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3eyed1elifdndugn (unlimited proliferation) wazaunsatunistnilmdugad vlinsngg
nelusanie (differentiation) Lwaalnlusuanadlnssunawasvaauywe (hbFGF) W heparin

Y 3

binding Tnsnilatmas Nilgns wazdanasianisiiinvene (proliferation) waznistnunlmduad

a a v a a

wlingi19e (differentiation) veswaanateuis uidsilanansisnisideuazduszansainwlu

Aaa a

n15 hbFGF Tngladintsnageudadesis 9 NildndnanensiiuUss@nsaiw Tunsuan hbFGF

Wy ilnveagadiantiu (BL21(DE3) 3o ArcticExpress PRIL) Aaududuvesaisndiani

a

isopropyl-B-D-thiogalactoside (IPTG) szownaiilinseduliAnnisadne uagdsnsviliiusans
wuineldannediffigeannsondn horGF 1§ 60-80 Taansulusiiu deswnsidsade 1 503
uay hbFGF U3avisiiléfinnantinisdinwdsmnuagouiuead NIH3T3 isadduiiindsou
Y8auYwd (hESCs) LLazmaééfuﬁﬂLﬁﬂmﬂmsmﬁmﬁwmwwé (iPSCs) Bnvtadianudn fladu
TusAuiiAnuiinegfu hbFGF (6xHis-hbFGF wag Trx-6xHis-hbFGF) lsifinasienmast@nistanim
uay 6xHis-hbFGF Wag Trx-6xHis-hbFGF U3anddilaannsatulfidssead hESCs wag iPSCs
Tnoiwaddsnanindsannnsidsmaieiu (passage) Ssaszusns anaudingslmmuy wagnns
uanseenvesBuLeBuiiAny lasnsneadiiassdae hbFGF fithidhanndeUssne a1nn1si
hbFGF Tinande33n1suaniiineg wagillszansamiduldlunisdsasadfufidauyudannn
ansuyulunswdsnommadsneadléuszanm 30-60 Wedidud Feiarunduldfiorannsat
nszUIuNsEUUsEgndlilumsnanlusiulelnlen uaslnssunamoiidug wieldlumud o

WwaasunLila



In stem cell research or even in the use of stem cell for real clinical trial, a lot of
expensive growth factors and chemical are needed. Human basic fibroblast growth factor
(hbFGF) is a heparin binding protein needed for cell proliferation and differentiation. In
this work easy and efficient expression system for in-house human basic fibroblast growth
factor (hbFGF) production was demonstrated. Several parameters for optimizing the

expression of soluble hbFGF, including fusion tagged strategy (6xHis-hbFGF and Trx-6xHis-

hbFGF), E. coli expression host strains (BL21(DE3) or ArcticExpress®R|L), concentration of
isopropyl-B-D-thiogalactoside (IPTG) used for induction, duration of induction and affinity
purification procedures were investigated. Under the optimal condition, approximately 60-
80 mg of hbFGF fusion proteins was obtained from 1 liter culture broth. The biological
activity of purified hbFGF was assessed using NIH3T3 cells and undifferentiated hESCs and
induced pluripotent stem cells (iPSCs). The results demonstrated that the N-terminal
fusion tags of 6xHis-hbFGF and Trx-6xHis-hbFGF fusion proteins did not interfere with their
biological activities. Human ESCs and iPSCs supplemented with the fusion proteins could
maintain undifferentiated stage for several passages. No significant differences in the stem
cells morphology and gene expression were observed when supplement with our purified
hbFGF fusion proteins or commercialized hbFGF. The use of the fusion proteins in our
laboratory was found to significantly reduce the cost of media preparation, approximately
30-60%. We have demonstrated an easy and efficient expression system for in-house
hbFGF production, and this system may not only facilitate further production of
recombinant hbFGF, but also allow possible large-scale production of other biologically

active cytokines and growth factors used for stem cell research.
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Figure 1 Schematic diagram of the recombinant proteins. pET28a(+) and
pET32a(+) vector backbones were used to construct the expression
vectors

Figure 2 Effect of host cell, induction temperature and IPTG concentration on
expression of recombinant hbFGF fusion proteins.

Figure 3 The effect of induction times on solubility of recombinant hbFGF
fusion proteins

Figure 4 SDS-PAGE of recombinant hbFGF fusion proteins at various stages of
purification.

Figure 5 Analysis of purified recombinant hbFGF on SDS-PAGE and western blot
(A) and biological activity (B).

Figure 6 Recombinant hbFGF fusion proteins support several passages of
undifferentiated human ESCs and iPSCs.

Figure 7 gPCR quantitative analysis of pluripotency-associated and the

differentiation markers expression in hESCs (A) and iPSCs (B)
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wanduniie (Stem cells) gnldlunisfinwimanisunndegaainviane siuds
M3fnEINeTInevedlsa nsanduen nMstiaseiy wazsmstidamensunuiiead
(Picanco-Castro et al., 2014; Singh et al., 2015) agalsimy nalnsiudanisaususnunasy
M3vEpBnUBNTadsTYy undifferentiated state lunaoanaass (in vitro) waznsAiedlH
Juwaduiiaag (differentiation) Tuvaennnaes uazludsdiddn (in vivo) S3nsdoenisd
nsfnwindieliinalnmuguiidaiu deufiaziluussgndldlunssnulsesioly annie

Amunzgaudunasyvougad AsvisludulsdAgyd msunuidowadauniien Juvaaau
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Juwaduiins1ae (van der Sanden et al,, 2010) Yagtiuuenainuiiesuressgniienuide

mesnuaasuniauyudua daivisnuengunlianuauladmanuidedinaniy
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wazlalalail 1y activins, bone morphogenetic proteins (BMPs), epidermal growth factor

(EGF), fibroblast-derived growth factors (FGFs) tag insulin-like growth factor (IGFs) tJusiu
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Usvaunisallunisnaniaeuduuunlusiuanuad (Imsoonthornruksa et al., 2011) Al Lo
Junisandunu wazguassAlunisyianddeanumsadsuiiide sruiadusuwuuveansndns -
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2.2. QUseaIAYRINITITY

W90 Tasanistidulasanisdsnawies 3 U walasusuuszanaiiesdusntdendala
o a Y} ¢ v A @7 (i &
anansaandumsnuingUseasd Jom 4-6 loeesauysel
1. yihlAnn1suanseenasdu basic Fibroblast growth factor ey we (hbFGF) Tu
Escherichia coli
. NRIUINTEUIUNITHAALATVENYVIUIANIRINITNER hbFGF
- in3moudkuwnt hbFGF Tiusans uwasnaaeunuauUfnis¥iinen (biological activity)

- mwnansszuuihdadilelay (Niosome) Wioussq hbFGF iefmunduvdians
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o a

ausandndneuduuuilusAuhbrGr ildfuuidosugadduindn 16day
ASEUIUNSTNE @2AINTINET LLassﬁgumaulajsquﬂ ansaansuyulunIsidinasUssmna
unntu Sniesdarudildausaluinundesen Wenanlusiilundulslaley waslnsnumin
w3 auluiansudaludonded ogrelsinunist Saeuduuuilusiv Andelaluldly
AAgaavnssNaie SndusiosivesufoRnnsiiavern Unaannlsa sefuansIgIuGMP PIC/S

(Good Manufacturing Practice, Pharmaceutical Inspection Co-operation Scheme)
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. & a

E. coli vluastidinlusasles Alasuanufdeulunisiaiendnsmnauleuuniusiu ae

@ a Ada ay vo = % ) ' = ° v
L‘Uua\ﬁuaﬁ?@ﬂlﬂiuﬂqiﬂﬂ‘l";maﬂ@UigﬂaUV}q\?WUﬁqﬂiiﬂaﬂqqagLEJE’JG] quﬂﬁqﬂqiﬂﬂjUﬂﬂﬂqi
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Lan100na938uaNF9TTInduU (heterologous proteins) tatdusgsd Snededianinesf
dll S a aca & ax et 1%

ponuuunieldlunisuansoanvesdiung o Tudddinduinuny wazdsnsildlunisadng uas

wansAanduuuilusiulu £ coli faduisnmsunsgiuilesuniseeusu elusunsive wazlu

\WBawalve (Terpe, 2006; Sahdev et al.,, 2008) wanain E. coli Aflaulgdiienaninouduuus

v aa A Al

TUsAuLa FaliAaditindunlasunisanwiieldiduinandnsaaudnuunldsiy 1wy dad wad

o
I [ (7 14 o w 1 (%

LA WwasTY Lazwaadns unaiTinsananaddidesiin wu Inanansin Tduneuwazisnig
eapnlumadeaead wardidldineg deifiouivaddinlusaslon fadufinmuiindussuy
fide Tinandngs iwadiasgAulasnd LLazﬁunuminMw (Nfor et al., 2008; Graslund et
al, 2008) 9nn1sAnEIREUNN WUl E coli anansaldiiiendnsmouduuwilelalat waslnsn-
wNALABS LU interleukin-29 (Li and He, 2006) interleukin-24 (Yang et al., 2007) human
leukemia inhibitory factor (Tomala et al., 2010; Imsoonthornruksa et al., 2011) epidermal
growth factor (Abdull Razis et al., 2008), fibroblast growth factor (Gasparian et al., 2009)
feu Fadanududullffsihesdeuifugudnanussgndl fifiondnsnonduuuile-

Talad wazlnsnunnwas Mglunuddesmuwaddunin



n1sfnwidearugadsuinde ldinduvesuywdniedniidesgnaiirsunsiindu
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a a

wazlnnunnines welviwaddindndinspuautianuansalumsasyivlnedldinguan
(unlimited proliferation) kagauaintsalunistndrliidumadednnng o anelusienie

(differentiation) 31nN15UsEaNANVBIAMEEITENUI1 Runwidediulugussunuiovas 80 ag

9

gaudeluiulusfiulungulelalay waglnsvunnwes dauiiailunisandununside auside

a a 2

Wwnfanzade wasndnlusiulungulalalad uaglnsnuinwes ildesnneluieslfisinis

)}

v
[ 1Y

Inglunmsfinwasall AagdIdeideniiazaing wagnin hbrGF suludnuidnsmunninesaiddey

v ' &

waziiarudndulunisidsseadiunndafisouvesuywd (Klimanskayaet al., 2005;

(%
v @

Levenstein et al,, 2005) 8nyegadulusfuiiiisnangs Ussuia 150 noaaransy fa 10

lulasnsu (Invitrogen)

bFGF 138 FGF-2 1Uu heparin binding lnsviiatnas ﬁﬁqmé wavdsrasanisifinvens
(proliferation) wazn1stninliiluwassinmig o (differentiation) vpugaanaisyia Wy lwad
fibroblasts L%ad vascular endothelial L%a8 smooth muscle L4aa myoblasts wagigaalu
szuuUsezain tJudu (Gospodarowicz, 1989; Lindner, 1995; Bikfalvi et al., 1997) G?ifl bFGF
Julusfuluanaaneifien (single chain) lufinasifumnylnalada (non-glycosylation) fvane

isoforms 4LLIaH131NAISHEAIDBNYBY MRNA @18Lfelfu (Florkiewicz and Sommer, 1989)

1% 1%

lngiidwmdnluanavatgvuinduag fuusiiainy Wy fmuusiiuidaiasvasziiuimin 22 23

£%
= o

war24 Alasasy wao1nuusalelanaady viseRwas eduinun 18 Alasasu J1891UN1S

3unUI1 bFGF aunsaanalanann austdalulaluniada (hypothalamus) anesdrulnis
(thymus) wazla (Dailey et al,, 2005) usildnandniian (Uszunas 9-10 M) Tud a.a. 1986 L4d
n15Ane1EU hbFGF Liiowdnlalassad evesdu (Abraham et al, 1986) guihlugnisAnwinis
HAR3IADNTWUUYN hbFGF T £ coli (Gospodarowicz et al., 1986; Kroiher et al., 1995; Garke

et al,, 2000; Wang et al, 2006) Wiioifiunandn o813lsfa nuI3aouduuws hoFGF findnle

'
a £ =

drulngjegluuliazasun (insoluble inclusion bodies) vilansanisvinliuigns Jadu

q

Sosnnuluszuuveinisianseanuasdulu £ coli FuduSesndasiinnsAnwiuiy Tunism



Tadunglviaunsandnsmouduuuilusiuilaeglusuiazaieun (soluble form) #1103
NAAINBUNLN WUILBITeNAe glutathione S-transferase WWNAU bFGF fdutievinliaiuise
I3 d' a QI dy 1 a I d‘ va ¥ 1 a d' [ ¥ a
ANUNEIHaNEMNLTY wisAauTuuus bFGF AlddaunmaeenIlUsiunainlaansssuya
(Sheng et al., 2003) uaglafinsAnwiiaAn Wuavinsideu cysteine @1 78 Laz96 (C78
LazC96) LU serine AzauNTatIBLRNAIINAINITANITATA181T (solubility) wazaanIN

(biological activity) U93maUTWUUN bFGF (Wang et al., 2006)

ndinarunuuaziiuladn daudindagtuaziinenuanudusalunisudnsnenduuun

bFGF Tu E. coli wigsuszaulaymvatuau iu Sreuduuunilusiunladiulugoglusuly

1%
o [V

azangin AuNNYBINEA SN A lkUueY nRBRIUNTEUILNINENS LN Wasdudou faluy
nsAnwAsslanzIdelavin1sesnuuUN1INAGeY IBLUKNAKER LarAnnMYassnauduuuv

hbFGF aanauldnseuiun1sNane819918 wazdUseansSaIn 399105189 1UNBUNTNYD Y

Y

Imsoonthornruksa et al. (2011) ﬁﬂmw‘dfﬁ&ﬂﬁmmmwam human leukemia inhibitory factor

=

MeBN13eg19de azaan wazsanlsd dussluedaiiuiiugiunauedideaiunsauiun
Uszgnaldliminyszlosdlunisldndnsnouduuui hbFGF dsdnuszaunnudnsalusuianiag
ansathesrnnuiluiiamsdesen ieinwinszuiunsuanlusiulungulelalad waglnm-

unnmes foue ekl

v A Ly

Tudsewalne Jaaduialrusaislunisiiusneiaduieasd 5 uSen laedl 2 uSona

9 Y

gudiunisiaeaulng 1w 2 vsemvesaulnedlusnslusiud Town USem whwakuwasd 3170

=

(AuTe UTEN nyemmaiNwad 9119) BalusuinrsinAueadduinidaainlavisanndendans
dzhe Wooasavnauazilioealuiiu NvgNgauasivssaunsaluinfgalulseme waz

o & v 5o v ] a a A a o = < I
ﬂ')’]llﬁnLﬂum@ﬂiﬁﬂimLLWﬂLmaiﬁl"lujumqﬂ MNIYAITUIINUBNINIYINTIIN UTEN LUNYALAULYDD

[ LY o

9iia deermilasins silivsenlianuaulanaglinnedidendn hbFGF Jadudnnidlngm

wemesNdAy wazdnnudndulunisdsasadauniiavesnyed Weanyadin1sundives

o
v o

TUsfudangs Snvisdadulusiundsianas Ussuna 150 aeaaansy de 10 lulasnsy

(Invitrogen) AetusuIdeilaviinisidenfiazadne uasuan hbFGF sldiluduuuulunisine

wazkanlusiusadue delulusuian launisfinwiasatiagyinnislraudiu bFGF vesuysd Wnd

Y



AR NITF1USUNSHENIDDNYRIEUlY E. coli wazAnwUadeNdimanssnunan1staniaanyad

a (% !

gusanan? 1 aunil seeiia wazAanududuvesasildnseduliiinnisuansesnvesgy
dielaansiuinzauuwaiagyiinisvenemainisuanlussvudeufnsalsely antuazinsney

Tuwuun hbrGF Naselaunvinlvusansineldinaiia affinity chromatography wasnaaay

(3

AMANURNINTIUNI9TIINGT (Biological activity assay) naeantiuazinsneuduuun hbFGF

Ly

Usansnleazgnadli uem whvahugad 91in wWenageuwaziluldlunsideamadduiiie

A =

YeauyEe WeAnwIANaINTalunsleuLuN SAeuduun hbFGF Ndsgea1nsUsema

L

wanaNll Ireudiuuyt hbFGF U3gnsnlaazgn encapsulate Mmuszuviidsiilelay (Niosome)

Y

Wawmudunvdenssall
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3.1, mMsadraanmadiiionsuaniaanasdiy (Expression vector construction)

1IAWMS pET28a(+) Wag pET32a(+) (Novagen, Germany) gniiunldlunisuansvesgy
1nedu hbFGF Qmﬁmﬁ’m’mmmamma% PWPI SPbFGF (Addgene, USA) Iagld forward primer
Ao bFGF pET28: CCGGATCCATGGCAGCCGGGAGC, bFGF pET32: AAGAGCTCATGGCAGCCGG
GAGC uay reverse primer: GGCTCGAGTCAGCTCTTAGCAG AAGACATTGG Fudaufigniiia
37U (amplified fragment) gnansae BamHl/Xhol waz Sacl/Xhol (New England Biolabs,
USA) uazgnideuseluluduiigndendng BamHi/Xhol uas Sacl/xhol vesIAMDSs PET28 Az
PET32 ud iy faeoules! T4 DNA ligase (NEB, USA) #&sa1nn1sideuse (lisation) 1apines

6

gnagidluly £ coli strain DH5a 31ntuvilaladiiidans (colony PCR) (Zon et al., 1989)

(%
= 1

nAmesAignaiaduiienin pET28/hbFGF Wag pET32/hbFGF Gsgnnsiadeudfuiuadieds

DNA sequencing

3.2. Msuansaanvadineuduuuilusiivuaznisiilfuigns (Recombinant protein
expression and purification)

Snouduuusitannes (pET28/hbFGF wag pET32/hbFGF) ﬁﬁéwwaﬁgﬂéfaa Qnasany
arensewalnildnluds £ coli auWug BL21(DE3) (Novagen) Lhag ArcticExpress™ RIL
(Stratagene, USA) wialiiAnnisuanioanvesdaeuduuuifindulusiu (recombinant fusion

protein) laaufignifenazgnideainuAuuazyinliiaedans 1:100 luemsideade lysogeny broth

= v

(LB) w3l (Bertani, 1952) LLazLaumUa%auzﬁmmzau Uulﬁmaéw%@ﬁ 37°C QUASEI
I¢iF optical density 600 nm Wiy 0.6 M3uanseonvasdAeLTuULFLTUlUsAY gyt
A8NITLAY isopropyl-p-D-thiogalactoside (IPTG) L%aé%gmﬁmw%’ammsﬁ fi 15°C w38 20°C
Huna 6 Fluavdosnmit Mndumadgnifiuifsadenisthunied 4000xg Wum 20

WwadgNAUSIwN -70°C aundrazgnianldau neumsinuians wadazgniiliasalouagifu



Tlvled lysis/binding fiusznauludae Trilesleisunoaadudy 50 mM (pH 8.0)
(Sambrook et al., 1989), phenylmethylsulfonylfluoride (PMSF) sty 1 mM, laifsnpaslsa
WUTU150 MM, Triton X-1001Uu9u 0.1%, NAosoaLtudu 10%, dlalwaltutu 2 mM uay la
Tolaandudu 200 pg ml! wadgavinliuanuuthudafuna 5 unit fendudssnuigs (GE
100 ultrasonic processor, amwﬁi{fﬁa 60-80% amplitude, 60% cycle duty, sonicates 10
unfi, stop 5 3uft WWuian 15 i) dftezaneiuar il snazanedildgnuendenisiy
WBedl 11,700xg vJu 10 Wil ﬁaumaﬂﬂaﬁuﬁasmaﬁwlﬁgﬂLﬁmﬁ'muazﬂsaqmuL:ummu
polyethersulfone ¥ 419 045 um kazgn H1UABaul heparin-sepharose affinity
chromatography (HiTrap Heparin HP, GE Healthcare, Sweden) #38 IMAC (HisTrap HP,GE
Healthcare) AuABnsvadlssauduan druilwonldusznousne Trx-6xHis-hbFGF azgnifuiien
wazHIUNIEUIUNNT dialysis Tutives phosphate buffered saline (PBS) antiulusiiu Trx-

His6-hbFGF gneiageie enterokinase protease ﬁmam%ul@ﬂuﬁawaﬁami (Kupradit et al.,

2008) \Juraan 8 Falus 71 28°C 1ntuTudan Trx-6xHis uaz hbFGF Qmwﬂaaﬂé’wsﬁzumauﬁ
09704 HisTrap HP IMAC &3 6xHis-hbFGF, Trx-6xHis-hbFGF ag hbFGF fignyinliuTaniudn
92QNNTRINIY 0.2 pm Waziiusnwiil 4°C aundraztilAnuasiely MntuUsINaadTiLan
fanu, druftararsiiwarhianunsoazaroiitld wardufivzeanunain aeduigniiv uas
WATIBYAE 15% SDS-PAGE aumen1sdesnd Coomassie Brilliant Blue Auiduduvalusiu
9n31A5¥iene 5 Bradford USinaumnududuvesindulusiuludaiusss (mixture) gnitnsizs
drelaugensiuis Quantity One (Bio Rad, USA) wazdi0g19lUsAufiiasizidae
immunoblotting Tnafae819lUsAUIN SDS-PAGE gn electro-transfer 184 nitrocellulose
membrane (Bio Rad) mﬂﬁ?uﬁﬁLm,JLUiuﬁﬁﬂﬁﬁ‘%mﬁmLauauaa His-tag rabbit polyclonal
(GenScript, USA) LAZANUSIBLOURUDRA U dD goat anti-rabbit fildouraiy alkaline

phosphatase (Sigma, USA) 3N HUKULUNUTUYNATIA@DUUJATE108 NBT/BCIP substrate

(Sigma)



3.3. N159113ABNTUUUY hbFGF 1‘7i1€ﬂﬁu‘%qw% (Recombinant Protein Purification)
L%aﬁl,vzit,vﬁa%gﬂmmﬂu native lysis buffer (20 mM Tris—HCl pH 7.4, 150 mM NaCl,
2 mM imidazole, 0.1% triton X-100 wag protease inhibitor cocktail) Faamgives wdwhnis

9 Y

anawenlUsiusenIaspiudosninudgalusiu insuenavaadaienistunaimss 16,000

a

X g WU 20 W19l ﬁqmmu 4°C @1 inclusion bodies 9z¥11n15aza18918 native lysis buffer
druveananfidsaoudunusi hbFGF il polyhistidine-tageed %gnﬁﬂﬁﬁqm‘éé’w metal ion
affinity chromatography (IMAC) resin

Yrdruldimarifisnouduuusi hbFGF Uusaufiu IMAC Sepharose 6 Fast Flow (GE
Healthcare) resin ﬁgﬂ equilibrate #78 50 mM CoCl2:6H20 \Jutaan 30 wil ntuthansua
fanualuussglu PD-10 column (GE Healthcare) ud2d19628 20 mM Tris-HCL (pH 8.0), 150

[

mM NaCl (washing buffer) iiafdalsAududiliinizuusiuean vnsiuiiersrouduuu
hbFGF Tnen1svsdnsnedusiaie washing buffer iflanuiduduvaunde imidazole fiszdiu
$19¢) i (10 50 100 250 ez 500 mM AIudI6u)

thiegaoudiuuuy hoFGF feuwagndsnsuenliuianslunsadeuvunnvedlusiu
A8 SDS-PAGE wazmnudmizaigmailn Western Blot laald HRP-linked INDIA His probe
(Pierce) nalagtafs @21 soluble wag insoluble fraction ¥84@788191UTAUALHIUAITLYN
¢ SDS-PAGE wazfouunulusiuiig Coomassie® G-250 Lilensiavuialuianavesine
Juuust hbFGF 9nJun 5291118 Iz vessneuduuus hbFGF §38 Western Blot 14 SDS-
PAGE wenauinveslusiunou a1ty electroblot 1Usauldds polyvinylidene diftuoride
(PVDF) membrane (Bio-Rad) Laaldaa8 blocking buffer fivsznaumae westemn buffer (500
mM Tris pH 7.5, 2 M NaCl) + 1% BSA 11U 30 u1 WaBLNUYSE primary antibody buffer
7iUsznaudie western buffer + 0.05% Tween 20 + 1% BSA uaz 1:1,000 primary antibody

(HRP-linked INDIA His probe) 41w 2 §2113 91n%udne 3 ass (Afsar 5 uadl) fae Western

buffer + 0.05% Tween 20 udIn5I9U 381 3,3’,5,5 tetramethylbenzidine (TMB, Sigma).
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3.4. NMINAERUAMANTUANI9TIINYT (Biological activity assay)

ASAATIZRNSINUVE18VULAaR83S MTT (MTT cell proliferation assay)

AauUR (functional activity) vas3mauTuuuilUsiy  6xHis-hbFGF, Trx-6xHis-hbFGF

'
[

uag hbFGF gnuszifiulaganuanunsalunsifivyiuavesead NIH3T3 luan1agilisigs
(serum-free conditions) W3guwigununanssuued commercial hbFGF (PHG0026, Invitrogen,
USA) fiszauauiiontsnne vesnouduuuilusiunas commercial hbFGF (1.7, 3.4, 6.9, 14
and 27 nM) aggnifivaslugadiiianududu 5x10° wadseviqu MidswquingiAsagadoun
96-well microtiter Tus1115 Dulbecco's modified Eagle’s medium (DMEM) (Invitrogen) Tned
1088%0 Uufl 37°Cuaraniazdiil CO, 5% wdsanniasawaddiosnonduuurilusiunay
commercial hbFGF 1Jutaan 72 $2lus éhasm%gmﬁm 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (Sigma) L2 12 mM USues 10 pl Tu PBS waguuee
Huszezian 4 alus emnsidsadesiui@sazans MTTaggNAABaNIINLNAN LAzl SDS
ity 10% 75t HCLdadu10 mM U3anms 100 pl iteaganemenouniasa antuiadgandy
LANYRIFIBENT 570 nm MsLiNvEYeITAdgnItATIsiLazLan s U oSl uiueIn Sl
veofildnnisad Fagnidsdlu FCS ifudu 10% wingseduauionnses hoFGF gnuadey

Wudruau 3 91

n1535n¥1 undifferentiated state %aamaéﬁuﬁuﬁﬂqué (Maintenance of the
undifferentiated state of human pluripotent stem cells in culture)

hESCs (Pruksananonda et al., 2012) wag hiPSCs (Nishishita et al., 2012) gm??awu
Lwadfilass (human foreskin-derived fibroblasts) wazladeuiuinaininisasedag 0.1%
gelatin Tu®1%13 Knock out DMEM (Invitrogen) 7% Knock out serum replacement L7391
20%, glutamax® LULUU 1%, B-mercaptoethanol LLwU 0.55 mM, nonessential amino acids
LWIUTU 1% (Invitrogen), penicillin Usunad 50 U mU™ (Invitrogen), streptomycin L34 50 pg

mU ! (Invitrogen), Wag commercial hbFGF 1udu 8 ng ml (Invitrogen) %38 6xHis-hbFGF, Trx-
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'
[ & ¥ o A o o a

6xHis-hbFGF aniiulalall hESC wag hiPSC NlldugIuvengadauinile gnidendiniuLiiy
9117 (subculture) nE3191NNNTLGES 8-10 U (passages) hESC uag hiPSC gnitaTeianauds
YUFAAAUNILTU (N1TUANIDONUBY embryonic stem cell markers @135 quantitative

polymerase chain reaction (qPCR) wagn1sdesimmunocytochemical)

3.5. nsdaudaniladnaannauasduylulelaialinea (Alkaline phosphatase and
immunocytochemical staining)

Taladl hESC wag hiPSC gnfixdasnisinesiafledidudu 4% antufanssuves
oulgddanlatneaninagnasialaglyd AP detection kit (Sigma) M1338voals I ULNER
dm¥uUfA3e0e OCTA antibody 1u Ialaflazgnuudae Triton X-100 (Sigma) Tu DPBS
(Invitrogen) Wud 2% Huian 15 wnit wazudludimles blocking fiusznaudie fetal bovine
serum (HyClone) il 5 % Tu DPBS Wunan 1 Halus ntdushedieasgnéredae DPBS uay
UuA2E primary antibodies R primary antibodies o0 Abcam UsenAansgowsni PRFGN

rat antibodies against stage-specific embryonic antigen (SSEA)-3 (ab162286), mouse anti-

SSEA-G (ab16287) WAy goat anti-OCT4 (ab27985) gnvin1#iTea1a 1:200 #1e PBS filidl

]
¥ =y =

unaBesuazuuniidon Talatignundiafui 4°C fe primary antibodiesfilioans dmiunns
519 TnvesueuAUDf LwadgnULIe rabbit anti-rat-FITC (ab8520) 739919 1:200, uouAUS?
goat anti-mouse-Cy3 (Milipore) W rabbit anti-goat-FITC (ab97009) ﬁqm%qﬁﬁaﬂLﬂuLiaﬁ 1
Flus ntiulelaiigndonsie Hoechst 33342 (Sigma) waznsaaTasanielinges fluorescence

microscope

3.6. Quantitative polymerase chain reaction

o19iBuievanun (total RNA) garfaannlaladl hESC uag hiPSC feynarn GenelET
RNA purification thaggn Wasuidu ONATaeld RevertAid H Minus First Strand cDNA
Synthesis Kit m113598415991UKKER (Thermo Fisher Scientific, USA) USinun1sueaniaanvas

mRNA 989 OCT4, SOX2, NANOG, CDX2, BRACHYURY wag PAX6 gnitasievilaglyis SYBR-
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green-based real-time quantitative-PCR (gPCR) Fe1e5e Bio-Rad Chromod real-time PCR
(Bio-Rad) %ﬁsqm primer filduansly Tablel ﬂﬁﬁ%mmnﬂuﬁﬂmu (amplification reaction)
Usznaunay cDNA LIuTu 10 ng, @sazans 1x KAPA SYBR® FAST gPCR Kit (KAPA Biosystems,
USA), kag primer 311wz UUARY Ffiandutu 0.25 um TyUSInAsanun 20 ul UfAsen
Qﬂmmaauﬁwm 3 41 LLazamw'ﬁauqmmﬁﬁiﬂumiﬁw gPCR #io 95°C tluiian 3 wiil,

P 45 saUvad 95°C 1Wutian 20 3w way 62°C 1unan 1w

a15197 1 andudinadlalnadnsunisyia gPCR.

Primer Sequence (5’ to 3’)

OCTa-F TGGGCTCGAGAAGGATGTG
OCT4-R GCATAGTCGCTGCTTGATCG
SOX2-F CCCCCGGCGGCAATAGCA
SOX2-R TCGGCGCCGGGGAGATACAT
NANOG-F CAGAAGGCCTCAGCACCTAC
NANOG-R GTCACTGGCAGGAGAATTTGG
CDX2-F CCTCCGCTGGGCTTCATTCC
CDX2-R TGGGGGTTCTGCAGTCTTTGGTC
BRACHYURY-F TGCTTCCCTGAGACCCAGTT
BRACHYURY-R GATCACTTCTTTCCTTTGCATCAAG
PAX6-F CAGCTCGGTGGTGTCTTTG
PAX6-R AGTCGCTACTCTCGGTTTA
GAPDH-F GTCAACGGATTTGGTCGTATTG
GAPDH-R CATGGGTGGAATCATATTGGA

3.7. WAT1ZYNN9ERR (Statistical analysis)

Wesigudnisiasguasead NIH3T3 gnuansidudiiade (mean = SD) Relative

uantification V995EAUNLENIDONVDITULTINUILANLEANT ATANULANATIBALYDUADNILATILH
q U Y Y

AIBULNUNTITNAADY Completely Randomized Design (CRD) A8 Statistical Analysis System
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(SAS Inst. Inc., Cary, NC, USA) A918bANA19581I19A388199n3LA5129laeld analysis of
variance (ANOVA) 1US8UL7IBuAIIULANAI9AILRA8A28  Duncan’s Multiple Range Test

(DMRT) fisesunnuidosiuy 95%
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uni 4

HaN13338 wazn1sATIEdaya

4.1. mmamaanLtazﬂ'lsv'l’w'%qwéﬁum hbFGF fusion protein

DA TlddmTunsuanteanvasBu (Expression vector) fie nAMBS PET28a(+) uax
PET32a(+) (Figure 1A) WaU®Ia 1A UtUavIsAsuTduUUINaadn pET28/hbFGF Lay
OET32/hbFGF wansly Fieure 18 waz C denudnliifinnsinmdu (mutation) tindu Lile
Wisutieuaiduidaadlolvaveanatala pWPl SPbFGF wazli GenBank (accession no.
M27968) Tidinmssesurounini Sreuduuusinanain pET28/hbFGF 18s91nASEUIUNSNTIU-
alatu agld hbFGF 7ifinsnesdilu 34 §1 ABMGSSHHHHHHSSGVPRGSHMASMTGGQQMGRGS
9¢#i1u N-terminal wazdl hexa-histidine (6xHis)-tag d1m§uviliugnisaeds immobilized
metal affinity chromatography (IMAC) Lmzimagjé’w Tunaus PET32/hbFGF @314 fusion
protein #ifl N-terminal thioredoxin (Trx) domain tJugdfuiuaves pET32a(+) Gi’ejagjﬁlu 6xHis-
tag MIUGIY enterokinase TiRaMIea1fuLUAUaS hbFGF 2InN1531A5 123468 EXPASY Protein
Parameters Tools @1115071u1ele491 aualatana (molecular mass) wag A1 pl vodlushu
6xHis-hbFGF (189 amino acid), Trx-6xHis-hbFGF (324 amino acid) ttay hbFGF (166 amino
acid) e 20,740 Da/pl=9.8, 35,417 Da/pl=7.2 Way 18,360 Da/pl= 9.4 AUA1AU (Figure 1)

N13ANYINANTENUVBIQUNYH, AMUNTUVB isopropy!-B-D -thiogalactoside (IPTG)
WazL1an (induction time) ABNISLAAIDDNUYDY 6xHis-hbFGF Way Trx-6xHishbFGF fusion
proteins 590 lUsAufiazareldnanun (total soluble protein) 910 pET28/hbFGF waz
PET32/nbFGF Ty E.coli anesiug BL21(DE3) uag ArcticExpress Kan15MAaBImyi1 fgamgil

a

20°C fusion protein finsuanseanannnt figamail 15°C uazmsifiueadudiuyes IPTG 910
0.1 fiadluans de 1 Tadluand ldnansynudeseAunsianiasn (expression level) ¥8s fusion
orotein Tnefilusiu Trx-6xHis-hbFGF @nunsauanseonlalnefilail IPTG vilu BL21(DE3) uay
ArcticExpress (Figure 2) MSiNTEAUNITHERI08NYB fusion protein anunsavhlalaenisiiy

introduction time (Figure 3) 21n Figure 4A La¥B WUIININNI1 95% VolUAY 6xHis-hbFGF
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v
a = I

HanTueglugvedlusiuiazareiila (soluble form) uaztieendn 3% eglusuilianunse

azmﬂ‘ﬁﬂ@f (insoluble form)

A

6xHis
Thrombin
6xHis
PET32/hbFGF  mes D_ pl/Mw 7.2/ 35 kDa
EkL site
6xHis o
28°C

EkL site

M G 8 S HUH H H' S S5 G [V P H M A S M TG G Q 9 M G R G 8§ M A A G S I
accacgctgecegecttgeccgaggatggeggcecageggegeettececgeecggcecact tcaagggeeccaageggetgtactgcaaaaacgggggattcttectgegecateccacecegac
T T L P AL P ED GG S GAU FUP PG HUVF K GP K RUILYCI KD NGTG GV FF L RTIUHUZPTD
ggccgagttgacggggt ccgggagaagagegaccctcacatcaagetacaacttcaagcagaagagagaggagttgtgtetatcaaaggagtgtgtgectaaccgttacctggetatgaag
G R V D G V R E K s p P H I KL Q L Q A EERGV V S8 I K GV CADNUZRYLAMZEK
Gaagatggaagattactggcttctaaatgtgttacggatgagtgtttcttttttgaacgattggaatctaataactacaatacttaccggtcaaggaaatacaccagttggtatgtggcea
E D GRLLAS K CVTDET CZ FVFF ERTILESNNYNTY R S RIEK Y TS W Y V A
ctgaaacgaactgggcagtataaacttggatccaaaacaggacctgggcagaaagctatactttttettecaatgtetgetaagagetgactegag
L K R T 6G Q ¥ K L 6 5§ K TG P GG QKA I L FL P M S A K S - L E

atgggcagcagc-atcatcatcacagcagcggcctggtgccqﬂﬁatatggctagcatgactggtggacagcaaatqggthcqgatccatggcagccggqagcatc

atgagcgataaaattattcacctgactgacgacagttttgacacggatgtactecaaagecggacggggegatecetegtegatttetgggecagagtggtgeggtececgtgecaaaatgategee
M s D K I I 1L TDDSFDTD VL KADGATIT LV VDT FWAZETWTCSGU?PT CIEKMMTIA
ccgattctggatgaaatcgctgacgaatatcagggcaaactgaccgttgcaaaactgaacatcgatcaaaacectggcactgegecgaaatatggecateegtggtatecececgactetgety
P I L. D E I A DE Y Q@ G KL TV A K I1ILI NI D N P G TA P K Y G I R G I P T L L
ctgttcaaaaacggtgaagtggcggecaaccaaagtgggtgeactgtctaaaggtcagttgaaagagttectecgacgectaacctggeeggttetggttectggecatatg
L F K N G EVAATIZ KV GAL S K66 @ L K EF L DADNTZILA-ATG S G S5 G HM 1"""'!'
cttctggtectggtgccacgecggttctggtatgaaagaaaccgectgetgetaaattcgaacgecageacatggacageccagatetgggtacecgacgacgacgacaaggecaty
MSSGLVPRGSGMKETAAAKFERQHMDSPDLGTDDDDKAM
tcggatecgaattegagetecatggcageegggagecatcacecacgetgeecgecttgececgaggatggeggeageggegect tecegeceggecact tcaagggecccaagegg
A DI G S5 EF EL MAAG S I TTTL P AL PED GG S GAF PP G HT FK G P K R
ctgtactgcaaaaacgggggattettcctgegecatecaccecgacggecgagt tgacggggtecgggagaagagcgacectecacatcaagetacaacttcaagecagaagagagaggagtt
L Y C K NG G F F L R I H P DGRV D G V R E K S D PHTIK KL QL Q@ A EZER G V
gtgtctatcaaaggagtgtgtgctaaccgttacctggctatgaaggaagatggaagattactggecttectaaatgtgttacggatgagtgtttettttttgaacgattggaatectaataac
v s I K G v C A NRYLAMI K EUDSGH R L LASKTCVTUDETCT FT FT FEIZRTILUESNN
tacaatacttaccggtcaaggaaatacaccagttggtatgtggcactgaaacgaactgggcagtataaacttggatcecaaaacaggacctgggecagaaagectatactttttecttecaatg
Y N T ¥ R S R K Y T 8 W Y V A L KR T G @ ¥ K L 6 8§ K T GG P 6 Q K A I L F L P M
tctgctaagagctgactcgag
S A K s - L E

Figure 1 Schematic diagram of the recombinant proteins. pET28a(+) and pET32a(+) vector

backbones were used to construct the expression vectors (A). pET28/hbFGF and
PET32/hbFGF expression vectors were verified by sequencing (B and Q).
Hexahistidine (6xHis)-tags are at the N-terminus of both recombinant proteins.
The thrombin and enterokinase cleavage sites (LVPRGS and DDDDK, respectively)
are located between the 6xHis-tag and the thioredoxin (Trx)-6xHis-tag and the
hbFGF sequence, to release of mature hbFGF from the 6xHis-hbFGF and the Trx-

6xHis-hbFGF fusion proteins, respectively.
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BL21(DE3) ArcticExpress
A 15°C 20°C B 15°C 20°C
mM IPTG mM IPTG KD mM IPTG mM IPTG
kDa 0 010205 1 0 01 02 05 1 a 0 010205 1 0 010205 1
6.2 Ty e 66.2
45.0 .__-‘. -._f;’-—_—. -.-os‘——-q PRl 4
--—-Ra"-'s_’!a;;._.—- 45.0 - &b e -
35.0 T —————— 35.0 - - ————————
~-— - . e - - - -
25.0 25.0
———— —-—— . = - — e S =
18.4 18.4
14.4 14.4
BL21(DE3) ArcticExpress
C 15°C 20°C D 15°C 20°C
mM IPTG mM IPTG mM IPTG mM IPTG
kDa 0 010205 1 0 01 02 05 1 kDa 0 01 0205 1 0 0102 05 1
RSy ‘ 66.2 N e oo «
66.2 = SN Svw s S s G Y P -
= 1 81 - = - o .hwﬁ'ﬂ-"‘"‘
45.0 gzagziz‘—;-_ S -~~~
35.0 o p 350 - ‘
Teagsradas - S-S 324 4 2.4 4
-8 R =4 "y -
25.0 — 25.0
Biro 7 B 8 - ] 18.4 g -
14.4 = N a—

Figure 2 Effect of host cell, induction temperature and IPTG concentration on expression
of recombinant hbFGF fusion proteins. The pET28/hbFGF (A and B) and
pET32/hbFGF (C and D) expression vectors were -transformed into E.coli

BL21(DE3) (A and Q) and ArcticExpress strains (B and D). The transformed cells
were grown at 37°C to an OD600 of 0.6 and then induced with 0 to 1 mM IPTG
for 12 h at 15 or 20°C. The induced cells were harvested, the whole cell lysate
was analyzed on 15% SDS-PAGE and the gels stained with Coomassie Brilliant

Blue. Proteins from equal amount of cells were loaded into each lane. The

arrows indicate the positions of recombinant fusion proteins.
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A B
6h 12h 18h 24h 6h 12h 18h 24h
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Figure 3 The effect of induction times on solubility of recombinant hbFGF fusion proteins.
The pET28/hbFGF (A and B) and pET32/hbFGF (C and D) vectors were transformed

into £. coli BL21(DE3) (A and C) and ArcticExpress(DE3) (B and D) strains. The
transformed cells were grown at 37°C to an OD600 of 0.6 and then induced with

0.2 mM IPTG for 6 to 24 h at 20°C. The induced cells were harvested and then
the cell lysates were separated into soluble and the insoluble fraction by
centrifugation. The solubility of the fusion proteins was analyzed on 15% SDS-
PAGE and the gels stained with Coomassie Brilliant Blue. Equal cell concentration
was loaded into each lane. The arrows indicate the position of recombinant
fusion proteins. (-), total protein before induction; T, total cellular protein after
induction; IS, insoluble fraction from induced cells; S, soluble fraction from

induced cells.
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A 6xHis-hbFGF: HiTrap Heparin HP __ HisTrap HP B 6xHis-hbFGF: HiTrap Heparin HP HisTrap HP
BL21(DE3) M Nacl mM Imidazole ArcticExpress M NaCl 'mM Imidazole
KDa () T IS s FTWO OS5 1 2 FT WO 100250500 kDa () T IS S FTWOO5 1 2 FT WO 100 250 500
66.2 E - ss - 66.2 = S -

«~-§8 88  § -~y ¥
350 . - - ‘,’ - 35.0 « W - - -
o Ead - - s - - -—
250 % ¢ - - — VOt =
— = —
" A— — p— - me Z = -— -

C Trx-6xHis-hbFGF: HiTrap Heparin HP HisTrap HP Trx-6xHis-hbFGF: HiTrap Heparin HP HisTrap HP
BL21(DE3) M NaCl mM Imidazole ArcticExpress M Nacl mM Imidazole
D (9 T IS S FTWOOS5 1 2 FT WO 100250 500 kDa (h T 1S S FTWOO05 1 2 FT WO 100 250 500
66.2 — : : : 66.2 . b h ) -

= = . ~—
- = S T R
35.0 = 2% - - 35.0 - - -
- - - ®—e- -
- e - - —
25.0 w - - 25.0 - b - -
18.4 = 184

Figure 4 SDS-PAGE of recombinant hbFGF fusion proteins at various stages of purification.
(A) pET28/hbFGF in E.  coli BL21(DE3), (B) pET28/hbFGF in E. coli
ArcticExpress(DE3), (C) pET32/hbFGF in E. coli BL21(DE3),(D) pET32/hbFGF in E.
coli ArcticExpress(DE3). The cells were grown until the OD600 reached 0.6 and

were then induced with 0.2 mM IPTG at 20°C for 18 h. The cells (1g wet cell
weight) were harvested, and the recombinant proteins were purified on heparin-
sepharose affinity chromatography (HiTrap HeparinHP) and Ni-IMAC (HisTrap HP)
columns under native conditions. The proteins were analyzed on a 15% SDS-
PAGE gel and stained with Coomassie Brilliant Blue R-250. These results represent
three independent experiments. The lanes from left to right are protein
molecular weight markers (masses marked in kilodaltons); (-), total protein before
induction; T, total cellular protein after induction; IS, insoluble fractions from
induced cells; S, soluble fractions from induced cells; FT, flow through fractions;
WO, initial washing buffer fraction. For the HiTrap Heparin HP column, the fusion
proteins were eluted with 0.5, 1 and 2 M NaCl. For HisTrap HP, the fusion proteins

were eluted with 100, 250 and 500mM imidazole. The arrows indicate the fusion

proteins.
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Figure 5 Analysis of purified recombinant hbFGF on SDS-PAGE and western blot (A) and
biological activity (B). Purified 6xHis-hbFGF and Trx-6xHis-hbFGF fusion proteins
and hbFGF were separated on a 15% SDS-PAGE gel and were then either stained
with Coomassie Brilliant Blue or transferred to a nitrocellulose membrane and
identified by immunoblotting with a goat anti-His antibody (A). Comparison of
the percentage of growth of NIH3T3 after 72 h incubation with Trx-tag (g%), Trx-
6xHis-hbFGF (B9, 6xHis-hbFGF (B, hbFGF () and commercial hbFGF (Invitrogen)
(M) (B). Different letters (a, b, c, d) within the same concentration indicate

significant different (P <0.05).
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nﬁﬁﬂﬁiﬂﬁauu%qw‘ﬁiwuﬁmWiiﬂmw (Affinity purification) A& HisTrap HP (GE
Healthcare, Sweden) TUsitu 6xHis-hbFGF lalanansaduuusgaduuargapdelulutunaunis
Fuuusgadu (Binding) Uszana 60-80% waganunsaLiuiienls 10-24% wdsnisve (elution)
Usfuspnanmeautilagladinilea (imidazole) AuuTL 100, 250 way 500 Jadluais diu
ﬂ’liﬁ’lU%?jV]éLLUUﬁﬁJWiiﬂﬂ’lWé\J’JEJ HiTrap Heparin HP (GE Healthcare) 1Us@1 6xHis-hbFGF
anansaduivimgadulupedinild 100% nMsvelusiumendelafeunaslsn (NaCl) Wudugs (2
M) wumsuanoanvaslusiu Trx6xHishbFGF finanundiendsiuiilu £ coli BL2L(DE3) uaz
E. coli ArcticExpress (Figure 4C Lag D) 2INKNANITNAADINUIN miLgmL%aﬁ E. coli 1?21,'@ 2 o
Usuas 200 fadans axliwadwiin 1 nfu (hmdnden) mﬂmiﬁm%qwéﬁm HiTrap Heparin
HP aglvinandn (yield) volUsAu 6xHis-hbFGF Uszunu 12 faansu uague Trx-6xHis-hbFGF
Usgura 14 fadnu (Table 1) Tunrsnsafudy n1svinliuIqnidae HisTrap HP
chromatography lenandnveslusiuluusuiadia (Table 2) ﬁ]’mmammmﬂﬁﬂgdﬂﬂiauﬁg&
apswiafiAinuuiansuinnit 95% aantulusiu TrebxHis-hbFGF gn dialyzed Tutilies
PBS Lilafdalaieunaslsd (NaCl) uazdfionlam (imidazole) uagmudevinufAzerfuteules]
enterokinase protease fi9zuen hbFGF 88n37n N-terminal Trx-6xHis-tag ﬁ]’mﬁ?uﬁ’l hbFGF 19
U%Ejﬁ/lémﬂ enterokinase Way Trx-6xHis-tag A28 HisTrap HP chromatography SAauduuuY
enterokinase waz Trx-6xHis-tag 7inanTueadiansil 6xHis tags 9g Fatiu Tshutaesuinassu

2

vusgadulumeduil @11 hbFGF 98gn¥ea19enun wae tags IwQNKENEBNIIN hbFGF 8819

I3

auysal vueluanaveslysaudivinliuiansldgnitaszsilagld SDS-PAGE (Figure 5A) 3unn
LLanaves 6xHis-hbFGF, Trx-6xHis-hbFGF wag hbFGF fia 21, 35 uaz 18 kDa Au&1sU Faa
PletimlndiAesiunaiiinsisisy EXPASY Protein Parameters Tools (Figure 1) niulUsiiu
ndwilvuIavdgnitaszidoimaia western blotting HaNNsNARBINUIN 6xHis-hbFGF Waz
Trx-6xHis-hbFGF @119 9299UA8LOUAUDA rabbit anti-His polyclonal #nt31 hbFGF
{99910 6xHis tag anmdneanndeinitjnsenfiuteulesl enterokinase protease (Figure

5A)
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Table 2 Purification of hbFGF fusion proteins from recombinant expression in E. coli

with different expression vectors and expression hosts with HiTrap Heparin HP

column.

Total protein hbFGF fusion Purity
Expression vector Expression Host Fraction Yield (%)*
(mg)! protein (mg)!? (%)?
Cell lysate 105.7 13.8 13.1 100
Soluble protein 84.6 13.6 16.1 98.6
BL21(DE3) 0.5 M NaCl 35 0 0 0
1 M NaCl 0 0 0 0
OET28/hbFGF 2 M NaCl 13.1 12.4 94.7 90
Cell lysate 117.4 13.4 11.4 100
Soluble protein 92.8 12.9 13.9 96.3
ArcticExpress 0.5 M NaCl 2.8 0 0 0
1 M NaCl 0 0 0 0
2 M NaCl 12.9 12.2 94.6 91
Cell lysate 123.7 18.9 153 100
Soluble protein 96.5 17.6 18.2 93.1
BL21(DE3) 0.5 M NaCl 3.9 0 0 0
1 M NaCl 1.8 1.8 100 9.5
2 M NacCl 15.2 14.8 97.3 78.3
PET32/hbFGF
Cell lysate 135.2 21.7 16.1 100
Soluble protein 107.8 20.3 18.8 935
ArcticExpress 0.5 M NaCl 3.3 0 0 0
1 M NaCl a7 a.7 100 21.7
2 M NaCl 14.7 14.2 96.6 65.4

! Results are derived from 1 ¢ of wet cell weight. Protein concentrations were estimated

by the method of Bradford with bovine serum albumin (BSA) as a standard.

2The amount of hbFGF fusion protein was calculated from the ratio of the intensity of the

target protein band to the intensity of all protein bands in the fraction. The band intensity

was analyzed with Quantity One software.

®> The % Purity was determined by dividing the amount of the target protein by that of the

total proteins in each fraction and multiply by 100.

*The yield at each step in the procedure is the amount of the target protein at that step

divided by the amount of the target protein in the first step (defined as 100%).
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Table 3 Purification of hbFGF fusion proteins from recombinant expression in E. coli

with different expression vectors and expression hosts by IMAC on a HisTrap

HP column.
Total protein hbFGF fusion Purity Yield
Expression vector Expression Host Fraction
(mg)? protein (mg)? (%)? (%)*
Cell lysate 108.3 10.2 9.4 100
Soluble protein 84.6 9.6 11.3 94.1
BL21(DE3) 100 mM Imidazole 0.5 0.4 80 39
250 mM Imidazole 0.3 0.3 100 2.9
OET28/hbFGF 500 mM Imidazole 0.3 0.3 100 2.9
Cell lysate 115.7 12.6 10.9 100
Soluble protein 95.4 11.9 12.5 94.4
ArticExpress 100 mM Imidazole 1.2 0.7 58.3 55
250 mM Imidazole 0.5 0.5 100 a
500 mM Imidazole 0.4 0.4 100 3.1
Cell lysate 119.1 14.9 125 100
Soluble protein 96.5 14.4 14.9 96.6
BL21(DE3) 100 mM Imidazole 35 3.1 88.6 20.8
250 mM Imidazole 1.2 1.2 100 8.1
500 mM Imidazole 0.5 0.5 100 3.4
PET32/hbFGF
Cell lysate 125.1 15.7 12.5 100
Soluble protein 102.2 154 15.1 98.1
ArticExpress 100 mM Imidazole 4.2 3.5 83.3 22.3
250 mM Imidazole 0.9 0.9 100 57
500 mM Imidazole 0.4 0.4 100 2.5

! Results are derived from 1 g of wet cell weight. Protein concentrations were estimated
by the method of Bradford with bovine serum albumin (BSA) as a standard.

2The amount of hbFGF fusion protein was calculated from the ratio of the intensity of the
target protein band to the intensity of all protein bands in the fraction. The band intensity
was analyzed with Quantity One software.

®> The % Purity was determined by dividing the amount of the target protein by that of the
total proteins in each fraction and multiply by 100.

*The yield at each step in the procedure is the amount of the target protein at that step

divided by the amount of the target protein in the first step (defined as 100%).
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WAaaLINuUIUY WU E coli, Pichia pastoris, insect cells, Saccharomyces cerevisiae,
Bacillus subtilis, soybean seeds, silkworms (Bombyx mori L.) k¥ rice seeds Qﬂigﬁjﬁ’m%mi

= = a a a s ~ vy a = A a o &
WERIYIE UL NONANSABUTLUUY hbFGF Felanananlusiuussuias 1-100 Jadnsudaiwas 1
am3 (Squires et al., 1988; Hill and Crane-Robinson, 1995; Wu et al., 2001; Ding et al., 2006;
Mu et al., 2008; Gasparian et al., 2009; Song et al., 2013; Rassouli et al., 2013; Kwong et
al., 2013) E. coli \Huwadidntuignilexldlunisuanseanves hbFGF unniign wszidussuy
Ao va a a a a v & & |
MmN suanseenvessaeuduuulysiuas uaziglangluemsdsatesialdung s
wanseantuszAvaavasaonduuuilusiuly Ecoli vinlviin misfolding kagtinn135iu6ves

A T va . . . | v a a | Y =

asnliaunsaaratinlaiisenin inclusion bodies @analismoulwuulusiuluazaiein 34
fanuindunazdesnianiieimuizaudinsunisianioanvaasmoudwuunilusiulu £.coli
SUNWIANDSNLTHANIDDN WARLIIUIY BAZAISHANANUAINITO IUNITALAEUILALAIUAIF
wananildalafneinisuandeanlnenisangungil, N134anI88n3IUYBY molecular
chaperones, N115USUANULTNTUTDIANNTEIUT (inducer), a1D9lARDY (codon) tazlusau
\Uvuny (targeting protein) flazdsoanluds periplasm (Sorensen and Mortensen, 2005;

Esposito and Chatterjee, 2006; Rosano and Ceccarelli, 2009) 281915 Wan1sANwIASLl

WU WwadldnUu E.coli BL21(DE3) wag ArcticExpress nan3pouiuuunlusaunazatsinlaly

'
[ =

sEAUMYNAY Fauansliisiuidn n158 chaporones Lag tRNA 1dilanou R 1uay L1u

a

ArcticExpress laifianudndudmiunisuansoonves hoFGF flaganedinld uaznisangamgd
97n 20°C @a 15°C ladldvinlnisuanseentiindy og1lsinia Tr-6xHis-bFGF fluansoanves
TUsAu gandn 6xHis-hbFGF Useanas 2 win (Figure 2)

ﬂ’liﬁw%qw‘é%ﬁﬂauﬁuuuﬁ hbFGF fiuanseanly E.coli gnynaaaslunaggsguy
59189 6xHis, maltose binding protein (MBP), glutathione S-transferase (GST), Trx and b'a’
domains of human protein disulfide isomerase (PDI) (Lemaitre et al., 1995; Sheng et al,,

2003; Song et al., 2013; Rassouli et al,, 2013) &4 fusion tags lifieaudilinisasateiiuas

) = a a a X & o a o a a v
igﬂ'Uﬂ']iLLﬁ@QE]@ﬂSU@Qﬁﬁ@llULLuucl/ﬁiJiWULWNGUUWI’]uu LLG]EJQLWNﬂ?WNﬂQ@?%@QIUﬁ@u@ﬂ@'JU Iu
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nsAnwIATIlAUSBUIBUNSLERIRDNURlUSAUARILUY AD Trx- Way 6xHis-tagged A18ld

1%
o

danzRiliuszansnmnisuansnenduuuyl hbFGF Aiazatstnlaiiudu nan1smaasanua
N134aANIRBNYBY Trx-tagged Tuan1idaIufivgumgiifg (20°C) fin1suanieaniigendn Trx-
6xHis-NbFGF wagtflguyiniu 6xHis-hbFGF 81U Trx getiiuusz@nsninlunis transcription
way translation Tuv9Au FeazrretiunananvessaonTuuuilusiu wazlusiu Trx Sauansi
2. A o ) 2 & = & |

\Ju intramolecular chaperone 7Judananslun1ssiuiv partner Favuneutianadumnunadn
lun1suandeanes Trx-6xHis-hbFGF fegandn 6xHis-hbFGF Ine#i 6xHis tags gnuaeusiuiu

1

N-terminal ¥a¢lusiumnsaes weldludunounisvinliuians lnenlusiutignyiliusansaes

[y

IMAC agnalsfinu namsvaassansliidiuin Wsfiufinanioonyszanm 20-60% whiudisusu
Ni?* IMAC %qmamimaaqﬁﬁmmﬂmiﬁEmusuaq Rassouli et al. (2013) way Gasparian et al.
(2009) AU TINUTgVSTna1nae I Anandliifiudenisnaninouduuwi hbFGF a7n
Ecoli s7ufen1591U% GAL Suuv single-step @28 heparin affinity chromatography %35 @
immobilized metal ion affinity chromatography, n1514% cation exchange column
chromatography 52314 heparin affinity chromatography tag n1514% continuous bed %%

expanded bed chromatography 57uAY heparin affinity chromatography Hufinsiuiudn

I3 | v

hbFGF & unique heparin-binding domain MLUu7ABIA15d19TUN1T8519 tri-molecular

signaling complex?1A4§a iU hbFGF ligand wag receptor tyrosine kinases (Dowd et al., 1999)
Tuns@nwasell n15ld NiZ IMAC Tugisduvestunaunisvinuians Llesivsednsaimannin
N312791 hbFGF dnMsgeyideunsdiu dedanalin1siudu (recovery) Tusauganimunitusi

pg1elsAmunisld heparin-sepharose affinity chromatography d@snalinisiuAulusau

¥
a £ v &

hbFGF tindu Tuaagd Trx-6xHis-hbFGF ignyinlviusansuaitu gnyviruisenduieules

9

a

enterokinase Migauafl 28°C twaan 8 4alus nudninnisnnazneuvedlusiunaziinlinie

Y

msgaydelusfudmng Jadululdinfenniusiuliianuasimdeinnisien tag een
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4.2. AAINTIUNN9Y2IINE (biological activity) vossaauduuuyi hbFGF # fisansiinu3unay
U89 NIH3T3 cell

A3nAgay MTT cell proliferation Tagld NIH3T3 cell line gnlfiilefnAanssumnig
FinegwealUsAuuTans 6xHis-hbFGF, Trx-6xHis-hbFGF fusion proteins way hbFGF fignien
101 tag 0onwd? lunisvadeu NIH3T3 cells Suldludsuainommsianiiil fetal bovine serum
(FBS) untUu serum-free medium wagiinisiiy purified recombinant proteins %3 ®
commercial hbFGF (Invitrogen) nan1snaaedlignuanseanunduilesigudueinisagyves
NIH3T3 cell fulwadiignuaaoulusivnamaniiuszneulusng FBS anadudu 10% Liteaaens
e (Figure 5B) Han1svaasduanslsmiingn NIH3T3 cells ﬁgﬂwmaauéfaa recombinant Trx-
tag (negative control) a@snsaufinguIuldiiies 20% vedasnisiadyveaadfiadaly FBS
Fidrududu 10% nansvnassadin Tretag Wisseghafoalidnasonmsiiusviuvesad
p819l3 MY 1wad ﬂmaa‘ummﬂamLLuwﬁ,Usmuwaﬂmamﬁﬂ,umiﬂﬂmvmu Aoty
Ilneduiusfuainuidudu effective doses 7 50% (EDsp) Usvuad 6.2, 6.3 wae 12.4 pM
d1%15U 6xHis-hbFGF, Trx-6xHis-hbFGF fusion proteins ag hbFGF A1N81AU HANISNAABDY

[
[ =

wandliiiuinaouduuuy hbFGF fignuaslunisdinwinseil A1 potency (EDs, 6 i1 12 pM;

Uszuad 0.1-0.2 ng hbFGF ml™) a:lamfﬁ commercially available hbFGF (Invitrogen) (EDs, 27
pM) Benelidudfgy n1sneRevidenndesunsenuRoumtives mitogenic activity 1893-
ABNDWULY, hDFGF fidl EDs, Uszanal 0.15-3 ng ml! (Gasparian et al,, 2009; Song et al., 2013)
UBNINT hbFGF fivilsiusqvisd ﬂwémeﬁuiumiﬁﬂwm%u’qﬁ WARIA1 mitogenic activity gnin
commercial hbFGF wan1snaassuansliifiuin n1sil fusion partner lalasuniufanssumis
§93Me (biological activity) vedlusiiu nafildiiinuadidefisuiumssenudiiineundii
Ue841n13107 tags eandaeiauled Mé’mméﬁu’umaumsﬁw%qméﬁgu ldflarnuddu

(Imsoonthornruksa et al., 2011; Rassouli et al., 2013)
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4.3. MINAFIUAIINAINTITAVDIIADUTUUUIN hbFGF fusion proteins NilkasanuauUfvas
3% o a 4
RRGIAT RN

1103931n3ARUTRUNN hbFGF 913 fusion tags WiinadenmantRnI@InInveslysiy

Al 6xHis-hbFGF wag Trx-6xHis-hbFGF fusion proteins 39gn1ILMAEBIAINAINTLUNT

§nw13gee undifferentiated V89 hESCs WazhiPSCs lUS8ULABUAY commercial hbFGF @3

hESCs wag hiPSCs Qﬂﬁﬂﬁlﬁl%iguu mitotically inactive HFF Tu gelatin-coated dishes wag

01MSLABILTAGTLAL 6xHis-hbFGF, Trx-6xHis-hbFGF w38 commercial hbFGF (8 ng ml™)

< a

Usgauna 0.4 nM o msidsgadazgnilasulnidnniu laladnesyazgnivdsunivuglng

v Y

]
o =

(passage) NN 5-7 Ju #8115 manual cutting fetdudnsnuas 23G Maamﬂwgmﬁmuaz
Wasunvuglvaiasy 8-10 At nuidnsinmaifinvens (proliferation rate) wardnwiuzdnignu
Inewweslalail (colony morphology) (Baharvand et al., 2006) 984 hESCs WwazhiPSCs wangli
iudn ldfinnuuandnsseninaeadfigniassdaslusiuivinliuans exHis-hbFGF udeTrx-
6xHis-hbFGF fusion proteins %38 commercial hbFGF (Figure 6A wag B) lalatives hESCs way
hiPSCs fignidssluemisiisaeadiidl fusion proteins unauindmiutoules alkaline
phosphatase, POU family transcription factor OCT4, W& stage-specific embryonic antigens
SSEA-3 uae SSEA-4 Faduduineaddansdnw pluripotent characteristics 1318 (Figure 6A uaz
B) Negative control gnyadautiionsaaseudmsu auto-flucrescence Tutumauiivhlédaonis
199 primary antibody kagisiiies secondary antibody wausngitlididyyungesisa
wusianty (ldlduaneua) n153As1einisuanteenvesBuiiduRusfures pluripotency-
associated genes OCT4, SOX2 hag NANOG wulnluimnuuansneiu (P>0.05) Tuseaunns
wansoanszngadfignidsslusimsiflusiudivinliuians exHis-hbFGF wia Trx-6xHis-
hbFGF fusion proteins 38 commercial hbFGF (Figure 7A wag B) TugefinIsuantoanaod
differentiation markers PAX6, CDX2 wag BRACHYURY lianunsagnnsiaduld (Figure 7A uag
B) n1sAnwiadatuansliifiuin TWsfufigniiliuiand exHis-hbFGE wag Trx-6xHis-hbFGF

mmaagﬂiﬁumi%’ﬂmLLazéusnsﬁxazl,'sa’]msm%aumaﬁuaq undifferentiated hESCs Lay iPSCs

Tuosiasaaalanlieulindu commercial hbFGF 910 Invitrogen
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Bright field Alkaline phosphatase 0OCT4 SSEA-3 SSEA-4

hESCs
Trx-6xHis-hbFGF  6xHis-hbFGF

Commercial

6xHis-hbFGF

hiPSCs
Trx-6xHis-hbFGF

Commercial

Figure 6 Recombinant hbFGF fusion proteins support several passages of undifferentiated
human ESCs and iPSCs. The culture media supplemented with the 6xHis-bhFGF,
Trx-6xHis-hbFGF ~or commercial hbFGF maintained the morphology of
undifferentiated hESCs (A) and iPSCs (B) colonies. The cells were positive for
alkaline phosphatase activity, and immunostaining of expanded colonies
revealed expression of nuclear pluripotency (OCT4) and cell-surface markers
(SSEA-3 and SSEA-4). Insert boxes show Hoechst 33342 nuclear staining. Scale

bars, 100 pum.
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A hESCs O Commercial 8 6xHis-hbFGF #@ Trx-6xHis-hbFGF

0.5

Fold Change of Expression

I TITTHN Y

0.0 — 5
SOX2 NANOG CDX2 BRACHYURY PAX6

B hiPSCs O Commercial B 6xHis-hbFGF & Trx-6xHis-hbFGF

L5 — - == —

Fold Change of Expression

CDX2 BRACHYURY PAX6

Figure 7 gPCR quantitative analysis of pluripotency-associated and the differentiation
markers expression in hESCs (A) and iPSCs (B) that were cultured in the media
supplemented with commercial hbFGF. ([£]), 6xHis-hbFGF (B) and Trx 6xHis-
hoFGF (¥) for 8-10 passages. These results are representative of three
independent experiments. The values were standardized to GAPDH expression.
The data are presented as the mean + SD values indicate non significant

different (P >0.05).
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unil 5

a3Unan15398 aAUTIUKEa Laztalauauue

Tun1s@nwasell wanslimiuinIsninewaziuszansnin d1usunisuan hbFGF 7

a

avanetild Ao 6xHis-bFGF way Trx-6xHis-hbFGF Tu £, coli ldnandn Uszanas 60-80 mg L

v

1998115488080 Feawsagniinliuiansedeireluilulusiundaiuuigns > 95% 39

9

fusion proteins N1l waRIRANTTUNTYVINGT wazansagnldlalnensatuigadauilnuywe

(human stem cell) Tnefilsifosndnien tags ean N1sAnwIAsIdlaLansieIsAdeuazsiall

v

wnsdmsunsuanluseaunlvalu (large-scale production) veslUsiu hbFGF Faduiifesnns

[
a 6

o & ] LY & & ¥ [ o al 1= P ) 1 ¢
wagdndudmsunisidesgadauindauyudlusedunlngay Wwetludnsussynaldlunig

ASLNNE

Woean lasenstidulasenisideseided 3 U wslesusulszananiealusndifen

Y o N a o v v Yo oA = ' o a
wasguannisdsuudatiaseasnenislinu wazldlasuyunaies Jeldawnsadniunisniy

[

npUsEaeAlaave a1unsaniunisiaiies viliAnnisuanseanveddu basic Fibroblast

growth factor ¥asuywe (hbFGF) T Escherichia coli WatNTEUIUNTNEARALVENEUUINNIE

s
a a

a5 wazneasUAMaNTANIY

9 q

n1swanlatudosiy kay a1u1savinsaeutuuuy hbFGF Ty
S _a . . v a O oo o t4 a 4 v

F33NeN (biological activity) dnviedaanansaiinuiuaains Wanasendalnsnuneawes Lildies
derdunisandunuluszezenn wazdadmnhelimieaunisuenld urdeldaunsaimuigns
szuuidaiilolen (Niosome) L1iloussq hbFGF iaimunduvdiens wistdlnsvunawmasi
nanlalulignanunssuwadsuinin waz¥d1019 NagaUAMAN kasnaaadltsslusEay

PAFINNIIU
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