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el 058 5 psle

awdls Sl Sos dls s 93 b s Jlle zo e
hif-30 & ol pl els 35 0l 5550 & I oS s
NP PV ST (P rK;A 3 sdiSCamles G Ul g
= 05 ol oSl Olis Sl s S o Jes S
GoSe B 5 3sd e Ol i SaeSt sl Ll b o
(5SS ab Lyl 5 s (Ivan et al., 2001)s,ls
g o3y Jlad s Do 5 0l O hif 55
2 S5 25 P s e A e 53 s e
Jsbw 53 S5mSt 3508 Wl go S50ST sl Ll
hif-2B 5 hif-la s BL S5 b Colgh 53 5 4l mansd

Maxwell et al., ) 5,5 o &5 hifs sla s, Ol
1999; Ohh et al., 2000; Ivan et al., 2001; Jaakkola et
sl J_Al);‘ Oeemes L(al., 2001; Masson et al., 2001

IGFBP-1"05 0Ly ialil sl 6 mme Olgiets LS sla
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Sl I S Ol geas 5 bapldil sl oln s 5o
G hif-log ol ($55 0 S5 Bop WSS S S
Sl laelSins (K5lp 5 s Slas 5 435 5 ki
O e hif-1B.s )5 odge 1y iiol 5 s usle
oty O5eS] 35 b s ol o atlid 55 ARNT
Sl Jled 8
S o35 U pl oy oLl Olale 5105, 08 8k
Sl bS8 l sl 5 bai sl 0Ol OB Olesla
Ao ol lelay 5 s 5 BS54 il goladl
sl Y Jle byl o3 8 5 sl &
Cdbge 5035 ol sl (Ll Olals 53 S5

3.Insulin-like growth factor binding protein 1
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23 aS EE e e by Ji.i.(Wiesener et al., 1998
05 Ole el ls 5ST 308 Ll 3 s s
s LS s 5 me 53 651 p daul s ad e s
en 53 hif-1f8 553 o o S sodes GbaediSes I Kos
oSSy Sl 3 hif T Ll s e 23l L
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Samle Ll bl 5o el gl e eSS
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,3MMPI3 5 COLI0A1 VEGF dsle slacss

0 e ) u,uk_,,;lﬁhif—.?a D‘)ﬁj .:)_.iu_n 4_2.9;)@

1.Hypoxia-inducible factors
2.Aryl hydrocarbon nuclear trans locator
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SRNA S 5 &S J,28 RNA &l el 5,
ol o33 T o Lises GL;A 53 Jla! 4 cDNA 5o
§yoree @M+ sba (Akbarzadeh et al., 2011) .l
SU s alas &yt ol Jol slas,¥ LA(.>'J
Molecular Research Center, Inc., ) C‘ gt
5 LS esls 41,3 Tri Reagent (Cincinnati, OH, USA
L aa LalS s bas 03LS H3U5sen oS L
AT 5 s S-S A S RNA o sl
Lo ol Cose JulSS oy Sl el e 8 6l
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Al 058 5 pshe
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qPCR plsil 3 0 03 58 @ gl paal oV J gt

il gl S

hif-2 F: GAAGGTCCTGCACTGCACT

hif-2 R: CTTGGTGCACAAGTTCTGGT

hif-1 F: ACAGAGCTGATGGGATACCAG
hif-1 R: CCTGTGATGGCTTGTCCTTT

RPL6 F: GTGGTCAAACTCCGCAAGA

RPL6 R: GCCAGTAAGGAGGATGAGGA

@M Ct 5l s S sie sl 35 L hif2 5 hif-1 sl
G 05 ACE U ol 4l 5 AACE 01 S5 45 A drsloms
L8 JLSACE gL g

Jade b el pl s Gdas o5 ACt calibrator][AACt =

ACtTarget gene — ACt
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L51,JLS ACt 5 [ACt Target gene= Ct target gene
U 500 ACt (slgus 40 a5 a Bds 05 ACE L ol ol
bl& ;e ,» (Livak and Schmittgen, 2011) J,=s
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05 0L e 5 Sl 58 6 gad Ol gy 205
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dp el eslial b 03 e 3 aale ST cilin -1 e
5 Lkl s b S 4 (ANOVA) @ b il s
Slamlie Lo sUa Jdos (sl Tukey gl 51 o
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Les ol o ast o £0 L 540°C (glos s aids Ve e
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sl E% = (101/519P¢ ~1) x 100 J, 5 5| PCR

05 Oly e &l 35 (Radonic et al., 2004) .5
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el 058 5 psle

Ol s 5 ol g sl Walssle 581 (sl L dlad
033 |l 53 1 e S e pss Jolssl W05
hif-2 5 hif-1 slads Ol 5128 o 3L saY
SRl el 5 4Bl Rl S ey Sl she
Sl B St v 3 oY ey 2l JH1e G
U osiions il 5 oS0e sla0 Oly il il ol & ile
o=l asls La sl s g5 )¥ plasl 1 e 5598
Slass 5> WHasls 55 55 an o LT oS gp s
Was e 0L S slite Coalom J5uS| Lol 5 4 hiif
Nikinmaa and Rees, ) ol 6AZ5 o) 5 2w ysas 5n
hif 05 5 s Oles ¢ S 3nS| b Lyl 5 55 (2005
Y e 3 S8 iy g 035 Jlad e ) s
hif-To LS sola Jal 5 o 5,8 o )3 as3ls
oy La ARNT' ol s ey s il oo o s 3
ol Lt S IR L 5555 0 Jame aies Coo
53 ('HRES) LS 5ols Jstas Jalge L s n jasls
I P N A T Y P N WNSPIING B g
s lad] Ol & zeie Olajen 3 Shes b s 555
Lyl 5y oxes (Bracken et al., 2003) Lsd
Lol b ablie (gl HSP™ 55 2 Ol s 530S o i
hif (s L Snle 03 5 b oo I3l S5enST sl
Lyl 5 55 5 o=l Sl ol el 550 e AL
laJlks .(Katschinski et al., 2004) Sy oyl
385, K 5 Sl 05 0L e dail) (3
dors e QLA 1) oY oo 0 b ulg s s sl
Hif-.(Blancher et al., 2000; Bonventre et al., 2011)
S Sl BHLH-PAS® s 55, Jolse sl 5 S o

1.aryl hydrocarbon nuclear trans locator
2.hypoxia response elements

3.heat shock protein

4. basic-helix—loop—helix-PAS
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ANOVA i a3l U 05 8 3 oy odd (3le S
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S IGFBP-1 55 0l 55 01 56 55 5 6N JolSs o5
o, L3l 0Ll 5 alis 51 0llse g0 o S 51 (5okonms
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3 A=) GRS 5 s SRl edge ) O3S
Al Gl Ol 5 O lbkey w6553 55 gl
S s Ol OlgE e anllae @L".} ool 5 e
s S Gl = gy —ai olale s hifs sLad)

e dm LBl e (65 Ses 5 kit g dd Jlale

oy
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Abstract:

Oxygen concentration the environment and cellular organisms is one of the effective factors
during normal development of organisms. In the present study, the transcription levels of
the hypoxia-inducible factors (hif-1, hif-2) were evaluated during development of an
ancient fish species Acipenser persicus, in the normal oxygen density of environment. The
transcription of hif-1, hif-2 detected in all developmental time-points defined, from embryo
to juvenile stages. Target genes transcriptions were normalized using RPL6 as reference
gene. Changes in normalized hif-1, hif-2 mRNA expression were statistically significant
throughout developmental points (p<0.05). Our data revealed that the mRNA expression of
hifs were low during embryonic development and then upregulated significantly at hatching
and early larval time-points. Then, in the late larval development and juvenile stage the
expression of hifs started to decline. The comparison between hif-I and hif-2 mRNA
transcription showed that maximum gene expressions of hif-l1and hif-2 occurred in 15 and
20 days after hatching, respectively. The increased expression of hifs suggests their
association with two important events in the larval evolution, viz. internal feeding (yolk
absorption) and external feeding. Also, the observed increase in mRNA expression of hifs
during larval development of A. persicus can be attributed to increase in oxygen demand.
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