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ABSTRACT

The maturation of the dengue virus (DV) in host cells requires both host cellular and viral proteases for
the specific post-translational processing of the viral polyprotein. Of interest, a unique dengue NS2B-NS3
protease complex is responsible for the processing of several viral nonstructural proteins in the cytoplasmic
region, and therefore, this protease complex has been considered as the primary target for the development of
the antiviral drug or the vaccine. Unfortunately, the atomic structure and details of the reciprocal interaction of
NS2B-NS3 complex are currently not available. This is ascribed to the fact that NS2B is a membrane-integral
protein, and proved to be very difficult to be expressed and purified, giving an extremely low yield. In addition, the
expressed recombinant often shows the misfolding property and does not possess the activity. In this study, we
have developed a new vector for the expression of the membrane protein in E. coli cells, and for the first time,
reported the successful overexpression of dengue NS2B-NS3 protease complex in E. coli membrane. The new
constructed vector was designated as “pMHTD” vector derived by the insertion of the Mistic tag fused with two
GS-linkers, an octahistidine tag, and a thrombin cleavage site into the multiple cloning site 1 (MCS1) of the
pETDuet™-1 vector (Novagan). Three different constructs: the wild-type, A1E, and S135A proteases were cloned
into the pMHTD vector. The results show an unbiased advantage of the Mistic tag in the overexpression of the
membrane protein in E. coli cells. We further successfully extracted NS2B-NS3 protease from the membrane
using a Fos-Choline-14 detergent, and purified the protein to homogeneity by combining the thrombin protease
treatment, the nickel-affinity column, the anion exchange chromatography, and the gel filtration. The purified wild-
type protease complex showed strong proteolytic activity which was absent in the S135A mutant. Moreover, the
circular dichroism (CD) spectrum revealed the folding of the dengue protease complex in the membrane-like
environment and suggested that NS2B is a o-helical membrane protein. Unexpectedly, the gel filtration analysis
implied that dengue NS2B-NS3 forms a trimeric structure in the membrane. Taken together, our developed
PpMHTD vector is a powerful tool for the study of the membrane protein, and we shows, for the first time, the
overexpression, purification, and the oligomerization of the dengue NS2B-NS3 protease complex in the
membrane environment, which is a good start point for the structural analysis using the x-ray crystallography in

the near future.

Keywords: dengue NS2B-NS3 protease, membrane protein, pMHTD expression vector



nsanulassasvraslilsGlaguaasalisalidanaan

(Structural analysis of two component protease from dengue virus)

nszaumaindiwnashisldidenssnmunsnifeiuldlasandunssuiums  (processing) vealdsd
lavadmaaintnuLazal hisaslumiaaany  polyprotein  washialdiansanidulsiuasfiasngg %dgmu_ia
saniilu 2 ngu e lus@ulasaashs (C, prM uaz E) waslusaulalalassasha (NS1, NS2A, NS2B, NS3, NS4A,
NS4B uaz NS5) I@Uiﬂiauﬁtaaadnsjmmﬁmm"nlunﬁﬂs:ﬂauéﬁﬂu"h%’aﬁﬂmi lusGeavashiwldiReasan
(NS2B-NS3 protease) ﬁuwmwaﬂ'wmnhm?ﬁaU‘Lﬁ’nijaﬂﬂsauﬁ"laﬂﬂmaa%ﬂdmminﬁmﬁwﬁ' (function) l¢"

o a o Ad & A a a v o o ' & = P o a A .9
I@Umsmmumaﬂﬂ‘mLaammimumaTﬂimammmaummLmﬂau mnum\‘lmmmmmdﬂmuﬂwh
1% o ' a & [ PN o 1% a9 ° @ [
Imom’]\‘lmaumvlﬂ Iﬂi@luW\ﬂﬁuﬂﬂUﬁﬂd‘ﬂ?ﬂﬂiﬂu(ﬂ@LLﬂ’)'ﬁDmJﬂu'Wlluﬂ'ﬁ‘ﬂ']ﬂE]G@]’)“]JEN genome “]JENVL'J'E?(

ldifeasandaluarsianiamaaauin (@eLden) N8 5 -CAP ua i poly A tail NUanad % 3~ asudadaanig
ﬂﬁ)ﬁ;ﬁ'uﬁﬁmmmﬁé‘fﬂLﬁﬂaﬁuiﬂsﬁLaﬁL%aﬁﬁauﬁuwﬂuwy Weasnnldseadateuiilmihnunslunsfaduen
o A o et a Y dl | ‘SI a a 4‘1/ s v A 1 g: g; | = £
wazinduinivinmdihonduliefifiennmifagahialdifessen wdnmuanwdundnmlasmaais
{a ad @ - . { [y A o { @ )
lUsGunfasssumn@sunilaslsaiu hydrophilic region 289 NS2B fidsznaudioniaasziily 40 aaGandany linker
2 o ' Ao o { [ & .4
uaz NS3 protease Titvhifilanasfnwmujduiusvaslusfin NS2B iy fulllength fiu NS3 protease 113g1
o \ A o & . & XA =< A N L&
unindlagluibaiuisasantan NitliiesnnmyzAnm NS2B Fatlszwn@diiu integral membrane protein 1
PINLANITRILATIZH L‘Wiﬂ:ﬁruvmﬁiﬁ membrane protein WUABINT signal peptide Awmnzluudazimad m3
Fuanehlusanoiaidaiu eukaryotic protein luwuafiise E. coli 81avil#luséuiinng folding NAaiiawld
(misfolding) #3aa1alifin1y folding TsvnlWgneasaanyll (degradation) lasnalnuasas vililaldsdund
YSunatesrIouninsa lUaungaaszi ldaalusinanunuafsinansznunueas Aevinbiossansled  ms
witymluiagiuanarilalannisld vector 7l low copy number vinl@nisaisldsduludSanmdon ud
A A ™~ Y g py a A A A a & & a & A
LHaNNATVN YISV UVRILTAR ANINTY LNBRANLABIMTANB I Taa lunTIN LUsAutmIuRL vrensalusanens
2 &/ 1 A « . . Aa . a Aq' v A 6 A A v
anaieduluduiilu inclusion body 71fin13 folding AaLw wazinInemaaivansawianiiazldnny denature
Tuséu udaudrsms refolding LinanTisudnsiuwinaudszauanudusatosunn dymainandegenaiis

Uaymnwuagawnninik

agUszaiAn13inIve
1. WAl expression vector Nanaunsaunilym protein misfolding, lusdiuidSunaias uazlus@uldaaunsnrinam
e e wmIuwdallsdiomBitou NS2B-NS3 protease funsnaiaglubauiass luszuuves E. coli
2. onAalUsfiasiBedon [NS2B (full-length)-NS3 protease] fiunsneaaluwibaiuisad
Py A ' Y A A o & aa o a v a £
3. amanmzimanzauuinssialusdueananibeduimas uaznislumaildsduliuiand

A = a v a a v A a X a v &
4. LWaﬂﬂﬂ']ﬂﬂ‘]:#mnl,ﬂ$qEILETN'U@]“UE’NI'}JTWLaﬁL“D’d“D’ﬂ%Y]Nﬂ@]“U%I%LEJm@INL“]jﬂﬂ

ADNITANRRINIFY

Yo Aa

{riniduldnaneslnauiu NS2B-NS3 protease (NS2B-NS3pro) tinlulu pET-28a(+) Sa1ilu vector AlF

a o '

a ' ° a a A o o = AV o ' a o
TumsnaaldsaunuagsunInaty wasynnsnaaldsfesstanaaninlasands £ coli TINaN bewuInlUsand



A v R A a

USunaaunnn  waz i mwaﬁa:ﬁﬂﬂ‘lﬂumﬁnmé’nwmxLLazqmauﬂ'ﬁ‘l@i’ AIBUEITLIINLWIANITWAI W

U

. { a . LW e o &
expression vector AsnansalalunseEe integral membrane protein ldauan ash

N198379 expression vector §%SUNAALUSALa@LBITaw NS2B-NS3 protease
P a a w P A & . .oAK o a
WasnnlusGeaBetauriaditseng@aailn integral membrane protein mqmaﬂymzmwwzmaﬂﬂmu
a n‘lqu . . A o as ' o a A v 6 &€ v v S d’;g"! . A a
whafteaan1s signal peptide NananIndunuatnsdwmzivibaiuisssvanaadidithu s9luniida E. coli F99zdl
o o . o a ~ o [ ' Yo Ae R A v ... A & a
HANUANBIALNNT folding wazn13viausasllsén iNeuitymiainangviiseiaianld Mistic Fuduldsdusma
\@n (13 kDa) Aildanann Bacillus subtilis uaziigmautafiausowlusduiinaulaldidrluunsndreglubadia
\BaS U@ signal peptide BnvalusAusiiaiiedl stability geBnedn uananfEnITudldnaunan
&, a A @ { @ ' . o a v a £
Fusrnveibudwdnldiialwazaanuinisuen Mistic 8anan NS2B-NS3 protease waznsvilusdulwuignd
JuuINd% Mistic Qmﬁuﬂ%mmimmﬁ'ﬂ primer ARANMUINNIZUZATUEIUVBY Neol restriction site MU
. ~ 4 2 J . { )y RN &
GS-linker U3aiUae 5 13192i30n¥UAIU (fragment) V0BT “F1” dioan fragment 71 2 ldgnifinianmiulas
a 0 { o té s a 1
91FuEIUVBd GS-linker complementary sequence 1898 2 fragment NAAMUTUNZTINWUAZNY LT1ILTLNEIW
284 fragment {31 “F2" (31281880209 primer Nizudnsaglua3197 1) ofga F1 uaz F2 gnihanioausie
) PN a Y & [ PN { | Y ¥ ' S
AuuazifinUTinaliuniulasardumafinfiionin PCR ligation fragment gavhafigni3uni “MHT” Galsznau
11678 Ncol way BamHi restriction site, Mistic, GS-linker, octahistidine (Hisg), GS-linker Lz thrombin cleavage
site (U1 1) 91U fragment MHT ‘legnlaawdlUfinSiim multiple cloning site 1 (MSC1) wadiaiaai
™ - , IR
PETDuet -1 lanadiawlasl Neol waz BamHI 1311380 recombinant plasmid fignashsdiulnaitin “pMHTD

expression vector”

M519N 1 8a2188aVa9 primer Aldlumsimudsunm fragment F1 WAz F2 (GNWAUIUDY restriction site WAy

overlapping sequence LAAIIUAIONHIAIMUILAZAIONBINTALFULE)

Primer Sequence (5' to 3') Length (bp)

MistFw | CATGACCATGGGCTTTTGTACATTTTTTGAAAAACATC 38
MistRVIR | GGTGATGATGTCCAGAACCTCCAGAGCCTTCTTTTTCTCCTTCTTCAGATAC 52
MistRV2F | GGTTCTGGACATCATCACCATCATCATCACCACGGTTCTAGCGGATTAG 49
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Detergent Type Concentration CMC

1 Triton X-100 non-ionic 1% 0.0150%
2 Tween 20 non-ionic 1% 0.0072%
3 Tergitol NP-10 non-ionic 1% 0.0040%
4 LDAO non-ionic 1% 0.0230%
5 n-Dodecyl-p)-D-maltoside non-ionic 1% 0.0087%
6 n-DecyI-B-D-maItoside non-ionic 1% 0.0870%
7 n-UndecyI-B-D-maItoside non-ionic 1% 0.0290%
8 n-OctyI-B-D-qucoside non-ionic 2% 0.5300%
9 n-NonyI-B-D-qucoside non-ionic 2% 0.2000%
10 | Sucrose monolaurate non-ionic 1% 0.0100%
11 | C12E8 non-ionic 1% 0.0059%
12 | CTAB cationic 1% 0.0360%
13 | Sodium cholate anionic 2% 0.4100%
14 | CHAPS zwitterion 2% 0.4900%
15 | Fos-choline-10 zwitterion 1% 0.3500%
16 | Fos-choline-12 zwitterion 1% 0.0470%
17 | Fos-choline-14 zwitterion 1% 0.0051%
18 | MilliQ water - - -
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Iﬂiau‘ﬁvlliﬁ His-tag 8an L%INLLiﬂ Hi-Trap® Wi His-Trap® column Qﬂﬁwﬁ’m washed buffer (50 mM Tris pH 8.0,
150 mM NaCl, 25 mM imidazole, 10% glycerol and 0.25% w/v Fos-choline-14) 133103 5 1¥inva9l3u1a32809
aosutl anninezdnlysauadlunosusl Tusauilnariuaasuiisanyn 131938030 flow through fraction @aan
washed buffer 20 wiwaa‘ﬂ’%mmwaaﬂaé’uﬁgm?\waﬂuﬂaé‘uﬁl,ﬁ"aﬁwﬂﬂsauuazﬁaﬂmﬁauﬁvlsjﬁaomiaan 190
3on fraction 131 washed fraction Iﬂ‘sauﬁfﬁ’uagﬁu nickel ion lunaduiauIngnazaananlddqn elution fraction
(50 mM Tris pH 8.0, 150 mM NacCl, 250 mM imidazole, 10% glycerol and 0.25% w/v Fos-choline-14) 5 iNUe
USinasvasmasuil 15153n fraction 131 elution fraction VTWUﬁq@ﬂaé'uﬁazgﬂﬁwmﬁlamﬁaﬁﬁqﬂaa@ﬁwagjﬁm
elution buffer 8n 2 iwesdSuasueinaauil 6’?}\1NmJmma‘ﬁﬂﬂﬁu‘lﬁﬁqﬂ%ﬂmim‘iﬂ(ﬂ@U’l:if 12% SDS-
PAGE

2, Size exclusion chromatography

W899N7 NS2B-NS3pro Qﬂﬁﬂﬁu’%qw%{ﬁm Nickel ion affinity chromatography ui2lu3duazgn
ﬁﬂﬁ’u‘%qwﬁﬁ&lmﬂﬁuﬁ?f;lmﬂﬁﬂ size exclusion chromatography Iﬂ&l;ﬁﬁquaaﬂl“ﬁ Superdex 200 HR 10/30
gel filtration column (24 ml column volume) ﬁau‘ﬁliﬂia%%gﬂlﬁuaﬂﬂ ﬂaé'uﬁgnﬁ'mﬁ’m gel filtration buffer (25
mM HEPES pH 7.6, 100 mM NaCl, 10% glycerol, 1 mM DTT and 0.1% Fos-choline-14) 2 Wi e9UINa I8
AaaNit NS2B-NS3pro LLa:IUiﬁuguﬁﬂaauﬂuag’mmmgn"ﬁ:aaﬂmmmmmaaLwiaﬂmaqaéhﬂ gel filtration
buffer (luanalwajgnozeanunrnauluianasmiaian) %GNN‘H?J\‘iﬂ’]iﬁﬂﬂiaulﬁﬂ%ﬁm%;ﬁﬁNﬁiﬂ‘ﬁﬂ@ﬂﬂEJI‘E 12%
SDS-PAGE ﬁm%’umiv‘iﬂﬁqﬂﬁfﬁaﬂ%%f':mmmuaﬂmﬁwmmaﬂﬂiauﬁaﬂaﬂﬁﬁalf’ﬁ standard protein “?'ij
mmﬂﬁLLﬂuaumLLﬂﬂ‘Lﬁﬁqﬂ“ﬁﬂﬂ% buffer TRALALINWNUABEN

3. Anion exchange chromatography

wisusuilidenld  RESOURCE™ Q column #uiluaedusfdwsumsvia anion exchange
L‘%NLLiﬂﬂaﬁ'&lﬁgﬂﬁ’mﬁ’m buffer B (25 mM HEPES pH 7.0, 1 M NaCl, 10% glycerol, 1 mM DTT and 0.1% Fos-
choline-14) 20 ¥ihwadtSanasadnaauil IﬂsfﬁugﬂL(?maavl,ﬂluﬂaﬁ'wﬁuazgﬂmaanmmummﬁuﬁumaamﬁaﬁ
LAANNNIHINNT (gradient) wa3 buffer A (25 mM HEPES pH 7.0, 25 mM NaCl, 10% glycerol, 1 mM DTT and
0.1% Fos-choline-14) uaz B %\1Na"uaami‘ﬁﬂﬂiaulﬁu’%qn%fmmmﬁwvlﬁﬂ91% 12% SDS-PAGE

mamlassasnfugiives NS2B-NS3 protease laglzinafia circular dichroism (CD)

NS2B-NS3pro ‘ﬁmumsﬁﬂﬁu’%qw%mﬁ'smmmﬁ’mﬁLﬂi’l:ﬁmimm%masgmﬁ’l@Uiﬁmﬂﬁﬂ circular
dichroism (CD) L’%'suLLiﬂIﬂiauQnﬂ%fUﬂawwLﬁuﬁuiﬁLﬂu 0.5 mg/ml uazldadlulu cuvette awsfilddmsuiaSasi
14 cD Y3uas 25 pl LLéTﬁ’@m‘sg@ﬂﬁuuaamaﬂﬂiﬁuﬁmwwmaﬂﬁ'u (UV) 190 Uaz 250 wluwuasifisuny
Iﬂiﬁuﬁﬁmaa%uﬂuasmﬁl,l,ﬁh B9 ﬁﬁﬁ 33uianld BSA



HALAzITNANTINNIDY

anilymfin13§ia e integral membrane protein 189 eukaryote 1w E. coli ¥in'ldenn iflesanluséiu
#09m73 signal peptide fisWzRaIZULL8Y E. coli 1ad m3fi lufiFesananseilildsiudng folding ﬁvlaignﬁm
fUSuowten LL&:‘VT’]mﬁq@ﬁavlajmmmﬁnm (function) 'l¢" é’aﬁ;ﬁﬁﬁ%ﬁ'ﬂﬁmaaaé’am‘m:ﬁ NS2B-NS3 protease
lawld pET-28a(+) Lﬁauﬁﬂtymmmf':;ﬁa?mﬁavlﬁﬁwm expression vector NRIUNAALLUALaaEITaU NS2B-NS3
protease %um lasanduadflsznauvad Mistic SINAL GS-linker, His8 Was thrombin cleavage site L‘%NLLSﬂmi
519 expression vector 9z@a9vimstANUSINaiwed 3 fragment, F1, F2 uaz MHT 4uan (gﬂﬁ' 3) udalaanaIuvad
MHT fragment Lﬂ'ﬂqﬂluﬁl MSC1 a3 pETDuetm-1 vector :fid recombinant plasmid ﬁﬁ%ﬂd“ﬁulﬂ&iﬁygm%&m’h
“oDMHTD expression vector” (gﬂ‘ﬁ' 4) AAN BT vector Ananpszng Gt

1. 18w vector Amansaldlunsdnmndjsuiusszniialisdusessfiald fasnnd MCS uaz T7 lac
promoter 2 d1unid AT T7 terminator WBIFLAIIELINTRALS M MCS2

2. wasamnndmasadaiudnldlu vector i1 transform g E. coli suWuf JM109 \TRANT
recombinant plasmid mmf:mmsngﬂﬁﬂmaﬂﬁﬁw ampicillin Lﬁa\‘lﬁ]’m pMHTD ﬁﬁ%ﬁé@@iam ampicillin

3. aNNIDMEUMNIFIATIEA membrane protein VLG’l'LﬁadﬁnﬂfJ Mistic ez Mistic 811130 NBBNIN
Iﬂiauﬁaulﬁlvlﬁ'ﬁw thrombin protease Lﬁa\‘ﬁnﬂlu vector J#LWUI8Y thrombin cleavage site

{ o >3 ° v a £ o & % v a . . ..
4. TisGufignanenziuaansnilwuiantldidesdu ¢e3% Nickel ion affinity chromatography

a a A o e A A a .
L%E]\‘lfﬂ’mIﬂi(ﬂWYlgﬂﬁdLﬂ’inW’U%N Hisg L"HE]N@]@E]%J]

I
E
-

F1 F2 MHT
bp
1500

500
400
300

200

100

gﬂﬁ 3 maAndSanmiuas F1, F2 uaz MHT fragments (D@29 F1, F2 uaz F3 Wiy 368, 78 waz 428 bp

ANEAL)



mu’i%ﬁ'ﬂ%uf:q\iLﬁu'ﬁa:ﬁﬂmnavl,mm:é'ﬂwmmaﬂﬂiaLam‘fjﬁau NS2B-NS3 protease Gatiniinuas
NS2B-NS3 protease (wild type) ?ﬁagﬂLﬁuﬂ‘%mmﬁuuaﬂﬂam%f,j pMHTD expression vector Lﬁaﬁi’mmiﬁuﬂ'uwa
vasdnauindlalndeis DNA sequencing e mutant 8naedan Aa A1E uaz S135A vLﬁQﬂa%N%uﬁ”Jmﬂﬂﬁﬂ
site-directed mutagenesis WEINMIERTUNALTWEBAIL wild type Walliuuifisunavasirauiinnalelndns wild
type, AE Uz S135A W31 mutant clone Twaasdiseunsaasilufiaswllauiidesns de nsnesiluaaon
970 Alanine (I Glutamic acid fiduntef 1 189 NS3 protease b4 ATE %L S135A wuinnseasilwasm

970 Serine 1% Alanine Ndu19 135 Va9 NS3 protease (gﬂﬁ )

1 135
CGGECC}G;\GIATTGTGGGATGT TCCTTCA TCTCCTGGAACGFCARGATCTCCAATTATC
A sta-Nss pro (WT) S| NS2B-NS3 pro (WT)

TCTCCTGG AACTIGCABGATCTCCAATTATC
CGEHGCCIGGAGTATTGT GGGATGTTCCTTCA A

NS2B-NS3 pro (S135A) 1 NSZB-NSS pro (S135A)

codearbGAGTATTGTGGGATGT TCCT TCA TCTCCTGGAACQTCAIGGATCTCCAATTATC

NSZB-N83 pro (A1E) NS2B-NS3 pro (A1E)

gﬂﬁ' 5 mIasuudssdaunsneziiluaas NS2B-NS3 protease (A1E LLazS135A)

pMHTD-NS2B-NS3pro recombinant plasmid Qnﬁﬂﬂl‘*ﬁé’aLmﬂ:ﬂﬂiaﬂ@m'%uLLSﬂﬁﬂﬁmaaumann:
fnanzan s‘ﬁaﬁuag’ﬁuﬁwﬁmmmaﬁ anududuTad IPTG qquﬁLLammﬁ’Lﬂumsmzﬁu PNHANINARDS
WU11 NS2B-NS3 protease gné’umwzﬁ%ﬂﬁ’tunﬂqam’sz saiwiadenldannazaadeluil anadudu IPTG,
gD, 1A wszriiaasaaanild fe 100 pM duanududuifonlluszuuvas pET vector), 25 °C (1fia
Tldaaslasraminll), 6 2lus uaz BL21(DE3)+pRARE2 Lﬁati’Jaoﬁ'uﬂzymmsvsq@a‘s’nﬂﬂi?ml,ﬁma’mmm
WAaw codon M E. coli (gﬂﬁ 6) NNHANINARBINLIN1UIAY® MHT-NS2B-NS3 protease s‘fmﬁmm@ 50 kDa an
Fuamziiulu insoluble fraction lagldlusdiutSinamnagradinléda wanfowSoufouysanmaaslysin
wa391nmslE expression vector Aldiulasialuivvasiawndu (pMHTD) lanaswinldluummadentiu
fudhadu e Usumwasldsiufilaannmsls pMHTD expression vector fi1Sanmannninyszanm 10 win Golusa

I3

a v { [ & o 9 [ a {9 o a { o . (%
adsdaunignianziuldsunsiudunadionaiia westem blot flfuaudua@dfisliniziy Histag ui

A wm o

Unngindulsdunidesns (Ui 7) é’aﬁfuﬁaagﬂﬁ'jw PMHTD expression vector AE3WaIMTWIWENNNTA

U

ihanlglunisuda NS2B-NS3 protease @9saiilu integral membrane protein Tiianitsldass wazidawu

o = & PN a a v P Y o {J K A a Yo o &z ]
ﬂ']']llﬁ']ﬁ‘ﬂﬂﬁdLlﬁﬂ'ﬂIﬂi(ﬂLE]ﬁL"HGSITE]W’Hu@uvL@QﬂﬁGLﬂi’]t‘lﬁ“ﬂu i'mmuﬂimmwa‘l:ﬁmmum‘mmaﬂumume]vlﬂ



o & o v a & o 4 . o A Al
mﬂvxangmummmma‘gﬂmmw vector ﬁuﬂu%ﬁ‘ﬂzﬁ?ﬂﬂ‘iﬂl‘lﬂuﬂﬁiﬁﬁLﬂi']z‘ﬁ membrane protein @I'Jéluvl.ﬂaﬂ

e

317 4 usaIANBUzLAzaIALIzNaUTEI PMHTD expression vector (Mistic gmmmlmmu%@m, His8 tag AnULa®A3

TuunuFuas, uaz thrombin cleavage site gnuaasluwnudi)



Wild type A1E 5135A

kDa
500 M T $ I T $_ I T s I
116 — = _—

97 == abe
v _ERREE_E=_
i _ o BT OE & W < VHTNS2BNS3po

31 —en BN ENEE B T & = T

'

21 — - -

T = Total fraction
S = Soluble fraction
| = Inselukle fraction

31 6 nIFaaTzilUsAlaaiBiTan NS2B-NS3 protease (wild type, A1E uaz S135A) nasamnithlusduluudaz
fraction NN3LATIZHERY 12% SDS-PAGE 95w MHT-NS2B-NS3 protease F9§lumavinfiu 50 kDa

{ = A a A A o A o X o . Aq o [
sin 7 mmhﬁfumUuﬂimmmaﬂﬂimLaamasﬁauﬂgﬂmﬁwﬂmlﬁ expression vector (pET-28a) 42 luny

{ a J a v v {
expression vector finnW&L1AU (PMHTD) lasaunsndanzvinalalasld 12% SDS-PAGE (F1n) uazlusdufign
v X ) v A o a ad, o .
asunmaNTauduwHa laes western blot Tslduaudvadninumizny His tag



fWSUMIANWN integral membrane protein FvfAgAAIEIieAe FnzfimanzauuimIanallsin
aanmmﬁaﬁmmaﬂmmﬂ% detergent uaziiioiduaaNdATYANNINTIZ membrane protein wdnzzilaaNNINgN
analaaly detergent AULANANY @anuMIMIRANAMANzaIvn ldannifiasann detergent fdautnaann
Qs A U ' v v v o a a ﬂq’ v a
nfswediinaun Ssfialdihmdendidesldnugann §MSUNWSsuTuitleld detergent 17 wiialums
{ a v 1 Qs J
NAFDURIRNIZNLRANZEN NATBINMINAREUAANTARN TN laAT1D JananwmzuadanIazaslUsdudmin
P o a A o o a a a & A ~ a
detergent wilalamusnanalsiusananiafuisadld ssazasldsduazanuladvaniwdaoudiey
nulusdureugnana 9ngun 8 azniuldatataianii CTAB, Fos-choline-12 uaz Fos-choline-14 aanInanalyl

saLam%a‘ﬁauaaﬂmﬁnmﬁaﬁmﬁnaﬁlﬁ

Tween 20

Tergitol NP-10

LDAO

n-Dodecyl D maltoside

ndecylfDmaltoside

nUndecylfD'maltoside

n-OctylDmaltoside

L-I - - - B ]

n'NonylfD glucoside

-
(=]

Sucrose monolaurate

-
Iy

C12E8

-
LM

CTAB

=
«w

Sodium cholate

-
=

CHAPS

Fos-choline-10

-
o

311 8 anwazaaslusiemBatau NS2B-NS3pro wasnnfignanasananniiaRuisaslasld detergent Tiiacing g

HSumMenzduazmtuduanusansalunsanalls@uses detergent udazafiarinlameaimadia
12% SDS-PAGE uaz western blot @sazlfuanfivadnswiziu His-tag I@ﬂIﬂiﬁuﬁgﬂaﬁmmq@mﬂLﬁaﬁmmaﬁ
88NXNg aqueous phase (detergent solubilizing fraction) il’mg‘i_lﬁ 9 (Ut) 921%win LDAO, CTAB, Fos-choline-10,
Fos-choline-12 Wae Fos-choline-14 sunInanalusauaanan’le Wz N3y 9 (819) Wudn Fos-choline-14 1iu
detergent ﬁaﬁq@ LWﬁ:mminaﬁ'ﬂIﬂsauaaﬂmvlﬁﬂ?mmmﬂﬁzgﬂ FariumInaaasitasdanld detergent dadiln

mysnallsaudald



Mm 1 2 3 4 & €& 7 & 9@ 10 1M1 12 13 14 15 16 117 18 19

kDa
200_,_._— ©ow— W e ol — _"
! - O&E
116 1 %
97 — " I S BN S S . S o ey 1 | I

lanihanl & -8 & & 4 2 A8 4 5 -2 8 -8 8 § : LB

+—-BENNEEESSNNNE NEE L <

T —— - -— , ;
- ' E_. - — — . - I M I Broad range marker
3] — - g : - - 1 | Triton X-100
* = t 1]
- - W W s A I 2 | Tween 20
3 | Tergitol NP-10
- 4 | LDAO
21 — 5 | nDodecylfDmaltoside
— — - 6 | ndecytpDmaltoside
- B o
- - .- . 8 | nOctylfDmaltoside
- - . -
kD 12 | CTAE
a
160 — 13 | Sodium cholate
120 14 | CHAPS
80 — 15 | Fos-choline-10
60 16 | Foscholine-12
50 17 | Foscholine-14
18 | None (MilliQ)
|
40 — 19 | Protein only
30 —
20 —

5N 9 MINATIERANUTNNTOVEY  detergent Lwiaz"ﬁﬁ@luﬂwsaﬁ'@msauaaﬂmnLﬁaﬁmmaﬁﬁm 12% SDS-

PAGE (W) Waznagniudueas western blot laslfuauduafndnmnziy His-tag (819)

ﬁé'amﬂﬁiﬂi?mgﬂaﬁ'@aaﬂmﬂl,?jaﬁmﬁnm{ Tusdudiunaan His tag argnindaaaniaunsuen Mistic 8anan
NS2B-NS3 protease @18 Nickel ion affinity chromatography Lﬁ:a“ﬁ’aﬂlﬁ thrombin protease ﬁm‘l’mvl,ﬁa“ﬁu n3
N9V thrombin fuﬁuag’ﬁuﬂ%mmmaﬂﬂi?m lisndudasmanizivncaulasnslddsinmaaslysan
finsh fa 100 pg udeiag qﬂ%us:é’umml,ﬁuﬁuﬁy’mwi 1 U039 10 gila (gﬂﬁ 10) WANIINARAUWLUIN thrombin
protease U3u1m4 10 %lﬁ(ﬂ WAINzENLAMSTITULEN Mistic 8ana1n NS2B-NS3 protease Lﬂadmﬂiﬂiau MHT-NS2B-
NS3pro pnuunaanidu Mistic uaz NS2B-NS3 protease ldatasuysnl uvad Mistic gnidalalasniavh

S a o T @ . . Y
Nickel ion affinity chromatography 1an3ay 3 NS2B-NS3 protease 2=139UnAD Nickel ion lupaaul 50%@@166?1



kDa ] 1 2 3 4 5 6

200 — e—

116

97 T o

66 — -— . . A

Mistic-8xHis-Thrombin

- -— < cleavage site-NS2B-

45 — _-— - NS3pro

M e s e W W W < NS2B-NS3pro

21 —

14 e D B D R <  Vistic-ixHistag

U 10 MInszAuANUTNTUANIZENTEY thrombin protease Mig1W1saldluon Mistic 8anain NS2B-NS3

protease LilaltnasaunulysaudIunm 100 pg

Ft  Wash Elution LW Ft Wash Elution LW
KD o . = = g S T = = kDa :C'ITI 1 a2 o A iEEnES Nd R
a — e L B
66 — 66
45 _ 45 _ -
A LM — 24 !:Da
2402 »
31— ' e —
21 21 -8 18kDa
= o
14 = Gl - —— 14 —— ==
WT S135A
Ft Wash Elution (W
kDa
ss— Ctrl= solubilized fraction
45 — before purification
» R Ft = flow through fraction
3 - LW = the last washed fraction
ol (for cleaning the colummn}
21 1I9Rwa
- il
14— =
Q1E

£ o

311 11 mavhlUs@uliu3anaeaasiT Nickel ion affinity chromatography nemasainmsuenlys@iudas thrombin

protease (thrombin treatment) (NS2B-NS3 protease {21416 34 kDa uaz MHT #2116 16 kDa)



eyl flow through fraction luumiedl Mistic i His, szeglunasund (U 11) dsguaziinlddn Ns2B-NS3
protease QnueN@anaIN Mistic |datnsauysni uazfivhaulesgnsBafio wu intense band many 9 band Mol WT
uae A1E ﬁu%uwﬂﬂaﬁudwiﬂiauﬁaqﬁﬁaﬁ activity ueilu ATE azfitoonin luamed $135A 1 activity daudlwly
U BNWMIANHATAN lwagdldinlsGiomBitau NS2B-NS3 protease ﬁ;ﬁﬁ"}'ﬂﬁé’amﬁzﬁﬁufuﬁmi
folding ﬁgnﬁamazmmsnﬁwm‘lﬁ @& activity)

@iamiﬂiaLam%asﬁaugﬂﬁﬂﬁu‘%qm%{mnﬁuﬁaymﬂﬁﬂ Size exclusion chromatography @siilumediadi
wonlusdumumnaluans  Tesluansrwalvgilimansndnlveglutesitenia bead fAussgegmslu
aaduldzngaaanunaesutnauluanaswalin mngﬂﬁ' 12 9zLfiwin NS2B-NS3 protease (34 kDa) fn
LLfJnslﬁu'%qﬂ%{um%ﬂﬁm:ﬁwﬁa Lﬁaﬁﬁmmmn%smimLmsm:wudﬂﬂiaLaaL%dsﬁawq@]aaﬂm%é’amnﬁﬁw
#e gel filtration buffer lUtszanm 12.335 Haddns (HewSoufisuny standard protein ﬁﬁmmﬂﬁuuuamﬁa
wuhlUsinasfvuatszanm 158 kDa uaziilafwismnamaniuiessvesldsdnasifiuitvwavaslysauifiu
\NANNNIIALIBIA1VEY NS2B-NS3 protease 3 Imaqa (trimer) 6?%0Lﬂumiﬁ"uwuﬁﬁﬂﬁzy%aﬂ'qleiﬁéjl@ﬁuwum
naw

e liéin NS2B-NS3 protease — 1A UMY micelle flfiao7n Fos-choline-14 = 158 47 kDa

=111 kDa
=34 kDa gNSZB—NB3Pra} x 3 molecules

1 ﬁl = v A = Qy oA dl = 0/ ) v =1 o | dl v ) v
wiiftasanlusdudsfinonuuigntlifisanefazlflumstnmanusuizuazguaula e e unazdasrinla
A £ X Ao A . y AN o & .
UIFNDUNTUNMUILLNAKA Anion exchange chromatography (gﬂﬁ 13) NNAN laaziAninlUs@u fraction twas
a a £ 3 o &, v o & o, [
20, 21 uaz 22 fanuuigniednannn Ssansni lUlslunmsdnsdudaldld dsiudsmansnasylddmasen
v a Agal v 1 v
mi“n’liﬂiaul‘m_liqﬂﬁ@’sf;l Nickel affinity L2 Size exclusion LLaz Anion exchange chromatography fansataela
A A A £ &
lihs@ufianuuandinniu
{ v o v Aa AE o 1 v v a a
NS2B-NS3 protease #1ldannisrlwuignsgnihannaseusadismmlassaiemdsniizes NS2B-
NS3 protease lagldinafia circular dichroism (CD) (Ui 14) WallSoufisuzUuuums folding 32119 NS2B-
NS3 protease (wild type Waz S135A) uaz BSA Niudrhiimatazuiaiuuuy ahelix wuhdulngualdsdies
A o A A o . ' A A o o ° Ao A
Fadauazlizluunisznaudas ahelix anndn Bsheet Taduduldannisdmine  nwIToNino BN
‘39/ U o Y @ ' v U ] & el g; a a dl a J o
asdurliidonnuinlassaisdiulngjzas NS3 protease Lilu B-sheet aanudniwafiifialuainnari D 34
annldsdu Ns2B natidsasyldilasaiamdnnivedldsdu Ns2B 1 ahelix Bnnaminanasluduaauiiss
uaasliinldlumadoinunuwanlaainnisvin - Nickel ion affinity chromatography A18%&9910  thrombin

treatment 8nenoinlUsRlamTatauiinng folding nandasuazaanIninnwle



Fractions

kDa i) B 1 2 3 4 5 6 7 & g 10 11 12 13 14 15 16 17
200 — omm : e

116 e

97— —-—

66 — ™=

45 — .

I - - L
21 —

a o a v a £ o ad . . a a '
31N 12 Mmahlus@uliuIgnadi3T Size exclusion chromatography Uw; HaaINMIATERlUAUlLLdAS
fraction @28 12% SDS-PAGE (M fia marker uaz B fia NS2B-NS3 protease #%899711 Nickel ion affinity
chromatography) 814; Iﬂimi&ﬂLLﬂSlILLa@NFhmiQ@]ﬂﬁu UV 280 nm gy standard protein



Fractions Fractions

54l 19 2021 2223 2425 26272829 30 AN
e & Column: RESOURCE™Q, 1 mi
- - Sampte: NS28-NS3profrom
66— 66 — Superdex™200
P . Eluents: 25 mii HEPES pH 7.0,
25 mM NaCl,
- 10% alvcerol.
31 - 31 = PETE————— TmMUI T ana
0.1% Fos-choline-14
Gradient: 20 column volumes,
2] = 2= to 1 M NaCl
: Flow: 1 ml/min
12% SDS-PAGE 12% SDS-PAGE
| TE | A0 4

£ o

U1 13 mavilus@ulwuSanaeas3s Anion exchange chromatography uw; MyliaTzRilazllsduluudaz

fraction @28 12% SDS-PAGE a19; Iﬂ‘i&l’ﬂ(ﬂLLﬂiilLLﬁ@ldf‘i’m’ﬁﬂﬂﬂau UV 280 nm

U 14 mamlassainGoniives NS2B-NS3 protease (wild type sz S135A) lasldinadia circular dichroism
(CD)



a7UHaNIA LRI IR

1. pMHTD expression vector °7i;ﬁ%’ﬂﬁﬁ'@umﬁummm’lﬁumsé‘foLm']:ﬁ NS2B-NS3 protease %05@1@% integral
membrane protein 18339 uazldUSunaanniilu insoluble fraction Gsusasliiiuin Mistic snusagaelilysdiu
Lmiﬂﬁmgﬂmﬁ'aﬁumaﬂﬁ 59089 pMHTD Suwailiufiezllun13dsia312% membrane protein saulasnaas

2. Fos-choline-14 1l detergent ﬁﬁﬁqwlumiﬁﬁ'@] NS2B-NS3 protease aaﬂmmmﬁ'aﬁmmﬁ?

3. Mistic &31504uNaana N NS2B-NS3 protease laatndinaanslasn1slt thrombin protease lasadanaIn
321119 thrombin uazlils@in Aa thrombin 10 giadaldsdu 100 lulasniy

4. ﬂ’liﬁ’llﬁiﬂiﬁ%ﬂ%qﬂ%{a’]Mﬂiﬂ‘ﬁ’lvl,@ﬂﬂEJL%I&I?]’mﬂ’liﬁ’l Nickel affinity @13¢28 Size exclusion WAz Anion
exchange chromatography %38 Anion exchange Wae Size exclusion chromatography
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“High-level expression of the intact dengue protease complex in the membrane-embedded form in E. col”

%amimiﬁmmw:aﬁwﬁ . Prot. Expr. Purif. Y Impact Factor 1.336 %30

FEMS Microbiol Lett., & Impact factor 1.840
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Aonssaan 9Mneatas laun
(1) Ha9udug 1w myliiauananu maldsudylhidwinens

- Poster presentation at Joint Symposium of JENESYS Program 2008, Hokkaido University, Sapporo,
Japan on May 12-13, 2008

- Poster presentation at 35" Congress on Science and Technology of Thailand, Chonburi, Thailand on
October 15-17, 2009

- Oral presentation “Overexpression of the intact membrane integral dengue viral (NS2B-NS3) protease
complex” at 11'h Graduate research conference, Khon Kaen University, Khon Kaen, Thailand on February 12,

2010 and won very good awards in oral presentation



(2) ﬂ’]iL%aNIUdﬂﬁdaﬁﬂﬂﬂiﬁUﬁﬂaﬁﬁﬂﬁig‘H, G]ﬁy'ﬂul,l,a:@haﬂi:mﬂ

The cloning of the dengue protease was assisted by Dr. Gerd Katzenmeier (IMG, Mahidol) who is one of
the professional in the field of the dengue viral protease. Dr. Katzenmeier will also help me in the measurement
of the protease activity using the fluorescent peptide.

The ultimate goal of the project is to solve the 3D structure of the dengue protease NS2B-NS3 complex,
and this future work will be performed as a joint research with Prof. Isao Tanaka (Hokkaido University, Japan).
Prof. Tanaka’s lab is one of the most famous labs in X-ray crystallography in Japan, and was one of the nine
centers of the structural genomic project in Japan. The collaboration will provide me the access to the
synchrotron in Japan, and their skill of protein crystallization and structure determination will be greatly helpful to

the project.
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