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Abstract

Exendin-4 (EX4) is a protein similar to glucan-like peptide (GLP-1) and has a longer half-life and greater
effect in inducing insulin secretion. The fusion of EX4 to the non-toxic cholera subunit (CTB) increases
its efficiency through absorption in the digestive system. In this study, CTB-EX4 gene was introduced into
lettuce by Agrobacterium tumefaciens using vector pBl121. The results showed that 20.25% of the
inoculated explants were successfully transformed and regenerated (To generation). To create T» plants,
seeds of T1 were cultivated, and 42% of the cultivated seeds germinated. T1 plants were analyzed using
PCR test. The mRNA expression of the CTB-EX4 gene was examined through RT-PCR and Real-time
PCR, while the protein expression was assessed using ELISA and Western Blot tests. The number of
transferred copies to T1 plants was determined using Real-time PCR. This estimation was performed
using both the absolute method and the standard curve, as well as the relative method, with Acitn gene as
a reference gene. The results showed that 60% of the T1 plants were transgenic and the CTB-EX4 gene
was expressed at the mRNA and protein levels. The results showed that the process of transferring the
CTB-EX4 gene to the lettuce plant was successful and the lettuce plant was able to express the desired
gene at the RNA and protein levels. Considering the subsequent processes, including the purification and
evaluation of the biological activity of the produced protein, plants can be used as a suitable bioreactor for
the production of recombinant proteins.

Key words: Agrobacterium tumefaciens, Exendinp-4, gene expression, Gene transfer, pBI121 binary
vector, Recombinant protein.
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Fig2. Regeneration of inoculated explants and preparation of transgenic seeds and production of first and second generation transgenic
plants.a) Emergence of the first seedlings from the grown callus. b) Rooting of samples in rooting medium. c) Transplanting the explants
after sufficient growth to the in-glass medium containing cocopeat and pearlite. d) Adaptation of transgenic seedlings in glass with the
outside environment. ) Transferring the grown seedlings to pot conditions containing soil, animal manure, cocopeat and perlite. f) Flowering
and seeding stages. g) Collecting seeds from first generation transgenic plants. h) Cultivation of transgenic and non-transgenic seeds in MS
culture medium containing kanamycin for germination test. i) Kanamycin-sensitive seedlings (1), kanamycin-resistant seedlings (2). j) The
sequence of growth stages of second generation transgenic lettuce plants.

‘5‘9.5‘5 C)Lﬁ\:f BL CTB-EX4 C}j Jj"b" .—\:{U [t g T1 J....S ‘54::};.); ‘5‘,#‘5 C}Lﬁl:f J-:s‘,.‘;
05 solamtl Gl SIET L PCR b pss Jud syl 5 SBLS il s Gk S ol s OWlS

Vo sl S 05 5l b i 08Y Jsb 4 (slasks CTB-EX4
53 oS Vsl el ol by Sl Jeol e e olS
CTB-EX4 03 JUs! gedias olis o5 Las Aul PCR (a3l
PCR a= o b3l 53 a8 T Lud sl 15100 IK28) 5y

A5 S eslinnl CTB-EX4 03 Ols sy 8l g ol Auls

.mﬁyoujvﬁ,mbﬁiﬁmjdﬂl@)\;ﬁ;
bbbl ale sl 5 4 4 Hd b ses 5l ulg 5o
(Y UKE) S5 8 55 eslinal 540 G

\FeY QM) 9 HL{ Al O)Lo.& /Méj‘,é 099 /w) ‘;..o.d 9 &wj (W0 -


http://dx.doi.org/10.61186/gebsj.12.2.168
https://gebsj.ir/article-1-464-en.html

[ Downloaded from gebs.ir on 2026-02-11 ]

[ DOI: 10.61186/gebsj.12.2.168 |

oty 5 4 Jedte f pdinST 05 Oly 5 JUs!

O 5 (g5l 5

08 e laasld sl Jll 5l gladle Ll ol ass
13 3 s S e 5l il QlalS

23 o > Al Bl s e (PR CeS ) 0
& Comd CTB-EXA 05 sla S5LT lau s 25 Jltie 5 0535
4 ar s L) 2890 ol 51 esliad L Actinl o (sla S5l
sl 5 A slliad (ST 53 8 35 LIS g 0L
SL ST 4 ol @ s b aubee ld 23
055 S mSP L HS 4 B ACtnL O gl el ~l b
o5 oo bl JEl s ol ale gln 0p LS5k
A0Y sl gl Calg s s s A s ol sde uS sl
W VNN Slusy ases ) N0 5 Ve E sl asels
A Al akelS Y OAYY slus 5 a0 A slus
Sy 055 el T3 xi hls VA 51T glaslus
ol sl o 5l el baasiens e ol L anlllae

J\_.ZL 03 g aliseo oK.ib- u_j.)v;_- B Q}

by Gosee J5 513 45 sy, SDS-PAGE 0 ge)1 o
o 5 55 055 e 5 LS SSE o 51 55855
Gaskd sy pde b osgrs eon Lol 5 LAl
glaslas ;s Osdls kS W esgdee 3 Gl oS
ankd sy pde b oo 4 als boalie s Cls
S5 IS W sada a3l cal 53 At 03 0 Bs 8
L edalie ol 5 b olS 3wl s ObLS 5s s e

(0 J2)
& 5818 oS ;3 CTB-EX4 op5s 5 Olo 5l edel Cons ol
6o OllS sl & sy Ol 5l Sl ELISA gy,
L35 CTB-EX4 55, W ULy s edd ol 5
WY Sl 5 S Ol Olgee op i sls V00 slas,
Lo, Voo slas,y Oly ols OLS 1y 85, Ol Ol 0 2eS
VY L Vo0 slas, 5 s Ol g VoA sl Ll
R IS R SR Vi R N RV U Va WA Y SRS RV
Oy asli 80 7 se Jsb 53 Cdor Ulse ) sas w5 25

(4 JS5) ol o

S ol s S 5 Sl ol b el (7 )
ACtinl s o 05 5 5k S 08 CTB-EXA 05 edd 255
DS a3 O3l ol sl il 1y 5L cds Yoo gesll
sls 0L RT-PCR 1 Jaol glaesls (¢ [S2) @i 5 ol
MRNA k.. ,s PCR Osoil 53 el Aol glaslast ) gaan oS
Sy glaslds, g Oly Ol 5> Sl 5 s g Ol Ll
5 Vsl s eSaas Ol Olpe o i g aslles
(1 JS8) s sdalie Vo) slast; 53 Ol Ol 02 50S
CTB-EX4 0} 0l 5l S~ Real time PCR I fol> mls
loslaz; gy MRNA sl 3wl 5 5508 SllS o
w bge Ol Ol on i 303 DL S 2 (s 205
VoA 5V Glaslast ;4 Glate Oy Slade o S 5 V00 slus
SAYY Y L@ V00 slus, s CTB-EX4 05 oS Ols 3
(0 JSE) 50 Vet 510 laslas, Ll

51 &3, s 3l eslizad 5 Real time PCR sl olil L
slasty e 53 CTB-EX4 () (gl asead slad 55l (g4 05
Sladsd &3, g sl spllkal jeve A a4l
Sonn sles 5 Excel 2016 13l 5 51 sslinad L s5luted
135 s Actinl 5 CTB-EXA 0F 53 » lp bl o
oslizal 350 (gla ST Sy el ams (Y s e-T SO
Sy S AN S5 Sl alS 55 s Actind 05 sl
03 lp sl oy Glaid Sl gy e cal 4 g L
YR Ve | PSRN W VR 655 Sl A dde 5 L Actinl
o 31, CTBEXA 0F s 3l o |l
U.,j sl & CTB-EX4 05 ol T3 e slaas Actind
Ve sl gl aule oo 8 O sers 58 A sl
W £ T sl s ) 000 s VeE sl s
3l S dwles aseuls VAT slus 5 aseus 0 N A slos
SV ks Jalse o SUs ST b 5l sl Uil g
5 Obse oS S8 slle 5 o SUs ST s g0 b
dni Vgame 4z Sl oajls Koy deandy £ paeen
VL) Vsane 5 oS 05Uy ST b il Uil glaass

VPeY lmo) 9 jusly /¥ o losds /203190 0590 / (S § (o] 9 S § (owkieo


http://dx.doi.org/10.61186/gebsj.12.2.168
https://gebsj.ir/article-1-464-en.html

[ Downloaded from gebs.ir on 2026-02-11 ]

[ DOI: 10.61186/gebsj.12.2.168 |

RIP{C CUSPRPN N el g 5 & Jeie £ o kST 05 Oy 5 JWGSI

" G H J K LHpUPBM wt Wt Wt 101 103 104 105 106 107 108110 115 121

.

Wt 101103 104 105106107 108 110 115121

M

18 - 'y =-1.5662¢ + 6.3663
) R? =0.9871

18 1 y = 1.5614x + 6.7253

Riz09951 |

Ct (crossing threshold)
Ct (crossing threshold)

-8 -6 -4 2 0 8 6 4 2 0
In{cDNA) In{cDNA)

CTB- ola= e S5l b 5 0 1350 sladi s 5 ol Il s gy )l 5 laasealS 2o 35 (8 s 2550 OLS (655 S5 50 Sla oy o ¥ S
e JmS H Salr coony 58 sladised F 5 B lackalr oJsl Jod godd dul a5 izl L s K Jd HG E D C A glasal EX4
G g0 WE Sl de=Fovn bp JuSTe Slas M ccite J 28 Olgie w0 5 350 andss 55l pU 5 PB slacals (S DNA Ol e 0 ol 5l ealizal)
AYY 50 AV ANV AT A0 g DY ) laSals wals s a5 0WLE I ol sl s DNA 5 585 s (D (ol 58 oLS) dals
gl 2 pa Jud w5 s VLS oy (C ool 5 e dals OS5I > sl SDNA W claSale 5 s )l 5 0LLS 31 ) 5l sDNA
DA sl Tl 5 e J xS Olssa a0 05 Joli ((CH) dendy PCR 03031 Lo 5 CTB-EX4 03 5L i 08 axksd ;52> 4,6 5 DNA
als ol e € sed (- Sl Gl i 08 il 5 ) 40 axdad L CTB-EX4 asllas 5,50 05 (s3> 033 Jed 2l 5 OlalS S 5T A Ao
OlalS slacS S RNA #l sl (0 ol 5 e glaisnd 10 5 V10 00V A0 (laks yod (I DNA Ol e o O Sl eslizal) e 585 4 ges H Sals
e S5l ol sl e (B dals So ) 5 4 sl WE oo 5l 5 sladipad (VYY 5V 0A AL v0 A r g O o)s slacSals 33 Jod SaF L5 (588
W3y sl LSS 5,0 s Actinl O sla ST gl sl owe (FCDNA c2le ol 5 Ct e, a6l S SSY 5 3,8 55 CTB-Ex4 o)

CDNA .2& 4, ;5 Ct
Fig3. Molecular analyses on the plants under study. a) Selection of first-generation transgenic seedlings from samples regenerated by
specific primers CTB-EX4, wells A, C, D, E, G, H, I, J, K, and L: confirmed first-generation transgenic samples, wells B and F: Non-
transgenic samples, H well: negative control (using water as template DNA), pB and pU wells: containing desired fragment as positive
control, M: molecular marker 100-3000 bp, Wt well: non-transgenic control sample. b) Genomic DNA electrophoresis extracted from
transgenic and control plants, wells 101, 103, 104, 105, 106, 107, 108, 110, 115 and 121: DNA extracted from transgenic plants and Wt
wells: DNA extracted from non-transgenic control plants. ¢) Examining the second generation transgenic lettuce plants at the DNA level and
confirming the presence of a 543 bp fragment of the CTB-EX4 gene by PCR test, plasmid (C+): including the desired gene as a positive
control and the number of 6 lines 101, 104, 105, 106, 108 , 121 of all transgenic plants of the second generation: containing the studied gene
CTB-EX4 with the expected fragment of 543 bp, well C-: control non-transgenic sample, well H: negative control sample (using water as
template DNA), 103 samples, 107, 110 and 115: non-transgenic sample. e) Standard curve for CTB-Ex4 gene primers at 4 dilutions and 3

replicates for each dilution. Ct versus cDNA concentration f) Standard curve for Actinl gene primers in 5 dilutions and 3 replicates for each
dilution. Ct versus cDNA concentration
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Fig4. Comparison chart of the average of CTB-EX4 gene expression in RNA and protein levels. a) ELISA plot for extracted proteins of
transgenic plants compared to the control plant. b) Comparison graph of the average relative quantitative expression of the CTB-EX4 gene

normalized with the expression value of the Actin gene.
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Fig5. Analyzes performed at the protein level. a) SDS-PAGE of extracted proteins in transgenic and control plants, wells 101, 104, 105, 106,
108 and 121: transgenic plants, Wt wells: non-transgenic control plants, well M: protein marker. b) Changing the color of the ELISA wells in
the order of the steps, transferring the extracted proteins together with the coating solution to the wells (1), adding blocking buffer and
incubating (2), adding 2.5 M sulfuric acid (3-4). c) Western blot test, wells 101, 104, 105, 106, 108 and 121: transgenic plants, Wt wells:
non-transgenic control plants, under conditions of recovery by specific antibody CTB-EX4 by ECL kit method (1). Appearance of CTB-EX4
protein bands on nitrocellulose paper (2).
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