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Table 1- Specific primers were designed for amplification and confirmation IFNy gene
insertion into the chloroplast genome.

FP (ifngF) 5-CATGCCATGGAACATCATCATCATCATCATCAGGACCCATATG
ATAAAG-3
RP (ifngR) 5-CATGCCATGGATCCCTCCCTTCATTACTGGGATGCTCTTCGAC-3

FP (Chl) 5'- GCUTCTAAGTAGTAAGCCCACCCCAAGATG -3

5 Son gl 5 OS5l 555 ! kel RT- a5 bl 5 o535 RNA gl sl
PCR

055 (a5l 5 p8) Jals
Ny 0L e 3) gl 30 51 Im s
0/01 EDTA ¥, 0/4 555, (pH= 8)
S0y (1005 5s J0/1 SDS N e

wlsl Quﬁu <l s el el S il

Joloee 51 oslizal L oaals 5 S gmadlnsl
b S Se (Oilew &S ,5) RNX-plus
gl RNA S 5 S ) g
03, 11 5,81 J5 s, =15l RNA G
(DNAaSe) LIS 3y S35 sl 51 A

eslazal Lfﬁj") DNA Lsum QJJ; O )‘ kS‘J"

oaws bwyg aids 10 e 4 5 ws S

03 S CHlESS B bl WSO

Ca:s )\ oxlaiu! L: cDNA =Ll ERs
4 b A13000rpm s 54e sle da al> e
s A all jlie 3 S 5 PureExtreme
.d,\é)f?bd\d,}:SQJwg}:\jfuﬁLﬂq-): ‘ ‘(: 7
s S5l 5l eslisal L RT-PCR sl
4o San Sob S iy Sulg o B .
¢L?=.a‘ sl bl 0y 8 )l 0 elas]
RO

15 esls JUEl o 5 S

126

%



NERTERNERN Y,

(1393 )\.@. Jd oyleus 6 o)‘g.:) 6})‘3% ‘53‘93‘9,&"”;41”

035 4S5k Gl Ul sl 3 Ladiges O
SIS Sl s RS ol o ol
sbos ys 5 cel 1 oo 4 us s K IBSA
OBy 3l ey A esls 13 1S Sl a5 37
Dbs b3 sk i BBlS (SO L
osls 5z PBST Jshoes L 4ids 5 ke 4
a5l (53l ST (S e plnil 1 ey
1:200 =oous L 45 (IFN-y H-145: sc-8308)
@ 3y odd b, PBST+BSA/O/L 5L s
Celo ] G w5 as Blol ks 2o elS
i esls S5 sl S sl amys 37 gles o
5 Ad anih y cele Gl ey sl ook
0L 5 PBST (o580 o 5LL L3 2sls
456 (@l BT o A3 03l it 4id> 5
4 (Goat anti-rabbit 1gG-HRP, sc-2004)
G5, PBST+BSA70/1 5L L 500 1 s
SR VIPURPEN WPt V| g3t Y UV R R PAL P PPN W
osls 13 51 S sle a3 37 sles s el |
(43 4’55 Sl oS58 5l sl 8D 4
L3 a5 s S Al 4t &3 51
Sheslenad Lol 3 5 Ao el 53 o
SSan o) O dess S PDAB (gl

23S B s s

1 Bovine serum albumin
2 Santacruz
% Diaminobenzidine tetrahydrochloride

127

The 2 055 Son sl 5 OBLS g 5
SDS-PAGE 2y, 4 552

« Laemmli iy, 5l Guiss opl
aomSsn o8 Gy oy Aol
5 e (Laemmli, 1970) o eslaal (il o
5 Sengidlendl 5 OIS I s Sl
sy 3B s S Jgoee 0y Bl sl
sl ey O eslial U 5 35530 0sa51 L
A 03] cpess skl Olge 4 8 o
5 ot w4 s sladised OLis 5l e
AL 0553) 318 Sl a5 95 les s wids
(PH= 6/8) Ny 031 ) (1084 5a
L ybgesn 5 75 SDS 50 Js S
Ls (85U laals 05,s law s (071
»ocele 14 cue g s 5,555,800
I3 55525 58 5l Ay 25 s & 50 803U
30 ilin § S5 et 5 (8301 S0 It
2 23S ebml OF Sl (ls Ko 5 Sl
Sl ol 3 0 (50l slad ale
e 53 Sl glacsl =1 55 77
SR PESRvIE

(Dot blotting) (slalas <M & 405
Sl s b s gl Al Sl
20 jaie als 5 S sSlosl 5 LS
Sl o 0yl lp otisn ) eSSt
glael lants 85 15 eslial 54
Ls G

2 lded e 4 el

&.«15— )‘ B s S Wy o.)\.) ‘)“):9 LSJX)J"“’}J:.?’

%



NERTERNERN Y,

1393 “')b&q.h 9 030) JL«.:.L&

o s e 5 43,5 Lyl (NaHCOs ¢ 8
ools b ladisel Al el by Sals
s 4 Doy 058 b S Dde 4 ol
St 3l Ay S el 3 ol S ol
Loazds S L a5 0L 3) by e clasals
L lasSaly 055 a5k (PBST (g5ins L,
ol S S & e 5 A2 plnil 1 BSA
A esls 3 oS sl am s 37 8L ST s
5 oadsl slagsl BT 053 5l e cale s
4 HRP o sass (ol 5o 2TMB o 56
15-20 0l csdS 31t 5 s 03538 Sal
HCl (2N) 51 oslizwl b ao 5l 2S15 caids
oS 3l eslinal b cols Colg o 5 A B e
Fogpb 450 #4 Jsb > ELISA Reader

S WY o.)\.”j;'-

To Sl 5SS 31 5,55
3l A e 4 Bl el 51
OblS Wiy To Sepmadldls olals
G 3 Sl oa bl ol eds o1k
b d I3 ssam 5l e Ndd i Sk
(JoS Sy o s 5 i, A 4 OlalS

(1&&2) JQJAT‘)J aJ:S LS‘°)'€'; &)4{)‘5.&{

23, 3", 5, 5'-Tetramethylbenzidine

128

Sl Sl Al s e
Western blot 5, U K sl 5
oews 31 J5 SDS-PAGE ol 51 e
Sl 8 258 Sy anl) A 2ol 0 S
Sl Lz w503 3l S5, KDl 0 e ol
J?ﬁﬂ Li.’) Q)M L)."J..C«JD cbj.\i C‘)l}_ dj
R L 5ol Jate il sles o Lie 4 5 50
oslizad LG
e eils BB 5 lo B (gl 2
(’J§ 3/03) Jusl Sl aads 30-45 sl
02 (pudS oS 14/4 (pH= 8/3)
1000ml g5 ¢l 720 Jgke 5 SDS 3

e e (s dale

Eolle 4 Sl e A5 esls I QL L
s 53 Ul madkle a5 same (JU
Sl m A& esls 1,8 Semi-Dry Transfer
S ar 512 55 L A w4 055 L]
Ao o 53 238 Oypo Jliml Jes 4ids 30
ekl S 5 il Le s
23 Kt pd 2 S5) 1S o Ok S
cele 5 o 4 (PBS-T) 5L 2 e 100
J>1 e iy (S Al o Sl 23 515

A plonil (glalals O Oga3 Ll

(ELISA) 15!

Chle e 5 Bsn gl Sl e

uj“ﬁ) )‘ oslazal L| L;’«-::J}ﬁ: LSLAM}N

Locgad oo S5l TOHG Jlade (s e g5 xSl
2/93 NaxCos ¢ 5 1/59) "eduas iy 3L

! Coating buffer

%



NERTERNERN Y,

(1393 JL@J. c1 OJL«.&" ¢6 0)‘95) 65)3‘—:5 63‘93‘9&'” ﬂ\l’.u

(0 Cdp & odd it Koo gl 5 0LE (W 055 To Koo gl 5 0LS -1 IS
2k Goad) Hh 4 Segpedhdl s LS (7 S 4 add i S gedndl 5 0L
055 S gl

Figure 1- T1 tobacco transplastomic plants: A) Transplastomic plants were transferred
to perlite, B) Transplastomic plants were transferred to soil, C) Transplastomic plants
gone to seed, D) Tobacco transplastomic seeds.

GLOlUS o Jol> Sl Colg s s S (T1) Jgl i Koo gl 5 SALS A 5
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DNA b 55 o3Y Sbosesl WllS s 300 (T1) Jsl Jus OLLS g gz To
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Q22 ciS MS Lo 3 lanl See gzl 3

14 )'|ng8 .k.;uﬁ 03) 43|J:§- )}-L. (A djj &_AP%‘J; C)L&L;g BN J:-‘,c —ZJSJ
d}\} ¢|.\l§4¢oMJES.»JﬂJM‘)L&L;(CJJJZOJ‘wMS.h.?uﬁuj d‘f)j:lg(hfjjj
S

Figure 2- Growth stages of transplastomic plants: A) Germinated seeds on MS medium
after 14 days, B) Germinated seeds on MS medium after 20 days, C) Ti plants
transferred to pot containing soil.
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Figure 3- Confirmation the presence of 435 bp fragment of hIFNy gene in the tobacco
chloroplast genome, Lane M- 1Kb molecular marker, Lane 1- Positive control (pKCZ
plasmid containing IFNy gene), Lane 2- Negative control (without template DNA), Lane
3- Wild-type plant (non transformed), Lanes 4-7: Transplastomic plants.

%



NERTERNERN Y,

(1393 J\.ga. Jd oyleus 6 o)‘g.:) 6})3\.‘2’5 65}3}'-*'.,9:‘.“‘1’“
'F

)

[

Y A AN - vl

THED

05 Galr 05§ S gl 5 LS 2oy IS 0555 50 2KD (5 ankad ) g Al -4 S
obld 4 J 1 sbSals dKb Jsp Kl -M Sab- bl gLl 05
(aBu )l 5 ) Mol ol -6 Sal> (I DNAD L) i J 25 -5 Salr (Koo gl 5

Figure 4- Confirmation the presence of 2Kb fragment in the chloroplast genome of
tabacco transplastomic plants containing hIFNy gene: Lane M- 1Kb molecular marker,
Lanes 1-4: Transplastomic plants, Lane 5- Negative control (without template DNA),
Lane 6- Wild-type plant (non transformed).

M \ T r ¥ N ¢ Y A
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Figure 5- Analysis of transplastomic plants at RNA level: A) Extracted RNA of
transplastomic plants, B) Confirmation of IFNy gene transcription in tobacco plants,
Lane M 1Kb molecular marker, Lane 1- Negative control (without template DNA),
Lane2- Treated RNA with DNase (negative control), Lane 3- Positive control (pKCZ
plasmid containing IFNy gene), Lane 4-7: Transplastomic plants containing IFNy gene,
Lane 8- Wild-type plant (non transformed).
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Figure 6- SDS-PAGE result of extracted proteins of transplastomic and Wild-type
plants (non transformed): Lane M- Protein marker (PageRuler™Unstained Protein
Ladder, Fermentas,#5SM0431), Lanes 1-9: Transplastomic plants, Lanes 10 and 11:

Wild-type (non transformed) plants.
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Figure 7- Dot blot result in transplastomic plants compared with the Wild-type plant
(non transformed): Sample 1- Positive control (standard IFNy protein sample), WT-
Wild-type plant (non transformed), Sample 3-9: Transplastomic plants containing

hIFNy gene.
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Figure 8- Western blot for confirmation the expression of the hIFNy protein expression,
A) Lanes 1-9: Transplastomic plants containing hIFNy protein, Lane 3 Wild-type (non
transformed) plants protein, Lane 4 Positive control (standard IFNy protein sample),
Lane M Protein marker (Prestained Protein Ladder, PR901614).
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Figure 9- ELISA chart for extracted Proteins of the transgenic plants compared with
Wild-type plants: Columns 1-6: Transplastomic plants, column 7 Wild-type (non

transformed) plant.
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Abstract

In the recent decades the progress in plant biotechnology, especially in the field of
molecular farming, has made it possible to produce a wide range of recombinant protein using
plants as a novel production system and bioreactor. human gamma interferon is one of the
valuable pharmaceutical proteins which has found wide medical applications in diagnosis and
therapeutic. Cloning of human gamma interferon gene associated with spectinomycin-
streptomycin antibiotic resistance gene using chloroplast pKCZ vector has been performed at
agricultural biotechnology laboratory of Tarbiat Modares University and has been transferred
into the tabacco chloroplast genome with biolistic method. The purpose of this study is to
determine gamma interferon gene expression stability in Ty tobacco transplastomic plants.
plants, which are grown on selective media, were analysed at different levels of (DNA, RNA
and protein) to confirm integration and expression of the gene into the tobacco chloroplast.
Analysis of plants was performed at DNA level by using of PCR and specific primers for
human gamma interferon gene, results confirmed integration of this gene into the chloroplast
genome. In addition, transcription of target gene was confirmed by RT-PCR. In order to study
expression of target gene at protein level SDS-PAGE, Dot blotting and Western-blot were
also done and the obtained results show target gene expression at protein level. Finally,
ELISA test was done to determine quantity of gamma interferon gene expression. Results
indicated that the highest gamma interferon level in transplastomic plant is up to 0.2% of total
soluble protein.

Keywords: Tobacco, Transplastomic, Human Gamma Interferon Gene, Molecular Farming,
Recombinant Proteins.
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