SIS (854 5SS s ales

ISC 9 d&.a‘j}i—dq.l&

AL Sle b B s SLSI o gl 43 05 (55 lwailacan

“‘5;%&.»! doseo “d;l.,'m, LS g “dju, Jfr‘

lmgls3T e gt oS5 5355LES 2aSLEIS (bl i IS (5 gty
Ol ly3T e dgd oS5 (5 55LaS 0aSLiils st

AWAE/AVIYO @ %k Z':Uu AYAY/0V/YA 1Bl s @JU

oA

S s Vb sk 53 S 5 Glacas n W5 Gl arlie gla ST s w5 OLaLS
5 I 3 e e 31 S lin il B 3 s 5 oSS 05 (lesilnn Bl e gl
and Ay 5586 CDNA (g5lailoes (oo opl 51 e 3L oo a5 5550 ol 53 (05 5 e Ol
i Sl sl b ) skt ol gl 5 ALS el Sl oLl s (IGFD) V= o ol
STkl s okd awn b slacole Sl eslizad b 5 2SS IGFL o5 (scDNA ( olas! ST
o 3 bl Vb plo g s SES I OO (sllse 4 a5 L s S 5,1 PMCSS L 5L s
U 53 ODNA (b 155 Sl g el Slaintiog s sl Sy eslizal Sl 5 ls
el s IS Sl a8 L aen A S (Giludiluen OO s s 5 Ol s Jlal gl sl
GEDNA (l)ls Vo sl 3 (63 Shas oS 5580 i M5 Glp e Joily conl 5 sl
Silwilawr 55 0558 s IS 5 IGFL Ol 5 JUsl gl x polasl U gs s ods oG JIs
05 Bl OISel b ods ablol LoxP e 5 55 sy K25 05 gl ool 51 S 53 s S
235 aalh sl 5 OlS 2 S 51 e Cre/Lox Wd;jbjljﬁbd
o B oS s s 0 ST (slatilaas = g a5l g AdS SladS

Email: m.ahmadabadi@azaruniv.edu A FARY-IR RN 63Ul to| dasms 1 ghs sy 53



(\“Q-\ JL@J. c\ OJM cﬂ OJ‘QJ) ‘53‘)‘3‘:&5 63}.‘}3&3}:’4&{“

S g3dnze SLle shls OALS S o a5
o Sl e S S8 sty M
Ll s e 2 OLLS iS04 e
S 3l s 0033 8l b glaglil Oy
Sl bl anys gla by, sy 5 4l
Wl oslp 5 otd (JB 5 Jom 2l
S 345 0 035 s (Kusnadi et al., 1997)
OLLS 53 S5 Slotsn M wuss
05 Mg slaasss 5l S s 0v B Y 0
AJ g (Giddings et al., 2000) .xb s SU
Er s 055 530k sl sl 0blS 55 IGFI
.(Panahi et al., 2004) cl S &0
sl s s T
s 5 (Daniell et al., 20092) O 5 & ool 5

IGF1

ol JiolS 5o (Lietal, 2011) a sl

oo sar 53 pilS 0eS B d ol Ll
2l Ol b 5 IGFL sues 0S5 (sleailuen
b oamy Lol ed Gl Ol s s
ol eiS US O et g silealaan 4
Sl cabe Sl gL s
oS 5 0l s Oy 5 Jsl Jole o tege
GCDNA U 3 8 20 Gais ol 5o (b
s silelas Sl gl 5HIGFL O
OS5 Ol 5 Jsl gl el sla 3L
il 1S 5 3 dile e Jud 5l e

25 ol

PRV
S AGFD) V- sl as A, o8B
S5l 5 e 5o 5 e S W gl S
Jones & ) S o il el B Ll
bl S8 4 a5 L (Clemmons, 1995
03 b s aS el il olll oy s IGF]
Joxs 1 9ol ) ki (D5 o WPV
530S Oleys (Kim & Lee, 1996) .S .
J)J}- 4.:“)‘5‘) L;ﬂ.)f M)L:J )Lo.;.! J‘J_‘)‘ DL IGFI
Olays onl by sk OF 5 p S e V/0-Y
Jle s Df‘jlwa e s 5L W IGFT L
2 oedhe il e auip le Olen Kl
e 3l s slagslen Oloys 53 IGFT (O]
Bach ) «ob> (Laron et al., 1992b) S5,
Ebeling etal., ) ol ywial S5 5 (etal., 1993
J:"'.:".‘.'.’ cj.n,olk- Jl?— BL. .JJ‘J Jﬁ)ls j:.v (1993
E. coli &,SL 55 ol Gub 3l 5L 5,5 IGF1
Gill et al., ) ,oss L 5 (Joly et al., 1998a)
LAW gl de pl bsgd e el (1999
s ool YU ausa L3 sl ol bl
JXis5 5 (Philippou et al.,, 2014) aax 5
sdalln ¢ g5 5 Lo SL s 'S Slaass
DL ok J\.:JJS IGFI ‘_}gijjjf C_,.:JL!.@ DL ol
OlalS .(Daniell et al., 20092) Lil o oz
LC.,P.L}J\JS

MGl e Sl

e 5 S sk 53 LS S8 st

1 . .
Inclusion bodies

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500

1



\“«-\ QO‘J&@ K} ‘ﬁ‘)‘b

S Ndel 5 cole sl g, Silel et
Shr Sl s gy ST s ol 5
55l slaosas Jg s S > b BamHI
sl S5l Jlstle 53 w5 o 5 0 obL
pasia Sy Sy b de sy s sk 4
Sl 4ids £ ale o K Jols PCR 4l ; ilets
£0's Joli plUS ja st T+ 80 °C sles 53
YY°C 35 500°C ,580s 40°C
°C les yo gladds Ve a0 S OLL S
J5 sy I DNA olabs g3la il s e VY
DNA Ambiclean .S ;I eslazul L 3,87
ool s (sL-Vivantis =S %)
sl 0S5 by el 4o el st
o3 olse Sl sl STy s s S ol
Vo els Sy s S V0 Gl
sl b owdl 5, 5L GDNA S50
ArY U o 4 Sl GDNA lis ) 5
5 10xT4-DNA ligase 3L 25 Ko V/0 ¢ 36
— s > T4-DNA ligase ﬁ)ﬂ d>ls 0
i G de 0 VC gles )3 5 el w
O30 31 ey sl (Gl S esls Sl 3
esleesl Doly 5 Birnboim Law g ol slgliey
ckle .(Birmboim & Doly, 1979) .
S S o3l Gk 5 SAS S gl
e 8T 5 e sl L s s
! » Lasergene 7 ()05l o5 aiue & S
melie Ol 5 gleand 5 s SHlel o1 b

Ao S eslanal (giluailucan gl sl p S

! Ligation

b Sy 93l
@ by 05 CDNA (lulixr g
Il (IGFL) Ll Vo gl e Ay 556
Lo j3 odd S slad e 51 IS GRNA
oske pl sl s golelia gladisl e
N Lo 5 edd 2SSl sl b lanl
=S el sl gy smaadl 3l el ag) Vitro
GRNA (o LS 0l S ale sl s (4l )b
A S gl sz ey 5 eslizal U S
S5 Jslos s S 18 @DNA w8 8l
Voo el C‘J"‘*“‘ <RNA 5l 0 pg s>
Ve mM T L a5l 5 S e S
5 A3 e3ls 5130 °C gles s ANTP byl
A8 Jame o gy 4kl wids 0l e
chle oy 0 30 ¢ ul wads ol e
VoS s ONSls pesate
MgCly ;5 Sn \ ¥sa /) DTT 25 s
e $5s il A S 10 5 Npe L 00
Sy Jsle 4 Super Script 1T Sxe
el VSl 4 Jol ety e s S wlsl
A gl a8 bl 00 °C sl
ca= SHIGFL 05 4 by e Js «cDNA
5-AAA_ el IGF1 0} olantl S5Ll

CAT ATG GGA CCG GAG ACG CTC
5-GG GGA TCC CTA CAT , TG-3

4 « CCT GTA GTT CTT GTT TCC T-3'
2o s e a5 e s, ST Cs s
X)) NCBI cule 5 3550 sl JIg Wl
Las S b (NM-000618

BE ool u.a.>;.:~a &L-?M A eslandd

w]:.wb

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500

R4



(\“Q-\ JL@J. c\ OJM cﬂ OJ‘QJ) ‘53‘)‘3‘:&5 63}.‘}3&3}:’4&{“

Ml e N a0 Wl Gl Sy o
o skw ul gl (Panstruga, 2004)
B S e odd ~b LS 45 S
Sl ey a0 JWEl Gl il
S goleiles & y08 5 S S o3Il a3
S SS sl asls 1) Eoocoli g SU s
clS ag Sl BU bl o e
Db s gl 4 s 05 gl b
o ul Sl Al Saa S b
slesle 5l eslaal LIGFL o5 (cDNA a
JU 51 Phl 5 (Bls slesl) ECORV i
e slele e 5 1 pMCSS5-IGFI
pFF19G 3L 5> Sohl 5 (Glo slesh) Smal
Sy Sb gt S by, Slal)
Siletlan GUS 05 Iy sl (0T
S Job oS58 B s ity s S
G (Y UK3)  pFF19G-IGFI
JzS cos IGFL 0 ol cwls s S
oons V358 05 4 b Ol el
Bl el J3U eSS 8l 3 S g CaMV
U2 5 e K08 05 S 0Ly s
ol Sldlee i e sl Jol oS s
S oy 5 IS OLLS S1 A Llesls
a ol sl 51 S oS 3L sl
3B SOb s (Sbese ol e S

.(Ahmadabadi et al., 2007) . ,\>

o g
Ll GRNA i b 51 e
e DNA e 5 (IR S)
45,5 35 YT bp o3l b IGFT aa 5
BL s s 25 aasd (e () IS5)
sbkesle s MoBiTec GmbH) pMCS5
545 S s3leailoan BamHI 5 Ndel s,
E. coli s 5 a4 Jlasl J puames iz Jli
JSE 20 S hs gy, SIS 00 350
3 et 5 o PCR L S5lS Ve 550 s
2 bl 5l ol olg 4l adsl 4t
-5 s (7o) S8 88 el e s
SelS s sl SIS Y oS sl ol b
il NCBI s ols o g L alis
PMCS5-IGF1 48) badeandly ol 5l LS
dele gl (@Y S s 5 (6 L
250 Sl sl BU ag 5 olualunn ix
L3S A ey e 3 288 1 sl
sl BL s el gilealaea cDNA U
s el R OLLS gl b
gl 5wy 3 5l W e sl S
(Ll Cpol 5 VL elag (LS s
M Gl mlie Sl & ) O
ol 03,8 L Ll slagSTy ot
cile s =Lb cpl b (Hefferon, 2009)
05 Oly 5 JUl sl cwle Ol BL
s b S 13 L8 s gs oM 4 IGFL
clie s ekd pll Slallas b

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500

YA



\“«-\ QG‘J&@ K} ‘ﬁ|)|b

) (W |
1000 bp
28STRNA
500 bp 18SrRNA >
336bp

2 ekd CuiS Gl sl ke 5l edd gl Sl GRNA 4sai 5,589 2801 5 seas (D) Y S
L) IGF1 035 GCDNA iS5 51 Juol= PCR J guame 55985 7Sl 3 o (&) L (gladend 09,50 Jayl i
o3 pan d iz 55585 7S g5 () . polasst F5T o 5l eslinal b (YY1 b ol
(83b S ¥ WL i BamHI g Ndel 5 slees 3l b PMCS5-IGFL S 555 JiU
I, PMCS5 &b J36 BamHI s Ndel & 5 slgule o 3 IGFL 05 (CDNA Gbse (o5lwdiluman

.(Thermo Scientific O'GeneRuler DNA Ladder Mix) S, :M ..xib » E. coli 5S4 4

Figure 1- (A) Agarose gel electrophoresis of RNA extracted from human cellsin in vitro
culture conditions. (B) PCR products amplified from cDNA of the IGF1 gene (size 336
bp), using specific primers. (C) Gel electrophoresis of enzymatic digestion products of
pM CS5-1 GF1 recombinant vector cut with the Ndel and BamHI enzymes. Amplification
of a 336 bp band shows the successful cloning of the IGF1 cDNA between Ndel and
BamHI sites of the pMCS5 basic vector. Numbers 1, 2, 3 and 4 represent four
independent colonies obtained from E. coli transformation with ligation product. M:
marker (Thermo Scientific O'GeneRuler DNA Ladder Mix).
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Figure 2- Schematic diagrams of vectors pMCS5-1GF1 (A), pFF19G-1GF1 (B), pMA4-
IGF1 (c) and pMA4-IGF1-pmi (d). Restriction sites used for integration of target
fragmentsinto suitable vectors are marked with boxes.
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Figure 3- (A) Gel eectrophoresis of enzymatic digestion products of pFF19G-1GF1
recombinant vector cut with the enzymes Pstl and Hindl 1. The 1200 bp band (including
IGF1 and the 35S promoter sequences), show successful cloning of 1GF1 cDNA
downstream of the 35S promoter in vector pFF19G. (B) Electrophoresis of enzymatic
digestion products of pMA4-1GF1 recombinant vector cut with the enzymes EcoRI and
Hindlll. The 1400 bp band (including the IGF1 and the 35S promoter and terminator
sequences), show successful cloning of |GF1 expression cassette between the EcoRI and
Hindl Il sites of the vector pMAA4. (C) Electrophoresis of enzymatic digestion products of
pM A4-1GF1-pmi recombinant vector cut with the enzymes Ncol and Sacl . Observation
of the 2300 bp band related to the pmi expression cassette indicate its successful cloning
between the Ncol and Sacll sitesin pMA4-1GF1 vector. M: marker.
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Figure 4- Schematic picture of vectors pHK 20 (b), pHK20-1GF1 (B), pRB94-1GF1 (c)
and pKP9-IGF1. The restriction sites used for integration of target fragments into
suitable vectors are marked with boxes. pRB94-IGF1 and PKP9-IGF1 expression
vectors are suitable for integration and expression of IGF1 gene in chloroplasts of
tobacco plants. The main difference between the two vectors is the transcription
direction of aadA selectable marker gene and also two directly repeated L oxP sequences
flanking this gene in pKP9-IGF1, facilitating the marker gene deletion after stable
integration of | GF1, using Cre/Lox system. SD: Shine Dalgar no sequence.
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Figure 5- (A) Ge electrophoresis of enzymatic digestion product of pHK20-1GF1
recombinant vector cut with the enzymes Sacl and Xbal. The 665 bp band (including the
IGF1 and the Prrn promoter sequences), indicates successful cloning of the IGF1 cDNA
sequences downstream of the Prrn promoter in the pHK 20 vector. (B) Electrophoresis
of enzymatic digestion products of pRB94-IGF1 recombinant vector cut with the
enzymes Sacl and HindlII. The 833 bp band (including the IGF1 cDNA, Prrn promoter
and TrbcL terminator sequences), verifies successful cloning of | GF1 expression cassette
between the Sacl and Hindlll sites of the vector pRB94. (C) Gd electrophoresis of
enzymatic digestion products of pKP9-1GF1 recombinant vector cut with the enzymes
Sacl and HindllI. Observation of the 833 bp fragment, demonstrates correctly cloning
of IGF1 expression cassette between the Sacl and Hindl 1l sites of the vector pKP9. M:
marker.
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Abstract

Transgenic plants are suitable bioreactors for the production of recombinant proteins at
high levels and qualities. Cloning of a gene encoding the target protein in proper expression
vectors is one of the most important steps for successful integration and expression of target
protein in plants. The purpose of this study was to clone insulin-like growth factor -1 (IGF1)
cDNA in plant expression vectors. To this end, we amplified amplify IGF1 ¢cDNA using a
pair of specific primer followed by its cloning in pMCS5 basic vector. After sequencing,
because of several advantages of cereals for production of biopharmaceuticals, such as high
cultivation area and biomass, possibility of grain storage and usage as food and feed, we
constructed suitable vectors for IGF1 integration and expression in cereals. In addition, as
transgenic chloroplasts contain higher potential to produce elevated levels of functional
recombinant proteins, the IGF1 ¢cDNA was recloned in two chloroplast-specific vectors. In
one of these vectors, selectable marker gene is flanked by two direct repeats of LoxP
sequences, providing the marker gene excision after production of transgenic plants via
Cre/Lox system.
Keywords: Insulin-like Growth Factor -1, Cloning, Gene transfer, Recombinant proteins,
Expression vectors.

* Corresponding Author: Ahmadabadi.M. Tel:+ 09141055661 Email: m.ahmadabadi@azaruniv.edu

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500
Yo



