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Table 2: Composition and reagents for enzymatic

digestion of plasmid pBI121 bearing Vp28 gene and
plasmid pPCAMBIA1304
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Figure 2: Digestion of plasmid pB1121 , removing the
GUS gene and its accompanying sequence between
two enzymes Sacl and BamHI with a length of 1894
bp; LaneS 2 and 3 digestion of pBI121 plasmid ,
extracting the GUS gene and its accompanying
sequence between two enzymes Sacl and BamHI with
a length of 1894 bp, Lane 1 DNA Ladder 1Kbp
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Figure 1: Amplification of Vp28 gene using specific
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Figure 4: Enzymatic digestion of VVp28 gene fragment
inside pBI121 along with S35 promoter and
terminator; Lanes 2 and 3 Enzymatic digestion of
Vp28 gene fragment inside pBl121 along with S35
promoter and terminator and observation of 1524 bp
fragment. Lane 1 DNA Ladder 1Kbp
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Figure 3: Colony PCR of transformed bacteria
containing plasmid pBI1121 bearing Vp28 gene with a
length of 615 bp, Lane 1 positive control, Lanes 2 and
3 positive colony containing Vp28 gene. (DNA Ladder
1Kbp, Fermentase Company)
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Figure 6: Enzymatic digestion of plasmid
pCAMBIA1304 using Hind III and EcoRI enzymes;
Lane 2 digestion of VVp28 gene fragment(1524bp) inside
pCAMBIA1304 along with S35 promoter and
terminator, Lane 1 DNA Ladder 1Kbp
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Figure 5: Colony PCR from transformed bacteria
containing plasmid pPCAMBIA1304 bearing Vp28
gene with 615 bp length; Lanes 2, 3 and 4 VVp28 gene
positive colony, Lane 1 DNA Ladder 1Kbp
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Figure 7: PCR of GUS and Hygromycin gene from extracted DNA of transgenic microalgae; Lane 1 Positive control of Hygromycin
gene from plasmid pCAMBIA1304, Lane 2 Positive control of GUS gene from plasmid pCAMBIA1304, Lane 3 Negative control of
Hygromycin gene from control sampl, Lane 4 Negative control of GUS gene from control sample, Lanes 5,7, and 9 Hygromycin from

sample of Chlorella vulgaris transformed by electroporation, Lanes 6,10, and 8 GUS circular plasmid from Chlorella vulgaris
sample transformed by electroporation, DNA Ladder Mix on 1.2% agarose gel
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Figure 8: RT-PCR of Vp28 gene from cDNA synthesized from transgenic microalgae; Lane 2 Positive control of Vp28 gene, Lane 3
Negative control of the control sample, Lane 4 Chlorella transformed by electroporation with circular plasmid 5 Chlorella
transformed by electroporation with linear plasmid (indicating the absence of the relevant gene); Lnaes 7, 8 and 6 Chlorella
transformed by electroporation with circular plasmid; Lane 1 and 9 DNA Ladder Mix on 1.2% agarose gel

s5


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.3.1.7
http://isfj.ir/article-1-2447-en.html

[ Downloaded from isfj.ir on 2026-02-06 ]

[ DOR: 20.1001.1.10261354.1401.31.3.1.7 ]

YU Sy (Bl caols lyle VP28 (5 a8 wisls
ol s &0 (g Loy 5

oLen 5 Witteveldt 4 (v--#) K2 4 Jha
oo E.coli g x5L o 1, VP2g o5 axwdles (Y- +8)
w05 ol sdlyg (Y0 2) o) Kea g DU oS
(V) oLen 5 Jha oS ol ot clo sk
WS ol jete sladshe o 1) Vpas 5 axly
5 ©9len Gapias 3 oad olo slaceSy
ol ol ees plas g9 Sdes 5 s L Dolis Do ST
Slpeds (995 9 S395lS sladign il Solo
VP2s 05 51 oo ol slacsean o obj aez 5 5l
Kol plas (V- +9) ol Kea 5 Witteveldt .ol
$en (ol s S0 ,25 sl 5ls 3590 (g p e
o0 oeBen rl ) eSS B oSty lye @
hom ol plas (g onl @l g 28k (o0 Jb 555
V505000 PO wsslem £955 5l B STy Sl eoli
Sl aoye Yl opSslr cely (Sogdl Jgl 5,
5 eolawl wisls Hlas (V- +8) oK 5 DU 05is o
@ Slyis sl sle ¢ E.cOll 5l ool by utiep
Sl 5l 6 xSol> 5o ildgme A STy lgre
3,0 60 St aSJ

olis a5 cul st bl ol Slides o 15
a Wlgioe VP28 oS 55 (i Olaped i o
wang e 0 Fee g F5S slaghy, Sl e ol
Taengchaiyaphum et al., ) ss,5 colaxwl WSS
(2017; Dyo and Purton, 2018, Ma et al., 2020
5leslatwl b ooy ean] jo Cenl lgssal sdimn g
(GeiS onl 3 Jole VP28 0F sl (S bl
O Grge i IN-VIVO (LSS slaialesl o wilsny
aled sliy) apbs oS (g ko S

I Jale gy VP28 oanS o5 05 gy cnl 5o
C. vulgaris Sl 5,80 ;5 JolS job &y 55 s
Ol Gl 4 azg Loy ab JE
S S Sl ol Yol (55 ol (g Y5555
Codgan dbml g Gl @lp omlie @laails Wlg o
2l (SThe> D)9 4 $Ke 50 s aSJ g g ade

44

s s slen lagmg g 5l cilise sloos,gl 3 oy
S gase b 009ll g cdaime 13 g pg slatl g Jll
g Glp eigml wnlple Sl Jlisa 1, sy
slagty, 51 e lagwgny onl I oleesysl
5 ebie pes 4 005 o oolaiul (g ldcan;
cilize oy ols (silalaz slp W w3l slo Jle
Sloladl Lol )’l.éT oo n ol adsd g wepg ol
sl ls 5 <5 s aiwe; ol jo culel g et
Ol oled el oad py 5 ST 05 ol ) (Sslie
Pya> 3 ewn s oeban 2l Ol S LWL
Oy st i ol (55 (S Coals) dnsy (K]
Vb Sy 5 o0 Sliiiod 5l Jol> gl g S i
VP2 05 ole 5 dole sy a1 o5
(Kiataramgul et al., 2020) sl

Pl gy Lide b VPos o5 pil> Gedos o
50 Sl 0 Cawglae slowl Gl a2 jshate 45 0y0 )T
JrsS eod 05l eSS aml Vp2s o ole S
S 995 a5 C.ovulgaris d>g,Se 45 35S 5504
wiboo 0 JUl g (ewiige ln el slaglies S
Silwaisu )15 e (Yang et al., 2016) os Jaxw
b () e 1 Coo vulgaris
b oolind VP28 5 JIg axls PCAMBIA1304
lie O3] Wl o inSsn (nl & 4nd)d
P eSS Dyge 4 b ail JoSle kil cux
sbry) s 480 g lens 5l 6 pFslr 6l STy Lo
Ngp 54 ugpg opl alize sladisS aliwgdy oo
Cowl 00503 HKST 1) diey opl 0 cwyp Coenl
(Y- - %) o,es 3 Chaisvisuthangkura
oL 9 Makesh «(Y--f) e 3 Namikoshi
van Hulten 4 (Y-\Y) Fagutao s Caipang «(Y - -#)
O Hligean e ORF VAN 0 51 (Y2 2)) o) Ken
3o S (Vpis, VPio, VPas, VP2s, VP2s) ot 03
2 0,5 lelid 1) ugps abewsay (glen Sl
205 i Olge 4 VP2 ) gom Slidss
30,5 (Byre 95ee des a8 (6 las (23 slen ] B
s (YY) o Ken g Tang 4 (Y« + F) o, e 4 Yi


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.3.1.7
http://isfj.ir/article-1-2447-en.html

[ Downloaded from isfj.ir on 2026-02-06 ]

[ DOR: 20.1001.1.10261354.1401.31.3.1.7 ]

VP28 55 JEnl 5 L85 g lola

Global Journal of Inviromental Science and
Management, 2(10),217-230. DOl:
10.22034/gjesm.2017.03.02.010

Du, H., Xu, Z., Wu, X, Li, W. and Dai, W.,
2006. Increased resistance to white spot
syndrome virus in Procambarus clarkii by
injection of envelope protein VP28
expressed using recombinant baculovirus.
Aguaculture, 260, 39-43.
DOI: 10.1016/j.aquaculture.2006.06.032.

Dyo, Y. M. and Purton, S. 2018. The algal
chloroplast as a synthetic biology platform
for production of therapeutic proteins.
Microbiology  (Reading), 164, 113-
121.DOI: 10.1099/mic.0.000599.

Yl, G.ZW., Yipeng, Q.l., Lunguang, Y.,
Juan, Q. and Longbo, H., 2004. Vp28 of
Shrimp White Spot Syndrome Virus Is
Involved in the Attachment and Penetration
into Shrimp Cells. Journal of Biochemistry
and Molecular Biology, 37, 726-734. DOI:
10.5483/bmbrep.2004.37.6.726.

Jha, R.K., Xu, Z.R., Shen, J., Bai, S.J., Sun,
J.Y. and Li, W.F., 2006. The efficacy of
recombinant vaccines against white spot
syndrome virus in Procambarusclarkii.
Immunology Letters, 105(1), 68-76. DOI:
10.1016/j.imlet.2006.01.004.

Kiataramgul, A., Maneenin, S., Purton, S.,
Areechon, N., Hirono, |., Brocklehurst,
T.W. and Unalak, S., 2020. An oral
delivery system for controlling white spot
syndrome virus infection in shrimp using
transgenic microalgae. Aquaculture, 521,
735022. DOI:
10.1016/j.aquaculture.2020.735022

&bw

Borowitzka, M.A., 1999. Commercial

production of microalgae: ponds, tanks,
tubes and fermenters. Journal of
Biotechnology, 70, 313-321. DOI:
10.1016/S0168-1656(99)00083-8

Caipong, C.M.A. and Fagutao. F., 2013.

Transcriptional upregulation of fortilin in
shrimp, Penaeus (Metapenaeus) japonicus
fed diets containing recombinant VP28, an
antigenic protein of white spot syndrome
virus (WSSV). Aquaculture, Aquarium,
Conservation and Legislation. International
Journal of the Bioflux Society, 6(4):345-
351. http://www.bioflux.com.ro/aacl

Cardozo, K. H. M., Guaratini, T., Barros,

M. P., Falcao, V. R., Tonon, A. P., Lopes,
N. P., Campos, S., Torres, M. A., Souza,
A. O., Colepicolo, P. and Pinto, E., 2007.
Metabolites from algae with economical
impact. Comparative Biochemistry and
Physiology part C Toxicology and
Pharmacology, 146, 60-78.DOI:
10.1016/j.cbpc.2006.05.007

Chaisvisuthangkura, P.,

Tangkhabuanbutra, J., Longyant, S.,
Sithigorngul, W., Rukpratanporn, S.,
Menasveta, P. and Sithigorngul, P., 2004.
Monoclonal antibodies against a truncated
viral envelope protein (VP28) can detect
white spot syndrome virus (WSSV)
infections in  shrimp. ScienceAsia,
30(4).359-363. DOI:
10.2306/scienceasial513-1874.2004.30.359

Daliry, S., Hallajisani, A., Mohammadi, R.

J., Nouri, H. and Golzary, A., 2017.
Investigation of optimal condition for
Chlorella vulgaris microalgae growth.

FA


https://dx.doi.org/10.22034/gjesm.2017.03.02.010
https://doi.org/10.1016/j.aquaculture.2006.06.032
https://doi.org/10.1099/mic.0.000599
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.3.1.7
http://isfj.ir/article-1-2447-en.html

[ Downloaded from isfj.ir on 2026-02-06 ]

[ DOR: 20.1001.1.10261354.1401.31.3.1.7 ]

Ma, K., Bao, Q., Wu, Y., Chen, S., Zhao, S.,

Wu, H. and Fan, J., 2020. Evaluation of
microalgae as immunostimulants and
recombinant  vaccines  for  diseases
prevention and control in aquaculture.
Frontiers Bioengeenering Biotechnology, 8,
590431. DOI: 10.3389/fhioe.2020.590431

Makesh, M., Koteeswaran, A., Chandran,

N.D.J., Murali M.B. and Ramasamy, V.,
2006.  Development of  monoclonal
antibodies against VP28 of WSSV and its
application to detect WSSV using
immunocomb. Aquaculture, 261, 64-71.
DOI: 10.1016/j.aquaculture.2006.08.034

Namikoshi, A., Wu, J.L., Yamashita, T.,

Nishizawa, T., Nishioka, T., Arimoto, M.
and Muroga, K. 2004. Vaccination trials
with Penaeus japonicus to induce resistance
to white spot syndrome virus. Aquaculture,
229, 25-35. DOI:  10.1016/s0044-
8486(03)00363-6

Sambrook, J., Fritsch, E.F. and Maniatis,

T., 1989. Molecular Cloning: A Laboratory
Manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor, ISBN 0879693096,
267, 9289-9293.

Soltani, N., Khavari-nejad, R.A., Yazdi,

4

M.T., Shokravi, S. and Fernandez-
valiente, E., 2006. Variation of nitrogenase
activity, photosynthesis and pigmentation
of the cyanobacterium Fischerellaambigua
strain FS18 under different irradiance and
pH values. World Journal of Microbiology
and Biotechnology, 22, 571-576.DOI:
10.1007/s11274-005-9073-5

Taengchiyaphum, S., Nakayama, H.,,
Srisala, J., Khiev, R., Aldama-cano, D. J.,
Thitamadee, S. and Sritunyalucksana,
K., 2017. Vaccination with multimeric
recombinant VP28 induces high protection
against white spot syndrome virus in
shrimp. Developmental and Comparative
Immunology, 76, 56-
64.D0I:10.1016/j.dci.2017.05.016

Tang, X., Wu, J., Sivaraman, J. and Hew, C.
L., 2007. Crystal structures of major
envelope proteins VP26 and VP28 from
white spot syndrome virus shed light on
their evolutionary relationship. Journal of
Virology, 81(12), 6709-17. DOI:
10.1128/JV1.02505-06

Van Hulten, M. C., Witteveldt, J., Peters, S.,
Kloosterboer, N., Tarchini, R., Fiers, M.,
Sandbrink, H., Lankhorst, R. K. and
Vlak, J. M., 2001. The white spot
syndrome virus DNA genome sequence.
Virology, 286(1), 7-22. DOl:
10.1006/vir0.2001.1002

Witteveldt, J., Vlak, J. M. and van Hulten,
M.C., 2006. Increased tolerance of
Litopenaeusvannamei  to  white  spot
syndrome virus (WSSV) infection after oral
application of the viral envelope protein
VP28. Disease of Aquatic Organisms,
70(1-2), 167-70. DOI: 10.3354/dao070167

Yang, B., Liu, J., Jiang, Y. and Chen, F,,
2016. Chlorella species as hosts for genetic
engineering and expression of heterologous
proteins: Progress,  challenge  and
perspective. Biotechnology Journal, 11,
1244-1261.


https://doi.org/10.1016/j.dci.2017.05.016
https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.3.1.7
http://isfj.ir/article-1-2447-en.html

[ Downloaded from isfj.ir on 2026-02-06 ]

[ DOR: 20.1001.1.10261354.1401.31.3.1.7 ]

Iranian Scientific Fisheries Journal Vol. 31, No.3

Isolation, replication and transmission of VP28 gene of shrimp white spot virus into
Chlorella vulgaris microalgae using electroporation

Hosseini S.D.1*; Hosseini M.S.2; Rezai S.M.3

*hosseinida@yahoo.com

1-Razi Vaccine and Serum Research Institute, Agricultural, Research Education and Extension
Organization (AREEO), Arak, Iran

2-Alzahra University, Tehran, Iran

3-Sari University, Mazandaran, Iran

Abstract

White spot disease (WSD) is one of the most important diseases in shrimp farming, which has
caused a decrease in production and severe economic damage all over the world, including
Iran. Mortality caused by this severe disease is very high and reaches 100% within 3 to 10
days from the onset of the disease. According to global statistics, about 300,000 tons of
shrimp are lost due to this disease every year in the world. For example, within the years
2004, 2006, 2007, 2015, 2016 and 2019, the outbreak of this disease caused millions of dollar
losses to the producers in Iran. Since the VP28 viral protein gene is one of the most important
white spot disease virus envelope proteins and plays a role in sticking to and penetrating
shrimp cells, and since microalgae is the most important source of food for shrimp in the
larval stage, So it can be a suitable host for making a vaccine. So in this study, samples of
shrimp (Penaeus indicus) suspected of white spot disease from Abadan (Khuzestan province)
breeding ponds were transferred to the laboratory of Razi Vaccine and Serum Institute of
Arak branch and the genomic DNA of the virus was extracted using proteinase K and
phenol/chloroform methods. The VP28 gene was proliferated by PCR method, inserted into
pCAMBIA1304 vector and finally transferred to Chlorella vulgaris microalgae using
electroporation method.
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