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ABSTRACT

Shigella dysenteriae as the primary cause of epidemic diarrhea have been reported. Shigellosis is an
infectious disease caused by Shigella. The IpaD protein is one of the most important virulence factors in
Shigella. For production of recombinant protein, coding sequence of ipaD+stxB cloned to pET28(a)
exprsson vector and cloned gene confimed by PCR and restriction enzyme digestions. Coding sequence
expressed in E. coli (BL21) was confirmed by SDS-PAGE, ELISA and Western blot. The recombinant
protein accounted for about 54.87% of total bacterial proteins. Plant exprssion vector constructed via
Golden Braid method. Transient expression of ipaD+stxB in lettuce performed with agrobacterium C58
strain and was confirmed at the level of transcriptome and protein through RT-PCR and ELISA assay.
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Tablel. Primers used for gene cassette ipaD-stxB

Name Sequence
IpaDF 5GTCGACGGATCCCGTACCACCAACCAGGCGCS
IpaDSR 5GGTGTAAGAAGACACCGCGT3'
IpaDSF 5GCGGTGTCTTCTTACACCCGTGCGCGTCGTACCCCG3
StxBR 5GGTACCCTCGAGACGGAAGATAACTTCAGAGAA3Z'
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Table2. Thermal cycles for SOEing PCR

Time Tempreature Process

min 4 94°C (Denaturing)
second 35 94°C (Denaturing) 32 CYCLE
econd 35 58°C (Annealing)
second 35 72°C (Extension)

min 10 72°C (Final extension)
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Table3. Primers used for gene cassette ipaD-stxB for transient expression to lettuce

Sequenc Name
5'GCGCCGTCTCGCTCGAATGGGATCCCGTACCACCA3’ Froward
5'GCGCCGTCTCGCTCAAAGCTTAACGGAAGATAACTTCAGAGAAY’ Revers
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Table4. Primers used for gRT-PCR

Name Sequnce

R.SH.F 5GCAAGAAGGAATACCCGATCAA3Z
R.SH.R 5CAGGTACTGCTCGTTGATGTT3'
F.Actin 5’ TGATTGGAATGGAAGCTGCTG3’
R.Actin 5’CAGTGATTTCCTTGCTCATCCG3’
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Figure 2. Fusion of ipaD and stxB by SOEing PCR. A: Amplification of stxB, B: Amplification of ipaD,

C:Amplification of ipaD + stxB by SOEing PCR, lane 2 amplification of ipaD, lane 3 amplification of stxB
and M molecular size marker 100bp. Agarose gel 1%.
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Figure3. Digestion of expression vector pETipaD+stxB with BamHI enzyme. Colomns 1 and 2; digested
plasmids. Colomns 3 and 4; plasmids (control). Colomn 5; molecular size marker 100bp.
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Figure5. Expression of recombinant protein ipaD+stxB in BL21. Colomn 1; control, colomns 2, 3 and 4;
sampling 1, 2 and 4h after mductlon{zotal protellr\}%, colomn 5; control, colomns 6, 7 and 8; samplying 1,

and 4h after induction(soluble protein). M marker size protein (Blue) (SDS PAGE 12%).
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Figure 6. Puridication of recombinant protein ipaD+ stxB expressed in BL21. Colomn 1; control, M

marker size protein. Colomns 2 and 3; bacterial extract before purification; colomn 4; bacteri after
purification with Ni-NTA agaros absorbtion choromotograpghy (SDS PAGE 12%).
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4- Enzym Linked Immunosorbent Assay (ELISA)
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Figure7. ELISA for recombinant protein expressed in BL21. A) absorbtion in 450 nm with polyclonal

antibody against ipaD. B) Standard curve for ipaD used polyclonal antibody against ipaD as a first
antibady.
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Figure8. Westhern blotting for confirm expression of recombinant protein in bacteria. A) Colomn 1; control
(Bacteria without construct), colomn 2; ipaD protein and colomn 3; ipaD+stxB protein. M; marker size ladder. B)
Westhern blotting with anti tagged histidin C) westhern blotting with polyclonal antibody against ipaD. D) Colomn 1;
ipaD+stxB protein; colomn 2; ipaD.
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Figure9. ELISA for recombinant protein ipaD+stxB expressed in lettuce. A) absorbtion in 450 nm with ipaD
polyclonal antibody B) Standard curve for ipaD+stxB used ipaD polyclonal antibody.
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Figurel0. RT-PCR with specific primers of ipaD for confirm transcription of ipaD in lettuce after
agroinfiltration. Colomn 1; control, colomns 2, 3 and 4; transient expression. M molecular size ladder 100
bp. Sinacolon (Agaros gel 1%0).
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Figurell.Relative expression ipaD measured via g-RT-PCR in lettuce leaves.

oS oiml sleanie 5 (S p 8l o e o
Sl a9 8590 Hlewn oS Sg5 Sl n wde sl
.(Negrouk et al., 2005)

ipaD-StXB oS g g p ole 5l sdwliawods A
2 OFdlogl S YVO (JoSUge (159 b (g n (s SL 50

3¢5 o o, gl ;o (Pourseyedi et al., 2009)

g bl als b anglin (o ygigi g dzmigy cisly ol
Slooution oy Glp i (Jewily) cod)b
a3 g 4l o ol kil (ol o ey
Sl 5l 585 50 Gl Glime Jdo (ped 45 Bigd oo
~asSIT Sl e Juds 4 gals .(Hefferon, 2009)



w35 1PAD-SIXB ¢S e 55 3080 N5 Ol i), Kad g (5095 la YY-

gy Egezmeys il (aseiie JpVI oail S (0,8
al)9ols S S Jolxe (eign o )d +IVO oS 59
5 5L glo Blels dnlin .cul ools olais| oy
Ao, OF/IAY) Fob ades YL ol bacaslis oLS
doyd IY0) oS a4 Cund $SL y0 (S (eEgp
Oy Ol g ol bl el (S S Jslone (o859
Shyr 25 Sly adsi jslareas olS o oS S

Bl Coenl

Sl ol
5 el 09,5 QLB 5 oole ctim slacl sl alews n
oty ek wlie 5 (55l o n LS Lol
singe b | b onl sl Uil &5 (ol
RV NN

ol plas sl b ,S15 g9, SWasl 0,90 (F3g 83gd0me
oeBsn Sisel o |y ylogine gl Y1 (e
8 e 5 ojle sl lags 5SS 5l eaelcussa JS
odsi ,Sily a8 ol ol (o3l ey sl Sl wals
ipaD Jugls' b ol b o (ian s bl 5 5ol
el ool plaisl sex w0 ) 6550 IS igp
5ol 5 1PAD JUsls o ool b st (65 as)
e Mg S paens (ST JUglsise (ool
S50l oy sl easarsle 85l 5,5 sl |, oS 5s
S rSLg ST S 4 cdge Jlanl L oS o ipaD+stxB
;5 5 RT-PCR | oslizul L RNA mlaw o al5 4y
s b izpe 0B 9l 591 (03T b (es el
oS gipaD Lalls Sl eoliiul b o il lsges

REFERENES

1. Aboei Mehrizi, F. A., Abbasi, A., Honari, H. & Alizadeh, H. (2016). The use of viral translation
enhancer and suppressor of gene silencing 2b to construct binary vector for high expression of
protective antigen and lethal factor of the bacteria that cause anthrax. Iranian Journal of Crop
Sciences,47(3), 353-366.(In Farsi).

2. Arai, R, Ueda, H., Kitayama, A., Kamiya, N. & Nagamune, T. (2001). Design of the linkers which
effectively separate domains of a bifunctional fusion protein. Protein engineering, 14(8), 529-532.

3. Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical biochemistry, 72(1-2), 248-254.

4. Choi, M. S., Yoon, I. S, Rhee, Y., Choi, S. K., Lim, S. H.,, Won, S. Y., ... & Lomonossoff, G. (2008). The
effect of Cucumber mosaic virus 2b protein to transient expression and transgene silencing mediated
by agro-infiltration. Plant Pathol J, 24, 296-304.

5. Commandeur, U., Twyman, R. M. & Fischer, R. (2003). The biosafety of molecular farming in plants.
AgBiotechNet, 5(110), 1-9.

6. Daniell, H., Streatfield, S. J. & Wycoff, K. (2001). Medical molecular farming: Production of
antibodies, biopharmaceuticals and edible vaccines in plants. Trends in plant science, 6(5), 219-226.

7. Engedal, N., Skotland, T., Torgersen, M. L. & Sandvig, K. (2011). Shiga toxin and its use in targeted
cancer therapy and imaging. Microbial biotechnology, 4(1), 32-46.

8. Engvall, E. & Perlmann, P. (1971). Enzyme-linked immunosorbent assay (ELISA) quantitative assay
of immunoglobulin G. Immunochemistry, 8(9), 871-874.

9. Guy, C., Haskell, D., Neven, L., Klein, P. & Smelser, C. (1992). Hydration-state-responsive proteins
link cold and drought stress in spinach. Planta, 188(2), 265-270.

10. Hefferon, K. L. (2009). Biopharmaceuticals in plants: toward the next century of medicine. CRC Press.

11. Hiatt, A., Caffferkey, R. & Bowdish, K. (1989). Production of antibodies in transgenic plants. Nature,
342(6245), 76-78.

12.Honari, H., Amlashi, I., Minaei, M. E., & Safaei, S. (2013). Immunogenicity in guinea pigs by IpaD-
STxB recombinant protein. Arak Medical University Journal (AMUJ), 4 (73), 84 - 93. (In Farsi).

13.Kapila, J., De Rycke, R., Van Montagu, M. & Angenon, G. (1997). An Agrobacterium-mediated
transient gene expression system for intact leaves. Plant science, 122(1), 101-108.

14. Kapusta, J., Modelska, A., Figlerowicz, M., Pniewski, T., Letellier, M., Lisowa, O. & Legocki, A. B.
(1999). A plant-derived edible vaccine against hepatitis B virus. The FASEB Journal, 13(13), 1796-
1799.

15. Lamphear, B. J., Jilka, J. M., Kesl, L., Welter, M., Howard, J. A., Streatfield, S. J. (2004). A corn-
based delivery system for animal vaccines: An oral transmissible gastroenteritis virus vaccine boosts
lactogenic immunity in swine. Vaccine, 22(19), 2420-2424.

16.Li, J., Chen, M., Liu, X. W., Zhang, H. C., Shen, F. F. & Wang, G. P. (2007). Transient expression of
an active human interferon-beta in lettuce. Scientia Horticulturae, 112(3), 258-265.

17.Ma, J. K., Drake, P. M. & Christou, P. (2003). The production of recombinant pharmaceutical


http://en.journals.sid.ir/JournalList.aspx?ID=3935
http://en.journals.sid.ir/JournalListPaper.aspx?ID=153533

YY) VAR bl oY 5L B0 8,90 o)l sl LS psle

proteins in plants. Nature Reviews Genetics, 4(10), 794-805.

18.Nezhad moghadam, M. R. Modaresi, M. H. Bababshamsi, M. & Chanankhah, M. (2006).
Streptokinase, extraction, cloning and expression of high recombinant active protein by the
simplification approach in the purification process. Research in medicine. 30(3), 245-252. (In Farsi).

19. Niyogi, S. K. (2005). Shigellosis. Journal of microbiology (Seoul, Korea), 43(2), 133-143.

20.Obembe, O. O., Popoola, J. O., Leelavathi, S. & Reddy, S. V. (2011). Advances in plant molecular
farming. Biotechnology advances, 29(2), 210-222.

21.0rzaez, D. (2016). lab Golden Braid 3.0 kit.

22. Pourseyedi, S., Hashemi Sohi, H., Omidi, M., Ghoreshi, S. A., Boushehri, S. N. & Jourabshi, E. (2009).
Transient expression of VP2 gene of very virulent IBDV in tobacco, Alfalfa and lettuce leaves by
agroinfiltration. Veterinary Journal.83, 18-25. (In Farsi).

23.Russell Sambrook, J. (2001). Molecular cloning: A laboratory manual, 3rd edn. Coldspring
Harbour.CSHL.

24.Shokrian Hajibehzad, S., Honari, H., Nasiri, J., Mehrizi, F. A. & Alizadeh, H. (2016). High-level
transient expression of the N-terminal domain of IpaD from Shigella dysenteriae. In Vitro Cellular &
Developmental Biology-Plant, 52(3), 293-302.

25.Sun, H. J., Cui, M. L., Ma, B. & Ezura, H. (2006). Functional expression of the taste-modifying
protein, miraculin, in transgenic lettuce. FEBS letters, 580(2), 620-626.

26. Twyman, R. M., Stoger, E., Schillberg, S., Christou, P. & Fischer, R. (2003). Molecular farming in
plants: Host systems and expression technology. TRENDS in Biotechnology, 21(12), 570-578.

27.Wang A. & Ma S (2012) Molecular farming in plants: Recent advances and future prospects: Springer.

28.Wang, K. (2015). Agrobacterium protocol. Third edition, Methods in molecular biology 1223, Humana
press.

29.Zuo, X., Zhang, X., Shan, L., Xiao, C., He, D. & Ru, B. (2000). Expression of human intestinal trefoil
factor (hITF) gene in lettuce. Acta Botanica Sinica, 43(10), 1047-1051.



