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Figure 1. T1 generation of DARPIn G3 transplastomic tobacco plants. A) Vegetative plants resulting from lateral bud
growth in TO generation of transplastomic plants after decapitation, B) T1 generation from germinated seeds of TO
transplastomic plants in selection medium containing 500 mg/I spectinomycin/streptomycin, C) T1 generation from
germinated seeds of TO transplastomic plants in soil, D) Potted vegetative plants resulting from lateral bud growth.
Phenotypic comparison of E) wild-type and F) T1 generation of transplastomic tobacco plants
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Table 1. Sequences of primers used for primary confirmation of gene integration and homoplasmy
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P2 TGTCCAATAAAAGCAGCTAAATGT 53.8
P3 AACTAAACACGAGGGTTGC 53
P4 AGTATTAGTTAGTGATCCCGAC 51.3

M5 S 1S slad s 5l cadlyy AS (55l
OWLS (i) psidlendl s OLS S5 lad e )
o= g5 oS 5 TL 5 TO ol G5l e madldl 5
Sl Coly analis Hphm S bl s ol sl
5 OS5k e slaidls IS £l sl o33l
Sl o s 50 LSS Sde IS (gslulr )
SN AU D INE e R
S8 s ekl e hs g5 OLLS 5 p el 5
s S S sS Dlabad s Sy s Gl L0l e
Sy s IS mlanal B (S 28l 055 a5 el
EDTA o mM (J il +/¥o M « 02mM Tris-HCI )
S, (5Ll gulS =Y +/Y MM s BSA w5 +/) (WIV)
s e 3 oS s adske 5 A3 6L
A esls 5o Miracloth N Y 51 Lol alS 05 sen
£°C los 5 Yoo x g 55 aids Yo ety ol o 5las
sodd Jame i 00 Ml W) ogymle 5 5k Sl
S e £ °C (los 5 Vv x Qo adds Y Dodesy
gl L ss Jeol s Gadtad Sl e A
X Qo3 aids Vo Doty Jool O il s (2l IS
sy Sl A Sk il £ °C gles 5 Ve

A oslial s ol el S Jols
JS 55510 s NS IUT 5 55 ) sl
(s prehedl s LS CldL IS 5l ks
s oS s T s ls el 5 OalS
gl 15 0 s NS LT s eslizal (51

ol C‘FLL..:\ w)’bn}_},ls)l\" mg )}.E.'.A UJ«‘A"'L:'

oDy ad s s S 103k (6,108 4S) LT
bl L35 5l Jols sy el 5 OlalS
Oraees 5 TL Jed (205 0 mdlndl 5 0S5 s
BLLS ol S 8 255 53 (s Sl (Sl
oLS Y shie ol . eslized O ale g ,108aST SJUT
JLEs Cog anl ud; g esiailz Hade 5HelSY ()
T e R P e B AN
YUY L bl Sk PCR OS5l dslas | sba
g5 kS 5 psdldl 5 OLS JS DNA Sl S5 S
g A an BYHE 5 o 5T 5 el Ut
s el ouzs DNA Ll elié 55, DNA Jis
8T J5 s ele T eay 00 35U L 55,0
DL skl alis o J5 51 Jsl s S do s /A
olizul 3,50 K55S 03 S el (OIS 2p, 4 ue
JOLES (8l A3 a8 Dy IS 535168 IRNA 0
L Gills DIG 5815l 8 s 51 K245 028
S ,) PCR DIG probe synthesis kit «.S" Josll) 5205
it ol e (g5leaS y5s A ealizal (0LJT Roche
DIG oS Joallysins bl UK Laids
(0WLJT Roche s =) DNA Labeling and Detection
00 °C O perlds ped (slos b O ganally on 51 oaoas s
 smeSlesl 5 OLS 53 a5 5 50 axkad o311 Ll
el 110 KD T iy g5 LS s 5 Vo kb L
g5 kS 5 TO Jud o yzudlsl 5 0L Js DNA
o3 e dald 5 Ste dald Ol pe s (L e ot

A eslizal I


http://dx.doi.org/10.22034/pgr.9.2.1
https://dorl.net/dor/20.1001.1.23831367.1401.9.2.1.4
https://pgr.lu.ac.ir/article-1-262-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-31 ]

[ DOR: 20.1001.1.23831367.1401.9.2.1.4 ]

[ DOI: 10.22034/pgr.9.2.1]

390545 0L 5 by luls

5 alol Sals a g (V) ves) siS &Sl 5L s
Vel s S 37V C gl s coll ¥ Soen
S SHL 3L s ki, wsl ool ST Jsk
el ¥ Sl 5 Al wlal Salr aa (Vi) eeee)
e hw e 3l w3 S I3 YV °C les
&3> PBS) PBS-T (g st Jshoma b s (g 200
Jele 30 Vee pl as <’L>.=;l (Yo 85 Loy /)
L ol e 3L Yoo mM) slasty TMB (gl s s
A4 (H02 doys +/0) s TMB aw,s \ pH: Y40
Sz 53 Ky S5 0l b el 5 ds il Sals
Vel 055 wlol b lu Sl 5 s
Sy JSzs Sty Sl o V50 ¥ G5 s
S el £00 MM 2 sadsb s (6) 58 o 5 iy
DaLS Dy 51 S oo 55 51 5IUT o
O 3l s ot Aald Olpea TO ol o el 5
Aals Olgsa s g oS s IS IS Il
R

o g

TL Jo pgidlemil 5 OLLS 5 ol gor 4l KW
G S e 5 T s od slaanalS
oS ,8) rrlesty 2l 5 pala gl (Sl 5
Sl a5 X35 Al e SIS &) ony (044 Mo/l
S i sl Al oS sl ol s 4l
o sl 5 OLALS D5 IS 0 55 s addA 0 (S
L PCR ;U1 e (VB JS2) ol T1 s 2015
5 s lS 05 5l edd b gl SHET 51 eslind
gl A=l DNA W g slhen oS5 axl o Koy
ook Sl essailer (S0 55 s SlaaalS as pemma Sl el
53 edd L3Sl e 5 i S e 3 e oS
33 S W5 tKb o & o3l b GIDNA aaks Lis S
st 5 oS GDNA aakas 25 5 55 OlalS 3 8 Jl
Sser 5 JsSpe b sl S s s TKD
TO s p 52Dl 5 OLS 51 ol OLaLS (g s3u0

(1D JS2) a8l e s 5 s o

e S g Cet)ls oy g D15 5 o ser (510

PH: Ve LPBS \X) 555 gl Al AL shore pl L
et 5 oS 5 (VX 555 ediSlgs s NaCl Voo mM
Jols b s (WSS 8 °C gles s aids e
4d3> 53 53 \Weer 5870 los 55 4835 V0 D
sl S 055 Gl poomlb A5 Sai sl
=Y0 °C s dar gla 3BT s eslizal g ol IS
i edd planl Gl Al (oS
.(Bradford, 1976) 1> S puad 355830

o gl il 55 (0 s (518 4SS LT pll (51
Y s b sl 5 oo VY Al SIL U5 s
Lis o J5 0 Jsl (Laemmli, 1979) 1 S
oKavs s 5 BioRad  Jaadly s b ks 2
by s 5 csll ) Cuka (Bio-Rad) Mini transblot
S5 spel asis A el Ve S, L8 °C
oLl b o ditons ez 4 Joate BB (o ls 55
Ulposs odied o ade 255 ol s 5
b Jeae 2S5 Ao s sl 5 sl ol s
Jendlygzes Sl eslizal b a5l ool 5T olyeas HRP
IS dsbme s, 5l 088 o,se Bio-Rad
Aals Olpeas TO Jod o s2dlensl 5 OLLS oedly s IS
5 g oS S IS S ks 085 2 15 e
A eslizal e dald ol pea

5 oS o 1Y 0351 LGB s (oS o
OLLS s IS 530l A 55 BB s (g gt cpunS
de s Sl QLS 5 (s p et
0 shie a5 el 131 0ge5T Sl eslizud L T
51 ChTSP) sl s IS IS dsbons (8555 1 p S 5
s f oS 5 s s s p el 5 Ol
oy S5 a3 1Y Gl AT el 5l Sals e s
A S TC Gles 5 LB Seay ok 5 A2
Voopl polaml é dlasl slole 03 8 3 5due S
(BSA ds,3\ (55l PBS-T J yloe) oS 45 5k J sl
Coles s cele ¥ w5 LS wlal Salsr 8 o

ol 35y ad sl (3l T Jglows 31 Ve r pl o3 551 3TV


http://dx.doi.org/10.22034/pgr.9.2.1
https://dorl.net/dor/20.1001.1.23831367.1401.9.2.1.4
https://pgr.lu.ac.ir/article-1-262-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-31 ]

[ DOR: 20.1001.1.23831367.1401.9.2.1.4 ]

[ DOI: 10.22034/pgr.9.2.1]

VEON /Y ojlad /4 W/ alS Sy sla s

from T0/1 from TO2  from T0/3 from TO/l  from T0/2 from T0/3
A T 1" 1T 1 D T 17 17 1
M P WITO Bl1B2 VI V2 V3 V4 V5 V6 V7 V8 VO C M T0O WT Bl B2 V1 V2 V3 V4 V5V6 V7 V8 VO C
&=
- ----------“--
215bp —» ‘ R S W S e S e S S e e

from T0/1 from T0/2 from T0/3 from TO/1 from T0/2 from T0/3
] i 1T

P WT TO0 TV1T12TI3TL/4T1/5T1/6 T1/7TI/8TL/9 C

C from T0/1 from T0/2 from T0/3 from T0/1 from T0/2 from T0/3
I 1T 1T 1 F [ 11 11 1

P WT TO T1/1 T1/2 TU/3 TI/4 T1/5T1/6 T1/7 T1I/8 T1/9 C TO WT T1/1T12Tl3TV4TU5TL6 TL/7 TS TI9 C

4kb—p = A S G e e D e

2kb—»

215hp—»

Olals (A) i) U;@&?m;\; OLLS sl BB s ls 0 ol ‘_;LAJSL;T Sleslazwl LPCR oG -Y (IS
Q}Ju old ST JWQ.&%‘) f}’&w%‘j QL&L:f)(B) ﬂ;JWW i STl JM—V ‘;&.i\) 6).';..»%\)5
wls C).} 4.;}[4 L;)L‘S g;"‘f DL C,WW}JS (’fj )l o f\}b duﬁ)k.fj )l a.}u:.w‘ L' PCR ﬁ"”g" (C) ‘;;‘M:O'Jf )L;J

5 (B) oS 5lisd Cowodd S Tl il p el 3 OLlS (D) i, p el 5 olals sl S5

1 kb DNA Ladder S350 035 Sl M LF) i3S LS Oy ol CiS TL s 2015 ¢ sl 5 olals
sl 5 e 09y OlS WT (el 5 55 el esliesl pPPRVILIA-DARPIN-G3 .S 5 5 Ll P (Fermentas)

SlaazalS s sazme B2 (i S s 53 0334l 5 e (SlaamalS ac gazs B1 TO L w:.wb&mq\jj LS :TO
T1/9-TU1 T0 Jus w:.ﬂyk?w;\); OLlS 55 ol el w5l Jol= iy s, OlalS VO-VI (S 5 o534l

e Ll Ol geas DNA 05 2815 :C7 (TL el ol e sedlndl 5 olals
Figure 2. PCR analysis with DARPin G3-specific primers in vegetative transplastomic plants (A), T1 generation from
germinated seeds of TO transplastomic plants under selection pressure (B) and T1 generation from germinated seeds of
TO transplastomic plants in soil (C). PCR analysis with flanking sequence primers in vegetative transplastomic plants
(D), T1 generation from germinated seeds of TO transplastomic plants under selection pressure (E) and T1 generation
from germinated seeds of TO transplastomic plants in soil (F). M: 1kb DNA sizer marker (Fermentas), WT: wild-type

tobacco plants, TO: TO generation of transplastomic plants, B1: Bulk DNA from seedling germinated in selection
medium, B2: Bulk DNA from seedling germinated in soil, V1-V9: vegetative transplastomic plants, T1/1-T1/9: T1

generation of transplastomic plants, C": DNA free reaction as the negative control.
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Figure 3. Physical map of tobacco chloroplastic genome in A) wild-type and B) transplastomic plants along with Bgll|
restriction site used in Southern blotting. rps7/12: ribosomal S12/7 protein encoding sequence, Nt-Prrn: ribosomal RNA
operon promoter from tobacco; T7g10 5" UTR: 5™ untranslated region of bacteriophage T7 gene 10; DARPin G3: coding
sequence of DARPin G3, TrrB: rmB 3" untranslated region from E. coli; PpsbA: promoter and 5" UTR of psbA gene;
aadA: aminoglycoside 3'- adenylytransferase gene; TpsbA: terminator of psbA gene. rr16: plastdial 16s rRNA encoding
sequence, P1-P4: annealing sites of used primers, prob: site of designed prob.
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Figure 4. Southern blotting of DARPin G3 transplastomic tobacco plants. M: Dig-labeled molecular marker VI,

WT: wild type tobacco plant, TO: TO generation of transplastomic tobacco plant, 1, 2: Vegetative plants resulting

from lateral bud growth in TO generation of transplastomic plants, 3, 4: T1 generation from germinated seeds of

TO transplastomic plants under selection pressure, 5, 6: T1 generation from germinated seeds of TO
transplastomic plants in soil.
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Figure 5. Expression and accumulation analysis of DARPin G3 in T1 generation of tobacco transplastomic
plants using chloroplastic total soluble protein. A) Western blot analysis under reduced condition, M: Prestained
molecular mass markers (PR911654, Sinaclone), TO: TO generation of transplastomic tobacco plant, 1:
Vegetative plants resulting from lateral bud growth in TO generation of transplastomic plants, 2: T1 generation
from germinated seeds of TO transplastomic plants under selection pressure, 3: T1 generation from germinated
seeds of TO transplastomic plants in soil, WT: wild type tobacco plant. The corresponding band of 15 kDa
indicates the DARPin G3 protein, B) ELISA analysis for the DARPin G3 content expressed in T1 generation of
transplastomic tobacco plants. Column indicate means + SE. Treatment with different letters have a statistically

significant difference (P< 5%).
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Abstract

Plastid engineering gives numerous benefits for the next generation of transgenic technology, consisting
of the convenient use of transgene stacking and the production of high expression levels of recombinant
proteins. Designed ankyrin repeat proteins (DARPIN) are relatively small non-immunoglobulin scaffold
proteins that bind to their specific target with high affinity. The G3 is a type of DARPIn designed to
bind to the HER2 tyrosine kinase receptor (human epidermal growth factor receptor 2). We previously
developed a bioprocess for the production of DARPin G3 in tobacco chloroplasts as an imaging agent in
HER2 over-expressed cancers. In this study, we analyzed the expression and homoplasmic stability of
DARPin G3 gene in vegetative and generative T1 generation of transplastomic tobacco plants. The
presence of DARPin G3 gene in the next generation of transplastomic plants was confirmed with specific
primers by PCR analysis. Southern blot analysis confirmed the homoplasmic status of transplastomic
plants. The western blot analysis confirmed the accumulation of the DARPin G3 in the chloroplasts of
next generation of transplastomic plants. The DARPin G3 protein content was estimated around 33% by
ELISA in chloroplast total soluble protein (TSP) of the transplastomic plants. Results confirmed that the
DARPin G3 gene in vegetative and generative T1 generation of transplastomic tobacco plants was stably
and highly expressed.
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