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INTRODUCTION

Problem statement. The Persian sturgeon (Acipenser persicus) source of high
quality meat and caviar is one of the endangers fishes in Caspian Sea from overfishing
[Billard et al, 2001; Pourkazemi 2006; Hurvitz et al, 2007; Khoshbavar-Rostami et al,
2012, Paul, 2011]. The maturation of this specie is very long however, males reach
maturity at 12 - 14 years and females at 14 - 18 years of age. Growing conditions such
as feeding, control of water temperature and dissolved oxygen reduced sturgeon
maturity to 7-9 years in males and 9-12 years in females [Khoshkholgh et al, 2011].
Due to very long and costly rearing there is an urgent need in growth promoting agents
or new cultivation technologies to accelerate the growth and maturation of A. persicus.

Increasing attention has been focused on the potential use of growth hormone
(GH) for fish rearing during the last decades. Growth hormone is one of the main
hormones made by the pituitary gland. GH is an highly conserved ancestral hormone
has been found in all taxonomic groups of the vertebrates. This hormone is known for
its essential role in the regulation of somatic growth and maturation of fishes, but it can
also influence on osmoregulation, reproduction and immunity [Paul k]. The importance
of the GH as a potential growth promoting agent has long been recognized and GH
administration has been shown brings to intensification of fish cultivation process
[Boonhiang, 2004, Ma et al. 2011]. It has been shown that injection of native or
recombinant growth hormone accelerate the growth and maturation some of fishes such
as Rainbow trout, Atlantic salmon, Nile tilapia, Coho salmon, among others
(Khoshkholgh 2001 and Vajhi. 2008, Berger et al. 2007, Tsai et al. 1995, Zongbin
1993].

Structurally, fish growth hormones aren’t significaly differ from those of
vertebrates. In this regard, fish are among the most variable species in vertebrates, and
as such, significant variations exist in the structure of peptide hormones and their
receptors. Regarding the molecular phylogeny of the GH, many efforts have been
concentrated on the characterization of GHs in fishes. The investigation of GH in the
European eel (Anguilla anguilla) is provided important information on the conservation
and variation of regulations during evolution [Paul, 2007]. Within the Acipenseridea
family GH ¢cDNA were cloned, sequenced and amino acid alignements deduced for
sturgeons Acipenser gueldenstaedtii [Yom D.S. et al, 2008], Acipenser sinensis [Cao
H., et al 2011] and Huso huso [Azizzadeh et.al, 2013]. But there isn’t information about
PS GH.

The development of recombinant DNA technology has opened a new era for
protein production. Hence, the cloning, characterization, and expression of GH have
been the subject of extensive research during the last decades [Boonhiang, P 2004]. GH
encoding cDNA has so far been cloned from about 30 fish species [Vikas et al, 2001].
Currently, biologically active recombinant growth hormone has been successfully
produced in Escherichia coli, Bacillus subtilis, Pichia pastoris yeast, and plants such as
canola [Pullin et al, 1993, Guillén, Lleonart, 1998, Li, Bai, 2003]. The overexpression
of the recombinant protein in the host cells brings to their aggregation and
accumulation denatured devoid of biological activity form in insoluble inclusion body
(IB) (Hauk L. 1998). The solubilization and folding IB’s proteins into bioactive forms
brings to poor recovery and accounts for the major cost in production of recombinant
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proteins. It is therefore necessary to develop more cost effective methods of delivery
proteins to a therapeutic target in crude grade form without in need for folding and
purification.

Researche goals ant tasks.

A. persicus GH cDNA RT-PCR amplification, sequencing, characterization,
encoded amino acids alignment deduction, phylogenetic tree creation with other
available vertibrates GH amino acid sequences. Cloning the PS GH gene into a his tag
vector, expression in E. coli and trial in aquaculture of purified and crud grade psrGH
influence on the growth of the PS fingerlings.

Constituted tasks of the research.

* Isolation of GH mRNA from the PS pituitary glands

* PS GH cDNA RT-PCR amplification, sequansing and registration in
Genbank.

*  Deduction of PS GH amino acid alignment from cDNA nucleotide sequances
and creation phylogenetic tree of some vertebrates by use of GH amino acid
alignments from NCBI Genbank

*  T/A cloning of matur GH encoding region in the pTG-19 vector and verifying
the proper cloning.

*  Subcloning the GH gene in His tag vector PET- 21a and expression in E.coli.

. Inclusion bodies isolation, solubilization, recombinant GH renaturation and
purification by Ni-NTA affinity chromatography

*  Assessment of the biological activity of purified pstGH by intramusculary
injection into PS fingerlings

*  Assessment of the biological activity of pstGH IB grude grade suspension on
cultured PS fingerlings

Scientific novelty.

It is first time the PS GH cDNA is RT - PCR synthesized from pituitary mRNA
and sequenced. The PS GH amino acid alignment was deduced, secondary and tertiary
structures were predicted. The PS GH gene first cloned in E. coli and expressed. For the
first time was obtained acceleration of fish growth with intramuscularly administration
of solubilized Inclusion bodies crude grade recombinant GH. It is revealed that for the
best weight and length gain is sufficiant 3-4 0.05 pg/g pure grade rGH injections once a
week. It is the first time the crude grade rGH IB solutions were administrated to fish
and demonstrated growth acceleration without any advers effect.

Practical significance.

The recombinant E.coli strain is ready to use for large scale production of psrGH.
The intramusculary injections of purified pstGH can be used for fish growth promotion.
The psrtGH IBs contain 3-5% biologically active GH peptides and can substitute the
more expensive purified GH to accelerat growth of farmed fish. This finding enables to
avoid the time and cost depending process of refolding and purification of rGHs from
inclusion bodies.
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CHAPTER 1. Literature revewe.

In literature revewe presented the analise of all available information about
growth hormone importantans in growth of animals, methods of obtaining GH from
pituitary glands, HG gene cloning, expression, recombinant GH purification and
administration ap to aquaculterd fishes.

CHAPTER 2. Materials and Methods:

Four adult Persian sturgeons were captured from the southern part of the
Caspian Sea, anesthetized with clove oil and euthanized for sampling. The pituitary
gland were manually extracted and immediately frozen in liquid nitrogen at —196 °C
until use. Persian sturgeon fingerlings 6-8 month old were obtained from Shahid
Beheshti Center (Rasht, Iran). The fingerlings held indoors in pools (120 x 60 x 65 cm)
filled with 400 1 fresh water. Fish were kept on a natural photoperiod at 23 - 26 °C for 2
weeks before the study began. Fishes were fed twice daily with commercial fish food
pellets an amount equal to 3% of their total body weight.

E. coli DE3 and Topl0 strains were used for plasmid transformation and
gene expression. The linearized with 3’-dA overhangs pTG19-T vector used for rapid
and efficient cloning of PCR products; the His tag plasmid vector pET21a for cloning
and expression of mature PS GH gene; BamHI and EcoRI restrictases and plasmid
extraction kit (all from Vivantis Malasya). Reverse transcriptase, Tag polymerase and
T4 DNA ligase were from Fermentas (USA). RNAse (CinaGen, Iran). Luria-Bertani
(LB) broth and agar were from Merck (German). Biozol solution (Bioflux, Japan). All
chemicals and reagents were commercial preparations of analytical grade or of the
highest purity (Merck and CinnaGen, Iran). Primer sets were generated using Primer3
program (http://biotools.umassmed.edu/bioapps/primer3 www.cgi). Multiple sequence
alignments and Phylogenetic tree were performed by using the MEGAS (Molecular
evolutionary genetics analysis, Version=0.1A; http://www.megasoftware.net) program.

First strand cDNA RT- PCR was synthesized with oligo dT (18) primers and
reverse transcriptase enzyme. All solutions were prepared from DEPC treated
autoclaved distilled water.

PCR products were excised from the gel, purified by gel extraction kit according
to the manufacturer’s protocols (Gel DNA recovery user guide, Vivantis, Iran) and sent
to Takapozist Company (Iran) for sequencing. Sequence similarity analysis against
GenBank database entries was performed using BLAST at the NCBI website
http://www.ncbi.nlm.nih.gov).



Vectors transformation, Sodium dodecyl sulfate polyacrylamide gel
electrophoresis [SDS-PAGE] of proteins, Western blotting were carried by standard
methods [Sambruk, 2001].

IBs were isolated from fermentation liquid by centrifugation. IB solublization
carried out by stirring for 2 h at 4°C in 40 m1 of 5m guanidine hydrochloride (Gn
HCl), 50mM Tris-HCI, 0.005% Tween 80, pH 8.0. The psrGH refolded by dialyzation
3 times against 24 litre of 10 mM Tris-HCI (pH 8.0) at 4°C, the supernatant after
centrifugation was put onto EDTA Toyopearl 650 M column (7x25cm) equilibrated
with 10 mM Tris-HCI (pH 8.0) and eluted with a linear gradient from 0 to 25mM NaCl
in 3,1 of 10 mM Tris-HCI (pH 8.0). For purification of his taged rGH was used the Ni-
NTA Affinity chromatogarphy Fast Start Kit (Qiagen, USA) containing an Anti-His
antibody for detection of expressed His-tagged proteins.

The Compound Periodical Growth Rate (CPGR) was calculated by formula
[Sivaprasad, 2012]

CPGR = (End Value/Start Value)!"/Feriods-D

2.14. Statistical analyses: Duncan's new multiple-range test (randomized block
design). The 95% confidence level (P < 0.05) was used unless otherwise stated. Growth
rates were compared using a one-way analysis of variance ANOV A (SPSS) [Jeffrey et
al. 2000].

CHAPTER 3.RESULTS AND DISCUSSION
3.1. The Persian sturgeon pre GH cDNA RT-PCR synthesizing, sequencing and

phylogeny

3.1.1. Creation of PS preGH c¢DNA library

Total RNA was extracted from pituitary glands of all sturgeons using Biozol
solution and precipitated into 0.5 vol of RNA precipitation solution (1.2 M sodium
chloride, 0.8 M disodium citrate and 0.5 vol of isopropyl alcohol. RNA quality was
confirmed using a Nanodrop spectrophotometer with absorbance ratios at OD 260/280.
The RNA was treated by DNase and reverse transcribed to first strand cDNA using
Reverse Transcriptase kit and oligo dT(18) at 42 °C for 1 h. All solutions were prepared
from DEPC treated autoclaved distilled water.

The first strand psGH cDNA was then used as a template in a PCR with an
upstream primer 5- ATGGCATCAGGTCTGCTTCT -3' and downstream primer 5'-
CTACAGAGTACAGTTGCTCT -3' were designed to synthesize the cDNA encoding
of the ORF region of Persian sturgeon preGH. PCR was performed in 50 pl reactions
using 1 unit Tag polymerase and 35 cycles as follows: 30s of denaturation at 94°C, 30s
of annealing 64 °C and 30s of extension at 72 °C. Agarose gel electrophoresis was
performed for confirmation of PCR ptoducts. Negative control was performed without
the reverse transcriptase enzyme.



P2GH P1GH HGH NC ~

Fig. 1. Agarose gel -electrophoresis of
cDNAs. P2 and Pl - GH cDNA from
different PS pituitary glands, HGH- Huso
huso ¢cDNA form Rasht institute, NC-
negative control, the ladder - DNA
molecular mass markers.

The Persian sturgeon growth hormone PCR product band was equal to ~700 bp
nucleotides, the expected size.

The PS preGH cDNA of all four fishes were sequenced in Bioneer Co., South
Korea, and No differences between the male and females pre GH cDNA sequences
were found.

Nucleotide and deduced amino acid sequences were analyzed using BLAST-
N and BLAST-P (GenBank, NCBI, http://www.ncbi.nlm.nih.gov). The signal peptide
and putative cleavage sites were detected using the Signal-P (http://www.cbs.dtu.
dk/services/SignalP). N glycosylation sites were prognosticated by searching the Asp-
Xaa-Ser/Thr motif (http://www.cbs.dtu.dk/services/ NetNGlyc). The DNA sequence is
deposited in the GenBank database (JN604534).

3.2. The nucleotide cDNA sequence and deduced amino acid alignment of PS
preGH:

The nucleotide sequences of preGH ¢cDNA and deduced amino acid alignment of 4.
persicus is presented in figure 2.

As shown in the figure 2, the Persian sturgeon preGH cDNA contains an open

reading frame of 645 nucleotides starting from ATG codon and ending with TGA stop
codon encoding preGH of 214 amino acid residues. The first 24 amino acid residues
from the N- terminus are highly hydrophobic (~70% of the amino acids residues of this
region are non-polar) and also have a high degree of homology to the signal peptide of
other fish GHs, it is assumed that in the Persian sturgeon pre-GH this region probably
represent the signal peptide which is cleaved upon hormone secretion. The position of
the signal peptide cleavage site was predicted to be at position 72 [http://www.cbs.dtu.
dk/services/SignalP]. After cleaving of the signal peptide formed mature GH containing
190 aa residues starting with a glutamic acid.
The obtained polypeptide exhibit typical GH feature, such as four cystein residues,
capable of forming two disulfide bonds which are assumed to contribute to the tertiary
structure of the hormone, a single tryptophan residue and stretches of amino acid
highly conserved in all known GHs. There is only one Asn-Xaa-Thr amino acid motif
in GH at the C terminus region which is potential site for N- linked glycosylation.
Based upon the amino acid composition (190 aa) of the coding region, the predicted
size of the PS GH protein is about 22 kDa.
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By means of Sequences Producing Significant Alignments from National
Center for Biotechnology Information (NBCI) data base we compared the sequences of
PS GH gene with other fish as well as mammalian GH genes sequences, which
demonstrated high degree of identity, especially with Acipenseridea’s GH sequences,
scores denote conserved nucleotides (71-99%) (Table 2).

Moreover, the cDNA sequences of Persian sturgeon GH have 99% similarity
to Beluga (Huso Huso) ¢cDNA GH, 72% to Sus scrofa and 73% to Mouse. Apart of a
few deletions and insertions, GH is a remarkably conserved protein. The molecule is
composed of four conserved region and four variable regions which are likely to be
functionally important.
Since the gene GH is a highly conserved protein, it provided a better resolution for
more distantly related species.

gca tca ggt ctg ctt ctg tgt cca gtg ctg ctg gtt ata ttg ctg gtc tcc cct aaa
A S GLL L CUPVLULUVI LUL VS P K
tct ggg gcc tac cct atg att cca cta tcc agt ctt ttc aca aac gct gtg ctc aga
SGAfYPMIPLSSLFTNAVLR
cag tac cta cac cag ctt gct gca gac att tac aaa gat ttc gag cgt acc tat Gtt
Q YL HQTLAADTI Y KD FERTY YV
gat gag caa cgt cac tcc agc aaa aac tcc ccg tca gca ttc tge tac tct gag acc
D E QR HS S KNS P S A F CcY S E T
cct gct ccc act gge aaa gat gag gcc caa cag cga tca gac gtg gag ctg ctt cag
P AP T G KD E A Q QR S DV E L L Q
tcc ctg gct ctc atc cag tcc tgg att agt ccc ctg cag tcc ctg agc cgt gtt ttc
S L ALTI QS wWwIlI S PVLQSU LS R VF
aat agc ctg gtg ttc agc acc tcc gac cga gtg ttt gag aaa ctg aaa gat ctg gag
N S L VF S TS DR VF E KL K DTUL E
gge att  gtg get ctc atg agg gat ctg ggg gaa ggc ggt ttc gga agt tct act ttg
G I VAL MR DU LGEGGT F G S S TL
aag ctc act tat gat aag ttt gat gtc aac cta aga aac gat gat gct ttg ttt aaa
K L T YD KF D V NILIRNDUD A L F K
tat ggg ctt tta tgc tgt ttt aag aaa gat atg cac aaa gta gag acg tac ctg aaa
Y G L LS F KKDMHI KV E T YTL K
atg aaa tgc aga cgt tgt gtg gag agc aac tgt act ctg tag

M K R R F C*V E S N CT L

Fig.2. A. persicus preGH cDNA complete nucleotide and deduced amino acid
sequences. The potential glycosylation site is underlined. The arrow indicated the
possible site for cleavage of signal peptide. The cysteine residues in the mature
hormone are asterisked.

Comparison of GH amino acid sequances among sturgeons revealed great
similarity 4. persicus with A. gueldenstaedtii and only five amino acid amounts as Ser,
Leu, Thr, Val and Arg differences with Huso huso. (Tabl.1).



The total amount of some amino acids in GHs from different vertebrates

Table 1

Amino Acipenser Acipenser Huso | Homo Rattus
acid persicus gueldenstaedtii | huso | sapiens norvegicus
Ser 21 21 22 20 14

Val 11 11 16 7 8

Thr 10 10 11 10 8

Leu 25 25 24 26 25

Arg 10 10 8 11 11

His 3 3 3 3 3

Cys 4 4 4

Trp 1 1 1 1 1

In order to perform the PS preGH phylogenetic tree with the GHs of other
species, at first PS preGH and several known GHs genes of many species from different

species in NBCI were blasted together (Table 2).

Table 2.
Sequences producing significant alignments from (NBCI) data base.
Accession Family Species Max
identity
IN604534.1 Acipenser persicus 100%
HQ166628.1 Huso huso 99%
AY941176.1 Acipenseridae Acipenser gueldenstaedtii 98%
KC460212.2 Acipenser schrenckii 98%
JX947839.1 Acipenser baerii 98%
EU390781.1 Sus scrofa 72%
AF052192.1 Trichosurus vulpecula 72%
X02891.1 Mammalia Mouse (Mus musculus) 73%
S50877 Opvis aries 71
V01237 Rattus norvegicus 71
V00520 Homo sapiens 74
EF521480.1 Aves (Bird) Eupodotis ruficrista 92%
EF521592.1 Scytalopus magellanicus 81%
Ay148493 . Anguilla anguilla 67%
M24066 Anguilidea Anguilla japonica 67%
M?24683 Salmonidea Onchorhynchus mykiss 65%
S$52027 Amphibia Rana catesbiana 67%
X60475 Carassius auratus 61%
M27000.1 Cyprinus carpio 65%
X60475 Cypriniformes Hypoththalmichtys 68%
AF389237 mulitrix 68%

Pimephales promelas




The blast observed that the PS preGH have highest nucleotide sequence
similarity with Acipenseridae family (98-99%), mammals GH (72-74%) and birds GH
(Gallus gallus) (73%) as well as by Muse (73%), Trichosurus vulpecula (72%).

3.3. Phylogenetic analysis of PS GH

Several versions of sturgeon growth hormone sequences were extracted from
NCBI (http://www.ncbi.nlm.nih.gov). Sequences were aligned using Clustalw X and
phylogenetic analysis was performed using MEGAS5 for the construction of the
distance matrices, NEIGHBOR (Neighbor-Joining) for the generation of 1000
phylogenetic trees. The alignment used for the phylogenetic analysis is presented for a
sample of representative sequences in Figure 3.

The amino acid sequence of Persian sturgeon GH when compared to reported
GHs at NCBI showed highest (99%) levels of homology to the GHs of Acipenseridea
and mammalian.

The vertebrates phylogenic tree was constructed by the neighbor-joining and
maximum parsimony methods employing Kimura 2 parameter by use of 1000
replications  Fig. 3.

100 Carassius aurata (DQ350437)
o Cyprinus carpio (M27000)
Hypophthalmichthys molitrix (X60475)
97 Pimephales promelas (AY843399)
Danio rerio (AY286447)
Paramisgurus dabryanus (DQ350432)

100 p Silurus asotus(AY157496)
[Silurus meridionalis (AF530481)
i Rhamdia quelen (EF101341)
jo E?Erias gariepinus (AF416488)
91 Heteropneustes fossili (AF147792)
100 ;= Onchorinchus myKiss (M24683)
_I: Salmo salar(M21573)
Sparus aurata (U01301)
I Trich

100 g trichopterus (AF157633)
100 I Anguilla anguilla (AY148493)
Anguilla japonica (M24066)

00  Acipenser persicus (JN§04534.1)
1uo|‘[
L

86
100

99

= |

Huso huso (HQ166628.1)
Acipenser gueldenstaedtii(AY941176.1)
100 — Gallus gallus (JN675383)
_91 e Homo sapiens (V00520)
Qvis aries (S50877)

5 Sus scrofa (JQ177096)
= Mus musculus (BCO61157)
100 Rattus norvegicus (V01237)

5

0.05

Fig. 3. The phylogenetic tree of 26 vertebrates created on base of GHs aa sequances.
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The analysis of the GH phylogenetic tree revealed that Persian sturgeon had a
highest similarity to GH nucleotide sequences of mammalian, followed by those of
Anguiliformes whereas the amino acid residues had a highest similarity to mammalian.
This result represented that the Persian sturgeon is a primitive fish and is genetically
closer to mammalian than to bony fish. The Persian sturgeon GH nucleic acid and
amino acid residues sequences have 99% similarity to Beluga Huso huso, Russian
sturgeon and 74% to mammals. These results suggest that they are primitive fishes that
are genetically closer to mammals than to bony fish.

The predicted secondary structure of PS GH was determined by homogenous
score combination method of Guermeur e al (1999) based of neural networks
(http://npsa-pbil. ibep.fr/npsa) and by the PROFILESCAN, PEPTIDESORT and other
modules of the GCG software.

I Boogoomom o owmoWo% o o®mom o owm @
BE s O aas e
i B oL jpipn on@EEm b aEsneE gonag

seq: 1 MASGLLLCPVLLVILLVSPKESGAYPMIPLSSLFTNAVLRAQYLHQLAADIYKDFERTYV 60
SS AFAMEAAEEEN o AAEHAHESHASEAAAAEARAEAAEE

seq: 61 PDEQRHSSKNSPSAFCYSETIPAPTGKDEAQQRSDVELLQFSLALIQSWISPLQSLSRVF 120

Ss:  CCCHEEEECCCccccccccceceeoc g C

seq: 121 TNSLVFSTSDRVFEKLKDLEEGIVALMRDLGEGGFGSSTLLKLTYDKFDVNLRNDDALFK 180
Ss:  cccccccc HNHHENEREREREEERRRTTERE  Cccccccccccccccccccecd

seq: 181 NYGLLSCFKKDMHKVETYLKVMKCRRFVESNCTL 214
ss:  ENHHEEHEEEEEEEE NS CCCCCCC

Fig. 4. The predicted secondary structure of the PS GH protein. Protein sequence is
annotated with secondary structure information [a-helix in blue, (H); extended strand in
red, (E); random coil, (C)].

The secondary structure prediction revealed the predomination of a- helix (>
55%), the domains of high conservation across the vertebrate GH protein, which
attributes to the characteristic 4-a-helix bundle confirmation. Second predominant
random coils (35%) which connect the helices, support the 4 a-helix bundle
conformation.

The predicted 3D structure of psGH was made by template-based modeling
including alignment and template selection ( Ma J, et al 2013, Jian Peng and Jinbo Xu
2011) availeble (http://raptorx.uchicago.edu/download/.) is presented in Fig. 5.
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Figure 5. 3-D structure of the mature PS
GH.

Out of two amino acids (56.07%) are
involved in a-helix formation, which run
anti-parallel to each other. These helices
attribute to the typical 4-a-helix bundle
protein conformation, the characteristic 3-D
confirmation of growth hormones.

3.4. PS GH gen Tag PCR Amplification and first cloning

The forward primer 5- TTTGAATTCATGGCATCAGGTCTGCTTCT-3’ and reverse
primer 5’-AAAGGATCCCTACAGAGTACAGTTGCTCTC-3’ including EcoRI and
BamHI restriction sites (underlined) were designed according to the PS growth
hormone ¢cDNA sequence. In order to amplify PS growth hormone cDNA, PCR was
performed in a 50 pl total volume containing 1 pg of template cDNA, 1 pM of each
primer, 2 mM uMgCl12, 200 uM dNTP, 5 pM of 10X PCR buffer and 1 unit of Tag
DNA polymerase. The 30-cycle amplification was performed in a thermal cycler
system with the following program: 94°C for 60 s, 58°C for 60 s, 72°C for 60 s. A final
5 min extension was performed at 72°C. The PCR product was analyzed by
electrophoresis in 1% agarose gel in 1X TBE buffer and visualized by ethidium
bromide staining on UV transilluminator. The agarose gel slice containing the relevant
PS GH cDNA fragment was excised and purified by gel extraction kit according to the
manufacturer’s recommendation. PS growth hormone cDNA was eluted from agarose
gel and subsequently cloned into a T-tailed vector to generate pTG19-T rGH (figure 6)
then the recombinant plasmid was transformed in chemicaly competent cells of E. coli
TOP 10.

M13 Forward primer
CGA TTA RAGT TGG GTA ACG CCA GGG TTT TCC CAG TCA CGA CGT TGT AAA ACG ACG GCC AGT
GCT AAT TCA ACC CAT TGC GGT CCC AAA AGG GTC AGT GCT GCA ACA TTT TGC TGC CGG TCA

EeoRT TP124BL pox 1 pammn Bl wpar

GAA TTC GRG CTC GGT ACC CGG GGA TCC AAG ATT] T CTT GGG GAT CCT CTA
CTT AAG CTC GAG CCA TGG GCC CCT AGG TTC T. TA GAAR CCC CTA GGA GAT

Sall

Pstl HindII T7 promoter primer
GAG TCG ACC TGC AGG CAT GCA AGC TTT CCC TAT AGT GAG TCG TAT TAG AGC TTG GCG TAA
CTC AGC TGG ACG TCC GTA CGT TCG AAA GGG ATA TCA CTC AGC ATA ATC TCG AAC CGC ATT

LacZ promoter

AGT ACC AGT TAG CTG TTT CCT GTG TGA AAT TGT TAT CCG CTC ACA ATT CCA CAC AAC ATA
TCA TGG TCAR ATC GAC ARA GGA CAC ACT TTA ACA ATA GGC GAG TGT TAA GGT GTG TTG TAT

M13 Reverse primer

Figure 6. The map and multiple cloning site sequence of pTG19-T vector.
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The E. coli TOP 10 harboring the pTG19-T psrtGH was grown in LB broth
with 100 pg/ ml ampicilin then the vector was extracted using a Plasmid Extraction Kit.
Insertion of the PCR product was verified by the PCR amplification using T7 promoter
and the gene reverse primer (5’-CTACAGAGTACAGTTGCTC-3"), then carried out
agarose gel electrophoresis and sequencing.

Fig.7. The electrophoresis of amplified
PCR product and pTG19-T psrGH plasmid.

The GH bands were extracted
from gel by extraction kit (vivantis,
Malasya) sequenced and confirmed the fact
of proper cloning of mature psGH coding
gene.

3.5. PS GH subcloning in His Tag vector pET-21a and GH expression in E. coli

The mature GH gene was recovered from plasmid pTG19-T(GH) with EcoR]
and BamHI restriction endonucleases and subcloned in expression his tag vector pET-
21a by the same endonucleases and transformed in chemically competent cells of E.
coli DE3. 25 ng of plasmid DNA was added to the cells and allowed to incubate on ice
for 10 minutes. The cells were then heat shocked at 42°C for 90 seconds and then
immediately placed on ice for 2 minutes. 1 ml of LB-glucose media (20 mM glucose)
was added to the cells which were then cultured at 37°C for 1 hour. 100 pl of cell was
plate on LB agar with 100 pg/ml ampicillin and at P
least 10 colonies were isolated and purified. R

Fig.8.The structure of plasmid pET-21 used for
GH cloning.

PET-21(+)
(s3000p)

3.6. PS rGH expression in E. coli.

An aliquot (1 ml) of overnight recombinant E. coli DE3 pre-culture was
inoculate in 10 ml of LB-broth containing 50 pg/ml ampicillin and grow at 37 °C by
intensive aeration. After 2 hours 100 pl IPTG was added into media to induce rGH
expression and continiue growing for 8 h. Sampling was carried out every 2 hours to 8
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hours, suspended in 20 ml of 20mM phosphate buffer (pH 7.2), and lysed by lyzocim.
The resulting homogenate was centrifuged at 8000 rpm for 40 min at 4°C, and the pellet
was washed with 20 m1 of 1 m sucrose and then with 20 ml of 4% Triton X-100,
20mM phosphate buffer, and 1 ml EDTA (pH 7.2) to re move soluble components,
bacterial cell wall and cell membrane, and lipid components. The purified rpsGH
inclusion bodies (IB) were dissolved in imidazole then has loaded in gel and detected
by electrophoresis on 15% (w/v) sodium dodecyl sulphate polyacrylamide gel (SDS-
PAGE) according to the method of Laemmli and stained with NaNo; and after staining
comparative concentration of rpsGH was measured by densitometric scanning of SDS-
PAGE gel and found that the optimal fermentation time is four hours after IPTG
induction (fig.9). IPTG induced recombinant E. coli DE3 cells harbouring the pET21a
showed that the expression of a ~ 22 kDa protein was triggered.

Fig. 9. Expression of recombinant GH in E. coli
cells.

3.7. IB solubilization and psrGH folding.

IBs were isolated after four hours fermentation of IPTG induced E. coli DE3. Cells
were harvested, washed with TE buffer (10 mM Tris, | mM EDTA [pH 8]), and
centrifugated. The resultant pellet was resuspended in 1 M sucrose, centrifuged, and
washed with 1% Triton X-100 containing 50 mM EDTA (pH 8). The pellet was
solubilized with 6 M guanidine hydrochloride and dialyzed against 167 x ammonium
bicarbonate (50 mM; pH 10) containing 2 mM EDTA overnight at 48°C. After
centrifugation, the supernatant was continuously dialyzed against 30 mM sodium
bicarbonate (pH 8.8) overnight. The rGH was analyzed by gel electrophoresis to detect
folding. (fig. 10). This is in agreement with the actual size of their respective cDNA and
also matches with the size predicted from the amino acid sequence (190 aa) and the
rGH protein of Huso huso expressed in E. coli.

The results showed that the molecular mass of PS rGH in the clear lysate in
the presence and absence of the reducing agent dithiothreitol were 22 kDa (Fig. 10, lane
2).

Fig. 10. The cloned rpsGH expression in E.coli
DE3 obtained by SDS-PAGE. 1- negative
control, 2- PS rGH, 3- protein ladder, 4- Huso
huso rGH as positive control.
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3.8. Western blot (immunoblot) analysis.
Protein bands were blotted to a nitrocellulose membrane and detected with polyclonal
antiserum raised against natural bonito GH by using alkaline phosphatase-conjugated
secondary antibodies with 5-bromo-4-chloro-3-indolylphosphate and nitroblue
tetrazolium as substrates Immunoblot analysis showed that the protein band of 22 kDa
reacted specifically.

Thus, the GH encoding cDNA of the Persian sturgeon have been amplified,
cloned, expressed in E.coli and characterized as a single 22-kDa protein similar to
human and other animal GHs.

Fig. 11 Western blot (Immunoblot) analysis of PS rHG.

3.9. PS rGH smal scale production and purification

E. coli DE3 culture was inoculated in Erlenmaer flascs filed with 100 ml of LB-
broth containing of 50 pg/ml ampicillin and grows at 37 °C on reciprocal shaker 300
rpm. After 4 hours of rGH expression, soluble components, bacterial cell wall and cell
membrane, and lipid components were removed after lysis of E.coli cells containing
rpsGH inclusion bodies. The inclusion bodies were solubilized by stirring for 2hr at 4°C
in 40 m1 5M guanidine hydrochloride (GnHCI), 50mM Tris-HCl, 0.005% Tween 80
(pH 8.0) and the solution was centrifuged at 8000 rpm for 40 min at 4°C. To refold
rpsGH molecules, the supernatant was dialyzed 3 times against 24 liter of 10 mM Tris-
HCI (pH 8.0) at 4°C, and the dialyzate was centrifuged as above. Refolding was
monitored by SDS-PAGE under non-reducing conditions. PsGH shows a single 22kDa
band. The recovery of rpsGH in the refolding process was 42 %. The supernatant was
put onto EDTA Toyopearl 650 M column (7x25cm) equilibrated with 10 mM Tris-HCl
(pH 8.0) and eluted with a linear gradient from 0 to 25mM NaCl in 3,1 of 10mM Tris-
HCI (pH 8.0).

Fig. 12. SDS-PAGE gel of Persian sturgeon
recombinant growth hormone with 22 kDa. The rGH
of Huso huso was used as control (the left band).

kD

Using this method of preparation, about 50 mg of rpsGH were obtained
from100 ml of cultural liquid, yielding an overall recovery of about 90 % of the rpsGH
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Weight (2)

originally present in the cells. The purity of rpsGH, as measured by densitometric
scanning of SDS-PAGE gels, was more than 90 %. Further purification of soluble his
taged rpsGH from impurities derived from E. coli cells was carried out by Ni-NTA
affinity chromatography. Some of the E.coli proteins which also have histidine or
amino acids like cysteine, tryptophan etc., which can bind to the affinity matrix were
eluted by Imidazole. The overall yield of the purified monomeric pstGH was
approximately 30 % of the initial inclusion body proteins.

3.10. The trial of PS recombinant GH in aquaculture

A total of 75 PS fingerlings were randomly divided into five group, with
averages of 20£0.15 g for body weight and 17£0.2 cm for fork length and reared. Fish
were injected intramuscularly with 0.01, 0.05 and 0.1 ug/g b.w. of pure grade PS rGH
and 0.5 IB ug/g crude grade rGH once every week for eight week. The morphometric
parameters of fishes were recorded at the start of trial then every forth week
3.10.1. Assay for the biological activity of purified psrGH.

The PS fingerlings were injected intramusculary with 0.01, 0.05 and 0.1 ug/g
b.w. of pure grade PS rGH once every week and reared for eight weeks. The mean
length and weight from 3 measurements are presented in fig. 13.

Administration of pure psrGH accelerate the growth of all fishes. At the end
of 4™ week, fish from rGH received groups showed significant differences (P < 0.01) in
weight and length with control (Fig. 4). The weight and length gains, relative to those
of the untreated control depending of received rGH. Thus, after 8 weeks of 0.1 ug/g
GH receiving, the mean weight and length of fishes were 43.58% and 13.65% more
than control fishes. Furthermore, the mean weight and length gain of groups
administrated with 0.05 and 0.01 ug/g b.w. were 39.7% and 20.3% , and 11.4% and
8.0% , respectively. At the end of experiment the servility of all fishes was 94 %.
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Fig.13. The influence of pure grade pstGH administration on length and weight growth

rate of PS fingerlings.
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It was notable that growth enhancement of treated fishes were actually
evident especially for first four weeks. These results indicated that that all dosages of
the folded psrGH biologicaly are active and are sufficient to enhance the growth rate.
The weight gain of fish treated with 0.1 pug/g was only a littl higher than that of fish
treated with 0.05 mg/g but from LSD and ANOVA it is not so significant. The growth
curves of control and experimental groups after 4 weeks become parallel indicating,
that the specific growth rate (SGR) during second 4 weeks period of all groups
including the control are about the same.

As shown in Fig. 13 the increased growth rate of rGH-treated fishes continued
for at least 4 weeks. Weight increase of control group after 4 weeks was 144% while
the increase weight of groups administrated with doses 0.01, 0.05 and 0.1 ug/g b.w.
were 188 %, 200 % and 214 %, respectively, but after 8 weeks were 115 %, 119 % and
118 % in all groups and control - 115 %. Length increase of control group after 4 weeks
was 144% while the increase weight of groups administrated with doses 0.01, 0.05 and
0.1 ug/g b.w. were 188 %, 200 % and 214 %, respectively, but after 8 weeks were 115
%, 119 % and 118 % in all groups and control - 115 %.

From figure 1 and 2 it is obvious that weight growth rate is higher than
length. The correlation index (CI) weight/length has show that hormone injection
caused acceleration of weight more than length. At the end of experiment CI for of all
doses was 2.0 = 0.1 which is good for cultured fishes (Tab. 15).

Table 15

The correlation indices (CI=Weight/Length) of rGH administrated fishes

L Recombinant growth hormone dosage (ug/g body weight)
Cultivation
period Control 0.01 0.05 0.1

CI CI CI CI

At the start 1.14 1.18 1.17 1.16
4 weeks 1.49 1.45 1.92 1.95
8 weeks 1.69 1.89 2.13 2.14

Compound periodical growth rate (CPGR) for total weight of administrated with
doses 0.01, 0.05 and 0.1 ug/g b.w. were was 154% 140% and 117% (control 75%). In
case of total length the CPGR were 30 %, 33% and 36%, respectivly (control 19%).

3.10.2. The IB crude grade psrGH administration to fishes

Recombinant proteins expressed in bacteria often are being made faster than they
can fold into the native structure, accumulated in inclusion bodies. [ Marston AO. 1986,
Schein CH, 1989]. Although proteins trapped in insoluble inclusion bodies (IBs) are
generally believed to be misfolded and inactive [Baneyx and Mujacic 2004], some of
current research no longer supports this assumption. A growing number of studies in
the scientific literature describe IBs as entities formed by functional protein species
with native secondary structure and properly folded proteins [Doglia et al. 2008,
Ventura & Villaverde 2006].
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We decided administrate rtGH from IB’s to fishes for estimation their biological
activity. The psrGH IBs dissolved in cold guanidine HCI solution and immediately
diluted 1000 time in cold sodium chloride 0.9% solution to not allow the rGH folding.
Injections to fishes were made intramuscularly by dosege of 0.5 ug/ g b.w. every week
for 8 weeks. (Tab. 16).

Body weight and length of PS fingerlings injected by rGH from IBs Tablelt:
Crud grade solvents, over 8 weeks cultivation
Cultivation Control IB 0.5 ug/g b.w.
period W (g) L (cm) CI W (g) L (cm) CI
At the start 20.0 17.4 1.14 | 20.0 17.2 1.16
First 4 weeks 28.9 19.4 1.49 | 38.9 21.0 1.85
Second 4 weeks 35.1 20.7 1.69 | 44.7 22.5 1.98

The results indicating that the crud unfolded psrGH from IB solvent posess
biological activity and are able enhance the growth rate of fishes (Table 16). The Cls
were about the same that of pure hormone.

Due to the lack of appropriate standards in this bioassay, the activity of the
psrtGH IBs was quantified by comparing with the results received from pour grade rGH
administration dates. The body weight and length gain of fish treated with IB rGH in
dose of 0.5 pg/g b.w. was much less than that of fish treated with 0.05 ng/g purified
rGH but higher than that of fish treated of 0.01 pg/g of folded rGH. Extrapolation of the
growth rate characters from PS weight and length growth curves (Fig. 14) revealed that
IBs contain about 2-5% biologically active pstGH molecules or they become active in
fish body. The obtined fact enables to avoid the time and cost depending process of
refolding GHs from inclusion bodies.

DISCUSSION

In order to understand the molecular phylogeny of the GH, many efforts have
been concentrated on the characterisation of GHs in fishes. Within the Euteleostei
Subdivision, the GH amino acid sequence has already been determined. In contrast,
information about the GH gene or its amino acid sequence in Acipensridea is not
complete.

Since the GH gene is a highly conserved protein, it provided a better
resolution for more distantly related species [Luis F et al 2003, Venugopal T, et al.
2002]. The phylogenetic analysis of 26 vertibrates was performed based on amino acid
sequences of GH using the neighbor joining method. As a result, the amino acid
sequences of Persian sturgeon GH have highest similarity to Russian sturgeon and
Beluga (Huso Huso) and high levels homology to the GHs of Acipenseridea and
mammalian (74%). The comparison of amino acid amounts shows no difference
between PS and RS growth hormons and only a little difference with Huso huso (table.
2). The cystein residues, which are important for the disulfide bond formation and
structural integrity of the 3-D structure of the preGH protein [Venugopal T, et al. 2002]
is conserved in all sturgeons and located at 76, 187, 204 , 212 positions (tabl. 11). Their
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presence is also important for the biological activity of the hormone. Probably these are
the regions, from which strong homology could be drawn between vertebrate GH
sequences [Schneider et al 1992].

The primary structure of PS preGH gene cDNA contains an ORF nucleotide
sequence of the gene (645 bp) and matur sequence (570 bp) enoding 190 amino acids.
The position of signal peptide was in 72 nucleotide (24 amino acid) (fig.7) and this
sequence registered in gene bank NCBI for the first time and given number JN604534.

In the Russian sturgeon (4. gueldenstaedtii) growth hormone cDNA nucleotide
sequence was 980 bp long and had an open reading frame of 642 bp, beginning with the
first ATG codon at position 39 and ending with the stop codon at position 683. The
position of the signal peptide cleavage site was predicted to be at position 111, yielding
a signal peptide of 24 amino-acids (aa) and a mature peptide of 190 aa. [Yom Din S et
al 2008]. The Beluga sturgeon (Huso huso) growth hormone cDNA also has an open
reading frame of 645 nucleotides encoding a protein 214 amino acid residues. The
signal peptide cleavage site was predicted to be at position 72, yielding a signal peptide
of 24 amino acid residues and a mature peptide of 190 amino acids. The cDNA
sequence of the Russian sturgeon was similar to that of the Beluga ¢cGH. [Azizzadeh
et.al, 2013]. Cao H. et al (2011) show that the Chinese sturgeon A. sinensis GH cDNA
consists approximately 954 bp in size including a 16 bp 5'-untranslated region and
296 bp 3'-untranslated region. The open reading frame (642 bp) encodes a 214 aa, but it
represents the precursor composed of a 25 aa signal peptide followed by a 189 aa
mature polypeptide [Cao H et al 2011].

The phylogenetic analysis was performed based on amino acid and DNA
sequences using the Neighbor joining and Maximum parsimony method for mentioned
sturgeons. When the PS GH amino acid sequence was compared with other species, the
highest degree of identity was found to be with mammalians (66-74% identity),
followed by anguilliformes and amphibia (61%) and other fish (39-47%).

In this study we used two step strategy of GH gen cloning. At first the GH
was PCR amplified and cloned in easy to clone 3°dT vector pTG19-T and transformed
into E.coli Topl0. After verifying the fact of correct insertion of the PCR product the
plasmid was digested by BamH1 and EcoR1 and by the same endonucleases was
subcloned into His tag expression vector pET21a and transformed into E. coli strain
DE3. This approach is enabling avoids time and cost consuming monitoring of high
frequency misclonings.

High-level expression of GH in E. coli often leads to insoluble protein
aggregates such as inclusion bodies, which need to be solubilizated and refolded prior
to purification. On the other hand the formation of inclusion bodies has certain
advantages such as convenient isolation and protection proteins from proteolysis.

For purification of proteins several methods are used sach as: affinity
chromatography, ion exchange chromatography, hydrophobic interaction
chromatography, and isoelectric precipitation. In this study the purification of protein of
Persian storgeon growth hormone was studied and showed that, Ni NTA affinity
chromatography is a powerful and very specific method.

GH has also been recognized as relevant for the aquatic industry due to its
role on growth and as immune stimulator [Sakai et al 1997, Jeh HS et al 1998 and Yada
T et al 2004]. Several studies have been conducted to show the growth-stimulating
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effect of recombinant GH administered by several routes including injection [Li Y et al
2001, Guillén II et al 1998], oral administration [Hertz Y et al 1991], immersion baths
[Agellon LB et al 1988 and Schulte PM et al 1989] and dietary delivery ]McLean E, et
al 1993, Tsai HJ et al.]. There are several works demonstrating growth stimulation by
feeding fish with diets enriched of GH-producing yeasts [Tsai H, Li Y et al 2001 and
2003 and Acosta J. et al 2007]. The posterior intestinal tract of teleosts has been shown
to absorb protein hormones in immunologically and biologically active form [Duan and
Hirano, 1991; Moriyama et al. 1989], but only a small portion of orally administered
hormone gain access to the circulation suggesting that majority of the hormone was
hydrolyzed in the gastrointestinal tract by proteolytic enzymes.

We demonstrated that once a week intramusculary injection of 0.01, 0.05 and
0.1 wpg/g rpsGH leds to PS fingerlings growth acceleration. The morphometric
parameters of fish treated with 0.05 pg/g psrGH did not differ significantly than that of
fish treated with 0.1pg/g (Fig. 4). Therefore, we suggest that higher dosage rGH
treatments will have no effect on growth enhancement. The ineffectiveness, even
adverse effects caused by higher-dosage treatments by rGH were also observed by
Agellon et al. (1988), who reported that the specific growth rate of rainbow trout
injected with a high dose was lower than that of fish injected with a low dose. Tsai et al.
(1993), also reported that injection of a higher dose of insect cell-produced rGH
resulted in a lower level of growth stimulation than that of tilapia injected with a lower
dose.

The increased growth rates of rGH-treated fish continued for at least 4 weeks.
After four weeks of rearing no differences in daily weight and length gains of fishes
were observed between the pstGH treated and the untreated groups (Fig. 25, 26).
Therefore, we concluded that 3-4 administrations of rGH with dose 0.05 pg/g b.w to PS
fingerlings are optimal.
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Fig 14. The mean daily weight and length gain of injected with rGH fingerlings for the
first and second four weeks of rearing.
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Because of the previous purification GH is the main factor making its use more
expensive and prohibitive to be used in aquaculture. It was therefore necessary to
develop more cost effective production of functionally active therapeutic proteins
preparations for parenteral administration in crude grade form without the need for the
proteins renaturation and purification.

Recent reviews in this area have reported IBs containing properly folded proteins
[Doglia et al 2008, Ventura et al 2006]. However, none of them evaluated the biological
activity of GH IBs crude grade preparations. In this study for the first time we evaluate
the effect of intramusculare administration of solubilized IB crude grade GH molecules
to PS fingerlings and found significant increase in weight and in length of yung fishes.
From our date IBs crude rGH demonstrated 20-30 folds less activity than folded and
purified GH indicating on existence of 3-5% bioactive rGH proteins in intact inclusion
bodies or they are folded in fish somatic liquid. This finding enables to avoid the time
and cost depending process of refolding and purification of rGHs from inclusion
bodies.

Estimation of daily gain of weight and length revealed that once of week
intramusculary administrations of IB, like to purified rGH, were effective during first
four weeks, after that the daily gains are not significantly differ from control fishes.

CONCLUSIONS

1. Persian sturgeon growth hormone cDNA for the first time RT- PCR amplified
from total pituitary mRNA, cloned, sequenced and GH amino acid sequence
determined. The GH gene nucleotide sequence registered in gene bank NCBI
and was given number JN604534.1.

2. The cDNA sequences contain an ORF of 645 nucleotides starting at the first
ATG codon and ending with a TGA stop codon, encoding a preprotein of 214
amino acids. The predicted cleavage site of signal peptide is located between
amino acids 24 and 25. The PS GH hormone exhibit typical GH features such
as having four cystein residues, a single tryptophan residue, and stretches of
amino acids highly conserved in all known GHs. There is only one Asn-Xaa-
Thr motif at the C terminus region which is a potential site for N- linked
glycosylation. The mature 22 kDa PS GH consists of 190 aa residues.

3. The analysis of phylogenetic tree performed based on amino acid sequences
by using the neighbor joining and maximum parsimony method revealed high
degree (99%) similarity of Persian sturgeon with Russian sturgeon, Beluga
and human (74%) GHs and similarity with GHs of other fishes (vertibrites).

4. In this study we used two step strategy of GH gen cloning. At first the GH
was cloned in easy to clone 3’dT overhang vector then subcloned into His tag
expression vector pET21a. This approach is enabling avoids time and cost
consuming monitoring of high frequency misclonings.

5. The purification manipulations including IB isolation and solubilization,
protein refolding by dialyze and his tag Ni-NTA affinity chromatography
ensure yields of biologically active pstGH up to 30%.

6. Intramuscular administration of 0,01, 0.05 and 0.1 pg/g of body weight pure
r-psGH to PS juvelinaris in aquaculture brings up to 2 time acceleration of
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weight and length growth rate with correlation indices ~1.3, good to
aquaculture.

7. For the first time demonstrated that crud IB hydrolysates 0.5 pug/g b.w.
intramuscular administration accelerate weight and length growth equal with
effectiveness of ~0.02 pg/g b.w. purified rGH, indicating on the existence of
about 3-5% bioactive recombinant GH molecules in IB aggregates.
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Ehuwt Uwhuniy Luup
Persian sturgeon-h w&h hnpunth ghh Yntwynpnudp, bpuwypbuhwi E. coli-nud,
dwppnudp b hnpdwpynudp
uuonNoenNkrU
2wbgniguyhli punkp Persian sturgeon, w&h hnpunt, yFu@, ukpyhiwynpnd,
ntwynpnud, Epuyptuhw, tbpundwb dwpduhlubkp, dwppnud, thopdwplynid

Unwohtt whquu NMwpuwljub punwthh (NE) hhyndhghg wpwnfus
hFuE dwnphguyh ypu hwunupd nmputulphuyinwgh dhengny uhuphqyk b
NTR-puquuyunljyl] E wsh hopunth (U2) twjuw wYuE, npnoyl) £ ipw
unijninhnubph  hwenppuljwinipniup, wjinthknb pun  ghubnhjuljw
Ynnbkph npnoydt | twhiwUz2-h wdhtwppntubph hwenpnuljutnipniin: M6 —h
Uz qkup  pwg Ywpnugynn  opgwbwbh  (ORF)  umljkmnhnubph
hwonpnuljwimipniip qpuiigyt] £ GenBank-nid (http://www.ncbi.nlm.nih.gov)
JN604534 hwdwph wwl Zwdwgwuguyghi  http:/npsa-pbil.ibep.fi/npsa 1
http://swissprot.ch dpwqptph vhongny Jwipunpnodty Eu UZ-h Gpypnppught b
Eppnppuyghtt junnigquspp: dhpnusmipnitubph wpyniupnid wuipqyly k np
NE-h twhpwUz-h ORF  Juquyws E 645 uniljinnhnhg, npp uljuynud k
dbphnuhuh ATG Unpnuhg b {dbppwinid £ TAG uwny Ynnnunyd: Uju
Ynnunpniud £ 214 wdhiwppdhg juqujuws bwpwughnwlnig: Unweht 24
wuhtwppniibpp Atwnpmd kb wqpuibpwbughtt whupnhnp, hul 190p
hwuntth wgh hopunup:  NE wgh hopdntp gpubnpnud £ UZ-ubkphtt punpny
hwwnluwuhoubp, huswhuhp tu snpu ghunbhughtt duwgnpnubpp, npnip
Alwynpmd B Gphnt ghunybhnuyghtt Judpowlubp b kY Asn-Xaa-Thr
wdhtwppyuht dninhd (motif) C hwwndudnid, npp wnwnbughw) Yuyp k
hwiunhuwinud N- juwyus qhynihqugdwt hudwp:

BLASTN U BLASTP dpwgptpnid wnlfw  wéh  hopdnubbpht
Jtpwpbpynn nfjujubph hhdwb Jpu junnigyl) E dhinghubnhjuljui Swnp o
wunpqyt] E Mwpujuljut punwhh ghtbnhjuljut ukpn juyp poiuwwljui b
phnigu punwithubph htwn (99 %), hswbu bwb  dniu npuwowynpubph b
dwpnnt htw (74 %):

Zwunth  UzZz-p  Yngunpnn Yul-h wunowd  Ynbwynpnudp
wwwhnybnt hwdwp wytt bwpopnp Yintwnpyt) £ T JEpenypubpny géuyht
Jiyunnpnid:  Primer3  (http:/biotools.umassmed.edu/bioapps/primer3_www.cgi)
Spwgnny uptipliqyt) Eu M qhuth hwuntt (wpwbg wqnpuitpwiwghtt whkwywnhnh)
Uz Ynpuynpnn hwnqwsh wnwetiughtt bt hnwnupd YuE wpuydbpubp,
npnup hpkug dke tubpwnnid Gt EcoR1 b BamH1 nhunphluwqubph Ynnuhg
Swwyynn Juyplip: UZ ghip Tag wynihdbpugh b NT dhongny uhtipbqyb] b
T/A dbpnyny Yntuwynpdl) E pTGI9-T dJiywnph dbe: E. colih uky
npwiudnpuiugytinig hinnn ubipdniddus qhup T7 b hbnwnupd ypuwydkpubph
ogunipjudp NTL wdyhdhiugyt) b, uwytnthbwnl dby Ejunpndnptiqh dhengny
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hwunwwnyby k qghith wuwnowd intwgnpnidp: Ujunthtinb pTG19-T wjwuquhnp
dwuttwwngl] £ EcoR1 Ut BamH1 nhunphluwuqubpny, wjunithtnl tnyh
ntunphlunwqutph oqunipjudp Eupwlntuwinpyt] t bkpuwyptuhy His Tag
pET21a Jtljinnpnid, npp nnputiudnpdwugyty k E. coli DE3 swwudh dby:

NEyndphtwtn E. coli DE3-h junppughtt §nyunhdugdui dudwbmly
U.z-h kpuypbuhugh oyynhdwjugdwt wipyniupubipp gnyg Eu by, np wddwb
n nquphpuiwluwi thnymd (Olv 0.6) IPTG-hurymiljghughg 4 dwd htwnn U2
Epp hwutnwd t dwpupudnidh® uqdbing peoh uwhwnwlnigiutnh punhwininp
pwtwhh Unwn 30 %-p: SDS-PAGE Likljinpndnpkqh dhongny gnyg k wipyky, np
uhipbqusd uyhwnwynigh dnikynyuyhtt Yohop hwduuwp b 22 4w, hugp
punpny E w&h hnpunuubpht:

Unwoht whqud  wuwppbpulub  $hpdbunwghugh  dhengny
hpwgnpéyk; E Qwpuwlub  pwewthh pEindphtiwbin wdh  hopuntup
wuwwpwunntjubph  thnppwdwyu] wpnwunpnipni b opdwpynud dyutph
Jpu wjuquiught Ynyunpdugdut guypdwiubpnud: 8nyg k wipdk), np pupdnp
dwppnipjul nkndphttwtn wdh hopunth swpwpp dbl wiuqud 0.01-0.1 dlg/q
swthwpwdhutipng  ubpdjwbughtt (W) ukpupynudubipp phipnud Bu dyubkph
wéh qquih wpuqugdui: Ayubph wéh wpwqugnudp jupduws ko UZ
swthwpwdihg, puyg putth np 0.05 b 0.1 WYq/q swthwpwdhuubph wqnkgnipjut
nul] wéh wpwquglwt gniguwihoubph wwppkpnipniip hwjuwuwh  skp,
nwunh npybku owywhduy  swthwpwdht punpgkg  0.05 dlg/q-p: Pnpdh
wpnniipmd - wupqylg, np wpwyk] wpynibwdbn i wnwehtt  3-4
ubpwpynudutipp: yubph puph wykjugniudp wpwgnipjudp dnwn Epljnt whqud
ghipuquugmd E  Gpiupnipjutt wdbjugdwip, husp  pnisynn  AJukph
wupwquynid ghpunuubih gniguthy Ehwunhuwinud:

Lwih np uyhnwlmgubph dwppnudp pwn pwitl | b wppunwwnwp,
wnwohlt wiquu niunidtwuhpyl) k okjndphtiwtinn wgh hopunuh “bbpundwi
dwpuuhljutph” (IB-inclusion bodies) wdpuly jnidnijputnh W tkpupynidutnh
wqnkgnipmiup dhubph wéh wpwgnipjub Jpu: @npdp gnyg ndkg, np 1B -h
0.5 Uliq/q suhwpwduh Ynnuhg dhubph wsh pppwidwi wpynibwdbnnipeniup
hwjwuwp k 0.02 dyg/q pupdp dwppnipjut UZ-h wpynibwdbnngpjubn:
Unwugqué wpnynibpubpp pnyp Eu viwhu Bupungpl), np  “tkpundwb
dwpdupjubp”nd jut webjuqt 3-5% Jhtuwpwinpt  wlnh] Uz-h
Unjklnyjubp:

Usolmwnwtiph  wpnyniipnid unwugdus  nhindphtwbinn . wnhpught
gniyhlh onwdp Yupnn b Yhpundl] Mwpuwlui punwhh nhindphtwin
wéh  hnpunuh  wwwpwuwnnijh  whuwhdwbwhwl  wpnwungpnipplanod:
Quutph wép upwibnt hwdwp Jupbh § Yhpwnl) twb “Gkpundwb
dwnpduplubiph” wtdowly 1nidnype, nph unnwgnidp wthwdbdwn tdwt b phy
wpjuwinunwp:
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Scan Maxmyzn Hacp
Knonuposanue rena ropmona pocta Persian sturgeon, skcnpeccus B E.coli, ouncrka
Y UCIbITAHVEe

PE3IOME

Kimouessre cioBa; mepcuackuit oceTp, ropMoH pocta, kKJIHK, ceksunuposanwe,
KJIOHMPOBaHUe, SKCIIPeCCHs, TeIblla BKIIOYeHNU, YUCTKA, TeCTUPOBAHMe

Bmepsrre Ha marpune nPHK, usomuposarHO# 13 rumodusa IepCcHaCKOro
ocerpa (IIO) ¢ momombio 0OGpaTHON TPaHCKPUIITaskl, Obl1a cuHTe3uposana u I1ITP
ammudunuposana npe kJHK ropmona pocra (I'P) u ompesenena HykieoTupHas
IIOC/Ie/IOBATeTEHOCT.  3aTeM, COTJIACHO TeHeTHYeCKMM KOfaM, OIIpefieseHa
aMUHOKMCJIOTHas IocyenoBarenbHOCTh pel P. HykneornaHas mocieoBaTe lbHOCTD
orkperroii pamer cuntusanus (ORF) rena I'P IIO saperucrpuposana B GenBank
(http://www.ncbi.nlm.nih.gov) mog Homepom JN604534. C momomsio http://npsa-
pbilibep.fr/npsa u http://swissprot.ch uHTepHeT IporpaMM, IpeAOIpeZeIeHbI
BTOpMYHAA U TPeTHYHasA CTPyKTypsI ['P.

B pesynbraTe aHammu3oB BeIACHUNIOCH, uTo ORF rema I'P I1O cocrout u3 645
HyKJIeoTuzoB, HaunHatomuxcs ¢ ATG xomoHa MeTHOHMHA M 3aKaHYHMBAIOIIUECT C
TAG cron KofOHOM, KOZUpyeT IpeGenoK, cocToAmuit u3 214 aMHHOKMCIOT, 13
KOTOPBIX 24 - GOpMUPYIOT CUTHAIBHBII mentus, a 190 - spessrii ropmon pocra. I'P
T1O mpossnger cnenudbunyeckue cpoicrea A I'P, Takue Kak 4eTsIpe I[UCTEHHOBBIX
ocTarka, KOTopble (POpMHPYIOT [Ba NUCYJIbGHUAHBIX MOCTHKA U oguH Asn-Xaa-Thr
aMMHOKHUCIOTHBII MOoTH( Ha C KOHIIe, KOTOPBIH AB/IAETCA IIOTEHIINAaIbHBIM MECTOM
1t N- CBA3aHHOTO TTMKOIU3HPOBAHMUA.

C wucnone3oBanueM paHubx, umeromuxcs B NEIGHBOR (Neighbor-
Joining) TUTS CO3TaHUS 1000 (UITOT €HETHIECKIX nepesa
(http://www.megasoftware.net/), moctpoeno  ¢unoreHerudeckoe nepeso I'P u
YCTaHOBJIEHO BBICOKOe  TeHeTmueckoe cxoxctso I'P IIO ¢ I'P pycckoro u
mepcuzckoro ocetpos (99%), a Taxoke ¢ I'P apyrux mosBoHOUHBIX 1 desnoBeka (74%).

Jna obecreyeHns KOPPEKTHOCTH KJIOHMPOBAHUA KOZUPYIONIETO 3peJIbIit
I'P JHK, o mpezBapurenbHO GbLI KJIOHUpOBaH B iuHeiinsri T Bexrop. Ha ocHoBe
mporpamMmsl Primer3 Gbuau cHHTE3HPOBaHBI HPAMOI M OOpaTHBIM MpaliMeps! reHa
speroro I'P  (http://biotools.umassmed.edu/bioapps/primer3_www.cgi), KoTOpsIe
TaKKe BKIIOYanu B cebe caifiTel ysHaBaHuA pectpukta3 EcoR1 u BamHI1. TI'en
spenmoro I'P ¢ momomsio Tag mommmepasst u IIIIP ammiuduxamum 6si1 T/A
xronupoBaH B Bekrop pIG19-T wu TpanHchopMuUPOBaH B KOMIIETEHTHBIE,
oGpaGoranusie xiaopuznom kanbius kiaetku E. coli TOP10. Ilocne BprpaimuBamus
pexomGutantaoro mramma TOP10, nu3mca ¥ OYKMCTKE BEKTOpa, KIOHUPOBAHME
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rema I'P 6sima morsepxkzera IIIP ammudukaunmeit ¢ momomsio T7 u o6parHbIX
npaiiMepoB resa I'P u mociesyromero ress sexkrpodopesa.

ITnasmuzma pTG19-T Gsuta o6paGorana pecrpukraszamu EcoR1 u BamH1u c
IIOMOIIBIO TEX XK€ caMUX pecTpukTa3 cyoknonupopan B His Tag pET2la BexTop u
tpaHchopmuposar B E.coli DE3. B ombitax 1mo riyGUHHOMY KyJIBTHBHPOBAHHIO
pexombuHanTHOrO mtamMma DE3 6sito ycranosieno, uro mociae UITTT uupykuyn
akcmpeccus I'P k oy norapudmudeckoit dasst pocra (OIT 0,6 ) 1 MakcuManIbHbIH
BBIXOJ, PEKOMOHHAHTHOTO TOPMOHA OTMEYAIHCh IIOCIe 4 JacOB MHKYOAIUH, UTO
cocrasiszer okoso 30 % or obuiero KoaudecTBa GeMKOB B KieTKe. MoseKy IApHBIit
BeC CHUHTe3NPOBAaHHOrO Oenka ompefeneHHOro ¢ momomsio SDS-PAGE
anexrpodopesa cocrasran 22 x/la, uro xapakrepro g ['P.

BHepBLIe, IIyTeEM IEepHOANYIECKOrO KYJIbTUBHPOBAHUA peKOM6I/IHaHTHOFO
mramma E.coli DE3, 6si10 opraHmsoBaHoO MajoMacimTaGHOe —IIPOHM3BOJCTBO
IIperapaTa TOPMOHA POCTa IEPCHUACKOTO OCeTpa U IPOBEJEHBI er0 MCIBITaHWA Ha
Pa3BOJHMMBIX B aKBaKyJIbType pLI6aX. Br10 mokasaHo, YTO BHYTpUMBIIIEYHbIE (8/m)
HMHBEKIUH BRICOKOOUMIIEHHOTO PeKOMOMHAHTHOIO TOPMOHA POCTa pa3 B HeJEemio B
nosax 0,01-0,1 MKI/r TpHUBOZWT K 3HAYUTETBHOMY YCKODEHMIO pOCTa pBIO.
VYckoperue pocra peI6 3aBHCUT OT [03bI TOPMOHA, HO Tak Kak mpu mosax 0,05 u 0,1
MKT/T pasHHI]A B YCKOpeHMM pocTa ObLTa HemocToBepHOM, 703y 0,05 MKr/r MbI
TIOCYMTANH ONTHMAaJbHOI. PesynpraTsl OIBITOB ITOKasaau, 4YTO Haubosee
9¢beKTHBHBIME ABIAIOTCA IepBble 3-4 WHBEKIUH. YCKOPEeHHe IIpuBeca pHIOHI
HPI/I6JII/IBI/ITEJII)HO B [Ba pasa IIPpEBbINIATIO POCT AJIMHBI PBI6, 9YTO B aKBaKyJbType
CUMTAETCA XOPOUIUM IIOKa3aTesIeM.

IockonbKy oumMCTKa GEIKOB CTOMT O4YEeHb [OPOTO M OTHHUMAaeT MHOTO
BpeéM€HH, HaMH BIIEPBBIE 6LIJIO HU3y4eHO BIHUAHHE B/M I/IH'I)eKI_U/Iﬁ CBIPBIX
HEOUHIEHHBIX PacTBOPOB «Teieln, BKmIodeHus» (TB) pexoMGUHaHTHOrO ropMoHa
pocra Ha Temmbl pocTa pbr6. OmBITH IMOKa3anu, 4TO 3bPEeKTUBHOCTh CTHMYJ/IIIAN
pocra ps6 TB  mosoit 0,5 Mkr /r paBrosuauna 0,02 MKr/r BeIcOKOOuuieHHOMY I'P.
HoﬂyquHBIe Ppe3yIbTaThl IIO3BOJIAIOT IIPEAIIOJIOXHUTH, YTO B TEJIbIIaX BKIIOYEHUA
HMeIOTCs TI0 KpaiiHeii Mepe 3-5% GuoIoruyecKu aKTHBHBIX MOTeKy I I'P.

IMomydennsiit B pesysnbraTe pabOTBI PeKOMOMHAHTHbIHM 1mTamm E.coli
MOXeT WCIIOJIb30BAThCA /I OPTaHM3AIMK IIMPOKOMACIITAGHOTO IPOM3BOJCTA
ropmona pocra Ilepcuzackoro ocerpa. /[ljas CTUMyISuuy pocTa pbI6 MOXKHO
HCITOJIB30BaTh CHIPOM pacTBop TB , mosyueHne KOTOPOTO 3HAYHMTENHHO JelIeBlIe U
MeHee TPy ZOeMKoe.
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