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Abstract It has been realized that shrimp cell

immortalization may not be accomplished without

in vitro transformation by expressing immortalizing

gene in cells. In this process, efficiency of transgene

expression is confined to the ability of vectors to

transmit gene of interests to the genome. Over the years,

unavailability of such vectors has been hampering

application of such a strategy in shrimp cells. We report

the use of recombinant baculovirus mediated transduc-

tion using hybrid promoter system for transgene

expression in lymphoid cells of Penaeus monodon.

Two recombinant baculovirus vectors with shrimp viral

promoters (WSSV-Ie1 and IHHNV-P2)were construct-

ed (BacIe1-GFP and BacP2-GFP) and green fluorescent

protein (GFP) used as the transgene. The GFP expres-

sion in cells under the control of hybrid promoters, PH-

Ie1 or PH-P2, were analyzed and confirmed in shrimp

cells. The results indicate that the recombinant bac-

ulovirus with shrimp specific viral promoters (hybrid)

can be employed for delivery of foreign genes to shrimp

cells for in vitro transformation.

Keywords Transgene expression � Penaeus
monodon � Shrimp specific vectors �Hybrid promoter �
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Introduction

Research over the last few decades pointed out that

shrimp cell line development would not be possible

unless otherwise in vitro transformation through

immortalizing genes were brought about. To accom-

plish this objective shrimp specific expression vectors

turn out to be the essential requirements. Various

methods have been used to deliver such vectors

carrying foreign genes into eukaryotic cells, which

include both physicochemical (electroporation and

bombardment with gold or wolfram microparticles)

and biological (lipid conjugates in the form of

liposomes and recombinant viruses) techniques (Bel-

jelarskaya 2011). Among them, viral vectors have

been proven to be the most efficient tools for genetic

modification of majority of somatic cells in vitro and

in vivo (Sarkis et al. 2000). On this line, many viral

vectors have been developed and widely used in gene

transfer (transduction) and expression. To put togeth-

er, they have been adenoviral (Kozarsky and Wilson

1993; Huard et al. 1995), retro and lentiviral (Naldini
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et al. 1996; Felder and Sutton 2009; Poluri et al. 2003),

adeno-associated viral (Hermonat and Muzyczka

1984; Carter 2005) and baculoviral (Zeng et al.

2009) vectors. Among them, the baculovirus has

emerged as the most promising gene delivery system

in recent years (Lo et al. 2009). In every such case,

efficiency of the viral mediated transduction and

transgene expression is depended on the ability of the

viral particle to transmit their genome into the nuclei.

Baculoviruses have been under investigation since

1920s as biopesticides (Black et al. 1997). After a long

history, in 1985, first successful in vitro gene transfer

by a recombinant baculovirus was accomplished by

Carbonell et al. (1985) that made baculovirus a tool in

gene transfer technology, especially in the over

expression of cloned genes (O’Reilly et al. 1992).

Since then, the recombinant baculoviruses have been

successfully used for gene transfer in various eukary-

otic cells including those of fishes (Smith and Sum-

mers 1989; Leisy et al. 2003; Wagle and Jesuthasan

2003; Wagle et al. 2004), chicken and duck (Ping et al.

2006; Song et al. 2006), fruit fly (Oppenheimer et al.

1999; Lee et al. 2000), honey bees (Ando et al. 2007),

shrimp (Lu et al. 2005; SyedMusthaq et al. 2009; Syed

Musthaq and Kwang 2011) rabbit (Airenne et al.

2000), monkey (Tani et al. 2001) and human (Hof-

mann et al. 1995; Kost and Condreay 2002). Besides,

recombinant baculovirus has been used for gene

therapy (Luo et al. 2011; Zhao et al. 2012), and

vaccine production (van Oers 2006; Treanor et al.

2007; Hu et al. 2008; Cox 2012). More recently,

Gamble and Barton (2011) expressed human telom-

erase reverse transcriptase (TERT) in primary fibrob-

lasts and extended their replicative lifespan in vitro

using recombinant baculovirus.

As primary shrimp cells are sensitive to standard

gene delivery systems such as liposome-based trans-

fection and electroporation, transduction mediated by

recombinant baculovirus (having shrimp viral pro-

moters) has been found an ideal proposition for

transgenic expression in shrimp cells in vitro. Ac-

cordingly, recombinant baculovirus constructs were

generated, that carried expression cassettes consisting

of the gene encoding GFP as reporter gene (transgene)

linked either to WSSV Ie1 or IHHNV P2 promoter as

crustacean (shrimp) specific transduction vectors, and

evaluated. These versatile transduction systems were

designed with a vision to develop cell lines from

shrimp through the delivery of immortalizing gene,

development of DNA vaccines to crustaceans against

viruses, and specific pathogen resistant or multiple

pathogen resistant crustaceans through transgenesis.

Materials and methods

Plasmid vectors used

P2 complete Fluc pGL3 basic vector containing P2

promoter region of the infectious hypodermal and

hematopoietic necrosis virus (IHHNV) (Dhar et al.

2007) was kindly received from Dr. Arun K. Dhar,

Viracine Therapeutics Corporation (Columbia, MD,

USA). pEGFP-N1 vector containing the gene encod-

ing the green fluorescent protein (GFP) was obtained

from Clontech (Mountain View, CA, USA) and

pFastBac 1TM containing the polyhedrin (PH) pro-

moter and DH10BacTM containing bacmid and helper

plasmids were obtained from Invitrogen, Carlsbad,

CA, USA. All plasmids were transformed into

respective E. coli hosts and maintained as glycerol

stock at -80 �C (New Brunswick Scientific, Tolles-

bury, Maldon, England).

Crustacean specific putative promoter fromWSSV

and IHHNV

The WSSV-Ie1 (hereafter Ie1) basic promoter (Liu

et al. 2005; Lu et al. 2005) was amplified through PCR

from P. monodon challenged with WSSV (White spot

syndrome virus) through intramuscular injection

(Sudheer et al. 2011). The putative P2 promoter of

IHHNV (here after P2) was PCR amplified from the P2

complete Fluc pGL3 basic vector (Dhar et al. 2007)

containing the P2 promoter. The Ie1 basic promoter

region from -1 to -512 was PCR amplified using the

primer set (BamH I site is underlined) of F-50-GGA
TCC TCCCTACGTATCAAT TTTATG TGGCTA

ATGGAGA-30 and R- 50-GGATCCACGCGT CGA

CCT TGA GTG GAG AGA GAG CTA GTT ATA

A-30 (Lu et al. 2005). P2 complete pGL3 vector (Dhar

et al. 2007) was used for the PCR amplification of

putative the P2 promoter region using the primer set

NP602F-50GGA TCC CTG CGA GCG CTT CGC

AG-30 and NP602R- 50-GGATCC TAG CAC TTG

GAA TAG CCT CTT-30 (BamH I site is underlined).

The 25 ll PCRmixture (New England Biolabs (NEB),

Hitchin, UK) containing 2.5 ll 109 standard Taq
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reaction buffer (100 mM Tris-HCl, 500 mM KCl and

15 mM MgCl2), 2.5 ll dNTP (2.5 mM), 1 ll Taq

polymerase (0.5 U ll-1), 1 ll genomic DNA for

WSSV-Ie1 promoter and 0.2 ll plasmid DNA (P2

complete PGL3) for IHHNV-P2 promoter (*75 ng),

1 ll each primer (10 pmol ll-1), and the mixture was

made up to 25 ll with ultrapure water. The hot start

PCR programme used for the amplification was 95 �C
for 5 min followed by hold at 80 �C, 32 cycles of

denaturation at 94 �C for 30 s, annealing at 58 �C for

30 s, extension at 72 �C for 2 min, followed by final

extension at 72 �C for 10 min. Amplified products

were ligated with pGEM-T Easy vector (Promega,

Madison, WI, USA) by following the manufacturer’s

instruction. The purified pGEM-T plasmid vectors

containing Ie1 (pGEMT-Ie1) and P2 (pGEMT-P2)

promoter were restriction digested with BamH I (New

England Biolabs (NEB)) to release the corresponding

promoter sequences (Ie1 and P2) and were gel purified

using GenEluteTM Gel Extraction kit (Sigma, St.

Louis, MO, USA) by following the manufacturer’s

instruction.

Construction of the versatile recombinant bacmid

shuttle vector systems with hybrid promoters

and GFP

The pFASTBac 1TM transfer vector was restriction

digested with BamH I and was CIP (Calf Intestinal

Phosphatase) treated following manufacturer’s in-

struction (NEB). The product was gel purified using

GenEluteTM Gel Extraction kit (Sigma, USA). The

purified Ie1 and P2 promoters were ligated (NEB, UK)

with the restriction digested, CIP treated pFASTBac

1TM plasmid vector at BamH I restriction region

downstream to PH promoter to construct two hybrid

transfer vector systems such as pBacIe1 and pBacP2,

respectively. The ligated products were transformed

into E. coli DH5a for its propagation.

The GFP was inserted downstream to hybrid pro-

moter (PH-Ie1 or PH-P2) in the transfer vector system

pBacIe1 and pBaP2, respectively. The GFP was

restriction digested from pEGFP-N1 vector with Sal I

andNot I (NEB, UK). The vectors pBacIe1 and pBacP2

were restriction digested with SalI and NotI (NEB) and

purified using GenEluteTM Gel Extraction kit. The

restriction digested, gel purified GFP gene was inserted

to the corresponding restriction sites (SalI and NotI).

Ligated productswere transfected intoE. coliDH5a and

the confirmed colonies were propagated for plasmid

extraction.

The PH-Ie1-GFP and PH-P2-GFP cassettes in the

pFastBac 1TM transfer vector along with mini-Tn7

transposone element could transposone to the mini-

att-Tn7 target site of the bacmid in the presence of

transposition proteins provided by the helper plasmid

present in DH10BacTM E. coli. Colonies containing

recombinant bacmids were identified by antibiotic

selection and blue/white screening, since the transpo-

sition resulted in disruption of the lacZa gene of

DH10BacTM, transformants produced white colonies.

High molecular weight mini-prep DNA was prepared

from selected E. coli clones containing the recombi-

nant bacmid using PureLink, HiPure Plasmid Mini-

prep kit (Invitrogen, Darmstadt, Germany).

The orientation of bacmid DNA-carrying PH-Ie1-

GFP and PH-P2-GFP fragments (cassettes) were

confirmed by PCR amplification using the M13F

(50CCC AGT CAC GAC GTT GTA AA ACG30)
bacmid primer and GFP specific primer (NP266R-50

CAC GAA CTC CAG CAG GAC CAT G30).

Generation of recombinant baculoviruses

To generate the recombinant viruses, Sf9 cells were

transfected with the confirmed bacmid DNA using

Cellfectin� II reagent (Invitrogen, Grand Island, NY,

USA) by following manufacturer’s instruction.

Briefly, an aliquot of 1 ll (500 ng ml-1) recombinant

bacmid DNA was diluted with 100 ll antibiotic and

serum free TNM-FH medium (Sigma, USA) and

mixed with Cellfectin� II which was previously

diluted by adding 8 ll into 100 ll TNM-FH medium

(antibiotics and serum free). The lipid-bacmid mixture

(transfection mixture) was mixed gently and incubated

at RT for 45 min, added drop wise onto the cells and

incubated at 28 �C for 6 h. After incubation, the

transfection mixture was replaced with TNM-FH

medium containing 15 % fetal bovine serum (FBS)

(Sigma, USA) and antibiotics (HiMedia, India) such as

penicillin (100 U ml-1) streptomycin (100 lg m-1)

and amphotericin B (0.25 lg ml-1). The cells were

further incubated at 28 �C until the sign of viral

infection (cytopathic effect (CPE)) and fluorescent

signals (GFP) could be visualized.

Recombinant baculovirus released in the TNM-FH

medium was collected from each culture dish and was

used to re-infect another sets of Sf9 cells
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(1.5 9 106 cells ml-1) to amplify the viral stock.

After amplification, the medium containing concen-

trated virus was collected in sterile centrifuge tubes

and centrifuged at 5009g for 5 min to remove the cell

debris. The clear supernatant was transferred to fresh

cryovials, covered with aluminum foil to protect from

light and stored at -80 �C until transduction per-

formed in lymphoid cell culture from P. monodon.

Analysis of hybrid promoter mediated

transcriptional activity

Transcriptional activity of the recombinant bac-

ulovirus constructs that carried expression cassettes

consisting of gene encoding GFP as reporter linked

either to PH-Ie1 or PH-P2 hybrid viral promoter was

carried out in Sf9 cells. The hybrid promoter activity

of PH-Ie1 or PH-P2 cassettes in the recombinant

baculovirus BacIe1-GFP and BacP2-GFP, respective-

ly, were determined by examination of GFP (reporter

gene) signals from the transduced Sf9 cells using

Fluorescence-Inverted phase contrast microscope with

GFP filter (Leica DMIL, Wetzlar, Germany). Trans-

duced cells were observed every 3 h for 24 h, and

subsequently in every 24 h for 3 days for the pheno-

typic changes and the GFP signals. Single promoter

(PH) linked GFP cassette (PH-GFP) in recombinant

baculovioral vector Bac-GFP was used as control.

Analysis of the SDS-PAGE separated GFP was

performed. Post-transduced (72 h) Sf9 cells were

harvested in 400 ll 19 SDS-PAGE lysis buffer

(62.5 mM Tris-HCl, pH 6.8, 2 % SDS) and boiled

for 5 min. The extracted protein was subjected to

reducing sodium dodecyl sulphate polyacrylamide gel

electrophoresis (SDS-PAGE) following the method of

Laemmli (1970). Protein expression was determined

by comparing with the protein profile of un-transduced

Sf9 cells (control). Molecular weight of the protein

band was determined by comparing with that of

standards (Genei, Peenya, Bangalore, India).

To assess the safety in handling recombinant

baculoviruse expression system with hybrid promot-

ers, susceptibility of human cell lines such as HeLa

and HEp2 to the virus was tested.

Transduction of shrimp cells in vitro and in vivo

Recombinant baculovirus constructs that carried ex-

pression cassettes consisting of gene encoding GFP as

reporter linked to the hybrid promoter either to PH-Ie1

or PH-P2 were transduced into primary cell cultures

from P. monodon. Cell cultures for transduction were

prepared from various cell types/tissues of P. mon-

odon in 35 mm culture dish in shrimp cell culture

medium (SCCM) following Jayesh et al. (2013, 2015).

After 24 h incubation of cell cultures at 25 �C, the
medium was replaced with 1 ml SCCM and 1 ml

supernatant containing recombinant baculovirus (1:1)

with an MoI 10 and incubated for 6 h at 25 �C,
replaced with growth medium (SCCM) containing

15 % FBS. GFP expression was observed, demon-

strating the hybrid promoter activity in shrimp cells

in vitro. Expression of GFP under the control of either

of these promoter cassettes was evaluated through

microscopic examination. Transduced cell cultures

were observed every 3 h for 24 h, and subsequently in

every 24 h for 3 days for the phenotypic changes and

the GFP signals.

For transduction of shrimp cells in vivo an aliquot

of 10 ll recombinant baculovirus (*1 9 104 pfu ml-1)

was given intramuscularly to healthy P. monodon

(Sudheer et al. 2011). The recombinant baculovirus

BacIe1-GFP and BacP2-GFP carrying expression

cassettes PH-Ie1-GFP and PH-P2-GFP, respectively,

were used for this experiment along with Bac-GFP as

control vector (PH promoter only). After injection

animals were maintained under laboratory conditions

for 45 days in aerated seawater of 15 % salinity and

followed strict bio-security norms to prevent the entry

of this virus to natural ecosystem. After 45 days, the

animals were sacrificed and various tissue/cells of the

animals were observed for GFP expression using

Inverted phase contrast fluorescence microscope

(Leica).

Results

Construction of the versatile vector systems

with hybrid viral promoters

Two recombinant baculoviral transduction vectors,

BacIe1-GFP and BacP2-GFP that carried expression

cassettes consisting of gene encoding GFP as reporter

linked to the hybrid promoter either to PH-Ie1 or PH-

P2 were successfully constructed (Fig. 1). The transfer

vector pFastBac 1TM (Invitrogen) provided the strong

PH promoter from Autographa californica multiple
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nuclear polyhedrosis virus (AcMNPV). Either Ie1 or

P2 promoter was inserted at the position 4032 (4032th

base in vector map) in continuation with 128-bp sized

PH promoter (3904–4032) in pFastBac 1TM transfer

vector to make the hybrid promoter system (Fig. 1a,

b). The 4032th site of the pFastBac 1TM transfer vector

was cleaved with BamH I (Fig. 2a) to insert the shrimp

viral promoter Ie1 or P2 with a sequence size 502-bp

and 116-bp, respectively (Fig. 2b–d). Ie1 and P2 were

the crustacean specific promoters from white spot

syndrome virus (WSSV) and IHHNV, respectively.

GFP, the reporter gene was inserted at the multiple

cloning sites (4037–4142) between 4070 and 4090

position by restriction digestion with Sal I and Not I

(Fig. 2e), confirming that the GFP was in-frame with

hybrid promoter. A total of 20 bases were removed

while replacing GFP gene sequence at this position.

The results from colony PCR using forward primer of

either Ie1 or P2 and the reverse primer of GFP

confirmed the alignment of insert in the transfer vector

(Fig. 2f–h). The expression cassettes containing hy-

brid promoter, multiple cloning sites, GFP were at the

position between transposon elements Tn7R and Tn7L

which allowed the site specific transposition of the

expression cassettes along with a gentamicin resis-

tance gene into the baculoviral genome. Transposon

mediated transposition in bacmid was confirmed using

M13 (forward) and GFP (reverse) primers, indicating

that the inserts were transpositioned in correct orien-

tation (Fig. 2i).

Transduction of Sf9 cells in vitro and evaluation

of transcriptional activity

The efficiency of newly designed baculovirus-medi-

ated transduction vector in gene transfer was

Fig. 1 Generation of

recombinant baculoviral

transduction vector.

A construction of transfer

vector containing hybrid

promoter and GFP. a GFP

cassettes inserted between

Sal I and Not I site in the

transfer vector to construct

wild-type baculovirus

(control) expressing GFP;

b constructed transfer vector

(pBacIe1-GFP) for

generating recombinant

baculovirus with PH-Ie1

hybrid promoter and GFP

reporter; and c transfer

vector (pBacP2-GFP) for

generating recombinant

baculovirus with PH-P2

hybrid promoter and GFP

reporter gene. B schematic

structure for the generation

of recombinant baculovirus

transduction vector from

transfer vector
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Fig. 1 continued

Fig. 2 Agarose gel showing, a Linearized plasmid pFastBac

1TM digested with BamH I; b PCR amplified WSSV immediate

early gene (Ie1) product of 502-bp size from infected animal

(lanes 1-2); c WSSV Ie1 promoter (502-bp) released from

pGEM-T vector after restriction digestion with BamH I (lanes

1-3); d IHHNV P2 promoter (116-bp) released from PGEMT-T

vector after restriction digestion with BamH I (lanes 1-3); eGFP
gene restriction digested from pEGFP N1 with Sal I and Not I;

f colony PCR performed for confirming the alignment of

inserted GFP gene in pFastBac 1TM vector between Sal I andNot

I sites (lanes 1-5); g Ie1-GFP alignment confirmation using Ie1

forward primer and GFP reverse primer (lanes 1-4); h P2-GFP

alignment confirmation using P2 forward primer and GFP

reverse primer (lanes 1-4); i PCR confirmation of the

recombinant bacmid using M13 forward and GFP reverse

primers (lane 1: wild type baculovirus tagged with GFP, lane 2:

recombinant bacmid with P2 promoter, lane 3: recombinant

bacmid with Ie1 promoter)
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successfully confirmed with Sf9 cells. Baculovirus-

derived vector expressing the GFP reporter gene under

the control of either PH-Ie1 or PH-P2 hybrid promot-

ers were expressed, suggesting the transcriptional

initiation and transduction in Sf9 cells. In the case of

both transduction vectors, expression of GFP was

observed in Sf9 cells within 6 h of post transduction.

After 6 h of infection with recombinant virus, 10 % of

the cells expressed GFP and this increased to 20 %

within 12 h post transduction followed by 80 %within

24 h and more or less 100 % total within 32 h.

Moreover, typical baculoviral cytopathic effects were

observed in 12 h post infected cells (Fig. 3). Further-

more, the hybrid promoter induced expression of GFP

was confirmed by SDS-PAGE (Fig. 4), which had

resulted in the presence of expressed protein under the

control of PH-Ie1 and PH-P2 hybrid promoter cas-

settes in the cells transduced with recombinant virus

BacIe1-GFP and BacP2-GFP respectively. Observed

fluorescence intensity from transduced cells suggested

Fig. 3 Recombinant baculovirus mediated tranduction in

insect cells (Sf9). a, c and e phase contrast image of the

transduced Sf9 cells with Bac-GFP, BacIe1-GFP and BacP2-

GFP respectively; b, d, and f corresponding image under

fluorescence microscope. The green fluorescent signals indicate

the active viral transcription inside the cells. The phase contrast

images g, h and i demonstrate cytopathic effect (arrow) after

12 h post infection with Bac-GFP, BacIe1-GFP and BacP2-GFP

respectively. (Color figure online)

Fig. 4 SDS-PAGE analysis of reporter protein (GFP) synthesis

in Sf9 cells infected with recombinant baculovirus (vector):

Mmolecular marker, C control cells without infection, 1 protein

expression under the control of PH-Ie1 promoter (BacIe1-GFP

vector), 2 protein expression under the control of PH-P2

promoter (BacP2-GFP vector). Arrow indicates GFP
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that transcriptional activity in the Sf9 cells was more

or less similar under the control of hybrid promoters,

and high intensity of fluorescent signals was observed

at 24 h post transduction. Further, the transduction

efficiency and the infectivity of the recombinant virus

were found to be 100 % within 32 h post transduction

with *1 9 104 pfu ml-1 (approximate value, sug-

gested by the manufacturer). Sign of infection and

transduction (no GFP signal) were not observed in

human cell lines, HeLa and HEp2, confirming that the

recombinant viral particles were not able to infect

human cells (data not shown).

Transduction of shrimp cells in vitro and in vivo,

and evaluation of transcriptional activity

The recombinant baculovirus BacIe1-GFP and BacP2-

GFP containing PH-Ie1 and PH-P2 hybrid promoter

cassettes drove the expression of GFP reporter gene in

shrimp cells in vitro and in vivo, demonstrated by

fluorescent microscopy. However, PH-GFP (Control)

expression cassettes under the control of PH promoter

in the Bac-GFP virus did not express GFP to a

detectable level. Transduction efficiency in shrimp

cells with both recombinant virus BacIe1-GFP and

BacP2-GFP was found to be 10–20 % in comparison

to the efficiency in Sf9 cells, which was almost 100 %.

In vivo experiments with recombinant viral vector

proved that the trangene could be expressed in most of

the cell/tissue types tested. The recombinant bac-

ulovirus BacIe1-GFP with PH-Ie1 hybrid promoter

was active in gills, nerve ganglia, intestine, muscles,

haemocytes and lymphoid organ. Whilst, recombinant

baculovirus BacP2-GFP with PH-P2 hybrid promoter

was more active in hepatopancreas, haemocytes, gills

and lymphoid organ. In the in vitro experiments,

Fig. 5 Transduction of GFP expressing recombinant bac-

ulovirus in vivo in susceptible larvae of P. monodon 3 days

post infection under microscope (910 magnifications). A a,

c image of gill tissue; b expression of GFP from the same tissue

under baculovirus containing PH-Ie1 hybrid promoter (BacIe1-

GFP); b, d corresponding animals expressing GFP; e uninfected

animal, and f GFP expression from animal infected with

recombinant baculovirus containing PH-P2 hybrid promoter

(BacP2-GFP).B expression of GFP from various gill tissue of P.

monodon transduced with recombinant baculovirus (BacP2-

GFP) containing PH-P2 hybrid promoter; a phase contrast

image of gill tissue; b expression of GFP from the same tissue

under fluorescence microscope indicating the viral transcription

and successful transduction; c and d control animal under bright

field and fluorescent microscope. Low level of auto fluorescence

observed in eyestalk (scale bar 20lm)
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haemocytes, hepatopancreas, lymphoid and heart

tissues were used to confirm their susceptibility to

the recombinant virus particles. The PH-Ie1 promoter

system in BacIe1-GFP virus initiated transcription and

expressed GFP in all cell types tested in vitro.

Meanwhile, with PH-P2 promoter system in BacP2-

GFP, the virus showed more activity in lymphoid cells

and found more cells transduced with GFP expression

than the BacIe1-GFP. In both cases, expression was

observed 48 h post-transduction. Control animals

were subjected to imaging under fluorescence micro-

scope to avoid misinterpretation from the auto-

fluorescence from its exoskeleton and eye stalk

(Figs. 5, 6). The shrimp injected with the above

recombinant viruses (BacIe1-GFP and BacP2-GFP)

survived for 45 days without disease signs, suggesting

the vector system nonpathogenic to the animals (Data

not presented).

Discussion

Studies on the development and establishment of

shrimp cell lines have been hampered by the lack of

effective molecular tools for gene transfer into

primary shrimp cell cultures. Because the spontaneous

transformation of shrimp cells in vitro and their

establishment as permanent cell lines were found

cumbersome to achieve, the induced immortalization

was hypothesized to be the only option left to attempt

develop shrimp cell lines (Jayesh et al. 2012; Jayesh

2013). Under such a situation, vectors capable of

enhanced and long term delivery of immortalizing

gene to the primary shrimp cell culture are required to

evade the molecular blocks that prevent in vitro

transformation. Moreover, primary shrimp cells were

found to be very sensitive to standard gene delivery

systems especially liposome-based transfection and

electroporation. Thus, for the transgenic expression,

viral mediated transduction is the better choice

amongst all such methods. In this context, this study

describes the construction of two recombinant bac-

ulovirus vectors with shrimp virus promoters designed

to transfer foreign genes into shrimp cells.

The putative promoters from shrimp viruses

(WSSV-Ie1 and IHHNV-P2) such as WSSV and

IHHNV have been considered for constructing re-

combinant baculovirus vectors (BacIe1-GFP and

BacP2-GFP). Immediately early (IE) gene Ie1 of

WSSV along with ie2, and ie3 were identified in

infected shrimps (Liu et al. 2005), wherein Ie1 gene

promoter has been considered as an efficient viral

promoter to construct expression vectors. Moreover,

WSSV Ie1 promoter was found active and controls

transcription in insect, shrimp, avian and mammalian

cells (Prabakaran et al. 2010; Syed Musthaq et al.

2009; He et al. 2008; Gao et al. 2007). Syed Musthaq

et al. (2009) constructed a recombinant baculovirus

encoding VP28 envelop protein under the control of

WSSV Ie1 protein and expressed this vector in shrimp

tissue. He et al. (2008) suggested that recombinant

baculovirus withWSSV Ie1 promoter was more active

than with cytomegalovirus (CMV) promoter for

displaying expression of haemagglutination activity

of H5N1 virus.

IHHNV P2 promoter was proven to control tran-

scription in insect, fish and crustacean cells (Dhar et al.

2007), that possessed the canonical TATA box

(TATATAA). Dhar et al. (2007) demonstrated tran-

sient expression of luciferase under the control of P2

promoter in the constructed vector P2 complete pGL3,

even though the results were variable. Because, it is

located near map unit 2, Shike et al. (2000) named the

promoter P2. In the present study, the same P2

promoter was used for constructing the recombinant

baculovirus.

The recombinant baculovirus has emerged as a

potent tool for protein production (Liu et al. 2010),

virus generation (Zheng et al. 2010; Lesch et al. 2011),

vaccine development (Madhan et al. 2010), in cancer

therapy (Wang and Balasundaram 2010) and tissue

engineering (Lin et al. 2010). In the present study,

baculovirus vectors were used as the backbone to

construct recombinant vectors with shrimp viral pro-

moters. Additionally, Condreay et al. (1999) described

the use of a recombinant baculovirus vector carrying a

mammalian expression cassette comprising the CMV

immediate early (CMV-IE) promoter and the gene for

GFP to direct gene expression in a wide variety of

mammalian cell lines as well as primary human cells

derived from different tissues. Likewise, studies sug-

gested that recombinant baculovirus vectors carrying

GFP reporter gene under the control of WSSV Ie1

promoter were capable of transducing shrimp cells

in vivo (Syed Musthaq et al. 2009; Syed Musthaq and

Kwang 2011) and in vitro (Lu et al. 2005).

The hybrid promoter PH-Ie1 and PH-P2 in the

recombinant baculovirus vector BacIe1-GFP and
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Fig. 6 Expression of GFP from various organs/tissues of P.

monodon transduced with recombinant baculovirus containing

hybrid promoter. A Expression under the control of PH-Ie1 (Bac-

Ie1GFP); a, c and e phase contrast images of heart, muscle and

intestine, and b, d and f the corresponding GFP expression.

B Expression under the control of PH–P2 hybrid promoter (Bac-

P2GFP); a, c and e phase contrast images of heart, lymphoid organ

and hepatopancreas, and b, d, and f the corresponding GFP

expression.C Transduced P. monodonwith wild-type baculovirus

containing GFP (control); a, c and e phase contrast images of gills,

haemocytes and hepatopancreas, and b, d and f the same

tissue/cells under fluorescence microscope (scale bar 20lm).

Images were taken 3 days post infection under microscope (920

magnifications)

1156 Cytotechnology (2016) 68:1147–1159

123



BacP2-GFP, respectively, could control transcription-

al initiation in shrimp cells in vitro and in vivo.

However, the transduction efficiency was around

10–20 % in shrimp cells with the hybrid promoter

systems. Further improvisation in transduction can be

achieved in the presence of histone deacetylase

inhibitors such as sodium butyrate. Guo et al. (2010)

proved that sodium butyrate enhanced the expression

of baculovirus-mediated sodium/iodide symporter

gene in A549 lung adenocarcinoma cells. Many other

earlier reports have also pointed out that sodium

butyrate could significantly enhance baculovirus me-

diated gene expression in vertebrate cells (Condreay

et al. 1999). Meanwhile, Lu et al. (2005) suggested

that the low transduction efficiency could be due to the

possible inhibition effect of pH variations in the

medium on attachment of baculovirus to the cell

membrane. To address this issue in the present study

SCCM having high buffering capacity and pH 6.8 was

used to favour virus entry and transgene expression.

In conclusion, two recombinant baculoviral trans-

duction vectors (BacIe1-GFP and BacP2-GFP) that

carried expression cassettes consisting of a gene

encoding GFP as a reporter linked to the hybrid

promoter either to PH-Ie1 or PH-P2 were successfully

constructed and expressed in an insect cell line and

shrimp cells in vivo and in vitro. Because of its

successful expression in shrimp cells without any

toxicity, these versatile transduction systems could be

used for expression of oncogenes or any immortalizing

gene like TERT to effect immortalization of shrimp

cells. Moreover, these viral vectors can find applica-

tion in the development of DNA vaccination and

generation of transgenic animals.
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