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tichopodidae), [postichopus), >
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(, 35°N  44°N ,
’ , , PDRG 270 bp  EST PDRG
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[5] _ binding protein 2) : p53
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SMART RACE ,
PDRG cDNA :

; PCR
PDRG PDRG
PDRG

; PDRG
, PDRG
PDRG

A5k
1.1 ##

2010 4
: 12.23°C
2 b 1
: 15£0.5C
32.53~34.61
(

: Trizol(Invitrogen)
M-MLV (Promega) GoTaq® Green Master
Mix(Promega) SMART™ RACE ¢cDNA Amplification
Kit(Clontech) TIANgel Mini Gel Extraction Kit(Ti-
angen) pMD 18-T Vector(TaKaRa) TOP10
(Tiangen) = RQI1RNase-Free DNase(Promega)
RNase-Free RNase inhibitor(Promega) SYBR Green

Master Mix (TaKaRa)

1.2 Fik
1.2.1
2010 4~5
0.5C, 32.53~34.61, pH
7.76~7.89 (25°C) (15°C)
, 15°C 1.5°C/d
, 25°C+0.5C
) , 1/2
0,5,10,20,40d 5 , 5

2 /2013

, , —80C
1.2.2 RNA
TRIZOL RNA, :
30 mg 1.5 mL
, 1 mL Trizol, , ;
0.2 mL ) 15s, 5 min;
12 000 g, 4C, 15 min; R
RNA ; 300 pL
Eppendorf , ,
-20°C 15 min; 12 000 g, 4°C, 15 min,
RNA; ., 1mL 75% RNA
, 12000 g, 4°C, 10 min, )
; RNA R
5~10 min, 30uL RNase-free ,47C, 30 min,
RNA, RNA ; RNA
RNA , 28S
18S , RNA ;
RNA s 100 Thermo Scient-
ific NanoDrop 1000 RNA
1.2.3 PDRG
RNA ,
SMART™ RACE cDNA Amplification Kit User Man-
ual (Clontech) 3’ 5" RACE cDNA,
3’ : 454
EST ,
PDRG 270bp  EST ,
EST Af: 5'-AGAGAGGCA

ATTCGAGCTCTACAGAA-3', SMART™ RACE
cDNA Amplification Kit (Clontech)UPM
( . 5-CTAATACGACTCACTATAG

GGCAAGCAGTGGATCAACGCAGAGT-3(long), 5'-
CTAATACGACTCACTATAGGGC-3'(short)),  3'RA

CE cDNA R )

3’ s 94°C 30s 68°C 30s 72°C 3 min,
30 4C
5 : Clontech UPM
s EST s Ar: 5'-
37 / 12



R RE REPORTS

TCCAGTTCTCTCAGTCGTGACACTTT-3', 5'RACE
cDNA s s 5'
, 94°C30s 68°C30s 72°C3min, 30

4°C
1% ,
,  TIANgel Mini Gel Extraction Kit
PCR pMDI18-T Top
10 , , ,
1.24 PDRG
PDRG cDNA
GenBank NR BLAST (http:// blast.

ORF Finder

www.ncbi.nlm.nih.gov/gorf/gorf.html)

ncbi.nlm.nih.gov/); (http://

; Protparam (http://expasy.org/
tools/protparam.html) ;
SMART (http://smart.embl-heidelberg.de)
; ClustalwW2
(http://www.ebi.ac.uk/Tools/msa/clustalw2/)
PDRG 5

MEGA4.1 , (NJ ) PDRG
(Bootstrap 1000
)
1.2.5 PDRG
Oligo dT RNA cDNA,
: DNA : RNA 1~5 pl( 1 000 ng)

RQIRNase-Free DNase 1 pL.  RNase-Free RNase
inhibitor 0.5 uL  5xM-MLV Buffer 2 pL. RNase-Free

F1 HNSEFEXPDRG EEE3IY

water 11.5uL 377C 20 min,
Stop solution 1.0 pL, 65°C 10 min
DNase I; Oligo dT
2.0 uL 70°C 5 min, 2 min;
5xM-MLV
3.0 uL RNase dNTP (10mmol/L each)1.25 uL
M-MLV (200U)1.0 uL. RNase E
0.5 uL  RNase-Free water 25 pL,
PCR 42°C 1 h,
95°C 10 min , 2uL
, cDNA -20°C
Real-time PCR
PDRG (NDUFA13
ACTB), 1 SYBR Green Master

Mix s
cDNA 1.0uL SYBR Green Master Mix 12.5uL

Forward primer 0.8uL  Reverse primer 0.8uL

RNase-Free water 9.9uL; :95°C 5s,
40 95°C 10s 60°C 20s 72°C
30s), ,
PCR PDRG 1
Eppendorf PCR
(realplex software version 2.2) R
ct
’ | prhact

[13-14]

(PASW Statistics 18.00)
, P<0.05

Tab.1 The accession numbers and corresponding oligonucleotide primers of internal control and PDRG gene used in
the experiment
NDUFA13 HQ292611 F1 GACATTCTGAAGCAACTGCAAC 170
R1 AACATTGCCTCATTCTGTTCCT
ACTB AB510191 F2 AAGGTTATGCTCTTCCTCACGCT 137
R2 GATGTCACGGACGATTTCACG
PDRG JF815074 Fp CAAATCAAAAGGAGTGGGTGTG 148
Rp AGTCGTGACACTTTAGGTCGAAG

2 ERER

2.1 #| A& PDRG £ H cDNA 4K 5 5| 4 4
PDRG 5’ 3’

cDNA ,
1122bp, 127op 5" UTR 581bp 3'UTR
414bp  ORF, ORF 137 (D
AATAAA
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1  acatgggtctgetcaatatgticctcacaageatgtttacatgttacactgttgcgaaaaatcttaaacagattgttagttgetagtgetacta
95  tcaaaatattaaattcgacttgaaaaggacaac
128 ATGTCTCGTGACACGCGGTTCGTTTTGAATCATCTCACTGAATTGGAGGAGCTC
M §S R D TR F V L NH VL1 TE L E E L
182 GCTGAAGAGGTCTTAACTGTGAAACAACAGATTGTGGATTTGGACAAGAAGAGG
A E E VL TV K Q Q I v D L D K K R
236 AATCAAAACAGAGAGGCAATTCGAGCTCTACAGAACAAAAAGAAGAAAACAACA
N Q N R E A I R AL Q N KK KK TT
290 CAAGAAGGGGATAAGAAAACAAATCAAAAGGAGTGGGTGTGCTTITGGAAACACA
Q E GG D K K TN QK E W V CF G NT
344 TTTATGAAACTTCCTCAGTCAAAAACACAAGACATGCTTCAGGAAGATCAAAAC
F M KL P Q $ KT QD MTULGQETD Q N
398 AGTCTCGATCAAGAAATTGATAAACTACACAATGAACTTCGACCTAAAGTGTCA
s L D Q EI D K L H N E L R P K V S8
452 CGACTGAGAGAACTGGAAGGTTTACCCGAAGCGAAAGGATTTGATCTGAAAAGT
R L R E L E G L P E A K G F D L K 8
506 TTAACCAAAGAAGAAGCCATGGCCATTCACAGATGA
L T K E E A M A I H R *
542  cgaacatgcttactgtaaccatggcaacagaagttaacaatgetgtecaggaggatecagattettgatggttageaaatgettaatgtet
633  gtgtgaaacctttgatgataaatccaacattcccatgatacaatgattggttecttttgategtggatgaaaatagaagaactgetgacatta
724  gagaaagtatcagtttgaacttgtcaggacagatgeatgetecttgeaaataagattacaaaaactacatcataggaagaagagcttttte
815  atttaaagtatttggttgtggtttaaataagatgatcctagaacaggteggecaaccegtgactggeaatgtattecteegeacctaaaga
906 aaggaaggacataagtatggtaacttctitgtitgtagagtataaagaagattatgetgetatcaaaacaatgteaattgaagageacagtt
998 ttaattggtgtaatccttccaacactttggcatcgaaaccatgtg@mgaaatagcattgtgcactcacctctgtacactcaaaaa
1091 233333333333333333333333333agt

1 PDRG cDNA
Fig. 1 The full-length of cNDA and deduced amino acid sequence of PDRG from 4. japonicus
5" 3 ; s > >
AATAAA; *

5, 3'untranslated regions are shown as lowercases; Coding region is shown as uppercases, the upper sequence indicates the nucleotides and the
lower shows the amino acids; Putative polyadenylation signals (AATAAA) are boxed; * indicates the stop codon

(polyadenylation signal site) , PDRG
2.2 }T".] %E PDRG ﬁ}ﬁ&é’]}% §l] 4%‘& 28~46 QIVDLDKKRNQNREAIRAL
PDRG 137 C ’
CeosH1151N2070221Ss, 2279,
695 111516 121(()11 22195 ; 83 MEGA41 , (NJ )
Lys (K) 12.4% Leu (L) 12.4% PDRG ( 3
Glu (E) 11.7%, (Asp + Glu2s ,  Bootstrap 1000
(Arg + Lys)26 PDRG ’ ’
9~65 87~114 ’
(coiled coil regions) PDRG
2.3 PDRG % /55| bt B AV My 2 547
BlastP PDRG 2.4 BB EOR K 0 R SR E BOH
AR & R4
25C , 0 5 10 20 40d
PDRG , ClustalW2 ( /
, PDRG ) ,
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Xenopus_tropicalis [gDP - - == - = - - - SPAG DL 90
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Homo_sapiens 133
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Taeniopygia_guitata 132
Xenopus_tropicalis © il 134
Apostichopus_japonicus 137
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2 PDRG PDRG
Fig. 2 Multiple sequence alignment analysis of PDRG amino acid sequences between 4. japonicus and other species
60% N : Mus
musculus ~ NP_849270.1 Homo sapiens  NP_110442.1 Danio rerio  NP_001017757.1 Taeniopygia guttata
ACH44184.1 Xenopus (Silurana) tropicalis  NP_001015688.1 Ciona intestinalis ~ XP_002131860.1
Ixodes scapularis ~ XP_002411634.1 Tribolium castaneum  XP_970135.1 Harpegnathos saltator ~ EFN83689.1

Amino acid residues that are conserved in at least 60% sequences are shaded and similar amino acids are shaded in dark. The PDRG amino acid
sequences are from: Mouse, Mus musculus, NP_849270.1; Human, Homo sapiens, NP_110442.1; Zebrafish, Danio rerio, NP_001017757.1;
Zebra Finch, Taeniopygia guttata, ACH44184.1; Frog, Xenopus (Silurana) tropicalis, NP_001015688.1; Sea squirt, Ciona intestinalis,
XP_002131860.1; Black-legged tick, Ixodes scapularis, XP_002411634.1; Red flour beetle, Tribolium castaneum, XP_970135.1; Indian
Jumping Ant, Harpegnathos saltator, EFN83689.1

10 , 20 d s
(4 5d 20d 3 Wik

, 5d 3.1 #|& PDRG £ HAEFRLBF I HIE

. 10d ()] B GEM AT
2.5 REFFRAELRLEEIME PDRG PDRG ,Luo 1
A B R E A PDRG ,
25°C 0 5 10 20 40d ;
PDRG ; PDRG 133aa,
, ’ 155 153 ku PDRG
PDRG 5d » 137aa,

249 ,10d 1.51 0 20 ,16.1 ku ,
40 d ( 6) , PDRG 50~60aa
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95 Homo sapiens T
99 —: Bos taurus
93 { Rattus norvegicus
85 72 Mus musculus
Mondelphis domestica
Vertebrate
Xenopus tropicalis
Danio rerio
97 Anoplopoma fimbria
85 Esox lucius
{ Oncorhynchus mykiss
Apostichopus japonicus
96 Pediculus humanus corporis
89 { Harpegnathos saltator
97 81 L Acyrthosiphon pisum

Tribolium castaneum
95 Invertebrate

84 Ixodes scapularis
{ Ascaris suum
57 17 { Trichinella spiralis
31 Caligus clemensi

Ciona intestinalis

3 NJ PDRG
Fig.3 The NJ phylogenetic tree of PDRG amino acid sequences of species
Homo sapiens NP_110442.1 Bos taurus NP_001071583.1 Rattus norvegicus
NP _001014762.1 Mus musculus ~ NP_849270.1 Monodelphis domestica XP_001362684.1 Xenopus
(Silurana) tropicalis  NP_001015688.1 Danio rerio  NP_001017757.1 Anoplopoma fimbria ~ ACQ58385.1
Esox lucius  ACO13915.1 Oncorhynchus mykiss ~ NP_001154150.1 Pediculus humanus corporis ~ XP_002428248.1

Harpegnathos saltator EFN83689.1 Acyrthosiphon pisum XP_001950519.2 Tribolium castaneum
XP 970135.1 Ixodes scapularis XP_002411634.1 Ascaris suum ADY47649.1 Trichinella spiralis
EFV57563.1 Caligus Clemensi ACO14741.1 Ciona intestinalis ~ XP_002131860.1

The PDRG amino acid sequences are from: Human, Homo sapiens, NP_110442.1; Feral cattle, Bos taurus, NP_001071583.1; Rat, Rattus
norvegicus, NP_001014762.1; Mouse, Mus musculus, NP_ 849270.1; Gray short-tailed opossum, Monodelphis domestica, XP_ 001362684.1;
Frog, Xenopus (Silurana) tropicalis, NP_001015688.1; Zebrafish, Danio rerio, NP_001017757.1; Sablefish, Anoplopoma fimbria, ACQ58385.1;
Northern pike, Esox lucius, ACO13915.1; Rainbow trout, Oncorhynchus mykiss, NP_001154150.1; Body louse, Pediculus humanus corporis,
XP_002428248.1; Indian Jumping Ant, Harpegnathos saltator, EFN83689.1; Pea aphid, Acyrthosiphon pisum, XP_001950519.2; Red flour
beetle, Tribolium castaneum, XP_970135.1; Black-legged tick, Ixodes scapularis, XP_00241 1634.1; Intestinal roundworm, Ascaris suum,
ADY47649.1; Trichina, Trichinella spiralis, EFV57563.1; Sea louse, Caligus Clemensi, ACO14741.1; Sea squirt, Ciona intestinalis,
XP_002131860.1

s 32 BEFSERTZLEDHNAAIKETL

PDRG ) B K A il R AFAE
; PDRG 4 [4, 7, 15]
, PDRG ,C '
helix-turn-helix moti ’ ’ e
o - -0 (helix-turn-helix motif), 25-85g(1 ) 86~160g(2 )
- -DNA [12] ]
’ 160g 2~3 ) 24.1°C
PDRG 229C  21.8C" 25C
PDRG , 28°C
, , [16]
QIVDLDKKRNQNRE- 10 ,20d
AIRAL, ; 5d 20d
, cDNA , 5d >
PDRG 10d 25°C
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Fig.4 Variation of the sea cucumbers’ body weights during
aestivation experiment
Sk b (P<0.05),
(P<0.001); + i

cexxr>

5

“*” indicates significant differences (P<0.05) and “**” indicates
extremely significant differences (P<0.001) between control and
experimental groups. Values indicate the mean+SD (n=5)
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Fig. 5 Variation of the sea cucumbers’ related intestinal
weights during aestivation experiment
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“**” indicates extremely significant differences (P<0.001) between
control and experimental groups; Values indicate the mean+SD (n=5)
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Fig. 6 Variation of PDRG expression in different phases of
aestivating 4. japonicus during aestivation experiment
PCR s NDUFA13
ACTB , ex7
(P<0.05); + , 5
The mRNA expression levels relative to geometric averaging of
NDUFA13 and ACTB mRNA levels were measured using real-time

PCR. “*” indicates significant differences (P<0.05) among mRNA
levels within genes. Values indicate the mean+SD (n=5)
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Cloning and characterization of PDRG gene from sea cucum-
ber Apostichopus japonicus and the expression in intestine
during aestivation

WANG Tian-ming" %, YANG Hong-sheng’

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese
Academy of Sciences, Qingdao 266071, China; 2. Graduate University, Chinese Academy of Sciences, Beijing
100049, China)

Received: Feb.,11,2013
Key words: Apostichopus japonicus (Selenka); PDRG; aestivation; tissue regression; Real-time PCR

Abstract: Sea cucumber (Apostichopus japonicus)undergoes an inactive phase “aestivation” as an important sur-
vival strategy in high-temperature environments. During aestivation, the tissue of A. japonicus especially the intes-
tine was degenerated. PDRG (p53 and DNA damage-regulated gene) was a novel gene which was found to facilitate
the UV-induced cell killing and be involved in apoptosis. To investigate the gene expression of PDRG and its func-
tion in tissue regression during the aestivation of A. japonicus, the PDRG was cloned, characterized and quantified
in this study. The full-length cDNA sequence (1122bp) of PDRG gene from 4. japonicus was cloned by SMART
RACE. It consists of a 127 bp 5> UTR (untranslated region), a 581 bp 3’ TUR and a 414 bp ORF (open reading
frame). The deduced protein is composed of 127 amino acids with a molecular weight of 16.1 kDa, and its isoelec-
tric point is 7.83. Sea cucumbers were induced to aestivation at temperature of 25°C to investigate the transcrip-
tional variation of PDRG during the intestine regression of aestivating A. japonicus. The intestines were sampled, at
0, 5, 10, 20 and 40 d after the temperature reached 25°C, and then analyzed using real-time PCR for PDRG gene
quantification. During the thermal inducing aestivation experiment, the mRNA level of PDRG was increased to 2.49
fold at 5 d sampling time and 1.51 fold at 10 d compared to the control. No significant variation of PDRG expres-
sion was observed at other sampling during the experiment. It was shown that the increase of PDRG gene expres-
sion was closely associated with the regression of intestine during aestivating of A. japonicus. In summary, the re-
sults of this study indicate that the PDRG has potential function in facilitating tissue regression during aestivation,

which has provided a reference to explore the function of PDRG gene in animal organs degeneration.

(ALt #: i)
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