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laoltidulod LR clonase ﬁﬂﬂq@madﬂﬁﬁ%mﬁlﬂﬁ expression clone Ml final
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Malaria is now severe the world because there is no vaccine available. In order
to produce vaccine, decoding evolutionary and genetic variation information is critical for
understanding mechanism of parasite and identifying potential vaccine antigens. So far,
most of antigens are studied in P. falciparum, the fatal species but not P. vivax, the
species most commonly seen. Among the antigens, RhopH complex is rhoptry proteins
in P. falciparum that were found to induce host immunity against infection. To date, little
is known about RhopH complex in P. vivax genetic information. Thus we sequenced 3
PvRhopH genes; PvRhopH1_1047, 3844 and _3944 by using 4-singly Thai isolates. All
3 genes in all 4 samples were amplified by PCR using specific oligonucletide primers.
Open reading frame (ORF) of all genes were aligned and compared with genome data
base of P. knowlesi (Sal | and El Salvador strains) by using Clustal W. Nucleotide
diversity was computed by using MEGA 3.1 software. The results showed the most
polymorphic occurred in PvRhopH1_3944 around amino acid position 1000 -1200 and
potentially be the vaccine candidate antigen. Consequently, PvRhopH1_3944 was
taken to construct recombinant protein by using Gateway System for future testing of
the human sera in nature. PvRhopH1_3944 was divided into 5 blocks, PCR amplified
each block and inserted into pB12 plasmid. Later, BP-LR reaction had been performed
by inserting pB12 plasmid carrying gene of each block into the donor plasmid, pDONR
221, by the help of BP clonase. Further, these entry clones were inserted into pBAD-
DEST49 plasmid by the help of LR clonase to get the expression clones, the final
constructs. Transforming the final constructs of each block of PvRhopH1_3944 gene
into Rosetta-gami2 competent cells was performed. Colony PCR and gene sequences
had been checked for confirming the right insertion and sequences. In the conclusion,
our study is the first report to study diversity of RhopH1 gene of P.vivax in Thai isolates.
Moreover, our finding is also the first succeed report using Gateway system to help

constructing the PvrhopH1 gene.

Keywords : Plasmodium vivax, rhoptry, RhopH1, Gateway system
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lasflu (Microneme) Sauvi3 (Rhoptry) uaz 1au&WNIUA (Dense granule) Lutanafignidasanain
paimuuaGInaNdANuAmAYdaniz@a (binding) UAzN1T invasion JauTaLINFLlaRALA
lihs@iuzas  Rhoptry  fishazfiunumadylunszuiuasnanfe  lds@uluanalng@adond
RhopH complex @4usznau 3 polypeptides kA RhopH1, RhopH2 uaz RhopH3 Tsdiauna
Imaqa 150, 140 WAz 100 AlaANaau ANE1GL NIfudas polypeptides anaInndwiuanend
M uazIINMIANINAMENTALAZANSNIW RhopH complex lunsduasdisznavvasiadu
WU uauAvUefAde P.falciparum RhopH complex sansagusinsiaulavaadaanasels
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vaccine candidates N&AT) WaNINAKLINUIT PMRhopH complex LNELRSNICINUUWLIALRDALA
wiouninizawllg  parasitophorous  vacuole  Tudufagrasseluiliaifieauasienis
wigivla v inlunduunangiuiuaasdn RhopH complex 1ihfiaziilu vaccine candidate fia fu
pfrhoph3 lisansanazin knock out la @sUsingmisnifusasliidwingu pfrhoph3
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FITUTALTULALING iTa;uJaé’aﬂmmnﬂuﬂiﬂwﬁﬁa‘f'm%'umiaammui’a%u‘luamﬂmm:mi
Uszgnallununisiihsislsadaly WONINR  MIANENTRENAREUMIRELABEIVEITUY
NAANARTITNTG (antibody) damdaLgaanaise lazazifangUuuuvas PvRhopH1 fnule
ﬂaﬂLLazﬁﬂ’N&mmﬂﬂmﬂgjo WR¥INTNNI|INN construct Iﬂi?}%g}ﬂwﬁu (recombinant proteins) Lﬁ‘la
Huaraasaunsuaadaanvaddnluuivas immunogenicity lu%%'ugﬂm
2. Jagilszavavaslasons
1. @nmanunanraiuvadlisin RhopH1 1047, 3844 Uaz 3944 289
thoptry luszazinaslszasduas P.vivax ndregsildaindszndlng
2. @ensaaafinuay fanunannansgs &319 construct WLﬁﬂ%ﬂauﬁLLuuﬂﬂsamﬁag

MILRAIDANVBIDULAL LNDFN Hﬁﬂ“ﬁﬁﬁ\l AwlussIna
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3. 3uiiaui5IVe (xRN DN LATIZBZIIANTALDW)
3.1 dszmnyvesilia Plasmodium vivax
(1) d@t19 DNA 283 P. vivax fildangihodaniaanizningg a.e. 1997-
A R et 6 a 6 v &
1998 TaldTuANWaUATIZHIN JAUN.aT. aumE ndnad Tdfu
o ' L Ne o o @ ' A o aa
datafaauazdinliud Swudszanm 50 dretns Salidayaninddin
uwazdammanuiTalugihoudazng
o A o  da a & a v & a =2 ' o A
(2) AaLRendainimMIAaLTaliesmeRuiLagINMsANIIAouninG
lagl48u PMsp-1 (Putaporntip et al, 2002)
3.2 matWuUINNs DNA (Polymerase Chain Reaction (PCR))
- MILANLTN I DNA NiATauaguanniansues PvRhopH1_1047, _3844, 3944
ffianunidszinm 4-5 kb landFsmanlalniwatise (PCR)
3.3 MIMAAUILRVEIEW PvRhopH_1047, 3844 and _3944
1. ldndana PCR a1nda 3.2 snwdauiuavaduaaziin lasld sequencing primers fi
FUWLINIUAZATOUARNAALILE
3.4 myleanzidays
1. 1389f19ULIUEY898% PvRhopH1 1047, 3844 and 3944, 1SauiigusauIURLAS
fauniaeziiluannalatnensnue uazls P. knowlesi RhopH1 ( 1% outgroup )
lawandaldsunsy Clustal W
2. A@MeRen nucleotide diversity lasltlisunsy DnaSP 4.0
3.5 QNIUAAIADN (expression) °11mﬁul@sJLﬁanmﬂﬁuﬁwum'}wmﬂ%mﬂmuﬁ'u'gﬂﬁu
ANNgQ 1an3&319 construct VadBuUUAI83T Gateway System LiNal# la3nay
PN a A = a A a &
Dunuriliséin uazluamaaiiafinmgnisusasaanvasbmiadinnziig
immunogenicity as8uudazaludTuvasE
a = ada v > d‘y
lasfisudouitidoasit
1. ®&319 Recombinant protein expression laeAs Gateway System @Q@a&L3UaN
- M7insert DNA maau@iazﬁmﬁwg}wmaﬁﬂ pB12

- ¥ BP-LR reaction lagmsnas pB12-carrying gene of interest g

U

Waaia pDONR uaz pDEST lagidwlasd BP clonase was LR clonase
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=1 Qs v . . ad o o .
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1. Aaldandee1d DNA aanuuy primer 13U PCR W&z Sequencing
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3. ‘mﬁﬁuman%nmﬁﬁmwwmﬂwmygma:mmaaummgnﬁau
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@ A da P o a ad
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System
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/34 construct VaILUNUAINURITNRAR/N &I&J’m‘ﬂqﬂiuﬁ]’m’su 3 UuI@ﬂ']ﬁ Gateway
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fnsanunannansaadlUsin RhopH1_1047, 3844 uaz 3944 Uad rhoptry 11
e NaslITauauad P.vivax N18819 beanyszind bng
\Ranaadanwutas danunannalsgd 8319 construct ¥iha %ﬂauﬁuuuﬂﬂsamﬁa@mi

v o

LLamaanmaaﬁuuanﬁa?inmnﬂﬁqunulummm@

A5n1INaaas

-

. @8819 DNA 189 P. vivax "L@”mmﬂ;\Tﬂam%’a%i’@mm:mwaﬂ .9, 1997-1998 9

VL@‘T%’Uﬂmua‘kll,mﬁzﬁmﬂ ALUW.QY. §UT8 39@a Iifiusagnadaau filter papers uazdsu
s $1uau 4 dreens %aﬁ*’ﬁa;&amaﬂﬁﬁﬂLLmé’mwmiwuvﬁalugﬂ’amwiamﬂ @189 4
ot L‘flu@hamo“?'iﬁmsﬁ@L%aLﬁmmﬂﬁuﬁ:ﬁmvlﬁﬁgﬁ]ﬂ@ﬂ%ﬁu PvMsp-1 ud? lag
Putaporntip C. wazanludl a.a. 2002

a1ia DNA anneasngldaaniasianngann filter papers LazyinmstAaLSu1os DNA 4
ATBUARNE. PYRhopH1_1047, _3844 Laz _3944 YoINI 4 F8E9ARDATI AN TIUTTIN D
4-5 kilo bp 270 start codon f19 stop codon (open reading frame) lagaanuuy oligonucleotide
primers ‘*?'iaﬁwLWﬂsz:w‘LﬁmaUﬂquﬁ”’amm waz 1iinLSuo DNA Taglfidwlnsd DNA polymerase
Run gel electrophoresis 1w 1% agarose gel Inaa PCR product 71 lalunszuglni 100 Vidluiaan
30 wLagaNa28 ethidium bromide Uszanm 15 w1 Lﬁuiagaimmsfimgﬂmﬂﬁ UV uasvin

nMIfaLani target DNA ATh) purification

. ¥ DNA fundSanmldanluga (3) Iilanauiagnd (DNA purification) laals

QiaEX Il kit (Qiagen)
WG UL (SEQUENCE) 1895w PvRhopH_1047, 3844 and _3944 fildannnaana
48 (4) laweanuuuuazld oligonucleotide sequencing primers ﬁmauﬂguﬁﬁu SIE}
vanuevasudaziulasls ABI PRISM 310° genetic analyzer (Applied Biosystems,
Foster City, CA)
AenzitayalanSussauiuauasiu PRhopH1_1047, _3844 and _3944 lan
Wsuiisudduiusuazdeunsno=alu (alignment) :ndatnsnanualagls
P.knowlesi RhopH 1 (Sal | LLaz El Salvador strains) WD outgroup (ﬁa%la P. knowlesi

RhopH 1 genome data base lenann www.sanger.ac.uk; Sanger Center, UK)

sequence ASafsuiwisazardolisunsy Clustal W uas correct sequence
vanuasulasiie (manually)

#1 nucleotide diversity Lazf1 standard error o7 wnzilasldmanuls MEGA 3.1
LAZANWITHAIAT mean numbers of synonymous substitutions per synonymous site

(dS) ez mean numbers of nonsynonymous per nonsynonymmous site (dN) laeA%

Nei and Gojobori method (¢1 SNPs %30 single nucleotide substitution polymorphism;
synonymous substitution w9 Deuazdl substitute lag single nucleotide wansaoziilugingly

{ . . . . 4 o
L‘LlﬁtluLLiJad, nonsynonymous substitution wud § substitute lae single nucleotide TR R)



nynasilwdasuudas Aefinsunuidunsaezilusalnd) sasdrmes dN/dS andeneilasly
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1ué’a§a§amﬂﬂd'}§u5u F5ealufivhnInasasfiasi1s recombinant PvRhopH1_3944
protein laeAs Gateway System (Invitrogen, Japan) Lﬁ: 8l nIUATIIM immunogenicity 2098
ﬁf’uslw’fi%'mmgﬂw
9. PvRhopH1_3944 QmLmaamﬂu 5 & (figure 3); a, b, ¢, d LaT e (a -AWIALIZN 705 bp, b-
PUIAUTENI 612 bp, c-aUIALTENI 591 bp, d-TWIALUIZUIH 768 bp LAE e-UWIALUITUIH 1289
bp) lasudazsinazinllifindsanmlasds PCR Ssiinseanuuuuasld oligonucleotide primers
TesudaziuidImzInzauszasaungy uazld DNA polymerase wdwlmiludfizen
10. Run gel electrophoresis 1w 1.5% agarose gel Inaa PCR product ﬁvléﬂummavlwqmﬁ 100VL il
I 30 wifiudadandan ethidium bromide Yszanm 15 wifl tiudayalasnisdnazUnsld uv
wazvinIdiaLaaiiil target DNA Liia purification
11. Purify PCR product “7%‘1@7 lagld DNA Fragment Purification Kit LLaz MagExtractor
(TOYOBO, Japan)
12. & (insert) DNA madﬁuu@iazﬁ’sm"ﬁﬁﬁ pB12 plasmid lag restriction enzyme fldaa
EcoRV Mﬁoaﬁﬂfuﬁuﬁuﬂawugﬂﬁaqma\‘ims insertion lag3SvndauLua
(sequencing)
13. 1w mnvesduudazanlwismananniulagms transform L’iT']g'( TOP10 E.coli
host cell Ampicillin resistance ‘ﬁ 37C \Junmtufinnie 12 ‘fi"ﬂm
14. ¥ Colony PCR {8 pick E.coli colony fififuudazginaasst lagld Ex TaQ DNA
Polymerase HS tilu enzyme lui§iisen
15. Run gel electrophoresis Tu 1.5% agarose gel 1naa PCR product ﬁ"l,é‘l,unmm"l,ww 100 V 11w
1287 30 WTILa8B)G Y ethidium bromide Uszunms 15 Wil Lﬁu"ﬁagahymimﬂgﬂmﬂﬁ uv
16. ATIAXOUAINYNABIVBIFGUILFVS colony PCR #lwna positive tivelwusilain
Iedufidasnsudacsinaieg LLazﬁuLL@ia:muﬁvl@Tﬁéwé’uLuaﬁgﬂﬁaa
17. e Bt winunnd uuda 391013539 recombinant protein A3onin
Gateways recombination reaction (commercial) 1a3T BP-LP reaction lunaaa
NAaed la ﬂmﬂd%udamaaﬁmfm%g pDONR 221 plasmid fidiaee restriction
enzyme Aa HINDIII uaz 18 15wl BP clonase 11y wawlsiidhiuuazaslia
muldgunnil 37C Aaliiruduvdadszanm 12 $2lug nasaniutauri
Junoudalldarinnns deactivate enzyme finainaznaamaslunasananssdn
ﬁqm%gﬁ 65C \Juiaan 30 wifi foga product #13un1 Entry clone
18. 111 entry clone Ao W maariy pBAD-DEST49 plasmid uf2laidulamsd LR-Clonase
WarhU AT aaneli7 25C Uszinadhufiunde 12 9alus iilafiazasne expression clone
19 @3733/aY product ﬁ“L@TIm gel electrophoresis 1 1.5% agarose gel Tunszualuin 100V uas
fianae ethidium bromide 1Juwaa1 15 w1
20. ¥ product "ﬁvlﬁ transform 121 1ulu Rosetta-gami 2 competent cells 37C Wuhatuas w3
12 9l



21. pick up colony LN9&1}¥in colony PCR Lﬁam’maaummgﬂ@‘fawaaé‘hé’uLua
22. luwneiunsain pick up wdsin luiaadalu LB blot i 37C tTJutian 12 Talud uadr
1& L-arabinose NANadadueng g (A9ud 0-0.2%) L-arabinose 3¢¥N%¥#1 induce N3

LEAIBANVDIDUIUEDNIN

WanN1INnaaag
1. NMIINNINA[BIINN Ta (1-7) WU

1.1 Aidnumiisnsaaziludl 1000 - 1200 WuaNURMNRENERINTFA (Figure 1)

12 dafisuanunannuansvasunomy PvRhopH1_1047, _3844 Waz _3944
WU11 PvRhopH1_3944 wummwmﬂ%mﬂmnﬁ'q@ (Figure 2)

1.3 ﬂ'a'lma'm%ms;lﬁ?ul,ﬁ@mmn positive selection VRGP PvRhopH1_3944

2. %&'@mna@%ﬁn PvRhopH1_3944 wumwwmn%mymnﬁ'q@ 9T En
PvRhopH1_3944 31&3149 recombinant protein lagiid PvRhopH1_3944 aaniilu 5
&% (a, b, ¢, d Uaz e) (Figure 3 Uaz 4) MUIDTNINARDITE (8-22)

2.1 wamInasasfildfe sunsadszsuanugnsalunssing construct 2898
PvRhopH1_3944 lagitlnaifa 35 Gateway system (Figure 5) Aaaun3niin
Bundaziuas PvRhopH1_3944 ligate Lﬁﬁ;jwmaﬁ@ pB12 uazananIn ler
PCR product 3nnu1g

2.2 PCR product ﬁvL@T mminﬁ'll,ﬂ"lgj commercial plasmids (Gateway System)
VL@Tasi’m’m‘%f'w,m:ﬁmmgﬂﬁaﬂuﬁ']ﬁuma’uaaﬁu (Figure 6)

agﬂuaz%mmﬁwamsﬂmaaa

8IUNANINARDINIANWANINWAIL VI RhopH1_1047, _3844 uaz _3944 1as rhoptry luszozinasls
Tauduey Pvivax 1Indranaf ldandszinelng wui

1. @URAINKATY (polymorphism) wu'lddszanafidnumils amino acid 1 1000 -1200 (last exon)
vo38u  PvRhopH1 1047  uwsz 3944  luvnedlinuamansinnaisuszmaunuivesius
(substitution) lu PvRhopH1_3844 (Figure 1)

2. flauddn 22wy single nucleotide substitution 4 PvRhopH1_1047 udanmaensiiaidu
synnomymous substitution s‘fidvlsjﬁwaﬁ'u amino acid code %d@id“ﬁ"]&lﬁu NIWU single nucleotide
substitution 14 PvRhopH1_3944 ‘ﬁLﬁ(ﬂ nonsynonymous substitution 310 G‘fidﬁlzﬁwai@]f;lmﬂﬁ'ﬁ_l amino
acid code (Figure 2)

3. aUKnAINKRANEY (polymorphism) ﬁwuua:mmsn maintain badu PvRhopH1_3944 Vlé]”flmm@m
91N positive selection

4. @sin PvRhopH1_ 3944 Sumiliudlaziilu target molecule dwiunaminduvoslsaananis na
m‘smaadﬁﬂuwamsmaaaLLiﬂ’LumsﬁﬂmﬁagaL%aﬁnluud%ﬁﬂmimaqamaa Rhoptry  @83m3
LIRS

a;ﬂwamswmaamnmm%n construct Va8 PvRhopH1_3944 ﬁy’a 5 §% lae3suy commercial
system #a Gateway System Tad wuindazedn ldhalisnn wazfivszfntan uddaiFade

Gateway System TIONININ LA JUY Gateway System mﬁ]ﬁ]ﬂﬂmmm&lﬁuﬁunﬂ%ﬁﬂ



datanauwzdinsuswIsalnaniaa
1. Lﬁaslﬁﬁﬂi:%w%mwgaq@ dssluemaadasinsdesaalumald construct ldlunasau
miuaasaanvaslisdulasldiu sera 2895t
2. ielinammasasdundsdu luewanarsinsiniumnsesdegsliunni
3. Lﬁﬂhﬂﬁmﬂﬁ@ﬂmﬂﬁqﬂﬁﬂﬂ%ﬂ RhopH complex protein 14138 vaccine candidate, 254

msdnsnulds@u RhopH ddunaninilaann RhopH1 fvsznauili complex ¢
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Figures and Figure legends
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Figure 1 LEAYIAMNHAINKANY (polymorphism) D@9 amino acid ¥ay PvRhopH1 N9 3 841N
o o a4 a a &

M09 4 AIDUNNINYUNY P. knowlesi (Sal-l strain) AnuranRaneLiadwle RhopH1_1047 Llag
3944 N urU9 last exon %3n Uszuth amino acid 1 1000 -1200 (red mark fa single nucleotide

substitution (SNPs) luudazalatinsvaudaziin iaifisuny P. knowlesi (Sal-l strain)
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Figure 2 LE#AIDAINAINILHING dN/ds 2ad g1 PvRhopH1 genes 31N7NJ 4 @19819 WU a1

nonsynnonymous substitution Tu PvRhopH1_3944 wumnﬁq@ Lm:wumﬂﬁq@luﬁ'sﬂﬁia%ﬁ

ﬁWLLWULG"?i 3000-4000 (last exon) (dot line: PvRhopH1_1047 and _3844; line: PvRhopH1_3944)
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Figure 3 WEAIBWNIAN8VAS PvRhopH1_3944 fiu PvRhopH1 3944 1sznaudis 9 exons Was 8
introns gmujal:ﬂu 5 @ &% (a) Usznaueie exon 1 (705 bp) vt &3 (b) Usznaueas exon 2
(612 bp) Wit &% (c) Usznaueae exon 3, 4, 5, 6 Uaz 7 (591 bp) &1 (d) Ysznaualy exon 8

(768 bp) L% WaZEIW (e) UTznauais exon 9 (1,289 bp) Lyt (last exon)
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Figure 4 Gel electrophoresis LL&RA3 expected size Bav a0 PvRhopH1_3944 Tuuaazdin (Sd fa
standard marker; a -UWQUTzNNIL 705 bp, b-uw1AUIzNIM 612 bp, c-UWIAUTENIM 591 bp, d-
PUIALTEN 768 bp Lar e-uUIALTEN 1,289 bp)

attB altB attL atfl attR attR
E_E3 W BP Clonase™ I [oe ] 2 (=3 W
attB-flanked PCR ] emw by_product
product or attB clone

expression clone

attL atil atfR attR

LR Clonase™ Il

entry destination —_—> expression by-product
clone vector clone

Figure 5 WEAINRANNI3DE199188a9 Gateway System

BP Reaction: lafiufiisnaulaidnmnaiiaf frank lag attB site wasaniwialdwawiy donor vector
Ao wansdefisl ccdB gene sequence WAz frank lag attP site #a9a1nLANLE sl BP clonase aziiny
wanilaeuinszninanaaia ﬁ'lﬂqcﬂﬁuﬁLiwaulﬁ]azvlﬂaguuwaﬂaﬁﬂmaa donor vector #i frank Tag
attL site (entry clone)

LR Reaction: W&4 entry clone ‘ﬁ carry gene ﬁti’laulﬁl NU destination vector A8 Wmaﬁﬂﬁﬂ ccdB
gene sequence Laz frank Ly attR site wasannidudwlss LR clonase asiimsuaniaanin
FERINNARNG 'YT’]ﬂq@ﬁuﬁlﬁ’]ﬁﬂ%ﬂﬂag}'uuwmﬁﬁﬂ"um destination vector'ﬁ frank lag attB site

(expression clone)
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Figure 6 LL&A9 gel electrophoresis 2098 a WAazEIW b NOWUAZHAININ BP-LR reaction (Sd:

standard deviation, a and c: target genes with plasmids (whole plasmid with insertion), b and d:

target genes separated from plasmid after cutting by restriction enzyme
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