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Figure 2- Selection of transformed bacterial colony.
White colonies are probable recombinant.
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Figure 3- Image of enzymatic digestion of pPGEM-B1 and
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digestion of transformed plasmid pGEM-B1 which is
associated with insulin gene Aspart with Xhol and BamHl
restriction enzymes and the third column (2), digestion of
the pJawohl 3 binary vector with Xhol and BamHI restriction
enzymes.
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line, negative control and digested pJawohl 3 without insert.
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marker. (1), Transformed Arabidopsis plant with Aspart insulin
transgene. (2) Control

S blis 53 e gige o il SO SIB ey YA 5 YS YE S
ol 53 e A3l Kos e sige sl 5B e e
3 B oy YA oled el sk cde 4 ol
G el 5 jeuls WSKi5 30 VPG V/Y 350 53 PH cpioman
Fgse e bl 03 e lele pdi S e ool A
del ey ST 5 a8 el (Sl s 51 amdls (55 50 0 o]
el Skl 355 o bl el Skl 5 e sladal
sl pde 5 OAE 3w 3B aia gl Olhal Cle o
pde 5 s o Sl A e el (nl &S ol Wy S
(Gusarov et al. 545 o bl o gusl 53 jals SCE5 sl
e Sl b e s aas e Ol ©ldles 2008)
Ol 53 sl s Ol Olsm 03 63k e Wil 552
ol o S I el el Y51 1S b Lol Lcils sl g
33 o G gl ol s n s Sl s I sl

(Huaet al. 2008)
wrtlo SBlus Syso w0 sl B s A sy g anddS s

wﬁy)‘ﬁwu)ﬁ)&)bf‘ﬁﬁju&

E00bp

228bp

PCR sy oyl o gl 05 3l oyl 5 0blS lubis -8 IS
05 B oyl 5 olS (1) pas Sl N erbp Sl ol Saly e,
XYADBD ol sl 03 (g5l sl 5 olS (V) oo Sl s
b GG g T olS s bl gl 03 Ol o) ol Salr

RT-PCR 5, ;1 esliza
Figure 6- Identification of transformed plant with Aspart insulin
gene by PCR. Right: first line, 100 bp DNA marker. Second line
(1), transformed plant without target gene. Third line (2),
transformed plant containing 228 bp Aspart insulin gene. Last
line (3), Aspart insulin gene expression in Arabidopsis thaliana
plant by RT-PCR.

Lol 0blS S s, OO Oty Sl Jolbs s
oS, 45 sl Olis E2E3 JU S gge oL o1 5 eslinad
JS8) il 0 aaz 55 Ol ol 53 S 55 LT g
%

sk opl o s S e Sl 4 oars L
Lo Gl 5 b YYA DD o3Iul b bl ST - ]
S A ealizad 0315 Ol bl gl agige 05
Sl b anslin 53 o sl SLeS JUT S5 o slowl &l s
Al e B oys Yo LB YO cbadielind s 3 0T ab
o a3 Shes 53 1 S i bl ) 1
sl 55 Bosas YO awelianl ols o Sl ol s
g5 A ol 2l s G gl laeli S L sy
S 1 gl Sless S Wil e aelinl pl 3 (5 S
Lo el b LS5 LUls (Gusarov et al. 2008) Las
OOV A A oled bl o 5 ST eVl 5 b

S


https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.2.5.8
http://gebsj.ir/article-1-97-en.html

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1393.3.2.5.8 ]

O‘)&“Aﬁ@:‘“’

oy TolE 53 a5 OS5 5 o gl 05 0L 5 Jas!

el S5 G n ME el OLLS O
YOY Jlo s ohler 5 LS 58 a1 oojlud ST
@Lﬁ by JUESH e s (,.E) aw gy Sl o endls O3
Ll 24y SDSPAGE )5, Sl o 5 2 5l Lol
w25 B LIVAAKDE ple L O3S w by e 555
Sl sl @b BT 51 eslinad b s ELISA s

23S Al 1y el s QLS 55 Olo 5 OE a5
o8l Slp s sl OF GOl 5 b G ol o
22 0l5 e oo onl Sl eslinad b aS 23 8 s Ol 3 L
«olol sl Ol 5 S lp s S0 0LLS 5l easd

5 S eslaal

Pl 9 S5
BLEAS) QW ‘)L:.avv-.’ é)&w J.:JJ 4.: ULAJS eK.:..."J J:J}iwﬂ)\
b S ol ALe3T SUGL Osls 13 L]

AT oils ioks NS S BT Clix ) primen
b 5 JbS olitiad )l s 5 b loaal, bl ol

.V_l)‘b

&l

Arakawa T, Yu J, Chong DK, Hough J, Engen PC,
Langridge WH. 1998. A plant-based cholera toxin B
subunit-insulin -~ fusion protein  protects against the
development of autoimmune diabetes. Nat Biotechnol
16(10):934-8.

Azhdari H. 2009. Cloning and transformation of human IFN
gene to tobacco plants. Transgenic Research 5: 213-218.

Bechtold N, Ellis j, Plletier G. 1993. In Planta Agrobacterium
Mediated gene transfer by Infiltration of adult Arabidopsis
thaliana plants. CR Acad Science Paris 316: 1194-1199.

Chargelegue D, Vine N, Van Dolleweerd C. 2000. A murine
monoclonal  antibody produced in mice. Transgenic
Research 9:187-194.

Clough, S.J., Bent, A.F. 1998. Flora dip: a smplified method
for Agrobacterium-mediated transformation of Arabidopsis
thaliana. Plant Journal. 16(6): 735-743.

Daniell H, Streatfield SJ, Wycoff K. 2001. Medical molecular
farming: production of antibodies, biopharmaceuticals and
edible vaccines in plants. Trends in Plant Science 6(5): 219-
226.

L b3l s sl asle ol slan 5151 5w 5L B,
e S s 65 sla s sl Ol yose 55 bl s ooy 5l
Corle YAAZ Jle 5l bl s Sl ads Sl r.a)'\ I o iy 92
ol 02 s plasl dpedlsn J S0 Dose 4 sl
J2) o sdls o s 5w gl 05 S
O3 Sl 58S K s s edd ue (C 5 B LA lae s

(Wan et al. 2005) 5,5

O35 4 okl SIUT sl 0315 JUEl Gl 3
Wbl g 3L S w5l 0k 5 3T S o5 bt
O35l 5 0Ll By p s SUs ST law s b iSO JUas!
Caibge sk a sy cal AEL e DS 058 ol gl
Aol s s el i IS 4 sl ol 3 (Sl
olwil ALS w8 s s 0F 5,0 Glp 3l lest
CiS e 05 Jl ledy, Jol odlis 5l 5,8
il e o Cousl s sl Sl 0L Ll55L wit
L5k sl @b sleds, 4x S| (Bechtold et al. 1993)
b by onl el Lol ol 4l ans 5 OLALS al i o

Faber KN, Harder W, Veenhuis M. 1995. Review:
Methylotropic Yeasts as Factories for the Production of
Foreign Proteins. Yeast 11: 1331-1344.

Fischer R, Schinkel H, Schillberg S. 2012. One-step protein
purification: Use of a novel epitope tag for highly efficient
detection and purification of recombinant proteins. The open
biotechnology journal 5: 1-6.

Fisher R, Stoger E, Schillberg S, Christou P, Twyman RM.
2004. Plant-Based production of biopharmaceuticals. Plant
Biology 7:152-158.

Giddings G. 2001. Transgenic plants az protein factories.
Current Opinion in Biotechnology 12:450-454.

Goldberg M, Gomez-Orellana I. 2003. Challenges for the oral
delivery of macromolecules. Nature Rev 2: 289-295.

Greilhuber J, Borsch T, Muller K, Worberg A, Porembski S,
Barthlott W. 2006. Smallest angiosperm genomes found in
Lentibulariaceae, with chromosomes of bacteria size. Plant
Biology 8: 770-777.

\yay UM)SJ*’L?. 1Y o lols [V 0590 /w) w‘sc&m} (W -


https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.2.5.8
http://gebsj.ir/article-1-97-en.html

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1393.3.2.5.8 ]

o T oS 53 a5 OS5 5 o gl 05 Ol 5 i)

Q\)&«A}W

Gurramkonda C, Polez S, Skoko N, Adnan A, Gébel T,
Chugh D, Swaminathan S, Khanna N, Tisminetzky S,
Rinas U. 2010. Application of simple fed-batch technique to
high-level secretory production of insulin precursor using
Pichia pastoris with subsequent purification and conversion
to human insulin. Microbial Cell Factories 9:31.

Gusarov DA, Gusarova VD, Bairamishvili DI. 2008. Gene
engineered insulin and its pharmaceutical analogs. Biomed
Khim 54(6):624-42.

Hua QX, Chu YC, Jia W, Phillips NF, Wang RY,
Katsoyannis PG, Weiss MA. 2002. Mechanism of Insulin
Chain Combination Asymmetric Roles of A-Chain a-
Helices IN Disulfide Pairing J. Biol. Chem 277. 43443-
43453.

Julian KC, Drank PMW, Christou P. 2003. The prodaction of
recombination pharmaceutical proteins in plants. Nature
Reviews Genetics 4:794-805.

Kashani K, Jalali-Javaran M, Mohebodini M, Moieni A,
Sheikhi-Dehabadi M. 2012. Regeneration and
Agrobacterium-mediated transformation of three potato
cultivars (Solanum tuberosum cv. Desiree, Agria and
Marfona) by human proinsulin gene. Australian Journal of
Crop Science. 6(7): 1212-1220.

Koncz C, Németh K, Redei GP, Scell J. 1994. In: p. 167-189, J
Paszkowski (ed.). Homologous recombination and gene
silencing in plants. Kluwer Dordrecht the Netherlands 28:
130-141.

Liu M, Ramos-Castaneda J, Arvan P. 2003. Role of the
Connecting Peptide in Insulin Biosynthesis. The Journal of
Biological Chemistry 278: 14798-14805.

Ma H, Yanofsky MF, Klee HJ, Bowman JL, Meyerowitz EM.
1992. Vectors for plant transformation and cosmid libraries.
Gene 117: 161-166.

Magnuson NS, Linzmaier PM, Reeves R, An G; Hayglass K,
Lee JM. 1998. Secretion of biologically active human
interleukin-2 and interleukin-4 from genetically modified
tobacco cells in suspension culture. Protein Expression Purif
13: 45-52.

Mason HS, Arntzen CJ. 1995. Oral immunization with a
recombinant bacterial antigen produced in transgenic plants.
Science 268:714-716.

Mohebodini M, Jalali Javaran M, Mahbodi F, Alizadeh H,
Azhdari H. 2009. Human Proinsulin Gene Cloning in Plant
Expression Vector pCAMBIA1304. The 6th Nationa
Biotechnology Congress of Iran. Tehran. (In Farsi).

Murray 1. 1971. Paulesco and the Isolation of Insulin. Journal of
the History of Medicine and Allied Sciences 26 (2): 150-
157.

Nykiforuk CI, Boothe JG, Murray WE, Keon RG, Goren HJ,
Markley NA, Moloney MM. 2005. Transgenic expression
and recovery of hiologicaly active recombinant human
insulin  from Arabidopsis thaliana seeds. Plant
Biotechnology Journal 3:20-30

Pais JM, Varas L, Valdes J, Cabello C, Rodriguez L, Mansur
M. 2003. Modeling of mini-proinsulin production in Pichia
pastoris using the AOX promoter. Biotechnol Lett 25:251-
255.

Platt A, Horton M, Huang Anastasio AE. 2010. "The Scale of
Population Structure in Arabidopsis thaliana". PLoS Gen 6
(2): €1000843.

Rahimifar P. 2009. Human IFN Gene transfer to canola. Journal
of Biochemistry 269, 6042—-6051.

Thim L, Hansen MT, Norris K, Hoegh I, Boel E, Forstrom J,
Ammerer G, Fiil NP 1986. Secretion and processing of
insulin precursors in yeast. Proc Natl Acad Sci USA 83:
6766— 6770.

Wan ZL, Huang K, Xu B, Hu SQ, Wang S, Chu YC,
Katsoyannis PG, Weiss MA. 2005. Diabetes-associated
mutations in human insulin: crystal structure and photo-
cross-linking studies of a-chain variant insulin Wakayama.
Biochemistry 44: 5000-5016.

Wang Y, Liang ZH, Zhang YS, Yao SY, Xu YG, Tang YH,
Zhu SQ, Cui DF, Feng YM. 2001. Human insulin from a
precursor overexpressed in the methylotrophic yeast Pichia
pastoris and a simple procedure for purifying the expression
product. Biotechnol Bioeng 73: 74-79.

Winter J, Neubauer P, Glockshuber R, Rudolph R. 2001.
Increased production of human proinsulin in the periplasmic
space of Escherichia coli by fusion to DsbA. Journa of
Biotechnology 84: 175-185.

- IWAY Loy 9 3ualy 1V 0 loudd /Y 0590 [ (comns ) (So] 9 Sl ) (oo


https://dor.isc.ac/dor/20.1001.1.25885073.1393.3.2.5.8
http://gebsj.ir/article-1-97-en.html

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1393.3.2.5.8 ]

Genetic Engineering and Biosafety Journal
Vol3, Number?2, Fall 2014 and Winter 2015, Bi-seasonal

Transformation and expression of recombinant insulin monomer in

Arabidopsis plant

Behnaz Husseini', Gholam Reza Sharifi —Sirchi®

1. Master of Science, Agricultural Biotechnology Department, Agriculture College, University of Shahid
Bahonar of Kerman.

2. Associate Professor in Biotechnology, Agriculture Department, Agriculture and Natural Science
College, University of Hormozgan

* Corresponding Author, Email: sharifisirchi @yahoo.com

ABSTRACT

he prevalence of diabetes is predicted to rise significantly in the coming decades.

Also, the incidence of this disease is increasing in Iran every year. Aspart is an

insulin analog. Aspart insulin has a more rapid peak than Lispro and can be used

in insulin pumps, insulin pens and injection methods. In this research, Two
Agrobacterium tumefaciens strains, EHA101 and GV 3101, containing pJawohl3
carrying the Aspart insulin gene were used to transform Arabidopsis thaliana Col-0
ecotype plants by floral dip infiltration method. Seeds of floral dip infiltrated plants were
sown on the pots. Then, seedlings were treated by BASTA herbicide. Expression of the
Aspart insulin gene was detected in transgenic plants by RT-PCR and western blot.
Evaluation of the infiltrated plants revealed that the EHA 101 strain of Agrobacterium
was more efficient than GV 3101 strain in gene transformation.
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