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WE.LE W)Yo 4 fo 0 & (Carassius auratus) & 2 £ 98 3 & & 78(Glucose regulated protein 78, GRP78) Wy 1 & , # #F &
GRP7T8 E & kX mfust Rl B v AN AL E s, [FE)EHd 27w B KRG & GRP78 L H 0 # 2 F 7.5
MAENMCERFTEAMTREAIRBRGENEARFAN _REM FARE . TEE . XTBTREMTAELM. [4 K]
HKBETKENG6L7Tbp W8I GRP7S RE R B ol £ HmB 13 A A X B, TBEAXBRIMWRTINNHY 2 TREA N
1.3 kDa, % d & 4 5.82, L EER:; THMREMTH 7~10 L. % 18~21 . % 28~42 i . % 51~62 fi . % 68~78 i
g 9A~109 AR B AL X T TR MREHL TS 29~30 (L. % 38~43 fL. % 50~65 . % 68~79 fr.% 82~86 fr,
% 97T~99 L. % 102~104 frfu % 106~111 LA EBAE; H I ANANBARRERLEER L TH 28~45 w AL RA K,
(46 1pT 3k th 4 GRP78 F 7 H 4 ATPase RF A MB KR AR B EMLTAMMN . EARBF AR,
KB 8 ;GRP7S £ H 5 £ H 5 B ¥ 4

HES %S Q958.9 NEAR R A MXEHES:1672-6693(2019)02-0018-06

A HEPR T B 78(Glucose regulated protein 78, GRP78) X Ry 3R & 11 F 4% 45 & 25 11 (Immunoglobulin
heavy chain binding protein,Bip), & HSP70 K%, F 20 22 70 L5155 GRP4 Fl GRP58 1 S 1 4 Bl
TR 5 0 40 0 2 1 T [l i R B . GRP78 & A 0 F K EE N i (1) ATP [ 25 #4 3 C(ATP binding domain) Fl
C B K S5 2 25 Hy L (Peptide substrate binding domain). i T GRP7S & 2 F1 7.8 . 5 K B2 5 o ) 2 F o)
fe, ik, &4 N i W (Endoplasmic reticulum, ER) B9 5 %50 F 18, I8 A 2 9 5 B 67 i (Endoplasmic retic-
ulum stress, ERS) iAr Gt E A B . GRP78 XF TRl A B i S R 3T B 10 16 (1 B LA K8 5 79 B I i85 i 5 5
{4 AR T PE 6 R AT A GRP78 B RS AXAE P J5 9 o 2 3k i LA /) 76 400 i 3% 1w 3R 360 B SR R
GRP78 76 40 g 35 Pk 40 g I8 1= L % 2 ol B RAR 8 AR DG vh t B A B IR (i e 5 Ml B R e 2 5 o
(R4 BOF R G B MR MR E AR LS BRI BE G . R E AN 1L 4R My m s
ITEM R,

VB —2R72 TR 3 Wy, #0260 240 i A0 AN K il B B R B A T B S B O R I ) R R W T
O3 AE RN B AR B PR R T AR 2R W IR R RF S R RN HORTE A — 2 28 AT S (Oncorhynchus
mykiss ,GenBank % 5% 5. AB196459) ., I #F ( Paralichthys olivaceus, GenBank & 5% 5. DQ662232) F1 ¥ i
(Ctenopharyngodon idella s GenBank & 35 . FJ436356) 1) GRP78 K ¥ AT 781, 45 5 % 95 &6 1 2R 7E
PR v V8 W38 5 42 8 B F (W Pb* L Hg® Rl Cd* ) e 7 . GRP78 & i il GRP78 JEH ) mRNA Kk,
WA B BT E BT KRB E (Aeromonas hydrophila) BEYL g W B 85 (Labeo rohita) 73 B2 St UK 78 8 (9 35
(7 Ffr HSP 3E R F ik 47 01, & BUZ B 5FIE b GRP78 SR 32k s TR Al 40, DL B 45 SR R0,
GRP78 AAA Bl T 04 4 A b 52 PRl v A0 i 1) 52 ) T FLAE — 8 A% BE b DR 4 40 % 52 o0 4 J Rk, O R W e 7
G R A mEEAERTY . ML Z R A EE L AR (Carassius auratus) GRP78 3 [F A
RHFFEIL AR WAHGE . it A B 58 %68 GRP78 B R &8 43 5 50 34T 1 5 B L S8 8 ST RE 0N, i 78 Ay itk — 20 i
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1% S5 DR 7 S0 38 38 K 46 7 B (Myxosporea) B i it & ¥ 1) D) e 4 A e fili 5
| 57

1.1 R 5iRH

FHF S5 560 1 BUAR R B ST VD P ILX R IR B3R 4 & . DNA $2 UL & DNeasy Blood & Tissue Kit, i
k57 & Gel Extraction Kit FlF R $2 B #] & E. Z. N. A Plasmid Mini Kit I I [ QIAGEN /2 #] s pMD
19-T.rTaq B4 .dNTPs il DL5000 Marker g § Takara 2\ #] .
1.2 EE4A DNA H1RE

Bl 5 9 41 DNA (1942 BCR ] DNeasy Blood & Tissue Kit & F] &, ™ #% 18 57 il ) & 4505 T W, 9 2617 H ik 6
N0 B I AE 5 $R RN ) DNA T —20 CHEfE4 .
1.3 GRP78 R R BH s R F

PAAR BE] 19 6 DNA fCh B 538 GRP78 R H F Br. A T4 18 5194 : Myxohsplf (5-ACTGCT-
GCCGCCATTGCT-3") #1 Myxohsplr (5'-ATACGAGTGGATCCACC -3"), Kth70Alf (5-GGTTTTGACAAGAAAGAT-
GG-3)#1 Kth70Alr (5'-CAATTTGCTATCGTCGAG-3)O", PCR Jx I & & 13 45 . 10 X PCR Buffer 5 7308
3 mmol « L'y MgCl, 4 4L,0.2 mmol « L ') dNTPs 4 uL, ER5 %45 1.5 pL, itk DNA 3 uL,2.5 U
rTaq [ 0.2 pL. )i K WGEKANE 2 50 pL, W FEF A :95 CHiARYE 5 ming94 C7AEME 30 s.54 CiRk 45 s,
72 CHEAR 90 s R FRYEFF 30 572 CHEf 10 min, ¥ 3 pL PCR =¥y 47 Ha ik A6 I, 264k R 1] Gel Extraction
Kit 3850 & . g /b 5 (19 PCR 7= ¥4l A pMD19-T 214, BWIE b 0 R L 57 5 A R WA T )
L4 EMEREDH

FIH BioEdit #3845 9 8 GRP78 FE IR R Bo ¥ 5 ik A7 DF 45 0F B & 5L 1R 7 51 . R A8 R (hit-
tp://gsds. cbi. pku. edu. en/) T Z F BB N % T . FIH GenBank & BX 2 i ffi ( Pelteobagrus fulvidraco , Gen-
Bank & 55 : KM114873) Bt 5 i (Danio rerio , GenBank & 55 . Q6P3L3) #1 A (Homo sapiens , GenBank & 5%
2. M19645) ) GRP78 &34 5 41 . i J5 # ] Clustalx 1. 83 XF R Wb 0 & LR H AT L E AT, S BM
GenBank $EHUW 3 NYF Y ATP BS5 /-, i 75 216 GRP78 S LR 7 4 1 ATP 453, FIH DNA-
Starf f H1 (1) Protean )7 X} GRP78 1) — 9% 45 ¥ F40 J5 32 7 #4740 Hr A0 . GRP78 iy 3 Ak 4 oz 1) L 2 1
2% /g K A S IR A3 BT A0 R0 5 1 S B SR [.20 15 3% 481 10 09 I 40 0 5 A5 43 A i JH 4 R 7 vk 5 B SR
[21].

2 #5R

2.1 GRP78 EE ki R FHAE S 7

ABEFEARAF A GRP78 K] Jr Bed 617 bp, H FTZ P51 C #2238 3] GenBank , % 53¢ %5y MH559338 ., BioEdit
AT R BIZF S AT B3t R 48.95% . GC 3Lt 4 51.05% , i i 76 48 K/ (http://gsds. cbi. pku. edu.
en/ )X H AN RO R T HEAT 0T R IGZF A E A 1 AN TR 2 DNE TS GT-AG B 4 8 1
K 341 bp. 4t 113 NEEER(E D,

NCBI b X i 78, % & 3 8 7 5 5 A K #2288 ( Neolam prologus brichardi ,» GenBank % 3% 5.
XP006789210) , B W B % (GenBank % 5% 5 : AII80324) F14¢ /K 4 £k ( Sinocyclocheilus anshuiensis , GenBank & 5% 5
XP016338832) iy GRP78 5y AR Bk« AH LU 73 531 2Ky 9826, 9996 Rl 99 06 4 ik S A BT ¢ 5 W Fr 45 9 DNA R By il
GRP78 B:H v Br. Se@ifa Bt A\n) GRP78 Z MR T 5 i 17 2 T X} [ J5 Al AL ) GRP78 J¥ 3| B ATPase
SRR H > C i i BRZE A S5 (K 2) .

B GRP78 pyAHXS 73 7 B 29 4 1.3 kDa, ATPREZEHISR (4RI 113 R )
SEHL RN 5. 825 % Al 17 P A R 4H AL H
o Glu F 8 75 15 10. 6%, Tyr Ho il B AR 3 617kp
0. 9% (F 1), 7 B fif 1 5% B (Asp Fl Glu) i B 1 #GRPTSEBEARRFIIEHMTE

ANECH 21, % IE B A9 5 36 (Arg F1 Lys) B4 %K Fig.1 The schematic diagram of GRP78 fragment in C. auratus
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183 GRP78 ) A Fa 5 45 % (1D

C. auratus | 57
ﬂil 34. 02, P. fulvidraco 218 274
. ) . D. rerio 218 274
ExPaSy *ﬂ Bioedit ﬁj\ *ﬁ‘ ép % H. sapiens 22() 276
Eﬁ'\‘ ,ﬁﬂll GRP78 ,E\ﬁ;ﬁliﬂ%%%m C. auratus 58 113
X BP9 AP S —0. 521, ey e 273 o
iﬁ% l—':—l ﬂ‘jﬁ%ﬂ(lﬁkﬁ E[ ( 3) . Sin- H. sapiens 277 331
galP 7 #r &45  i/R . GRP78 #y C, VE  RK (X A (7 I 4 S R 3
Y F1 S {4 5k 0.146,0. 137 F B2 SiEtyFhE GRP7S BiIREA#K ATP B
0.170, = % F-H{H K 0. 134, F2 1] Fig. 2 ATPase domain of GRP78 from C. auratus and other species

VR R B IR G =2 ). ProtComp T ATHLAE i BUIZS e 87 8 GRPTS 52 e 1 W
2.2 GRP78 Z R L5 Tl 45 R
i@ 11+ DNAStar # {4 Protean B3t ) Chou-Fasman 1 fil Gamier-Robson 522 XHill GRP78 — 4% 4% #4 i3k
F1o3#r . AR BN GRP78 (Y o IRIELS AL L UL T 55 42~55 (L FI5H 60~ 113 i 2 KL MR ok 5 s g4 B if
T4 1~5 (LA 12~15 i R SRR I 56 M AL T4 7~8 (0.5 18~21 .55 29~41 R A4S 56~59 {i IR
B TCRLIN G #h 7 T45 9~11 37 55 20~21 [ FI%H 31~36 i 2 SR AR L (B R K 5,
£ 1 8 GRPTS IS EBRAM

Tab.1 Composition of amina acids of GRP78 in C. auratus

AR H L 5] G B AN L 5] AR ™ L il
Ala(A) 7 6.2% Gly(G) 9 8.0% Phe(F) 9 8.0%
Arg(R) 8 7.1% His(H) 4 3.5% Ser(S) 4 3.5%
Asn(N) 3 2.7% Tle(D 5 4.4% Thr(T) 7 6.2%
Asp(D) 9 8.0% Leu(L) 10 8.8% Tyr(Y) 1 0.9%
Gln(Q) 4 3.5% Lys(K) 10 8.8% Val(V) 9 8.0%
Glu(E) 12 10. 6% Met(M) 2 1.8%

2.3 GRP78 3£ /K T 88 1% | 5 T AT R 1% & 31 S F i
&R

FIH Kyte-Doolittle J5 ™ 4 Hr # GRP78 i 3 7K
PR Z5 R R GRP78 778 SR 7K Pk X, 36 46 [X 3, 3 %2
N T45 28~45 v 45 48~89 i F4593~113 fof 24 K iR 0.5

5k I ( 6). FI H Karplus-Schulz 77 30250 4 #f 6 0

GRP7S i AT M3, 26 5 55 Hoft S B 2 I R & 0

B, BB TS 7~10 055 18~21 fii .55 28~42 i, -1

55 5162 i 45 6878 RLA1 94~109 i A LRI, 1S

K Jameson-wolf J5 35" % GRP78 #4740 #7 , 45 -2

R A PR KR B T 6~ 10 {18

~22 i A 29~ 44 i Hf 50~81 fii .5 84~90 A I - 20 40 60 80 100 120 140
94~113 L& FLIR R HE (B — %K 5). R Plot Emini (oA

D7 BT GRPTS AT 407 » % B H o 52 B 7 55 i B3 8 GRP7S FF 5I BBkt 4 47

B M s ) DXk LB 20~ 30 {31 L 5 38 ~43 {31 . & Fig. 3 Hydrophobicity profile of GRP78 in C. auratus
50~65 {7 55 68~79 fii 5 82~86 i 25 97~99 i 55 102~104 L FN106~111 fif Z HE R 5%
2.4 GRP78B 40 B #0 JR 3= (i K9 B0l 53 47

L5G 0 GRP7S (1 Z G0 2544 1 e 1 DX RN JC A ) 4 il DXL 2 1 B 52 7K 1 mT 9P L e D 1 R 3 T Rl R M 1 43
BERCE ZORK 5. 6), vl LG B GRP78 RYHT R R AL AL T 28 ~45 S FE IR AR AL, AR 7> A AL 1R )7 51
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6 8 GRP78 #y 5% Kt Fui 45 R
Fig. 6 The prediction of the hydrophilicity of GRP78 in C. auratus

3 1ig

H A % GRP78 %E M R WF 58 % » iR NIG ] GRP78 /N B (Mus musculus) i 41 2L 22 35 42 0 i il 21 i
WA G 198750 G 46 0L 7B GRPTS 5 37 4 38 14 4 U 0 3 3 5 92—
5V RS . HISPTO 8 11 R 5085 11 5 Mo (R P10 11, T U S6  ATP O BLAT ATP 536
M. AW EWLCHSCTL ATP M2 58 (4 A AR . GRP78 /E2 HSP70 R 61 2 — . & HA 1
ATP &5 F AT LA af 5 Bip 45 & ik 1K 2 1 5RR C8] R AR5 Btk BT LUHE I B9 GRP78 1) ATP i &5 14
BE A B ) R GS R R R A VR

BIEA DL R . GRP78 2 5 73 W U 2H SR A0 ML 1) S S E o W A7 BE 48 CE pine phelus spp. ) 14 B 2 i 4% 9
FEIEYL S . GRP78 16 590 # AT 8 M AR HI A R B v W GRP78 JE 2R3k B 78 & 3L 5 4 BRI (Stre prococ-
cus parauberis) &Y A SH ), GRP78 $:H £ 3k LR, R U E (A2 LM HSPY s GRP78 16 2 5 4 I X 5% #
(Bombyx mori ) JRYs 1 i KL W P s GRP78 Al # H A 1 W 1 (Schistosoma japonicum ) YL /N B I 75 FF 1R
B8R HAR I . GRP78 BLAT & BE iR e S . ZEARBIE g T, 3R A5 (9 8 GRP78 IR (¥ 356 43 7 51 i 4 1t
() A BE R 7 40 rh B 8K B A A/ ) B £ IDXORA TG R U 65 il IX L O B0 B2 T R A0 4 20 A AT Ry S DA o 0 0 0

A £ OB A G 5 IO B SR
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Animal Sciences

Cloning, Identification, and Functional Prediction of

Partial Gene Sequence of Glucose Regulated Protein 78 in Carassius auratus

LIU Xiaohua, ZHAO Yuanjun, YAN Yanjie, ZHANG Jinye

(Chonggqing Key Laboratory of Animal Biology, College of Life Sciences, Chongqing Normal University, Chongqing 401331, China)
Abstract: [Purposes]To analyze and predict the function of glucose regulated protein 78 (GRP78) in Carassius auratus and provide a
foundation for studying the mechanism of GRP78 during the process of extracellular stress in fish. [ Methods A partial sequence of
GRP78 gene in C. auratus was cloned, whose physicochemical property including secondary structures, hydrophilicity, flexibility,
surface probability, antigen epitope, was analyzed by bioinformatics methods. [Findings]The GRP78 gene fragment sequence with
long 617 bp was obtained. The sequence encodes a total of 113 amino acids with molecular weight about 1. 3 kDa and pl 5. 82. None
signal peptide was existed. The flexibility was located at 7th~10th, 18th~21st, 28th~42nd, 51st~62nd, 68th~78th, and 94th~
109th amino acid residues; the surface probability was placed at 29th~30th, 38th~43rd, 50th~65th, 68th~79th, 82nd~86th,
97th~99th, 102nd~104th, and 106th~111th amino acid residues. Additionally, one B cell epitope was predicted as 28th~45th
amino acids residues. [Conclusions ]ATPase domain was obtained in the C. auratus GRP78 gene fragment with higher hydrophilici-
ty, which is located in ER.

Keywords: Carassius auratus ; GRP78 ; bioinformatic analysis
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Fig. 1 Effects of cadmium exposure on the histology of zebrafish testis
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Fig. 2 Monthly rainfall curves of Chongqing from 1951 to 2016
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Fig. 1 The share of industrial growth in Fig.3 The deviation of the industrial competitiveness of

the county area of southern Sichuan city the county area in the southern Sichuan city group





