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Learning objectives

Student can be able to-

1. Describe the principle and methods
of gene cloning and recombinant
protein production.

2. Clone gene (DNA) into the plasmid
vector.

2. Express recombinant protein using
bacteria or yeast cell.



Recombinant DNA
- Plasmid DNA

- Restriction enzymes



Gene cloning

4 stages
1. Digestion of DNA and cloning vector DNA
2. Insertion of DNA into cloning vector
3. Transformation

4. Manipulation of the cloned DNA: sequencing, gene
expression




Applications

1. DNA or gene cloning- isolation of a
DNA sequence of interest to obtain
multiple copies of it /n vitro.

2. Protein expression- produce

recombinant protein encoded by
interested gene.



DNA or gene cloning

Using TA plasmid vector




Procedures

1. Identify target gene or sequence
- Isolate the sequence- PCR
- Modify the sequence
2. Ligate to the plasmid vector
3. Transform to bacteria cell
4. Replicate (culture bacteria cell)
5. Plasmid extraction

6. DNA sequence analysis

4 Simple Steps to Success

Amplify
Purify
Ligate

Transform
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Cloning PCR Products with pGEM®-T and pGEM®-T Easy Vectors

Cloning PCR Products with pGEM®-T and pGEM®-T Easy Vectors
Ligation Using 2X Rapid Ligation Buffer

1. Briefly centrifuge the pGEM®-T or pGEME-T Easy Vector and Confrol Insert
DNA fubes to collect contents af the bottom of the tube.

2. Set up ligation reactions as described below. Viortex the 2X Rapid Ligation
Buffer vigorousty before each use. Use 0.5ml tubes known o have low DNA-

Sl up ligation.
Incubate a noom
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3. Mix the reactions by pipeiting. Incubate the reactions 1 hour at room ey
femperature. Alternatively, incubate the reactions owernight at 4°C for the
maximum number of transformants.
Transformation of JM109 High Efficiency Competent Cells
1. Prepare LB/ampicillin/IPTG/X-Gal plates.
2. Centrifuge the ligation reactions briefly. Add 2yl of each ligation reaction toa =
sterile 1.5ml fube on ice. Prepare a confrol fube with 0.1ng of uncut plasmid.
3. Place the JM109 High Efficiency Competent Cells in an ice bath unfil just I e
thawed (5 minutes). Mix cells by gently flicking the fube. ZAhE -H-

4. Carsfully transfer 50pl of cells to the ligation reaction fubes from Step 2.
|Use 100wl of cells for the uncut DNA control tube. Gently flick the ubes and
incubate on ice for 20 minutes.

h. Heat-shock the cells for 4550 seconds in a waber bath at exactly 42°C.
D0 NOT SHAKE. Immediately return the fubes to ice for 2 minuies.

6. Add 950 room temperature SOC medivm fo the ligation reaction transforma-
fions and S00p! o the uncut DNA control tube. Incubate for 1.5 hours at 37°C
with shaking (-150rpm).

7. Plate 100p! of each transformation cufture onto duplicate LB/ampicillin/IPTGS
X-Gal plates. For the uncut DNA control, a 1:10 dilution with SOC is
recommendad.

8. Incubate plates overnight at 37°C. Select white colonies.

Add 50C madim.
Incubsls for 1.5 hours
2 37"C wilh shasing.
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Ligation of plasmid vector and insert DNA

Vector:insert ratio calculation
Mostly 1:1 or 1:3 molar ratio work well
Calculation for ng of insert =
ng of vector x kb size of insert x molar ratio of insert

kb size of vector vector
Example
100 ng vectorx1 kb insert x 3 = 50ng
6 kb size of vector 1

T4 DNA ligate




Transformation of DNA to bacteria

1. Preparation of competent cell

2. Transformation of competent cells-
heat shock or electroporation.

3. Selection of transformants.



Selection of transformants

Antibiotic selection : in this case use amplicillin

Colony PCR
DNA Sequencing



Selection the positive transformants by
antibiotic or blue-white colony selection

pPET 15b-¢ircular plasmid
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Competent E. coli Culture with X-Gal+IPTG
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Ligation Transformation Screening



Plasmid extraction and purification

QIAGEN Plasmid Kits

Pelleted bacteria

:

Alkaline lysate
E
Clear lysate
by centrifugation

:

Isopropanol precipitate

}

Ultrapure plasmid DNA
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Protein expression

In vivo expression of recombinant protein.

Express cloned gene products in prokaryotic
and eukaryotic system.

Recombinant protein is used for studies of
protein structure and function, protein-
protein and protein-DNA interactions,
antibody production and mutagenesis.
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Prokaryotic system

Expression of protein in E. coli
Advantages: inexpensive, high yield, easy to regulate

Problems: expression of eukaryote gene products using
prokaryotic system if the protein need post-translation
modification for activity, protein produce in insoluble
form.



|dentify target gene or sequence
Screening
Transcriptomic

Proteomic



Procedures

RMNA extraction

RNA Reverse transcription (RT)

single DNA amplification
using oligo dT primer
T
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Approaches

Adult worm cDNA library of adult of O.V.

cDNA size fractionate

Screened with rabbit Screened with OV positive
hyperimmune sera human sera

Collected positive clones
]

Sequencing analysis

1 |

Produce the recombinant protein

4 %

Functional assay Application
- Ag for serodiagnosis

- Vaccine trial



Map OV Haemoglobinase
1 AAACGTGGTTGAGATGCAACGTTCTTGCCTTCTCCTGACGTTCTTGTTGTACGTCAACTA 60
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M 0 R s ¢C L L L T F L L Y V N Y
CGCTGCATGGTTAGGCGCTGTTTGTGTCGGTTCGCGGTTGTTTCACAGTGATCAGGCAAG
AA W L G A V CV G S R L F H S D Q A R
AAACTGGGTTGTTCTGGTCGCTGGATCCAATGGTTGGGAGAACTACCGACACCAAGCGGA
N W Vv vV L VA G S N G W E N Y R H Q A D
TGTATATCACGCGTATCAAATCATGAAGCGCAACAACATTTCGACGGAGCAAATAATTAC
v Yy H A Y 9 I M K RNNTI S T E Q I I T
CTTCGCCTACGATGATATTGCAAACAACCCCGAAAATCCGTTTATGGGCAAGGTGTTCAA
F A Y DDIANNUPENUPF MG K V F N
TGACTACACTCACAAAGACGTGTACGAAGGTGTGCACATAGATTATCGTGGAGAGGATGT
by T H K D VY E G V HTI DY R G E D V
GACACCGGACAATTTCCTGCGTGCCATGAGGGGTGATAAAGAACTTGAAGCTAATGGAAA
T p DN F L. R A MR G DK E L E A N G K
GAAGGTACTAAAAAGCGGTCCAGAAGATCACGTCTTTGTCTACTTTTCCGATCATGGTGC
K v L K S G P E D HV F VY F S D H G A
AGACGGACTTCTTGCCTTTCCAGAGGATGACCTCCTCGCCTCGGATTTGAACAAAACTTT
b 6 L L AF P EDIDULTLAS DILDNK T L
GGGTTACATGCACGAAAACAAAATGTACAAACAAATGGTTCTATACGTGGAAGCATGTGA
G Yy M H E N K MY K QM V L Y V E A C E
ATCCGGTTCTATGTTCCAGGATATCCTGCCATCGGATATCGGGATCTATGTGACAACCGC
s 6 s M F 9 DI L P S DI G I Y V T T A
GGCTAACAGTGAGGAATCCAGCTGGGCTACTTTCTGTCGCGACACAATCATTGGCACTTG
A N S E E S S W A T F C R D T I I G T C
TCTGGCGGACGAATACTCGTACAACTGGCTCACGGACTCTGAGCATCACGATCTGTCGCA
L A D E Y S Y NWWL T D S E H H D L S H
TCGCACACTGGATGATCAGTTCCAATCGGTGAAACAGAATACCAAGCAAAGTCACGTATC
R T L D D Q F Q S V K Q N T K Q S H V S
GAGATTCGGGGAACTGCCTCAGGTACTTCATAGCCATCCGTCACGCTGGGCACATTTGGT
R F G E L P Q VL H S H P S R WA H L V
CACCATGGTCCGACGAATGATGAAAGCCGAAACCGAGGAAGAACATGAATTGGCATCCCG
T M V R R M M KA E T E E E H E L A S R
AAAACTATATCGTGCACTTCTGCTTGCCCAGATCGTTAAAGAAACATTCGAAGAAATCGT
K L YRATL L L A @Q I V K E T F E E I V
CACGGATGTAACAACCTTCCATCAGCCAACCATGCGCATGTTGTCAAAGTCGGAGGAACT
T b v T T F H Q P T M R M L S K S E E L
CCAGTGCTATGAAGAAGTATTCCAAGAGTTCAAAAACCGGTGCTTCACCATTCGACAGGT
o ¢C Yy E E V F Q E F K N R C F T I R Q V
CCCTGAGGTGGCTCAATACGCAAGACATCTGCGGAAGCTGTGCAAAGAAGGATACGAAAC
P E VA Q Y A R HL RK L C K E G Y E T
TGAAGCACTTGTTCAATCTGTTCATGAAGTCTGTTCCTAGTGGACGCTGTCAACATTTGA
E A L V Q S V HE V C S *
TGGAACAACCTTAATTCGAAAAATGCATAAGTCCTGCAGTGG 1302
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OV-TSP1l
MMGCVQCLRI
DITRASGHYV
SQCLLGAYFI
MFEGVEEYSM
RDRIPVTCCD
DKLIVFFLIA
VDYATI

LLVVENFLVV
AVOIALYALM
ILLVIFTSQV
LRDQRENPSP
RRKSNCNELQ
VSIAAFEIFC

LVGLVVLGFS
GVGGITLITA
TGATLGYVFR
FMDNIHRVLQ
LTPDEVYTEG
LLFSMVLCCA

VYVSQEPEAQ
LFGCCGAYHE
EEIMQOHVEQQ
CCGVNGYTDY
CKEKYKRFFK
IRQYHSDYYG

Schematic illustration of the structural design of OvTSP1



247 aa Predicted Large external loop = 105-203 (Underlined)Expression region: Tyr (Y)107- G1T
(E)193 (Green) = 87 aa

Frame 1
MMGCVQCLRILLVVENFLVVLVGLVVLGFSVYVSQEPEAQDIIRASGHYVAVQIALYALMGVGGITLITA

LFGCCGAYHESQCLLGAYFIILLVIFTSQVTGATLGYVFREEIMOHVEQOMFEGVEEYSMLRDQRENPSP

FMDNIHRVLQCCGVNGYTDYRDRIPVTCCDRRKSNCNELQLTPDEVYTEGCKEKYKRFFKDKLIVFFLIA

VSIAAFEIFCLLFSMVLCCAIRQYHSDYYGVDYAIAT*

1 AGGNACTCACGCCTNNATTAAGTCCCGGCAAACCAAAATCGCTTTGAGATGATGGGTTGT 60
R ?» s R ? 2?2 * V P A N Q N R F E M M G C
61 GTCCAATGCTTGCGGATTTTATTAGTTGTGTTCAACTTTCTCGTTGTGCTGGTCGGTTTG 120
v ¢ ¢ L R I L L VvV VvV F N F L V V L V G L
121 GTGGTTCTAGGGTTTTCCGTATACGTCTCTCAAGAACCTGAGGCACAAGATATCATACGG 180
v v L G F S VY VvV S Q E P E A Q D I I R
181 GCGTCCGGACACTATGTGGCTGTTCAGATCGCTCTCTACGCTCTCATGGGAGTCGGCGGT 240
A S G H Y Vv AV Q I AL Y AL M G V G G
241 ATCACTCTAATCACTGCCCTTTTCGGATGCTGTGGAGCCTATCACGAATCACAGTGCCTG 300
I T L I T A L F G C C G A Y HE S @ C L
301 CTCGGTGCATACTTCATAATACTGTTGGTAATATTCACCTCTCAAGTTACCGGAGCTACT 360
L 6 A Y ¥ I I L L v I F T S Q VvV T G A T
361 CTTGGCTATGTGTTCCGGGAGGAGATAATGCAACATGTTGAGCAACAGATGTTTGAGGGA 420
L 6y v * R E E I M Q H V E Q O M F E G
421 GTGGAGGAATACTCAATGCTTCGCGATCAACGTGAGAATCCGTCGCCCTTCATGGACAAC 480
v E E Y S M L R D O R E N P S P F M D N
481 ATACATCGAGTGCTCCAGTGTTGCGGAGTTAACGGTTACACCGATTATCGCGACAGAATC 540
I H R V L 0 C C GG V N G Y T D Y R D R I
541 CCGGTCACTTGCTGTGACCGCCGTAAGAGTAATTGCAATGAGCTTCAGCTCACTCCTGAT 600
p v T C C D R R K S N C N E L Q L T P D
601 GAAGTCTATACAGAAGGCTGTAAGGAAAAGTACAAGCGATTCTTCAAGGACAAGTTGATA 660
E vy T E G C K E K Y K R F F K D K L I
661 GTTTTTTTCCTCATAGCGGTGTCAATTGCCGCCTTCGAGATCTTCTGTCTGCTCTTTTCT 720
v ¥ F L I A V S I A A F E I F C L L F S
721 ATGGTATTGTGCTGTGCCATACGACAATACCATTCGGACTATTACGGCGTGGACTATGCC 780
M v L ¢ ¢C A I R QY H S D Y Y G V D Y A
781 ATAGCAACTTAAGTGACCCGTAGTTGCCTGCACACCAACTACTGCTTCGTTTTGATTCAA 840
I AT * VvV T R S C L H T N Y C F V L I Q



Approaches

cDNA library screening
PCR

Specific oligoprimer designed from targeted DNA

sequence

Degenerate primer designed from target protein

sequence



Ligation of plasmid vector and
insert DNA

Insert DNA preparation
Vector preparation

Ligation reaction



Insert DNA preparation

Generate restriction sites at both ends by PCR

CTCGAG CTCGAG
Nde 1 Xho 1
Results:

Correct PCR products
Correct size: Gel electrophoresis
Correct sequence: DNA sequencing



PCR checking

1.6 kb

Expected size of insert

1 kb




Insert DNA preparation

Direct cloning with PCR product
Digested with restriction enzymes
Separate through agarose gel electrophoresis
Purity

If direct clone is difficult, clone into T-vector
Clone PCR product into vector
Digested with restriction enzymes
Separate through agarose gel electrophoresis
Purity



Double digestion of LGM_pGEM-T with Nde | and Xho |




Vector preparation

Digest with restriction enzymes
Separate through agarose gel
Purify

Concentrate



Ligate LGM gene into pET-15b vector
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pET-15b cloning/expression region




Ligation of plasmid vector and insert DNA

Vector:insert ratio calculation
Mostly 1:1 or 1:3 molar ratio work well
Calculation for ng of insert =
ng of vector x kb size of insert x molar ratio of insert

kb size of vector vector
Example
100 ng vectorx1 kb insert x 3 = 50ng
6 kb size of vector 1

T4 DNA ligate




Transformation of DNA to bacteria

1. Preparation of competent cell

2. Transformation of competent cells
3. Selection of transformants



Selection of transformants

Antibiotic selection : in this case use amplicillin

Colony PCR
DNA Sequencing



Selection the positive transformants by antibiotic or blue-white

colony selection

pPET 15b-¢circular plasmid




Selection the positive transformants by
Colony PCR

1 Kb marker

lane 1
lane 2
lane 3 = colony 1
lane 4 = colony 2
lane 5 = colony 3
lane 6 = colony 4
lane 7 = colony 5
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Prokaryotic expression protocol

Materials
LB broth containing antibiotics (100 ug/ml amplicillin)

[PTG (100mM stock)
Transform recombinant plasmid into bacterial

Pick colonies and grow in LB amp 50 ml at 37 C for
overnight

Inoculate 1-2 ml into new LB amp and grow at 37 C to
A600 of 0.6

Add 100 mM IPTG to culture to final concentration
of 0.4 -1 mM (in 100 ml add 1 ml of 100 mM IPTG)



5. Incubate at 37 C for various time points (1, 2, 3, 4,6 h
and overnight)

6. Analyze expression protein
- in pellet
- In supernatant



Production of OV rAEP-1 in E.coli
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Applications

Antibody production for immunological assay
Functional assay of protein
Immunodiagnosis antigen

Vaccine antigen



OvwAEP-1 is secreted by adult O. viverrini

Antigen rAEP-1 ES SA ES SA
]
49kDa —
Antibody 2, 2, 2,
@, T, T, Ya T
4 4 4

rAEP-1 = Recombinant O.V. asparaginyl endopeptidase

ES = Excretory-Secretory antigen

SA = Somatic antigen

o-rAEP-1 = IgG from the rabbit serum immunized with rAEP-1
NRS = Normal rabbit serum (Negative control)



the parasite gut and in eggs
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Asparaginyl endopeptidase expressed
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Detection of AEP catalytic activity in refolded recombinant Ov-AEP-1 and O. viverrini
ES products

30000 -
——0.2pg ES

25000 - —— 2 pg rAEP-1
—&— buffer

20000

15000

10000

5000
0 T T T T T 1

0 50 100 150 200 250 300



Recombinant Ov-AEP-1 was recognized by serum
antibodies from opisthorchiasis patients

The sensitivity = 85% (64/75).

The specificity = 100% (Hookworm, minute intestinal
fluke, Taenia and Echinostome).

The positive and negative predictive values are 100%
and 67% respectively.
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Development of immunodiagnostic tool using recombinant OV-AEP1 as a specific Ag



Eukaryotic system

Yeast; Saccharomyces cerevisiae, Pichia Pastoris

Baculovirus-infected cells; insect cell (Sfg) or
mammalian cells (HeLa)



Commercial kit for protein expression
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Expression of LGM gene in yeast

The full-length of LGM gene was clone into pPIC ZaA
expression vector and transformed into competent
Pichia pastoris strain X-33

. 5"OVLGM: 5"- gCg CgC gAA TTC gCA Tgg TTA ggC gCT gTT

. 3'’0OVLGM: 5’'- CgC gCg gCg gCC gCg gAA CAg ACT TCA TgA AC
. 5/AO0X1: 5"- gAC Tgg TTC CAA TTg ACA AgC

. 3"AO0X1: 5"- gCA AAT ggC ATT CTg ACA TCC

S w N
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Protocol

Produce recombinant plasmid clone
Transfect into yeast cell
Induction ; methanol induction

Collect protein from supernatant
Purity



Linearize the recombinant plasmid for transformation into

Pichia pastoris

5 kb

1.6 kb
1 kb




Production of recombinant OV-AEP-1 in Pichia pastoris

47 kDa
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Tetraspaning (T5Ps) ane tmnsmembrane proteins contaim-
ing four tmmsmembmme domains intemspersed by a small ex-
tracellular loop (3EL) and a large extracellular loop (LEL). In
platvhelminths, TSPs are distributed throughout the
tegumentil membranes and have ako been found in secreted
extrmeellubr vesicles (EVs) (Chavadet et al. 2005; Cwiklinski
et al. 201 5; Nowacka et al 201 5; Sotillo et al 2016; Zho etal.
2006). TSPs from O wiverrin (Chv-TSPs) have been found in
both EVs and the tepument of adult fukes (Chanadet et al.
2017a; Chaiyadet et al. 2015; Piratae et al. 20012) and are
esqential for maintaining the integrity of the adult fuke teeu-
ment (Chaiyadet et al. 201 7Th; Prmtae et al. 2012).

Diespite subs timtal effort and many publications focusing on
antigen disoovery and effimey msssment in animal models,
there 15 still no vaocine avadable for my humm hebminth nfiec-
tion. Previous studies desenbing expenmental vaccines azamst
opisthorchinsis in mimal models revealed partial protection with
crude somatic mtigen Jitimanes et al. 2002) md iradiaked
larval stare (Papatpremsiri et al 2006). Several vaceme candi-
date molkecules have been identified from transeripiomics (Laha
et al. 2007) and protecmics (Mulvenna et al 2000) studies of the
0 viverrini secretome; however, Ch-TSP is the only suburit
vaccing ested thus fir (Chaivadet et al 2019). Noteworthy, a
TSP from 8. manson & 2 promsng veocine candidate aganst
schistosomisis (Tran o al. 2006) and has completad a phase 1
clinical trial (Tebgje et al. 2016). Moreover, we showed that
antibodies to an O viverrind TSP were able to block the uptake
of fluke EVs by human cholangiocvtes (Chayadet ot al 2005),
the cells that bne the bile duds and are intmmately exposed to
% wiverring during chronic human infisctions.

In this study, we have produced the large extracelular loop
of O viverrini tetraspanin-2 (rOwv-LEL-TSP-2) as a recombi-
nunt protein in the veast Pichia pavtoris and evaluated its
immunogenicity and eficacy in the hamster challenge model
of opisthorchiasis.

Materials and methods

Production and purification of recombinant
Ov-LEL-TSP-2

cDMNA sequence corresponding to the LEL of Ch-trp-2 was
obtinad by PCR as previously described (Chaivadet et al.
200 7w using specific primers that induded EcoR 1 and Nor 1
restriction enevme sites (indicated with bold and underlimed
type). The primers used were Ov-TSP2-EC2F (5
ACGOGAATTCCGCGATAAGATCCCCGG-3) and Oh-
TSP2-ECIR (5'ACGCGCGGCCGCCTGG
ATGAACTCTTCGAC-37. The resulting amplicon was
cloned into the plasmid pPICZoA mesulting in pPIC Zo-Che-
lel-tzp-2, and the recombinant protein was produced in

P pastoris X33 strain following the manufacturer's

instructions with slight modifications. Briefly, pPICZo-Ch-
lel-tgp-2 plasmid was linearized with Sac | restriction emrymes
and transfected mto P pastords X33 using electoporation
(MicroPulser Electroporator, BioRad, USA). Selected
trumnsfiected colonies containmng pPICE oe-Ch-lal-tsp- 2 were in-
cculated m YPD culture medium contaming Zeocin (1% (wiv)
yeast extract, 2% (wiv) peptone, 2% (w/v) dextrose, 100
pgeml feocn), and grown overnight at 28 °C on a shaking
incubator. The culture was moculated nto BMGY (1% (wiv)
yeast extract, 2% (wiv) peptone, 1.34% (wiv) veast nitrogen
base, 4 * 1076 (wiv) d-biotin, and 1% (v/v) glyeerol) con-
tamning 100 mM potassium phosphate, pH 6.0, and mcubated
for 24 hat 28 °C with shaking. To induce expression of rChw-
LEL-TSP-2, the cell pellet was resuspended in 200 ml of
BMMY medium (100 mM potassium phosphate, pH 6.0,
15 (wi'v) yveast extract, 2% (wi'v) peptone, | 345 (w/v) yeast
nitrogen base, 4 = 107 % (w/v) d-hiotin, and 1% (v'v) meth-
anol), incubated with shaking at 28 °C for 72 h at 250 mm,
and 1E: methanol was added to a final coneentration of 1%
every 24 h. The supematant containing rCh-TSP-2 was col-
locted and conentmted by Amicon ultm-15 centrifige filter
unit, 3 kDa MWCO (Merck, Gearmany). Lysis buffer (50 mM
NaH-PO,, 300 mM NaCl, 5 mM Imidazole, pH 8.0) was
addad to the supernatant prioe to purification with a mckel-
nitrilotrizcetic acid (Mi-NTA) affinity column (Thermo Fisher
Scientific, USA). The purified protein was dialyzed aminst
200 mM HEPES using an Amicon ultra-15 centn fuge filter
unit, 3 ka MWCOO. The concentration of the punfied riow-
LEL-TSP-2 protem was measured by NanoDrop 2000c spec-
trophotometer { Thermo Scientific, USA).

Immunoblot analysis of the recombinant
Ow-LEL-TSP-2 protein

Purified rOhv-LEL-TSP-2 protein was separated on a 15%
SDS-PAGE gel and tnmsfared onto a nitrocelulose mem-
brane (Mini Trans-Blot Cdl Bio-Rad). The manbmane was
blocked with 5% skim in PBS containng 0.1% Tween-20
(PBST) for 2 h, at room temperature and slight shaking. The
membrane was, then, washed three times with PBST and in-
cubated with rabbit anti-Ch-LEL-TSP-2 antiserum as previ-
ously described (Chaiyvadet et al. 200 7a) idiluted at 1:2,000 in
PBST) overnight at 4 °C. Finally, the probed membmne was
wigshed three tmes with PBST and incubated with goat anti-
rabbit HRP-conjugated secondary antibody (1:1,000 in
PBST) at room temperature for 2 h. The colormetne signal
was developed using LuminataTM Forte Western HRP
Substrate (Millipore, USA).

Preparation of 0. viverrini metacercariae

0. viverrini metacercariae were collected as previously de-
serbed (Laha et al. 2007). Briefly, naturally infected cyvprinid



Specific primers that included the sequences for the
EcoR I and Not I restriction enzyme sites (indicated
with bold and underlined type), Ov-TSP2-EC2F
(5ACGCGAATTCCGCGATAAGATCCCCGG-3’) and
Ov-TSP2-EC2R
(5ACGCGCGGCCGCCTGGATGAACTCTTC GAC-3)).




™1
ATGGTCTCGCTAAGTTGTGGATATCGTTGTCTTCAAATTATACTTGTCATCCTTAATACT 60
M Vv S L §$s ¢C GGY RCUL QI I L Vv I L N T
Cleavage site-; TM1
TTTGTCATCGCATGTGGT\fTTGGCCTCATAGTTGTCGGGAGTTTGGCCGAAGTTTCTTTG 120

F VIACG GV GL I VUV G STILAaAETVSL
TM2

AAGACTTTCGGAGAATCTAACGAAACCAGCATCCAAATTATCGTTATTTTCATCATTTGT 180

K T F GE S NZETS I QI TIVITFTITISZC

TM2

CTCGGATGICTCACATTTTTAATAGGATTTTTGGGGTTCTGTGGAGCATGCCTGAAAAAT 240

L. 8 € L T FLIGEL GTPEFCB A ECTLIEKN

™3

GTCTGTATGCTCATTACCTATGCTATACTGCTTGGAGTGACGGCAGTTGCACAAGTCGTA 300

V ¢cCMULITVYAIULTULGVYTA AVA ATZ QVUVYV
TGTGGAATCATTGGCCTTGTTCTJCGCGATAAGATCCCCGAATTGGTAAATCACAATCTG 360

Cc G I I GLVLRTDTEKTIT PG GTLTVNEHNL
GAGGTGCTGTATACAGAGTATAGTGCCAACAAAGATGTTCAAAAGTTGATTAACGTGATC 420

E V L YTETZYSANTI KT DTVOQZ XKTLTINUVI
CAGAGTGAGCTGAAATGCTGTGGAGCGACTGGAACGTGGGCGAACCCGGGGTCTGAACCA 480

Q S EL K|[C C G|A T G T WANUPG S E P
GAATCTTGCCGCAGCCCAGAAGGTGTCGTTTACAAGGATGGCTGTGTTCCGAAARTCGAA]540

E S[CCR S P E G V V Y KD GI[C]V P K V E

T™4

GAGTTCATCCAGHAAAATATGGTTGCAATCGGCGTGTGCGTCTTCATTTTTGCACTAATT 600

E F I Q ENMVATIGV VT CVF FTITFATLTI
* Specific primers that included the sequences for the
CAACTCATCTGTATGACGTTTGCCATCTGECcORGrandANot Test rictimt reatae sites (indicated
0oL 1 ¢c M T F a 1 cwithbpldandunderdined typey), Qv-TSP2-EC2F
GAGACGGTATAG 672 (5ACGCGAATTCCGCGATAAGATCCCCGG-3’) and Ov-

I, TSP2-EC2R
(5ACGCGCGGCCGCCTGGATGAACTCTTC GAC-3).




SDS-PAGE and western blot analysis of rOv-TSP-2
expressed in Pichia pastosis

M 1 2 3 4 5 6 7 8
kDa

51—
42— -

29—

22—

14—
Y L‘l ‘Q- ‘
" . ".. A

Protein marker (lane M), pre-induction supernatant (lane 1), methanol-induction supernatant
(lane 2), flow through (lane 3), wash (lane 4), eluted protein (lane 5), purified protein in 20 mM
HEPES (lane 6), western blot of tOv-LEL-TSP-2 probed with rabbit anti-Ov-TSP-2 serum (lane
7), western blot of 20 mM HEPES buffer probed with rabbit anti-Ov-TSP-2 serum-negative
control (lane 8). The molecular weight of rOv-LEL-TSP-2 protein 1s approximately 12 kDa.



