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Abstract Recently, the number of people with diabetes is
rapidly increasing, coupled with the fact that the insulin
market is remarkably increasing, Therefore, molecular farming
for plant-derived pharmaceutical protein production is
reported as becoming more attractive than ever. In this study,
we carried out experiments step by step for development of
recombinant insulin constructs, which were transformed
into E. coli system, in vitro transcription and translation
system, and tobacco cells. At first, recombinant proinsulin
protein was successfully produced in in vitro transcription
and translation system with wheat germ extract. After which,
recombinant construct of prominiinsulin encoded a fusion
protein of 7.8 kDa with trypsin cleavage sites at N terminus
and C terminus of minimized C-peptide was tried to in vitro
expression using E.coli culture. After purification with His-tag
column, the resulting recombinant prominiinsulin protein
was processed with trypsin, and then checked insulin
biosynthesis by SDS-PAGE and western blot analysis with
anti-insulin monoclonal antibody. The immunoreactive product
of trypsin-treated miniinsulin was identical to the predicted
insulin hexamer. The construct of 35S promoter-driven
preprominiinsulin recombinant gene with signal peptide
region for ER-targeting and red fluorescence protein gene [N
terminus — tobacco E2 signal peptide — B-peptide (1-29
AA) — AAK — A-peptide (1-21 AA) — RR — His6 —
KDEL — C terminus] was transformed into BY-2 tobacco
cells. A polypeptide corresponding to the 38-kDa molecular

Su Hyun Park * Ji Su Kim * Soo Jin Wi -

Y. J. Choi -+ S. H. Park - J. S. Kim - S. J. Wi - K. Y. Park ()
Azitstn yAeintstoyst Mt

(Department of Biology, Sunchon National University, Sunchon,
Chonnam 540-742, Korea)

e-mail: plpm@sunchon.ac.kr

g 22 prominiinsulin Y =4

of recombinant human prominiinsulin in E coli and

Ky Young Park

mass predicted for fusion protein was detected in total
protein profiles from transgenic BY-2 cells by western
analysis. Therefore, this recombinant preprominiinsulin construct
can be used for generation of transgenic tobacco plants
producing therapeutic recombinant insulin.
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= Al A A6-All, At-B7, A20-B199] ofm|=Ak Zb7]of & WA A AAA oA olFstte & A A F
A= 349 ALHQD Abolol A ojgkslttE| 7t FAE]  dS AT vE C-HEo|=E FE ith(Cowley and
Ay S 2= JHE A=Y, o]F Ax A9 Y Mackin 1997). 1988 dinf=2] AJ2F3]AFel Novo Nordisk
7 ol ol AE FAsA HekLiv et al. 2010), A7} CHlErol = glo] BtlEfo| £} A-Ebo] 2 o]

o] % proinsulino] ZA|A & 0|5t thg v/ <3gh &)
W& FA5k= oAl proinsulino] of A} Agts}o]
A Q] 014 O 2 A] hexamerS ©| &4 Hﬂ-(Qiao et
al. 2003; Dunn 2005). o}d1} 229 =7l =2 =X xﬂ
Feh el Eul/A oA ol e AY ded
Z(Zn" (Ca”)(Proinsulin)s 7} THeH A Fraf 4] HckE 49| zr
ol 23] C Heto] =7t Ae=HA S/dF <] Qle hexamer
ol (Zn™")y(Ca™)(insulin)s T-2 2 A 3% cHDunn 2005). (Zn>),
(Ca™)(insulin)el= BB =7} RobA] AFZ Yol A AR E)
24 et ZAAE o|FA ok C-Hgoltes &
ol 471d-¢71d, dA-L71dY |71 obm| 4t
o] Kol EAst=t| o] otu|ir4lo] C-HEto] =9 At
of Fa% JTS df= AR AR whebA C PE
o] E+= proinsulin®] 3] I7go] &o|stA Loy &
s =2 JHE FAANA = 10 & ot Ao
AAZI A=A ol C-Hepo] =] =&-A7} Al o
Ak, G-I A ATRFEAE HHote] ded Az
AGE S7A 0t = Aed 7)Fo] BiE7]= 3F3A
A A g ALY YE A g FE AAZH
(Wahren and Jornvall 2003).

oled 9 C-HElolE 59 7]59] proinsulin®] &3] &=
E FAIBHHA 1@@}‘1}?44 & &olsH st 9T
o] =83 7|5 A 1 o 53] Qe 12
o kg Mliﬂ 2% S4E AsiA = o3ttt
O] FA17F & 8.8} th(Weiss 2013). | Tofl= a2 oflA A
o tt+= misfolding®]] 2J3f oF7] = Aol 7} HIE AL
QI tHKim and Park 2008). 3t Q&g S AA 9 AV|AE
of EAol7} A THA ofutle Akl AlAHQlO] B =
Aoz e o] o|satrte] 7t F /A E A KotH C-gE
o|E7} FelE| A grol Y ¢evl o MeE A 3t
TH(Liu et al. 2010).
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Eh% Z2k0] cold ethanolE o] 20T oA 2
3k % 10,000 rppm O 2 2057 YA Bt A
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RT-PCR %

ATt e FHAE &£ st7] f15ko] Human Pancreas
QUICK-Clone ¢DNA library (Clontech)E +¢J5}o] 8o
Z o]-g3to] RT-PCRE 33l on, Tl 21=4| 2] ER-
targetlng signal peptide+= Frul] A EA oA E&]5} total RNA
1 ugS reverse transcriptase (High Fidelity RNA PCR Kit, Takara
Bio Inc.)& A}F&-5}o] first strand cDNAS §HAJSF & o] cDNA
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= 0.2g0] 600ul2] extraction buffer (25 mM Tris, pH7.8, 75
mM NaCl, 10 mM MgCI2, 15 mM EGTA, 1 mM DTT, | mM
NaF, 0.5 mM NaVO03, 15 mM [3-glycerophosphate, 15 mM p
-nitrophenylphosphate, 0.1 % Tween 20, 0.5 mM PMSF, Protease
inhibitor cocktail) & ©]-&3}o] %319 S (Cardinale et al.
2002), 4°C, 15,000 rpmo]| 4] 20871 HA E )3l 5 AFSol
S 351t SDS-PAGE+= Bio-RadAl9] proteinlllE A}
Lot om A7G5A 10% 32 12%9] separating gel T}
5%9] stacking gelx A&l 1A1ZF 3047F A A5G T
& A2 staining solution (0.5% coomassie blue R-250 40%
methanol, 10% acetic acid)o| 4] 3A]7F GA & destaining
solution (40% methanol, 10% acetic acid)o]| A A 43}o] Wl
so) e wAstan

Western blot =44

o

147 §AA7 B FAAT ol A EE 42
ZOoF vjoF3}o] western blot £A-E 93 A 522 AFE5S
ot} 9F 0.2g2 A F5}Fe] 600ul?] extraction buffer (25 mM
Tris, pH7.8, 75 mM NaCl, 10 mM MgCl12, 15 mM EGTA, ImM
DTT, 1mM NaF, 0.5 mM NaVO03, 15 mM [3-glycerophosphate,
15 mM p-nitrophenylphosphate, 0.1% Tween 20, 0.5 mM PMSF,
Protease inhibitor cocktail) S ©]-8-5}0] &3} 21 (Cardinale
et al. 2002), oF 30 ug?] & Thl A2 10% SDS-PAGEY]| A

719353t 2 Trans-Blot Cell (Bio-Rad)& ©]-8-5}¢] nitrocellulose
membrane©]| transfer 33T} ©] 3 nitrocellulose membrane
S 5% skim milk 2 4C ol A 2A]7F E<¢F blocking3} 1L 0.1%
Tween 200] A 7}= TBS buffer® 557 63] A|A3F & Anti-
insulin monoclonal antibody E2E3 (ab9569; Abcam)E 1:250
02 3]43}o] 1A]7F Z9F AL oA HH3-3F & (.1% Tween
200] A7}%] TBS buffer= A5t 3= peroxidase-labeled secondary
antibody (sc-2005; SANTA CRUZ)E 1:10008.2 3|43}
Aol A TAIZE §ES3H  ThA] A& 813]T. o] % nitrocelluoase
membrane2 West- ZoL® (plus) Western Blot Detection System
& o] §81o] X-ray

o e
EFETENEY

£-o] exposure g+ &

BY-2 MZ HZTt

BY-2 A|3EE MS [4.3 g MS salt, 3% sucrose, 0.37 g KH,POq,
0.1 g myo-inositol, 1 ml thiamine HCI (1 mg/ml), 181 wl 2,4-D
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(5 mM), pH5.7, 1 L A|Z2A] HA w2 oA 4 5+ S5
HiQFAIZ] oF A F BY-2 cell®] 5 mlx} Ql&d AL &=
A= Agrobacterium B %M (0Dgo=1.5) 100 ul& petri-dish
A 4 5 25CoA 24 Bt &5 wiekstslct o %
MS BA )R] & o]-&-3}o] Agrobacterime A7 SFL 100 mg/L
kanamycinZ} 300 mg/L cefotaxim©] & 7}% BY-2 A5 MS
A wf A of AEFE & 2~35 Ft 25C oA <F ujok 3f
fck. e ¥ Aeixsh B AES AP T 100 mgll
kanamycino] 718l W22 §7 2% 2402 Ao
StRAl el ARk A AE Aweldth olF Al
ME A AS BY2 AEY MS A o] A A4H 0
2 der oo shele

Zdn o nF
OIZt preproinsulin M XKGenBank X70508) =2 !
FHEZ AS MAHIAARO|AO] THEA i =0

017} preproinsulin A AFE £2]3}7] $)5}9] NCBI GenBank
X705089] €714 QS vleto 2 BamHl A|FFA 2L siteS 3E
3Hst forward ®3F primer?} Sacl A|gta L sites E3HSH
reverse WS primerS F& A Z5FY thFig. 1A). A X% 2zt
Z}9] primerE ©]-8-5}¢] Human Pancreas QUICK-Clone ¢cDNA
library (Clontech, Mountain View, CA, USA)S G-¢J35}o] S
O 2 ALg-3}o] PCR £4-2 4~385}0] 1% agarose gel &
71852 AASHSTE o] A3t of 4 DNA 7] 9] 345 bp
O] PCR AhE2 Eelstal 2FAom 7| E-A S 9
g 5ko] 27t preproinsulin FHAE 551G

Y= A7t preproinsulin 3 A= BamHIZ}: Sacl A3t
A4 sites EZFHSFIL QIO H 2 transit peptideE 2SSt in
vivo & -& construct A| 27} &0|3}== T&A cloning vector
(RBC Bioscience)o]] W #] ligation 3}tk 1 A1} 2,728 bp
9] vector TFHI} 345 bp Q) insert (human preproinsulin) TH#H
S 8 535to] construct®] 23 K55 el on
Hom d7|4ABAS Botel st o)F of
2 preproinsulin 47248 o] g3ke] A% f2of 27k
HA AN S Qe WAAAUE HAlel] st
O B AAEE ol gotel in viro WHE A2

%% 935k hFig. 1B).

in vitro TNT A]2~®] 242 preproinsulin 2 23} construct
£ o835t in vitro “Foll A T A A oA RE ZAFSH
At 3 construct= full-length] preproinsulin -3 2} 7}
XbalZ} BamH1 A $tE A siteof] A = o] T3 promoter?] =
A e Ao AEA gl dhe A AEIQ] wheat germ
extract®} 5 AU S A-GEH] 30T 90E Fe

[e)
in viro TNT 848 Sashelch. whgo] By AHREL

ro O o
i

_l

preproinsulin construct A|

H}2 12.5% SDS-PAGE 54 AlA|5t9l 0.0, BAS image
analyzerE ©|-8-3}o] Ex}Fo] oF 12kDagl preproinsulin Tt
219 3holst g th(Fig. 1C). & o} preproinsulin Tl

=l
A ol insulin®] 4% BHE AT & A
Tk Q17H9] preproinsulin T H o] Al EA o] HAF B &=
& 59w wE Aa"oA Tl o] 4
o o]FolAx AL gl B 4 itk
A
Primer Base
e Sequence Tm{*C) length
Abal
Forward 69.7 29
5'-GGGTCAAGAATGGCCTGTGGATGCGCCT-3'
Reverse gt 66.8 29
5'-GGGGGATCCCTAGTTGCAGTATTCTCCA-3' ’
o Xb
a1 3456p BamH |
Human pre-proinsulin
Amp®
pBiluescript SK+ vector (2958bp)
c
(A) 12.5% SDS-PAGE (B) BAS 3days exposure
kD
15kD—>
10k —12Da
(Pre{pro-
insulin)

Fig. 1 Diagram representing the construction of the human
preproinsulin expression plasmid and the analysis of its resulting
protein. A. The PCR primers of human preproinsulin. B. The PCR
amplified human preproinsulin cDNA containing Xbal and BamH1
restriction sites and pBluescript SK+ vector. C. Human preproinsulin
was expressed in wheat germ extract for in vitro transcription/
translation. The S*-labeded preproinsulin protein was extracted
from in vitro transcription/translation reaction mixture and then
was purified samples in SDS-PAGE after staining with coomassieblue
(left), and was exposed to X-rayfilm (right)
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ol A g o] FErlE
Ao FFE F+= 80 RE 8K
SHARE C-Hepol == Qe
b8 C-Heol=vt 2ladl ]
Sl= H Q= o}y th(Pietropaolo 2013). whatA
%3 Tkl Al constructof 4] C-FElo| &
7] miniinsuling A| 23172 stAch &
A7F A A E miniinsulino] HHE o] JEHOZA TS
ZYe= Ao g2 By Y8 FZ5FA th(Nykiforuk 2006; &
NE3 WO 10-2006-0052705).

el Tl o] S 27| Y= B-HEkol =9
A-HEto| BV Aoty & o]ghsltte| 7} g/ ofof =
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AdstA ol 2o 7h o] Foj AW o] gatrel vt P4
Hoh= 237} 9lo](Liu et al. 2010) A-#Elo] =9} B-H €}
o|& Atolof 243t C-HEo] =5 AATHHA 1 Aol
o] trypsin cleavage site= 4] Ala-Ala-Lys (AAK) AMO]EE
271590eh 7129 B 1o ojskE E@ Al ojsho] o
o] 7l 7] A Tkl dojve 4
£H919] C weko] 9]} 2ol dlo] EAjaof gk
B 317} QJth(Olsen et al. 2004).

utehx] B-gEfo] = C Ut EAle] &Jsto] Atk
o] o]Zo| x| =& B-glEfo] £ 0| Lys29 17| HRHTH A
Efo]= o] N mhet B E o] Glyl Abo]o]| AAK (GCTGCTAAG)
o A7IMde A7tekleh w3 A7 A2 Qled o
WA YA Fo|SHEE TS| 5o His-tuge]
71 A G(CATCATCATCATCATCAT)E A7}3l ATt E3H A
A& 3} Hiso-tag Alolof Arg(R), Arg(R) dibasic processing
site (AGAAGA)S H713to @) B4l He]z gk C-
Hefo] =9 KDEL Aol AZH His6-tag7}A| Zrefuffo]
ksl Qled Hde BAY 4 YRS st

oA A|Z3t 217t prominiinsulin®] thAFatol A W
d 4 Sl codon usageE o]-&sto] UE +ES A6
ZF= 7kl Codon Adaptation Index (CAI) 72 EXAlolE
(GenScript Rare Codon Analysis Tool, CAI calculator)E ©]&
3ho] 4] 519 Th(Puigbo et al. 2008) (Fig. 2A). B4 H CAI
2he 2o QN o 08 ool Wl 48] £& Ao

A
. . \ Normalized CAT valie
Organism CAT e-CAT (CAT/e-CAT)
Hompo sapiens 0.78 0.809 0.964
Nicotiana tabacum 0.70 0.733 0.955
Escherichia celi 0.67 0.771 0.869

pET-3a(+) : mini-insulin+RR+HIS6

AAK

B-chain(1-29

A-chain(1-21)

RR+His6

Mini-insulin+taq[183bp]

Xbal

== T7 promoter

Ndel

BamHI

T7
terminater

BamHI

Fig. 2 Analysis of Codon Adaptation Index (CAI) of human prominiinsulin in several organisms and construct diagram. A. CAI of
human prominiinsulin gene sequence in Homo sapiens, N. tabacum and E. coli. was analyzed by GenScript Rare Codon Analysis
Tool, CAI calculator. B. Diagram representing the construction of the human prominiinsulin expression plasmid [N terminus: T7
promoter — B-peptide (1-29 AA) — AAK — A-peptide (1-21 AA) — RR — His6 — C terminus]
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2 ety 2 7oA A xSt 217F prominiinsulin oAl HoJR]+= His-tag AHof 2|3} 2% A =3 miniinsulin
o o, W) AEH BN 58 CAIGS 2= A T Ho] 78 kDa RS0l BAE AN 2249 F=
o7 YEtgorg Ax3E 27t prominiinsulin®] °ﬂ7] £ =04 4E 78 kDao] Hi=9] oF2 T ASHHA oF 25
AL g3t gl ABA A ol fola A kDao] 3910] WEo] & Z7bsheleh Eat 24 kDa 2

A= e 7o gdb= A-gEto] =9 3.3 kDa 7] 9] B-HEpol=

whepA] o] l Az % prominiinsulin A Z}9] construct O] MEQ] e F7}5EGITE o] o] ATtollA HA o

£ pET-3a(+) U WE 9 T7 ZT2RE FY Agdas
E ol&sto] A Q'/\Pﬂ thA HhE g 917k prommunsuhn
A 23 ZepAn| =S A %3519 cHFig. 2B).

HAIX 5}

=21

mr
ogt

17t prominiinsulin Y EFHMES &R/S
E.coli HiQF & miniinsulin & 20l

oro] 114 & 7{7‘% A 2% A3 pET::prominiinsulin®] =
o7 AxF 4% FehanlEE EYs) fstel E
coli BL219 ﬁgx' 43 & LB HjA| oA ampicillinZ} 0.4
mM IPTGE H7}31o] 37 Co A 4A17F S-0F A A=
E vt & At lysate 2 K-E ¢17F A 23 miniinsulin
eU9E $AT s ug WS Fuee Az
His-tagged prominiinsulin THe} A& E2]3t & SDS-PAGE
248 +3Ystct 1 A7) 7.8 kDa 271 9] prominiinsulin
de AoF Ko} full-length®] prominiinsulin THEl A o]
2o g FAE AoR of AR ThFig. 3A, lane 1).

27| A= prominiinsulin®] ZA 3} trypsin A THE
sel7] Aekelo] A-efol =9} B-elo] 2 1}
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Fig. 3 Expression of human prominiinsulin protein in SDS-PAGE
and western analysis. A. After expression of recombinant human
prominiinsulin construct in E. coli culture, His-tagged prominiinsulin
proteins were analyzed in SDS-PAGE. Trypsin-treated proteins
were stained with coomassie blue. B. His-tagged prominiinsulin
was reacted with anti-insulin monoclonal antibody E2E3 (ab9569,
Abcam) in western blot analysis. The molecular weight markers
(M) are showed in left side. Red arrows denote the insulin
hexamer and green triangles denote prominiinsulin
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Fig. 4 Diagram and sequence representing the construction of the human preprominiinsulin expression plasmid. A. The PCR amplified
human preprominiinsulin cDNA driven by 35S promoter, which was fused to C-terminus of RFP was ligated with plant expression
pTRAkt vector. The diagram of human preprominiinsulin recombinant gene was showed as [N terminus — tobacco E2 signal peptide
— B-peptide (1-29 AA) — AAK — A-peptide (1-21 AA) — RR — His6 — KDEL — C terminus]. B. The sequences of nucleotides

and amino acids of recombinant preprominiinsulin
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Fig. 5 Expression of human preprominiinsulin protein in SDS-PAGE
and western analysis. A. After expression of recombinant human
prominiinsulin construct in BY-2 tobacco cell culture, His-tagged
prominiinsulin proteins were analyzed in SDS-PAGE after coomassie
blue staining. B. Recombinant preprominiinsulin fused to RFP
was reacted with anti-insulin monoclonal antibody E2E3 (ab9569,
Abcam) in western blot analysis. The molecular weight markers
(M) are showed in left side. Red arrows denote the RFP:
preprominiinsulin fusion proteins
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