégeri-venom serine protease 5 395 0.0
gb|AAQ02910.1| Viridovipera stejaegeri serine protease PA precursor 392 0.0
gb|AAF76378.1| Deinagkistrodon acutus thrombin-like protein DAV-PA..390 0.0
gb|AAN52349.1| Viridovipera stejnegeri stejnefibrase 2 thrombin-like... 384 0.0

Figure 6 The homology search for cf)l}{A sequence of GPV-PA of

C. albolabris 3 T

-

The selected 4 venom serine proteinase werealigned using Geneous
commercial software-analysis. The consensus sequence indicates as green color
with black highlight that indicate the high percentage of identity among these
protein sequeneces: The paitwise 'statistic -analysis of GPV~PA identity with other
venom serine proteinase from alignment is 82.6 % (Figure 7).

In this analysis, the TSV-PA ‘and GPV-PA are extensively identical protein
with identity score as 94% (Figure 8). Furthermore, the phylogenetic tree analysis
of four selected proteins were compared using the same computer program analysis
that reveal distinct result of the intensive relation between TSV-PA and GPV-PA
(Figure 8). In addition, the conserved cysteine residue alignment and signal peptide

cleavage prediction analysisn were reported in GPV-PA (Figure 9 and 10).
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Figure 8 The protein sequenc ,

(TSV-PA) using Genious by

ARNAINTAUNMIING QY

9

GPV-PA

futdnunsweans

A

HLA-PA

0.02

Figure 9 The phylogenetic tree prediction of GPV-PA and other snake venom

proteins.
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SignalP-NN result:

SighalP-HN prediction (euk networks)! Seguence

T
C score

1.0 S score B
Y score
8.8 —
B.6 —
Ll
[
o
@ 8.4 F —
8.2 —
B.@ e =
MWL IRYLAH f SE GGRF IHEHRSLY {ZSGFLCGGTLINQDUYYTAAHCDEN
| 1
a 5@ =] e
# data
>5eguence

# Measure Position Value
max. C 19
max. Y 19

max. S 18
mean S
b LB
# Most likely cleavac

<

Figure 1ﬁmiﬂ@%ﬁ%;§§wﬂ@ﬂ@n GPV-PA represent

the cleavage sité'between amino ac&d residue 18 gld 19 (SYA-Q@. In this analysis

e QU BTSSR AG RE b o

KSSEL alat determined the post translational protein modification of GPV -PA as

secretory protein.
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4.1.5 Tranformation of Recombinant pPICZO.A into Pichia pastroris,

X-33

Prior to transformation into Pichia pastroris, recombinant pPICZOLA was
linearlized with Sac I (Figure 8). After that, the linearized recombinant pPICZ OLA
was transformed into competent Pichia pastroris cells, X — 33. Approximately, 60
colonies of transformant were found eift r,/él/l‘}ays as shown in Figure 13.

T — e

sSpp

Eco/Xba Sact

Figure 12 The‘ Sac 1 restriction producf with the $ize of approximately 3000
bp. Lane 2: pPICZ(XA vector W1th inserts d1gested by EcoR 1 and Xba I, Lane 3:

pPICZ(lA Vector lmearlzed by Sae I
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Figure 13 The colonie nd.on after transformation of a linearlized

vector into Pichia pastror ining plate

£

L7 )
We started to induce ] proteln using 0.5% V/V

i
!
methanol in BMMY" medla for 3 days The media were precipitated and

concentrated ﬂ\ﬂﬁﬁﬂaﬂ)ﬂ %ﬁ wm ﬂcﬁcentrated media were

purified by using affinity chromat(égraphy Subsequently, the recomblnant protein

s Q4§ ARTERL YD) By i 0

concentration of methanol for induction as 1% could increase the efficacy of

recombinant protein production as
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4.2 Characteristics and functions of recombinant protein

4.2.1 Characteristics of GPVPA Recombinant Protein

Purified protein was run on SDS PAGE (10% gel) and subjected to Western
blot on PVDF membrane (Figure 10). After incubation with anti-histidine and anti-
mouse HRP, the membrane was developed using ECL chemi-luminescence on a
photo film. They revealed that reco y otein size of approximately 37 kDa.

by the micro BCA ™ Protein

Assay using absorban of the protein sample. The

calculated protein ¢ 163.5 pg/ml for undiluted
protein. Therefore, teinase product in Pichia
pastroris was 0.38 Moreover, increasing the

concentration of metha ect the efficacy

— 250kD

150

AT
Moiay

Figure 14 The affinity chromatography purified recombinant GPV-PA on

Western blotting analysis of the purify protein visualized by chemi-luminescence.
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4.2.2 Plasminogen activation assay
The average of plasminogen activator activity in GPV-PA compare to the

activity of control plasminogen activator ( U-PA ) (Figure 12).

08

B U-PA
a7

B clone 2

e 7 clone 5

M clone9

[N}

04

AoD,

03

0.2

01

3.0nM

Figure 15. Plasmmogen activation by GPV- PAmThe delta OD represents

absorbance Cﬁ% HVIW«E}:%?WHW%H%MS time were

measured for the absorbance (405 I?‘ﬁ Dat0 mlnute and 10 mmutes U-PA was used

e RRTRI U WHRADHE 6 2



4.2.3 Platelet Aggregate assay
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The purified recombinant protein GPV-PA was tested to investigate the

function on platelet aggregation assay. The result showed that recombinant GPV -

PA could not inhibit collagen-induced platelets aggregation in a dose dependent

manner. At the concentration of 0, 5.0 and 10 uM, there was not aggregation.
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Figure 16. GPV-PA could not induce platelet aggregation by platelet

aggregation assay.



CHAPTER V

DISCUSSION AND CONCLUSION

The green pit viper venom is characterized as serine proteinases phospholipase
A2, C-type lectin like proteins, metalloproteinase and disintrigrins. To be
complementary to the studies of other components of pit venoms, current study was
investigated whether GPV-PA eould specifically perform a function as plasminogen
activator that cleaved plasminogen to pl;smin.

The molecular.eloningand sequer}cing revealed that the coding cDNA of GPV-
PA consisted of 705¢bp. dn saddition, ‘.tl_)je bioinformatics tools of the nucleotide
sequence alignment and computational e;a‘rching analysis, such as BlastN, discovered
other genes with high BLAST scores w1th GPV PA. The 9 proteins with the highest
homology were shown /in F1gure 5: The hlghest three homologous nucleotide
sequences were the venom PA precurso_r »from Viridovipera stejnegeri, serine
proteinase 2 precursor from Cryptelytropi;: -jérdonii and the serine proteinase 3
precursor from Criplelytrops—jerdonii;—respectively==Our clone from Cryptelytrops
albrolabris is a novel gene and, therefore, we could not detect this sequence from
current version of BlastNy As Cryptelytrops sp and Viridovipera sp. were newly named
separating the, from the same original genus of (Trimeresurus, this means that our
cDNA sequence contained a high similarity with-other serine puoteases of the close
genus classitication

After the cloning process, the GPV-PA protein was conceptually translated to
be a 258-residue peptide. The molecular cloning approach predicted the molecular
weight of 26.4 kDa of mature GPV-PA, which contain 240 amino acid residues
excluding the 18-residue signal peptide. The protein showed the highest identity (94%
similarity) with TSV-PA, a plasminogen activator from Viridovipera stejnegeri. The

TSV-PA is a known plasminogen activator that triggers plasmin production from
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plasminogen (46). This suggests that the GPV-PA probably contains a plasminogen
activator activity.

The protein sequence was then analyzed using the Genious program that
determined the protein sequence alignment and phylogenetic tree generation of the
selected serine proteinases from venom proteins with plasminogen activator activity
including Trimersurus stejnegeri (TSV-PA).. Lachesis muta muta (LV-PA) and
Agkistrodon halys (HLA-PA) (45,46,47). The result of sequence alignment showed the
statistically identity of 82.6 %among ali plasminegen activity venom proteins (Figure
6). The cysteine residues’of all aligned proteins were examined and found that all the
cysteine residue positions were conservéq_ suggesting the identical arrangements of
disulfide bond formation, whieh is impo__rtar_lt for similar maintaining the molecular
structure and the biochemical function of ji)_roteins. Figure 8 indicated the identical 12
residues of cysteines in all'the anélyied prqt-;;:h;s suggesting that these four comparable
proteins were similar in term of protein struc_:'i-:_iife_'.-*and function.

Furthermore, the phylogenetic tre";:' -‘-;prediction of the 4 snake venom
plasminogen activators-showed-the-related-evolution-of-these proteins (Figure 9). This
result revealed the close genetic relationship between GPV-PA and TSV-PA that were
possibly the same familyproteins. On the other hand, LV-PA and HLA-PA were more
separated from both of snake venom plasminogen activatofs.

In this current study, the Pichia pastoris expression system was used to
produceithe recombinant GPV-PA protein using 0.5% and 1% methanol induction. In
our experiment, we could produce GPV-PA with the yield of approximately 0.38
mg/Litre and 3.15 mg/Litre respectively. Therefore, the higher concentration of
methanol (1%) could increase the production of recombinant protein without the
reduction of the Pichia pastoris growth rate that was determined during the
experimental cell harvests. Methanol is the sole carbon and energy source as well as

inducer of heterologous protein production in recombinant Pichia pastoris
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fermentations. While increasing the concentration of methanol up to 4.5% could not
decrease the growth rate of yeast, together with the low level of toxic metabolic
compound formation (48). The previous study from our group on the recombinant
venom serine protease production using the same expression system revealed that the
low level of protein production was correlated with the low concentration of methanol
induction (28). In our experiment, we, therefore, adjusted the concentration of
methanol from the previous investigation and.eould increase the production yield of
same venom protein for approximatel};-l8.29 times. This finding is very useful for
future recombinant expeessiomofother snake venom serine proteases.

After the purification ©f the récgmbinant GPV-PA protein using affinity
column chromatography, the Western b}_-ot analysis was performed using anti-body
against the 6-histidine fag./The result sfu_)wed the 37-kDa band of GPV-PA. The
bioinformatics calculation indicéted that _t-l;_';'e{-molecular weight if GPV-PA with 6
histidines was approximately 27.2kDa. Thé éi'gnal peptide sequence was present at
position 18 to 22 as SYAQK with speciﬁc-éiéévage site between position 18 (S) and
position 19 (Y). Fronreempuiei-analysis-short-amino-acid résidues after signal peptide
sequence determine the possible protein trafficking along the post translational protein
modification under secretory pathway through endoplasmic reticulum and golgi body
as KSSEL. This discrepancy may be due to the post-tranlational modifications by the
yeast, Pichia pastosis, system.

GPV-PA was first examined for.the plasminogen activator,activity. The protein
could cleave plasminogen to plasmin resulting in the cleavage of the plasmin
chromogenic substrate. Because our recombinant expression system was used to
produce the pure recombinant venom plasminogen activator (PA) without

contaminations with other PA proteins, the finding demonstrated definitely that this

serine protease was specifically involved in fibrinolysis. However, the plasminogen
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activity assay found that GPV-PA contained a plasminogen-activating activity that was
weaker than the urokinase (u-PA) standard.

The plasmin is an important component inducing the physiologic and
pathologic fibrinolysis, as well as proteolytic. Therefore, plasmin activated by GPV-
PA can eliminate the coagulation products of the blood coagulation cascade. This
probably contributed to bleeding disorders: in green pit viper bite patients.
Furthermore, the protein should be investigated«t6 be a novel fibrinolytic agent for the
treatments of thromboembolie-discases.

GPV-PA was also cxamined for the platelet aggregation inhibitory activity.
The result demonstrated that recombiriaq_t GPV-PA did not inhibit the collagen-
induced platelet aggregation. In . \contrast, with snake venom
metalloproteinase/disintrigrin from Clypji‘e_lytrops albolabris, could inhibit platelet
aggregation stimulated by, collagén (3 8): '_‘ ‘

In summary, we charactetized the fu_Ii lér_'lgth cDNA of serine protease from the
green pit viper (Cryptelytrops-albolabris) Ve'r';o‘nl:l- glands and expressed GPV-PA in the
Pichia pastoris expression—system—the-bioitormaties analysis of nucleotide and
protein sequence demonstrated the high relationship with significant identity score
with 3 other snake venem serine proteases with plasminogen activator including
Trimersurus stejnegeri venom plasminogen. activator (ISV:PA), Lachesis muta muta
venom plasminogen activator (LV-RA) and Agkistrodon halys plasminogen activator
(HLA-PA). "However,,. GPV-PA. from Cryptelytrops ialbrolabris” is the highest
relationship with TSV-PA by the phylogenetic tree prediction and protein alignment.
By increasing the methanol concentration in the culture, the yield of the recombinant
protein could be enhanced. Moreover, the recombinant GPV-PA contained
plasminogen activator activity. Therefore, this novel recombinant plasminogen
activator deserves further investigations to develop the protein into a therapeutic

thrombolytic agent in the future.
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APPENDIX

1. Bacterial Media

1.1LB Medium (per liter)

®
10g Bacto -trypto

1.3 LB Plates with Ampicillin/IPTG/X-Gal——— ~

YR )
Make the LB pﬁtes Wi OVE; tmn supplement with 0.5 mM

IPTG and 80 pg/ml )_(-g}%. and pour the &)}ates. Alternatively, 100ul of 100 mM

716 n 20 S DO ) e s o

ampicillin plateq'glnd allowed to abserb for 30 migtes at 37 °C p&iyr to use.

ARIAINFMANIINYAY

edium
20g Bacto -tryptone

®
05¢g Bacto -yeast extract
1 ml IM NacCl
0.25ml 1M KCI

1 ml 2M Mg2+ stock, filter sterilized
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1 ml 2M glucose, filter sterilized
Add Bact0®-trypt0ne, Bacto®-yeast extract, NaCl and KCI 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. Pichia pastoris Media

2.1 Low Salt LB (Luria=Bertani) Medium
1 % Tryptone
0.5 % Yeast Extract
0.5 % NaCl
Adjutst to pH 7.0 with-NaOH. «
For 1 liter, dissolve 10.g tryphone, 5I'éfng:‘ast extract and 5 g NaCl in 950 ml
deionized water. Adjust the pH of the solutlon to 7.5 with NaOH and bring the

volume up to 1 liter.\Autoclave for 20 minutes at 15:1/sq. in. Let cool to ~55 °C

and add desired antibiotics at this point. Store at room témperature or at +4 °C.

2.2 Yeast Extract Peptone Dextrose Medium - YPD or YEPD (1 liter)

1 % | Yeast Extract

2% Peptone

2 % | Dextrose (glucose)

Dissolve 10 g yeast extract and 20 g of peptone in 900 ml of water. Note:

Add 20 g of agar if making YPD slants or plates. Autoclave for 20 minutes on
liquid cycle. Add 100 ml of 10X D (20% Dextrose). The liquid medium is stored at
room temperature. YPD slants or plates are stored at +4 °C. The shelf life is several

months.
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2.3 Yeast Extract Peptone Dextrose Medium — YPDS + Zeocin™ Agar (1

liter)

1 % Yeast Extract

2% Peptone

2 % Dextrose (glucose)

1 M Sorbitol

2% Agar

100 pg/ml Zeogin

Dissolve 10 g yeast extract, 20 g peptone and 182.2 g sorbitol in 900 ml of

water. Note: Add 20.g of agar and autbc_l;ave for 20 minutes on liquid cycle. Add
100 ml of 10X D (20%PDexirose). Coot sot_utif;n to~ 60 “Cand add 1.0 ml of 100 mg/ml
Zeocin . Store YPDS or platcs containir';;g,r Zeocin' at +4 °C in the dark. The shelf

life is one to two weeks. {

Al
ey

2.4 Buffered Glycerol-Compiex Medil;frri!;nd Buffered Methanol-Complex

Medium — BMGY and BMMY (1 liter) il

1 % Yéast Extract

2% Peptone

100,mM; Potassium phosphatespH 6.0

1.34% YNB

45X 10 7%, Bigtin

1 % Glycerol or 0.5 % methanol

Dissolve 10 g yeast extract and 20 g peptone in 700 ml of water. Autoclave

for 20 minutes on liquid cycle. Cool to room temperature, then add 100 ml 1 M

potassium phosphate buffer (pH 6.0), 100 ml 10X YNB, 2 ml 500X B (0.02%
Biotin), and 100 ml 10X GY (10% Glycerol) and mix well. For BMMY, add 100 ml
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10X M (5% Methanol) instead of glycerol. Store media at +4 “C. The shelf life of

this solution is approximately two months.

3. Buffer

50 mM
300 mM

50 mM

300 mM _

3.4 Alkaline " . :
il |
i

J Glycose
Cpudmyinenns
ARIRIIUNNINY1A Y

0.2N NaOH

50 mM

1% (w/v) SDS



60

3.6 Alkaline Lysis Solution III
60 ml 5 M Potassium Acetate
11.5ml Glacial Acetic Acid
28.5 ml dH,O

3.7STE BUFFER
10 mM
0.1 M

1 mM

3.910X Tris EDTA
100 mM 'v—"— ____________ Q-

10 mM mE -

o IXPFTTJ‘EJ"’WI’EWW BInN3
q ARSI IR AN Y

710 mM Na,HPO,

2 mM KH,PO,
Dissolve 8 g of NaCl, 0.2 of KCI, 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 HCI. 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.



3.11 Blotting Transfer Buffer pH 8.3
20 mM Tris-Cl
150 mM Glycine
20 % v/v Methanol

4. Vector

4.1 pGEM®-T Vector Ci

and S/ Reference Points.

Xmn'| 1994
Scal 1875 . @ =
.. f* I T 1 start
L& Apal | 14
ﬁ'.;i Agt I 20
BAE L Sph 26
Amp' n o BstZ| | 31
M®T- lac Nco | 37
e — T Sac | 46
3 ool
— Spel 55
LTI Not | 62
SEa Bst/Z | 62
Pst| 73
Sal 75
Nde | 82
Sac | 94
- -m BstX| [103
NS/ | 112
126
‘ . SP6
ﬂ‘UEﬂ’WIEJﬂﬁWEJ’Iﬂ :
- L7
PGQ“%" Wﬁ‘&‘ﬂﬂ‘i@ﬁé SR 1181 6 )
T7 RNA polymerase transcription initiation site 1
multiple cloning region 10-113
SP6 RNA polymerase promoter (—17 to +3) 124-143
SP6 RNA polymerase transcription initiation site 126
pUC/M13 Reverse Sequencing Primer binding site 161-177

lacZ start codon

165



lacoperator 185-201
-lactamase coding region 1322-2182
phage f1 region 2365-2820
lacoperon sequences 2821-2981, 151-380
pUC/M13 Forward Sequencing Primer binding site 2941-2957

2984-3

quence Reference Points.

Xmn | 2009 |
Sca | 1890 r { > N 17

s » 1 start

L' Apal 14

o N Aat i 20

fi (84 Sphl | 26

o W BstZ | 31

r s A A Ncol 37

Amp ENP 4 Easy Bstz| | 43

s cZ

ectgg! ,,‘_ \ Not | 43

01558 s L Sac | 49

bk 2 EcoR1 | 52

ST Spel | 64

=TT

SN, Eeor1 | 70

J | Not 77

T — BstZ | 77

Pst | 88

' Sall 90

m Nde | 97

Sac | 109

BstX1 |118

Nsi | 127

141

ﬂum‘nﬂmwmn
pGE@Wﬂﬂﬁ% ﬂ%Hf%d ﬁﬂ@ ng ﬂ 3

T7 RiIA 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

62



lacoperator 200-216
-lactamase coding region 1337-2197
phage f1 region 2380-2835
lacoperon sequences 2836-2996, 166—-395
pUC/M13 Forward Sequencing Primer binding site 2949-2972

T7 RNA polymerase prorn_oter\(_\lk'#/) ‘ 2999-3

63
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5. Others

5.1DAB /NiCl, Visualization Solution

5 ml 100 mM Tris-C pH 7.5
120 pl DAB stock (40 mg/ml in H,O, stored in 100 pl aliquots at
-20°C

25 ul ,0, stored in 100 pl aliquots at

5.212 % Gel (5 ml) : - fo Tris“G ine SDS-Polyacrylamide
Gel Electrophoresis
1.6 ml

2.0 ml

1.3ml ! _v e

0.05 ml X
0.05 ml m 10 % ammonium persulfate m

°°WEF‘TWEW]§WEMTI‘§

535 % Stackmg Gel (1 ml)
q mamm UAIINYA Y

O 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



5.42X 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 dithio
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