S303LS 5P 5SS g Aloma

ISC B u.w.ﬁj}_v—w.l&

058 oL Sy 5o LIS 0y 5 2l S 55 s Ol
1 . IS .Y - . \E -
SO 9e O3 S Ol (I Sl g BL amas el el ple

.Ql.?uja&;q\écdj)jusambcQL'L:—'Cw‘jg,&b)ajjscd))j“d)}j}&ﬁ.kw)\wu)[sdwb
QL‘>UJ ali,\:_.'\) cd))jus aM\: cQUL\J Cw‘jc,&b) °}j§ )LL)LL.«:\Y
ot S ol ((635LES saSLiils (Sl Dol 05,8 LT

. . . s P FRTIR
d‘j:',‘ )}L.«JLL}I.SJ.M_" ‘6)}}&}:-.' u,«pu.)l.:.mq\:
WAYAY/YY 5y sl ATAVAYN 23l s 6

0 S>>

s e 3L 3 0T 0l ol 53 S8 s MS Rl 2 S belss cn e S

el Jgh e sl 0diS (S a ol g 3l eslinal b 55 e 5 SoIL Sl 53l
S Sl a4 OF Colta 5 055 Sh s Sl LS 058l Ol Gl Ges el
IFNy 03 ¥ bl 53 KDEL iy 5 0" szl 5o SIS JIs (Napin) Lb olas] ok i
Sheslizal b of oo 4ol 31 e 5 (iledilocar PGEM®-T Easy 50 s lawl IFNy o5 .05 eslicad
BU s S silealann s PBIL21 alS by BU 55 (b Jls 5 el e2a PCR iy,
Sbdiseiny ol Sl 68t gl 5 B pSLSI LBABADA s 4 pBLIFNy S 55
ST s 5058 el (gl sl Jases 3 ol S50 el s s eslinad 055 S
6L i VA0 axks 5 (IFNy) o3L Ca= ETY axks odalie 5 DNA éa.w 03 Caul s olals
S e By (poen 35 olS e85 a4 e ojle JUasl Sl w5l eaa 5 PCR Sl s (NPTI)
ool b sa Oly SDS-PAGE 3 el L (55 haww 53 W o) 2 45 A36 RT-PCR L IFNy 0

Email: asgharzadeh_saber@yahoo.com CAVEEVYOTY 1l o33 rol plo i stas odkin 5%



R TR TR TR

.7.7.7.7,7.7.7,7,7.7,7,7.7,7.7.7,7.7.7.7,7.7.7,7,7.7,7,7.7,7,7.7,7.7.7.7.7.7.7,7,7.7,7,7.7,7,7.7,7.7.7.7.7.7.7,7,7.7,7,7.7,7,7.7,7.7.7,7.7.7.7,7,7.7,7,7.7,7,7.7/{;

& . & & << 14

(\Y’Qij\.@a.‘\ DJM‘VDJ}))‘SJJ}QSGJJS}‘\SJ”@ é

14

.7.7.7.7,7.7.7,7,7.7,7,7.7,7.7.7,7.7.7.7,7.7.7,7,7.7,7,7.7,7,7.7,7.7.7.7.7.7.7,7,7.7,7,7.7,7,7.7,7.7.7.7.7.7.7,7,7.7,7,7.7,7,7.7,7.7.7,7.7.7.7,7,7.7,7,7.7,7,7.7/%
Droogenbroeck et al., ) 5! PR P dedde

Gsl= ER) Jshe skl oSz (2006
e S el il S Sl
5 e s ekl bl oo (GuAT
G ool g ¥olalrle S
ER 5> oS53 o 52,5013 cplal A4S 0
el 3 5 okt (S p s Sludien e
KDEL JIs .l o (5l OF mess 5 L
SR SHE Gl S cd iy dex
s3dnze Slalllan 53 oy s bT 4t 53 s
Conrad ) ol sy Uil @ 0T LIS 5 oslizad
(& Fiedler, 1998

ol 05 sl s Sos Glal des )
bl el 05 3 Ol 5 e 5 LS
ol Chli= JIg sy ShsS E1S
A gsps 048 4l Skl > ACCAUGG
« (Kozak, 1986) 3,15 05 Ol 5 o slae sl
oo Kozak JIg ol Gass 55 s een
L sl PBIIENY o3l iy ST

5V Sleys a5l UFNy) WS 06zl
L Ol sl a0l (Kdp 5o sy slas )8
Yorr orsbsdslS dex Sl galinle el
s Wl (Woodman et al., 1992)
(Nauciel & Espinasse, 1992) ;)5
)

Lo e,y 48 aisee ol

1 chaperones
? Chronic granulomatous

5 S sl 4 058 5ss 5L

Sblse 5 b 3l el VL ol i)
e S Skl ol Sl gt
Sl S s Oy 4 QLS 3l aslizul 4 sl
D ehs axs sy Loyl g s b
E R B e LE VR E FIRY
Ghislaine et al., ) ol 55l sk o150

22 eSSy sty M ause

s gl S war i 5| e i (2008
Ao ObLS ool oY S S5 sl
Sphe el Ly Sy, 5l Soslhs
51 b ol k= (Fischer et al., 1999)
“Sobem Jolse 5 L SL e 3lse L (S
Sl ik e il 4 Sl
Sk JF5 ploarl a el i 8 ol
Daniell et ) 5,15 555 iy ol Gaa L
ez 3 WY 4 _alS Lok (al, 2001
2> Fsn b e (s ok RIS
gl O Coly (ilae o3 5 Sp S oo
5 Spd DS Do oS s 4 ol L
Oly O pdme 5 2l p odomy LS S
SRSk s Glepetd plll S 8
g 2 i 803 el A3, 55 Sl
.(Boothe et al., 1997) wcua
- 3 eslizd Lol il gy asdle
2 ol Sl 4 iS5 S0 sla

S S Sl Slrse U5 s 3 Jke



A

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

IFNy 05 25 .Sl oduwy &b AF506749
sl S5kl 5 PCR &S 5l eslaxal L
5-AGA GGA TCC ATG ) s, _wolaw
L (CAG GAC CCA TAT GTA AAA G-3
5-) esSae ST 5 BamHl &, s

GCAGAGCTCTTACAATTCGTCTTTCT
Sacl &, Joe L (GGGATGCTCTTCG-3"

» SsS Jp oS cl S5 6 s bl
osSae S5l 3 KDEL Jig 5 o, S5kl
slachle 51 PCR:Sly s 4l aww
Glos 5 ad eslital Calihe lpl syl
bl W °C I wi, L ST Jlasl
2 oy se 05 cpadss 5 ST Sl ey S
L35 gilealas pGEM®-T Easy st
@ g E.CONN dmtiss (sladshs 0 ol 4 o5l
i gla S gy, A Jime TOPLOF'
S ST ol ) L 53 035 A,
X-gal 5 IPTG (Sl 55 5 ke suol (sla
IFNy 5 polast! gls S5l L PCR- S
2 b oute PCR a0 glS e 3 ol
oSS culg ps s BAs Al g e
e b by ml s L LS oot
S8 sy p 3550 Clustalw 4l 5 Blast 53l

NURY

(PBI IFNy) IFNy 35 53t ks o5k 45

row ol Napin od olaz
Kozak - IFNy - gasks 5 ».i CaMV35$

VWAE O, Kan 5 o3l !

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Abdel-) L g 5 (Wandelt et al., 1992)
555 0 oslazal (Wahab et al., 1997
ol sl A5 e e ol sl A
Mg o n Woas S s Sl s,
sl plas skl Eocoli (g SU s ol
5> &3l O3S p 3 OF phael o s adlw
-Jshes 3 eslizal . (Wetzel et al., 1991) ]
S aupp 5 BT W5 e S8 sl
S5 Sooges &S duy e Sl 4 gl YL
Loy Ol esS ol Mgl oblS
2 Al sl Kl By SRl
wrle 5 b ok Sl ool G )l
ok oDl kT aSs 3 IFNy 55, G s

25 Ol 055 oS

LSy 93l
SAL a5 55 sl U

- 3L 5 Topl0 F '« s E.COli (5 =S 5
sl pBl121 5 pPGEM®-T Easy Vector s
Ol ol 5 sl p il eslatal (giludlowa
Agrobacterium ) 5 SLy ST g SL
A3 S esliz! LBA4404 o 5. (tumefaciens

Kozak  sla JIs ol e IFNy 05 &5

TEasy 86 )3 Lol gjlwailuar 5 KEDL
vector

el Sl LS 058l 05

5 ol YooY Jle s 0L 5 il ls,

ooled L 05 KLy 5 Ad IS e

\\\&\&\&\&\\

.2



R TR TR TR

S 0 0 0 0 0 0 0 0 0 0 0 00 0 0 000 030 0 00000 00 0 0 000 00 0 0 0000 00 S0 0 0 0 0
1

S . S P < |4

F]

(\Y’Qij\.@a.‘\ DJM‘VDJ}))‘SJJ}L»SGJJ.‘}‘\SJ”@ |

Z

]
O Py |

D350 o 3 oy ki Ssssle ai3s A= 0
MS) il looms «(LB) (5 SL CuiS Laoms
5 Ymg/l clle L BAP ladse s al
AL GWsbe o (/MG laie « NAA
OF 53 YalS Wad s 5 Lol sl e3ls o gu
Ogebow g 035 o3bel3l dn . LAS >
53w VoY S w Waksain o8 St
BU ol 058l 81 Osemilmsn b les
R3S 03 5 4,8 )3 (PBIIFNY) LS 5 ) 50
5 5 MS) i oa e s la
& NAA 5 ymg/l clle L BAP cladse,sa
53 cele VY A & (/Amg/l Slags
33 LA el E S s Y1 COles
b o5 n eaisdn, Gl Gl e
L BAP (slalyeysn o JolS MS) jbssl oS
s Amg/l jlaie o NAA 5 Ymg/l Ll

chle L amblls gl o
chle L reeSUshe Yo—\+rpug/ml

glaazalS oS sk «) (Yeepg/ml
Jb ade e bl (h 50 0n50 5 Lex o (a1 5
lad gos CoiSly Ll (6 aniat Soe
Slp ol el LSS 5y, V0 Wl
M)l 0 s oo 5l 6l O Jsb
(opmm LB S g T Verpgiml ol jonas oS
Sedal oy gaslag Shats; ln s
AUGIML ol jenay S MS) Llials, L
A e s s eslizadl (NAA O ge ) sn

ol LOlS w lanl el el Olals

5 okl T-Vector 51 oyl ~2a L KDEL
PBIL21 5L L okl lo> axas Jluasl _iSly
Aol gl eu waa 5 PCR 5l 5 s ol
R S
w osd 5 slexil Sy 4 pBIIFNy S5 5
s (sambrook et al., 2001) fizs o5 5L S|
5 s WU PCR = IS 55, L 0T JUs! e
Sr by, Frils el St gl

A eslinal

SLLS 235k 5 05 sLaisin, Fnls
)l 5

Tobacco o3, 055 o)k Ssteds
4 10 ade o IS s Sl eslizad L Xanthi
ke o b s Lo s Ve o
Sl AS plnil 435 Ve e L e bl
LYV Coles 53 MS Lases 5l sl G5l
cele A 5 glds, cele VU (g oy
Ay OllS aua ¥ 31 A Al eslial SO0
ElE Jsb b LS 0l 5 oS
4) aniS Ll 03 sad ol 5l el
5 (WA s a8 V2 B A & Lol oS a
plmil 31 U3 5as Sl eslel =dls g
oSl sl o SLs ST la S SO Sa
(orHg/ml + LB)  laos 5 i 5,4
o3l kS Sl YA COloles 5 pnullS
\=0/0 4 o3 S A, 5,50 OD &S B, il

Sode 4 YO TPM o3 5 & C°glos s el



R R TR TR
§ §

A L A A A A A S S A A A A A A
VWAE O, Kan 5 o3l !
O, e 5 03l

sl S5 51 PCRasly plmil (gl
A o.ﬁu.LJ J.\.é d}f

gl 5o eyl 0blE S s p

s

O=IR
SN oSsn g 03 030k on Gl
s A3 eslasl SDS-PAGE (g;,85 I iy
OLLS ooy oo 51 58 JS (s n gl ol

-t

el
i Sl
Hindl ) <51 aa jl eslizul L CaMV35S

s>« Napin
axked &S LS el 4 AS aol (BamHI
asxkes sl>= 4 (Napin o by ) VVeEebp
Lo S 15 (CaMV35S o by, ) AYobp

IFNy 05 S5 by e sl a5 sbolen
(A JKE)sse A YYD 350> aabed (S
TA BU s axkd ool glwdloar L0 51w
sdoes (§3lutiloen A3 S oSl b I )
ooy LpBI21 alS Sl U s IFNy O3
JK8) 425 40l a5l s 5 PCR- 21
JS8) as wsle pBIIFNy o3l iy 5 (Vb
Y

o 3 (U3 e i 55 5 Les 3) &
S S Lol s s s e e S @
a5 QLS Sl et (oslaer Had s

W S0 3 eslinal 546 (Gda L;La):JUTC.,.@.a-

gl 5o eyl 0blE S s
DNA

OlalS Ul sleS, 5l es5 DNA
S b (ol g e o) dals 5 ol
(Dellaporta et al., 1983) . C\J.>',:M\ G,sYs
05 solal gl SHET Sl eslital L e
Ols s, 2 PCR sy IFNy o5 5 nptll
oSl A el Gl Jases 3 el S
Jyams 35 2 XDAL 05T L 5 e T s
1235 elsil PCR

gl 5o syl 0blE S s p
RNA
SIRNA S o 55 05 0y s n sl
S RNA i sl 45 eslisd RT-PCR i
Isles 5l eslanal b b o glacils
RNX-Plus - 25ml ) RNA C|J.>.=:.w'|
sl il S5 5l ads e (RNTTL3C
£l RNA 55, 5 CDNA il s S
RT-PCR (gl ops oS dhiy  co

S35 M6 23S ell (Vivantis RTPLI2)

% k-]
St



S 0 S S 0 0 0 0 S0 0 0 50 50 S 0 0
5 . S P <
(\“Qi JLGf ‘\ OJLQ-\.N N a)}.ﬁ) LSJJ}L"'S djjj}qs;ﬁdl’.bd

S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S i i .

S T
S

a b

1 2 3 1 2

432bp —p
| Hi -

asks 2\ Ls (A (D) ﬁ;ir@goi Kl Wik 5 @) PCR L IFNy 05 5 -\ K
¥ L Neebp KL ) ks (b ke JaS Fhs g Veebp KL Y L wdd a5 £YYDD

okl 3151 £¥Ybp asks 4 Sacl ,BamHI V‘J"T b ok esls 5 » pBIIFNy 5L

Figure 1- Amplification of the IFNy gene by PCR (a) and confirmation of cloning by
restriction enzyme digestion(b). a) Lane 1: Amplified IFN_y gene (500 bp); Lane 2: 100
bp ladder. Lane 3: Negative control. b) Lane 1: 100 bp ladder. Lane 2: digested
recombinant pB1121 IFNy plasmid by Sacl and Smal enzymes.
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Figure 2- Schematic diagram of the T-DNA region in the binary vector pB1121 IFN y.
Including npt Il, coding sequence of the neomycin phosphotransferase Il gene; napin
promoter; IFNy, human gamma interferon gene; kozak sequence; KDEL, ER retention
signal; RB and LB, T-DNA right and left border, respectively.
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Figure 3- Regeneration of shoots after co-cultivation. 1: Regeneration of shoots from leaf
disk explants 2-3 weeks after co-cultivation. 2: non regeneration in control explants.
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Figure 4- Regenerated plantlets transferred from selection medium to shoot elongation
(1) and rooting medium (2).
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Figuew 5- Rooted plantlets transferred to soil (1) and flowered (2).
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Figure 6- PCR analysis of 7FNy and nptll gene transfer to tobacco seedlings. 1: 1kb
ladder 2, 3: amplified IFN_vy gene (transformed seedlings) 4: negative control (wild type
plant) 5: positive control (pBl IFNy plasmid) 6,7: amplified nptll gene (transformed
seedlings) 8: negative control (wild type plant) 9: positive control(pBI nptll plasmid).
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Figure 7- Analysis of IFNy-napin-nptll fragment transfer to tobacco seedlings by PCR
(a) and digestion (b). a)1: 1kb ladder 2, 3,4,5 amplified 3742bp IFNy-napin-nptll
fragment (transformed seedlings) 6: negative control (wild type plant) V: positive control
(pBI IFNy plasmid) b) 1: undigested IFNy-napin-nptll fragment 2: 1kb ladder 3:
digested IFNy-napin-nptll fragment.
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Figure 8- RT-PCR analysis of IFNy gene transcription in tobacco seeds plants. 1:
amplified IFN_y gene in RT-PCR (transformed seedlings) 2: negative control (wild type
plant) 3, 4 : negative control (RNA extracted from transgenic and control seeds was used
as a template in PCR) 5: 1kb ladder.
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Figure 9- SDS-PAGE analysis of IFNy gene expression in tobacco seeds. 1: protein
ladder 2,3 total protein extracted from transgenic tobacco seeds 4: total protein

extracted from wild type tobacco seeds.
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Abstract

Some important strategies to increase recombinant protein yield in plants include
expression of protein in suitable tissue, improvement of protein stability and accumulation by
targeting into subcellular organs using specific targeting signals. In this perspective, seed-
based platforms are attractive because they allow recombinant proteins to stably accumulate
at a relatively high concentration in a compact biomass, which is beneficial for extraction and
downstream processing. On the other hand, the ER contain chaperons and isomerase for
folding of nascent proteins, which can promote correct protein folding leading to recombinant
protein stability and accumulation. In this research for human Gamma interferon expression
in tobacco seeds and targeting into ER, we used seed specific promoter (Napin), Kozak
sequence at 5' end and KDEL sequence in 3'end of the IFNy gene. The fragment was cloned
into pGEM®-T Easy vector and after confirmation by PCR, restriction enzyme analysis and
sequencing, was subcloned into a plant binary vector (pB1121). This construct cassette was
transferred to A.tumefaciens LBA4404 and then used to transform tobacco explants. The
transformed plants were screened on antibiotic-contained media. The presence of the
transgenes was confirmed in the transformants by PCR and expected 432bp (IFNy) and 795bp
(nptll) sequences were amplified. Digestion result indicated that the mentioned construct
completely and correctly transferred into tobacco genome. Transcription of IFNy gene was
confirmed by RT-PCR. Analysis of transgenic plants by SDS-PAGE represented that IFNy
protein is being expressed in seeds. Our results indicate that plant seeds have potential for
production of recombinant proteins as ‘natural bioreactors’.
Keywords: Napin promoter, IFNy gene, KDEL sequence, KOZAK sequence, transgenic
tobacco.
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