




















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 celf 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 NaNos 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.

‘. Hears after IFTG iaduction

Fig. 9. Expression of recombinant GH in E. coli
cells. ’
e a|
IR |

3.7. IB solubilization and pstGH folding.

IBs were isolated after four hours fermentation of IPTG induced E. coli DE3. Cells
were harvested, washed with TE buffer (10 mM Tris, 1 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.
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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-HCI, 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-
HCl (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-HC1
(pH 8.0) and eluted with 2 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 rtGH
of Huso huso was used as control (the left band).

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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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 randornly divided into five group, with
averages of 2020.15 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 pstGH 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 ug/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

Al 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 1.7, 1.16
4 weeks 1.49 1.45 1.92 1195
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 pstGH 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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for 8 weeks. (Tab=16).

We-decided administrate rGH from IB’s to fishes for estimation their- biological
activity. The pstGH 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

Body weight and length of PS fingerlings injected by rGH fror'r"r“ihs Tablete.
Crud grade solvents, over 8 weeksscultivation
Cultivation Control IB 0.5 ug/g b.w.
period W (g Lm) [CI | W(g) L (cm) I
At the start 20.0 174 1.14 | 20.0 172 1.16
First % veeks 28.9 19.4 ~ 1.49 | 38.9 21.0 1.85
Second 4 weeks | 35.1 20.7 1.69 | 447 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
pstGH 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 pg/g purified
tGH 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 (A. gueldenstaedtii) growth hormone c¢DNA 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, yi;lding
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 anfi
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 i"_{ mel'moned
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-stimulati"ng
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effect of recombinant GH administered by several routes including injection [Li Y et al
2001, Guillén IT 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.¢ ug/g psGH leds to PS fingerlings growth acceleration. The morphometric
parameters of fish treated with 0.05 pg/g pstGH 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 tGH-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 rtGH 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 ug/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 hnpunith gkuh Yntwnpnwdp, tpuwypbuhwh £ colinud,
dwppnuup b thapdwpljnudp
uuonNenkuU
Zurhgmguyhti punkp’ Persian sturgeon, w&h hnpunt, wyFu@, ubpyhtunnpnud,
ntw]npnud, Epuypbuhw, bkpundwh dwpdihibp, twppnud, thopdwplnud

Unwght whqui Mupuwywh pwruthh (@) hhundhqhg mbgunnfus
hOLP dwinphguyh Ypw hujunupd wpwhuyphupnugh dhengm] uhtiplqyl b
NTN-puquuyunnlpll b wdh hopdnth (U2) twha wFu@, npnoyty b bpu
tmlykmnpgiikph  hwgnpuljwinipimip, wjimhbbnb pun gkubknhljuljwi
ynnkph npnoyby k bwuwUz-h wdhbwppniibph hugnpyuljutmpynitp: 16 -
U2 qtbh pwg Yupqugion gppwbuwbh (ORF)  tmlybkowhnhbph
hwenpuljwhnipiniip gpubgyl) k GenBank-nud (http://www.ncbi.nlm.nih. gov)
JN604534 hunfwph wwl: Zwdwgwiguyht - http:/npsa-pbilibep.fi/npsa
http://swissprot.ch spwgpbph Uhgngny Ywljunpnpyk) ku UZ-h tpypopnuyhi b
Eppnpnuyhl junnigduéspp: Ykpnidnipyniibkph wpyntipnud wuipqyby & ap
NE-h twpwU2-h ORF lJuqujws k 645 tnmljbnwnhnhg, npp ujuynud &
Ukphnuhth ATG Ynnnthg b Jhpgwbawl t TAG wwnny Yngnind: Uy
ynnuunpnid £ 214 wdhbuppihg Yuquwus 'umlumuuﬂlmmllmg Unwghh 24
wlhiuppniibpp dbunjnpnd ki wqpubpwiughl whkwwhnp, huy 190-p’
hwuntt w&h hopuntp: N w&h hopuntp gpubnpnud E-U2-bkpht plnpny
hwunlulihpikp, hiywhuhp B snpu  ghunbhbughl diwgnpnbkpp, npRlp
dbunjnpmd ki bpyne ghunybpnuyht judpgwyubp b Ukl Asn-Xaa-Thr
unfhbwppyuyhtt Unwnhd (motif) C hwunjwénud, npp wynwukughuy Yuyp &
hwinhuwinwd N- juu]ws qthynthqugdwb hundwp:

BLASTN U BLASTP spwgpipmud wniw wdh hopunbikpht
Ykpwpbpdnn wjuubph hhdwh Jpu juenigyt b Phnghibnhjuljul suep b
wuwpqyt) & Mwpulwljub pwpwhh gkubwnhyuljwh ukpin juyp pmuwljwh b
phiniqu pwnunhbibph htn (99 %), hywybu bmb  Wjmu npiwpwnpbitph b
dwipnnt htin (74 %):

Jwumb  UZ-p  Yopunlnpnn  FUE-h wuwnpwd  Ynbunfnpnudp
wyuhnyknt hudwp wyb hwjuopnp Ynbudaply £ T Jkpgnypubkpny] gduhi
ykywnnpnud:  Primer3  (http:/biotools.umassmed.edu/bioapps/primer3_www.cgi)
spwgpny uhiphqyby ki M@ qkuh hwumb (wnwig wqnubipwbught ywhuwnhnh)
U2 ynpuynpnn hunnjwéh wnwgbuyghtt b hkwnwgupd Yol wpuydkpibp,
npnlip hphug Uk tukpwonwl i EcoR1 b BamH1 nhuwniphljunuqubph nndhg
&uhwynn Juyphp: UZ qkp Tag wnihubpugh b NGO dhongm] uhpbqyk b
T/A ubpogm] Ynbwdnpyty & pTG19-T Jhwnph ukp: E colih ke
wnpwiudnpiugykinig hbwn thpumsjus qilip T7 b hbnwugupd wypuydkputph
ogimpyunlp NTN wilwy hdhlugyy L wyjuinthbwnb dt) fEynpndnpkqh d]lgngml
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hwunnunm]ly k ghth wunngwd intunnpnudp: Ujinthtwnb pTG19-T wjjwquhgp
Uwubunm]l) & EcoR1 L BamH1 nhunphlunuqibpny, wjinithbnb  tnyh
nbunphlinuqitph  ogunipjundp Eupulntwgnplly t tpuwpbup His 7Zag
PET21a Jkljinihnud, npp wipwiudnpuiwgyk & £ coli DE3 pwnuh Uhy:

DEYnUphtiwtnn £, colf DE3-h Junppuyha ynyunpjugduh dudwbul
UZ-h tpuypbuhuyh oupunplwjugdwh wpymbpkpp gnyg kb vidk], np wédwh
m |nquphpuwlul thoymd (Ol 0.6) IPTG-hinniyghuhg 4 dwd hkwnn U2
Eipp hwubimd b dwpupdmuph® Yuqukinyg pooh uyjhinwlmgubph punhwbnig
pubwhh unwn 30 %-p: SDS-PAGE Hkljnpndnpkqh Uhengny gnyg k wpdky, np
u]mhphqtlmb uyhinmlmgh dnmbynyuyhlt Yohnp hwjwuwp & 22 Yhw, higp
plinpfy E w&h hnpuntiikphi: ,;-

Unwghtt  whqui  wwpphpulwb  $kpuikinnwghugh  dhongny
hpugnpt]t) b NMwpuwlfwh pwpunhh  phyndphtwinn w&h  hopdnih
yunpuuwnniubph  thnppwdwjuy wpnwnpmipinih b hopdwpymud dyukph
Ypw urjuqubughlt Ynpnhjugdut wugdwbbkpoud: 8nyg k wnpdk), np pupdp
Uwppmpjut nEynuphtiuinn w&h bopunth ywpwpep Ukl whquud 0.01-0.1 lg/q
swhwpwdhtbpng  ukpdjwbuyghl (W) tkpupymdbbpp phpnud Bu AYukph
w&h qquih wpwqugdwb: QYukph wéh wpwqugnuip jupws b OULZ
sunhwpwdihg, puyg puiih np 0.05 1 0.1 Wljg/q swthwpwdhbikph wqpkgnipjub
wnuly wdh wpmquguiwh gmguihpukph wnwppkpmpoibp hwjuwunh skp,
niunh npybku owwnhduwy  yuhwpwdht pinplkg  0.05 uUlg/q-p: Pnpdp
wpynbpmu  wwpqlkg, np wounll) wpyminodtn b wewght  3-4
ubpwpynulkpp: Qyukph pugh wlkjugnuip wpwgnipjudp Udnin Epljne whqud
ghpuquignud £t Epupmpjut wdbpugdwbp, hisp pmsynn  AYukpp
wuwpwquymu ghipunuubkjh gmguhy L hwinhumbnnd:

Luitih op uyhinwlmgubph dwppnudp pun pwitl kb wpuunnwnup,
wnwghtt wbiquud munilbwuhply £ pklndphtintin wgh hnpunup “bhpundwb
dwpdtthljikph” (IB-inclusion bodies) miidpwl) jnidnyphtph WA ukpupynufikph
wqnkgmipinitip dhukph wédh wpwugnipjut Jpw: @npdp gnyg wykg, np IB -h
0.5 Uyg/q yunhwpwduh Ynnuhg djukph wéh ppwbdwh wpymbwybnnmpmiip
bujwuwn t 0.02 Ulg/q pupdp dwppmpjub UZ-h wpynibunlnnipjubp:
Unwgdwé wpnymbphbpp poy; kb wwjhu Ghpungpl;, np  “Uhpundwb
dupdhjubkp”™oud juwb woiuqh 3-5% Yhhuwpwinpkh wlhwnhy UZ2-h
un kynyukp:

Uglmwwnwbiph  wpyniipnud winngdué  pklndphtimbnn wnhpuyht
gniyhh pnwdp YJwpnn b Yhpuedl) Mupuwlud pupuhh epbyndphiuinn
w&h  hopunth  wuwwnpwunnmljh  whuwhdwbuhwl  wpnwunpoipgnibinod:
yukph wép upwbbine hudwp Jwpbih b Yhpunk twh  “bEpundub
dwpduhljubph” widowly nidnyp, nph unwugnuup withwdbdunn tdwlb k b phy
wpmnunnup:
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Dcan Maxmyn Hacp
Krnonuposanue resa ropmona pocra Persian sturgeon, sxcrpeccus B E.coll, ouncTKa
¥ HCIBITaHHe
PE3IOME

KitioueBHle c/10Ba; TepcHIcKyit oceTp, ropmoH pocta, x/IHK, ceksunuposanmue,
KIOHHpPOBaHHe, SKCIIPECCHH, TeTBIIA BKIIOYEHN)S, THCTKA, TECTHPOBAHHE

Briepesie na matpuue MPHK, u3ommposaHHo# 13 rHI0¢H3a MepCHACKoro
ocerpa (T10) ¢ moMomsio 06paTHOM TPaHCKPUNITasE!, GEUTA CHHTe3MpOBaHa U jting
ammmbuuuposana mnpe xkJJHK ropmona pocra (I'P) n onpesenena HyxieoTHaHas
[IOC/IeHOBaTEeNBHOCTh. 3aTeM, COINACHO TIeHeTHYeCKHM KOJaM, OmpeZelieHa
aMHHOKHMCJIOTHas nociefoBarensHocTs npel'P. Hykineoruzaas mocie/j0BaTeIbHOCTD
oTkperToit pamer cuutusanus (ORF) rema I'P IIO sapernmcrpuposana B GenBank
(http://www.ncbi.nlm.nih.gov) moa Homepom JN604534. C nomonsio http://npsa-
pbilibcp.fr/npsa u  http://swissprot.ch uHTepHeT mporpamMM, HpeZOIpe/eNeHs!
BTOpMYHAsA Y TPeTHIHas cTpyKTypst I'P.

B pesysTate ananm3os BhiacHIOCK, 7T ORF rena I'P TIO cocrout 13 645
HYKJIEOTH/IOB, HaUMHAIOIUXCA C ATG xoZoHa MEeTHOHHHA Y 3aKaHYMBAIONIMECH C
TAG cron KoZOHOM, KOAMpYeT mpeGenoK, cocTosmuit us 214 aMHHOKMCIOT, U3
KOTOpBIX 24 - OPMHUPYIOT CHITHATBLHEIH NENTHA, 190 - apesit ropmox pocra. I'P
TIO nposenser crenududeckue cpoiicrsa Ana I'P, Taiue xax IeTsipe € IMCTEMHOBRIX
ocTaTKa, KOTophle (OpMHpYIOT /jBa RUCYNBQUAHEIX MOCTHKA ¥ OfHH Asn-Xaa-Thr
aMHHOKHCIOTHEIHA MoTHd Ha C KOHIE, KOTOPBIit ARAETCA NOTEHITHATBHEIM MeCTOM
s N- cBA3aHHOTO ITMKOJIH3UPOBaHHA.

C wucmonpsoBaHueM AaHHbpX, uMetomuxca B NEIGHBOR (Neighbor-
Joining) s co3naHus 1000 (RNOreHETHYECKHX IiepeBa
(http://www.megasoftware.net/), [OCTPOEHO ¢dunorenerryeckoe zepeso I'P u
yCTaHOBJIEHO BBICOKOE repernyeckoe cxopcteo I'P IIO ¢ TP pycckoro u
nepcupackoro ocerpos (99%), a Taxxe ¢ TP ppyrHx I03BOHOYHHIX ¥ YesioBeka (74%).

Jins obecrieveHus KOPPEKTHOCTH KJIOHWPOBAHMA KOJHPYIOMEro 3pesrslit
TP JIHK, on mpepssapurensHo 65Ut kionuposan B mHednsni T sextop. Ha ocroze
nporpammst Primer3 65U CHHTe3HPOBAaHEI NPAMOH H o6paTHBIf mpaiiMepsl reHa
spenoro TP (http://biotools. umassmed.edu/bioapps/primer3_www.cgi), KkoTopxre
Tajoxe BKMIO9aMM B cebe caitTsl ysHasauma pecrpuktas EcoR1 u BamHI. Ten
spesoro I'P ¢ momoueio Tag momumepasst ® IIIP ammmduxawmu G6sur T/A
JUIOHMpOBaH B  BEKTOP pTG19-T u TpanchopMMpOBaH B KOMIIETEHTHbIE,
06paGoTaHHEE XIOPHAOM KalBIHA KIETKH E. coli TOP10. Ilocne BbIpamuBaHus
pekom6unanTHoro mramma TOP10, /m3nCa ¥ OYMCTKM BEKTOpa, KIOHHPOBaHHE
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resa I'P 6suta norsepxzena IIIP amtuduxanueir ¢ momompio T7 u o6paTHBIX
npaiiMepos rexa I'P u mocregyiomero ress anekrpodopesa.

ITnasmuna pTG19-T Gruta o6paborana pecrpukrasamu EcoR1 i BamH1u ¢
TIOMOIIBIO TeX JKe CaMMX pecTpukTa3 cybxsonuposaH B His 7ag pET2la Bextop u
tpacopmuposan B E.coli DE3. B omsitax mo riIyGHHHOMY KyJTbTHBHPOBAHHIO
pexoMbuHaHTHOTrOo mTamma DE3 6ruto ycranosneno, yro mociae WIITT unpyxuun
axcmpeccus I'P x xoH1y orapudmmdeckoii dasst pocra (OI1 0,6 ) 1 MakcHMaTbHEIi
BEIXOZ, PeKOMOHHAHTHOTO IOPMOHA OTMEYaIHCh IHOC/e 4 4acoB MHKyGaluH, YTO
cocrasser okosno 30 % or obmero xonuyecrsa GeakoB B KieTke. MosekynapHsrit
BeC CHHTe3HpoBaHHOTo Genka ompegenenHoro c¢ momomsio SDS-PAGE
anexrpodopesa cocrassr 22 k/[a, ato xapakrepHo s I'P.

Briepssre, myTeM mepHoAMYecKOro KyJIbTHBHPOBAaHHS PeKOMOHHAHTHOTO
mramma E.coli DE3, 6bulo OpraHW30oBaHO MajJOMacWITaGHOe IPOH3BOZACTBO
TIperrapaTa TOPMOHA POCTa IEPCHACKOTO OCeTpa M IIPOBELEHHI ero MCILITAHUS Ha
Pa3BOAUMBIX B aKBaKyJbType phibax. Bsilo mokasaHo, YTO BHYTPHMBILIEYHEIE (B/M)
MHBEKIUH BRICOKOOUMIIEHHOTO PeKOMGHMHAHTHOrO TOPMOHA POCTA Pa3 B HeJesio B
mosax 0,01-0,1 MKr/r TpHMBOAMT K 3HAUMTENBHOMY YCKODEHHIO pOCTa PphI6.
YckopeHMe pocTa peIG 3aBHCHT OT ZO3BI TOPMOHA, HO Tak Kak IpH gosax 0,05 u 0,1
MKI/T pasHMIa B YCKOpeHMHM pocTa Opuia HepmocToBepHOH, mo3y 0,05 Mxr/r msr
NMOCYHMTANIM ONTHMANIbHOH. Pe3ynsTaTsl ONIBITOB IOKa3aay, 4YTo Haubosee
3¢ dexTUBHEIMU ABJIAIOTCS HepBhle 3-4 MHBEKIUH. YCKOPeHHe IIpHBeca pbIGHI
MpuGIM3UTENBHO B [[Ba pasa IPEeBBINIAJIO POCT AJMHBI PhIO, YTO B aKBaKyJIbType

CYHUTAETCA XOPOIUHUM ITOKa3aTeJIeM.
HOCKOHEKY o4yHcTKa GEeJIKOB CTOMT OYeHb OOporo M OTHHMaeT MHOrO

BpeMeHH, HaMM BIIepBble OBUIO M3y4YeHO BIMAHHME B/M  HMHBEKIHH CBIPBIX
HEOYHMIEHHBIX PAcTBOPOB «Tejel], Biaodenus» (TB) pexoMGMHAHTHOrO rOpMOHa
pocTa Ha TeMnbI pocTa pri6. OTBITEI MOKAa3aaH, 4TO 3¢ GHEKTHBHOCTS CTHMYJIALHH
pocta pri6 TB gmosoit 0,5 mxr /r paBHosnayna 0,02 mkr/r BeicokooumnueHHOMY I'P.
TomyvenHsle pe3ysbTaThl MO3BOJIAIOT HPEAINONOXHTE, YTO B TeJbliaX BKIIOYEHHs
MMeIoTCA IO KpaitHeii Mepe 3-5% GHoornyecku akTHBHBIX MoseKy I'P.
[Tomyuennsiit B pesysnbraTe paGoThl peKOMOGHHAHTHBINH wrTamm El.coli
MOXXET HCIIOJIb30BaTbCA JJIA OPTaHM3alMH IIMPOKOMAcCIITabHOro ITPOM3BOJCTA
ropmoHa pocrta ‘Ilepcumckoro ocerpa. st CTHMYJIALMM pOCTa PBIO MOXHO
HCITOI530BaTh ChIPoit pacTop TB , mosyuyeHHe KOTOPOTO 3HAYHTETHHO JEUIeBse U

MeHee Tpy/J0eMKOe.

13 Uqquwjhu gpwnwpwl
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