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as a distinct precursory phenomenon
related to the occurrence of earthquakes
with a magnitude M >4 and M <S5.
However, distinct variation has been
observed at the same time of origin of
the earthquakes, which can be considered
as co-seismic activity. Detailed data
analysis is in progress to locate precur-
sory phenomena, if any, related to earth-
quakes.
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Expression analysis of f-actin promoter of rohu (Labeo rohita)
by direct injection into muscle

The cytosolic Aactin is expressed ubi-
quitously and abundantly in almost all
eukaryotic undifferentiated and differen-
tiated cells'. The actin promoter of
several fish species has been cloned,
characterized and subsequently used for
generating transgenics®®. The use of
‘autotransgene’ construct, where both the
promoter/regulatory element and targeted
structural gene derived from the same
species, was demonstrated to be benefi-
cial in transgenesis’. This requires isola-
tion of species-specific  functional
promoter capable of driving either ubi-
quitous or tissue-specific expression of
the gene of interest. The Indian major
carp, Labeo rohita, popularly known as
rohu, is an economically important
freshwater fish in India as well as other
Asian countries®. Isolation of rohu
[actin promoter will have potential use
in expressing desired genes of interests
for generating transgenic rohu. The trans-
genic approach is a rather time-
consuming process for verification of
functional activity of the isolated pro-
moter. Muscular injection of naked
plasmid DNA has proved to be a simple,
efficient and quicker method of func-
tional validation™®™'%. In the present
study, we have isolated rohu factin
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5’-upstream region and identified pro-
moter/regulatory  regions. Functional
validation of the promoter was carried
out by direct injection into the rohu
skeletal muscle.

Genomic DNA was isolated from the
liver of rohu as described earlier®. The
[actin - 5’-flanking region containing
promoter, untranslated exonl and intronl
was derived using GenomeWalker Uni-
versal Kit (Clontech) according to the
manufacturer’s instructions. The gene-
specific reverse primers GSP1 (5’-GGG-
AGCATCATCTCCAGCGAATCCGGC-
TTTGC-3") and nested GSP2 (5’-CACA-
TACCGGATCCGTTGTCAACAACCA-
GTGC-3") were designed from the
coding exon2 sequences of factin avail-
able for rohu and other species in the
GenBank. The upstream adaptor primers

AP1 and nested AP2 were supplied along
with the kit. Four independent Dral,
EcoRV, Pvull and Stul digested genomic
DNA libraries were generated. The cycl-
ing parameters for touch-down PCR were
five cycles at 94°C for 25 s and 72°C for
3 min followed by 20 cycles of 94°C for
255 and 69°C for 3 min. A 1.6 kb frag-
ment amplified from the Sl library
was cloned into a pGMET-easy vector
(Promega) and bidirectionally sequenced
in an automated ABI 310 genetic ana-
lyser (Applied Biosystem). The sequence
data were submitted to GenBank (acces-
sion no. GU338376). The sequence data
analysis by Matlnspector 7.4.3 of Geno-
matix Inc. (http://www.genomatix.de/
products/MatInspector/index.html) revea-
led that the 5’-flanking region contained
exonl and intronl, including consensus

Table 1. Sequence comparison of rohu fS-actin promoter and regulatory regions with other
related species
Species Percentage of homology Accession number

Catla (Catla catla)

Common carp (Cyprinus carpio)
Grass carp (Ctenopharyngodon idella)
Mud carp (Cirrhinus molitorella)
Zebrafish (Danio rerio)

96 AF415205.1
85 M24113.1
88 M25013.1
94 DQ241809.1
93 EF026002.1
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TATA- and CAAT-box elements. The
sequence variation was analysed by
comparing with other carp species (Table
1). Maximum homology of rohu Factin
regulatory region with that of catla could
be due to their genetic closeness®.
Sequence analysis also revealed that it
contains ten putative E-boxes (CANNTG),
two CC(A/T)sGG (CArG box or serum-
response element) and three potential
MEF2 (myocyte enhancer factor 2) bind-
ing sites (Figure 1). The CAAT and
CArG boxes in the proximal promoter
are essential for optimal transcriptional
activity of human and common carp
[factin promoters'>!*. Both bHLH and
MEF2 families of transcription factors
are essentially involved in activating
muscle-specific genes'®. The Smal (pre-
sent in the adopter sequence) and Agel-
digested fragment of 400 bp comprising
the TATA, CAAT, CArG boxes, four
E-boxes and two MEF2 elements was

CCTTGTTCTTCAAATAATCTAGCTTCCCCTTCTTTCACTCTCCAGTTGC
AAGAAGCAAGTGTAGCAATGTGCAACGCGACAGCCGGGTGTGTGAC

chosen as promoter to clone into a
pAcGFP1-1 reporter vector (Clontech)
devoid of any promoter element. The
direction of the insert was verified by
sequencing.

The recombinant vector DNA containing
[actin promoter element (- 4pAcGFP1-
1) was directly injected into the skeletal
muscle, below the dorsal fin of rohu of
15 cm length. A total of 10 fishes were
injected with this construct. The injection
volume was maintained at 100 ul con-
taining 50 ug supercoiled vector DNA as
described earlier'!. The slides were pre-
pared with thin layers of the injected
muscles to observe the green fluorescence
protein expression under fluorescence
microscope. An efficient expression of
the reporter gene surrounding the site of
injection was detected, thus validating its
transcription activity (Figure 2). The
geometry of cis-acting transcriptional
elements comprising only one CArG box

-194
-146
-100

GCTAGACCAATCAGAACGCAGAGCTCCGAAAGTTTACCTTTTATGG  -54
CTAGAGCCGGGCATATGCCGTCGTATAAAAGAGCGCGCCCAGCTTTT -7

+1

CAGCTTCACTTTGAGCTCCTCCACACGCAGCTAGTGCGGAATATCATC +41
TGCTTGTAACCCATTCTCTTAAGTCGACAAACCCCCAAACCTAAGGTG +89

AGTTGATTTTAAAGCCTTTTATTACATGTTTAATTGGTTAATATTAACT
CAAATATTTAATTAAAAAGTACAAATAAAGCTACATTAAGTTATTAG

Agel

GCTCAGTTACCGGTCTTTTTGCAGTTGACGTTATAAACTTGGCTTAAA
AACTCTAGCTATTCTTCATTAACATGCGATTGTGGTTGTTTTTTTTTTT
AAATAAATGTCTGATTTGTCTTCATAACTCTAAATGTATGAATTGGAA
GAGACCGTTGGAAGTGATGGTTATCGTTGTAGGCACGACATTGAATG
GGCCGGTGTGAAATAAGCGTTCAGTCCTTTTAACCTCAAGATGTTCTC
TAGTTAACAGTGATTTAACAGCTATGAACGTGATTGTACAGTTTTCAA
GATTAGTGAGCCATGTTGCACACTTGATGGATAGCCGGCATGGGAAG
TTCTTTGTGCAGGCAGTGCTGCAGCAGGGTGTGACCTAGTTTAGCTAG
CCGGCTAACCAGCATTCATCTGCTGTAAACCTGATGAAAATAACTTTA
GACACTTTTAGTGGAAAAATTGCGATTTATATCGCAAGTCAGTGTGC
AGCCCTTCAGTCTTAAAAGCTGAGTGAGATTATTAAGGTGTTTTATAT
TCACTATTAAAATGTTATAATTTAAGGTAGTCAATTTTAATAGCTGTT
GAAACGTTTCTGGATAGATTTTAAATGGTGGTAATTGTGTAGTATGAA
ACAATTAAAATAAATAATTAAAGCTTATTGATTCAAAGGCTGTGTTG
CAAAATGAATGGGCTGAGTAAGATGGTTCACAAGTGCTTTAGTGTGA
AGTCTGCTCACAAGGAGTCACTGAAGTGACTGCAGATCTGTGACGCA
GTAATTTCGGGCAGACACCCGTTAAAATTCGGTTGTGTAATTGATACC
AGGCGAGGATCGAAAAGGATGTAAAACTTCATTTGTGTAGAATTITAG
GGAGTGGCCCCTGGCGTGATGAATGTCGAAATCTGTTCCTTTTTACTG
AACCCTACGACTCTGGCTGAGTGCCACACCGCCGGCAGCCGCAAAGC
GGCTCAAACCATTGCCTTTTATGGTAATAATGAGAGAATGCAGAGG
GACTTCCTTTGTCTGGCATATCTGAGGCGCGCATTGTCACTCTAGCAC
CCACTAGCGGTCAGACTATAGAATGCAGCACGAAACAGGAAGTTGA
CTCCACATGGTCACATGTTCTTCCGTGGCAGCGGTGCACTTCTAAACC
GTTTTCTCTTTCTTTTACAGTTCAGCCATGGATGATGAAATTGCC

Figure 1.
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Nucleotide sequence of the 5’-flanking region of Labeo rohita f-actin gene. Number-

ing of the nucleotide sequence is given at the right. The CAAT, CArG and TATA boxes are
shown in underlined bold letters. E-boxes are shown in bold italics and shaded sequences indi-
cate MEF2 elements. +1 indicates the first transcription initiation site.

CURRENT SCIENCE, VOL. 99, NO. 8, 25 OCTOBER 2010

positioned between the CAAT and
TATA boxes is capable of in vivo tran-
scriptional activation in rohu. All the
injected fishes expressed green fluore-
scence in the muscle fibres. In sections
from non-injected fish muscles, no green
colour expression was detected (Figure
2). The levels of gene expression were
observed 3 days after injection, which
remained stable and stronger for about
eight weeks in all the fishes examined.
Maximum level was observed 15 days
after injection. The expression was
strong at the site of injection. We also
observed expression of fluorescence pro-
tein in the muscle far from the site of in-
jection (data not presented), in agreement
with the observations in zebrafish'®. It
could be possible that the injected DNA
accesses other tissues through circulation
immediately after injection. There was
no apparent variation with reference to
the duration of fluorescence expression
in the injected fishes.

Our results of functional validation
of rohu Mactin regulatory promoter/
regulatory regions in rohu, demonstrate
its potential applications in vaccination
and gene therapy programmes, in addi-
tion to the generation of transgenics. The
DNA sequence for leader polypeptide
linked to disease resistance or other genes
can be transcribed under the regulatory
control of muscle-specific promoter for
fish vaccination. Direct injection-mediated
transgene expression driven by the [
actin promoter offers the possible oppor-
tunity of nonviral gene therapy approach.
The retroviral-mediated gene therapy in
humans creates a major apprehension
due to the integration of exogenous ele-
ments into the human genome'’. The
technology of ‘direct injection method’
appears to be safer and hence could be an
alternate approach to conventional retro-
viral-mediated gene therapy.

The reported cross-species commonal-
ity of Mactin promoter'® also widens the
scope of utilizing it in several other
fishes and animals. The feature of ubi-
quitous expression patterns of Factin in
almost all cells of the body will be bene-
ficial in generating transgenic rohu and
other closely related Indian major carps
for the targeted traits such as growth,
disease resistance, stress tolerance, etc.
Though conventional selective breeding
approach has proven to genetically
upgrade rohu'®, it is a rather time-
consuming process. Traditional selective
breeding approach in combination with
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Figure 2. Green fluorescence protein expression in muscle at the site of injection at 15, 30 and
55 days. Control is the muscle of non-injected fish. Images are taken under fluorescence (left)
and bright-field (right). Arrow indicates autofluorescence.
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