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SER AT I, 2Z 05 AL PyMOL 3 X i ) £ 2
RNase 1 ) =g 5/ - 47 n] M4k .
1.3 t#@ %} fa 3 RNase 1 RS H LS

ROy A A 2R FIH FL 3 Y RNase 1 193 1k
KA TE NCBI $dli Fe 43 5] F 2 bl 4 i SL sh W K 2k
HFL Y RNase 1 J¥41 , KU (Salmo salar) Fl
WL 85 (Oncorh ynchus m ykiss ) ) RNase 1 3 ¥ 7
M Cho ZE (R SE 3R A5 8 L3R 7 51 55 AR F 5% 4
ERY 9 FhEEARL 125 RNase 1 541K CLC Se-
quence Viewer 6 # {f i# 17 £ J¥ 41 Ltk %, F H
MEGA 5.0 F f5e KBl 8 s (ML) il i K ] 24 1%
(MP) , EEE W 1 000 K MERFRER
1.4 @R f3EK RNase 1 EERESH

I TRIZOL 2 fift % 42 B Sk 6 | 5 | 588 19 801 A
FA )0 UE LB LPR LB LT MAUE P R L A
JHFIE Y 8 RNA LSR5 FH 1.5 %6 Bht A 68 Je vk 462 U
RNA & &, 3 i F§ NanoDrop 2000 43 56 )% & 1
(Thermo Scientific, 3% [FED il & ¥ & . F| ] Prime-
Script RT reagent KIT(TaKaRa, H A<) 5 &4 &
Pt fi 2 R 6] 41 41 5 RNA ¥ 52 cDNA, >k Al
PRIMER 5.0 R ## CDS X #% it qRT-PCR 5| ¥
(% 1. qRT-PCR J I ffi | Light Cycler 480
(Roche, %+, YA Bractin fE AN S FH, qRT-
PCR %0 95 C AR 45 5595 CHRIMRAZEPELS s,
60 ‘Cil:k 15 5,72 ‘CHEM 30 s, #EAT 35 DHEIF, fix
JE sl it 2k . HE PRI E JR AACT AR XS E
LI

RNase 1 EEAKGIHMFEIER

Primer sequence ofRNase 1 genes

YjFf Species

51 % %K Name

1A (5'-3") Sequence(5'-3")

RNase-F

%A M. amblyceph
A1 3k iy amblycephala RNase-R

RNase-F

il H. nobilis RN R
Nase-

RNase-F

¥t C. idella
RNase-R

RNase-F

MR C. alburnus RNase-R

TACTGGTCCTTTGTGCCTTC
GATTGTGTGATGCGTCTGTC
TTATGAGCATTTCCTTACAC
AACTTGGTTACTATTTGCCT
GAAATGGATATTCACTAATA
ACTTGGTTACTATTTGCCTG
CTTTGTGCCTTCTTCTCATT
TGCCATTTTGGGATTGTGTG
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2 F & 2 RNase 1 B [&) 5 14 F1 28 4L 14 R
Zd Bl AR R L S SRR AR 9
Fp 6 1Y) 528 RNase 1 JEH 741, R} fa 28 38 4 41
i HAEAE 1 4 RNase 1 3K, FH Bio-Edit % {4
X9 it RNase 1 740 [l I M 8 47 43 A7 Lo X, 45
R 9 FhEEARL 251 RNase 1 %835 18 )5 51 A 0L JiE 4

21

i (B TA) v il 55 FC il f8 2 A 0L T e
(0.686~0.992) , il 5 FH Ath £ 25 ) RNase 1 2 HE R
JF 5] () AFALL S B 1% (0.594~0.695) , %} RNase 1 &
P BT A9 A5 F L0 O A A R AR ) B Ak 2 1 T A B
KB, FhERRL 125 RNase 1 2 [ 55 51 /9 9 B4k
SEREAE AR B AL, S5 L S E 8.85~9.24 4r T R A
14.46~14.90 ku; 9 Fp 8RR} 0 2517 1E HL Y 5% B BV HL
h18~21 1~ (Kl 1B),

A
Cc 1.000
Xd 0.657 | 1.000
Hn 0.667 | 0.940 | 1.000
Hm 0.686 | 0.967 | 0.973 | 1.000
Ci 0.686 | 0.967 | 0.958 | 0.992 | 1.000
Ma 0.677 | 0.953 | 0.947 | 0.973 | 0.975 | 1.000
Eb 0.667 | 0.960 | 0.953 | 0.980 | 0.975 | 0.967 | 1.000
Ca 0.695 | 0.940 | 0.933 | 0.960 | 0.967 | 0.960 | 0.953 [ 1.000
Dr 0.594 | 0.728 | 0.738 | 0.748 | 0.748 | 0.738 | 0.748 | 0.718 | 1.000
W% Species|] Cc Xd Hn Hm Ci Ma Eb Ca Dr
B
Items Cc Xd Hn Hm Ci Ma Eb Ca Dr
pl 9.15 9.06 8.85 9.21 8.63 9.24 9.24 8.89 9.22
Mw/ku 14.46 | 14.66 | 14.84 14.9 14.73 | 14.81 | 14.71 14.67 | 14.68
K No. 8 2 2 3 1 3 2 1 4
R No. 12 16 17 18 17 17 17 16 15
B Total 20 18 19 21 18 20 19 17 19

Ce: 8 Cyprinus carpio; Xd: & B Xenocypris davidi ;

Hn:8§ Hypophthalmichthys nobilis; Hm: % Hypophthalmichthys molitriz;

Ci: KA Ctenopharyngodon idella s Ma: #3k i Megalobrama amblycephala ; Eb: & Elopichthys bambusa ; Ca: W1 Culter alburnus;
Dr: 3 544 Danio rerio; pl: %5 H, & Isoelectric point; Mw: 4> F it Molecular weight; K No. : #§i & 2 i 50 & Number of Lys; R No.: &
2 %0 Number of Arg; Total 7 IF HL A9 5% B B 8 Ot &R FRS 2D Total number of positively charged residues (Lys—+ Arg).
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H. nobillsMGHHAS TUNVEEVECAEES BSNNMGQPAEVRRREEHENT QHUNGAMTEQRCBRVMRBRRMT 60
E. bambusaMGlJHQS T CAIISIS..GQPA
C.idellaMGIIHQS T

6 /> e 2 BR I -7 s 5% K T (0 B B bR ic , 3 AL ER L TTZL 6 = AT BR 53 D o BRKE Cal-a3) Fil 6 4> B 5% £ (B1-6) 2351 T

ORI,

X. davidiMGIIHQS TM
C. alburnusMGlHQS TM
D.rerioMGlIHQCTA A--SESTHMGQPA RQRGH
C. carpioMGlIHH - HMNEEEVECA - - SES TIGQTIIIIQIIIIIIIQIIIGAMNIQICI B TIIIT 57
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. . 1&0 v
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151
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151
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C-term

gles. Locations of three a-helices (al-a3) and six -turns (B1-86) are shown in red and yellow.
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Fig.2 Amino acid sequence alignment of RNase 1 (A) and 3D structure prediction in cyprinid fish (B)

RGN

The six structural cysteines (active-site residues) are marked with blue circle and three catalytic residues showed with red trian-
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Evolution and expression patterns of RNase 1 genes

in several cyprinid fish species

LIU Ning',CHEN Xiuli’ , HUANG Xin'

1.College of Fisheries , Huazhong Agricultural University/Key Lab of Freshwater Animal Breeding ,
Ministry of Agriculture and Rural Affairs sWuhan 430070,China ;

2.Guangxi Zhuang Autonomous Region Aquatic Science Research Institute, Nanning 530021,China

Abstract Pancreatic ribonuclease (RNase 1) is an important digestive enzyme that has been used to
study the adaptative evolution of some herbivores to herbivorous diet. Although there have been many
functional studies of RNase 1 in mammals,there is little research in fish. In this study,we identified and
analyzed the RNase 1 genes from 9 cyprinid fish including herbivorous Ctenopharyngodon idella and
Megalobrama amblycephala s omnivorous Hypophthalmichthys molitriz » Hypophthalmichthys nobil-
is »Cyprinus carpio , Xenocypris davidi and Danio rerio,carnivorous Culter alburnus and Elopichthys
bambusa. We also detected the relative expression of the RNase 1 gene in different tissues in 4 fish spe-
cies with different feeding habits (M. amblycephala ,A. nobilis .C. alburnus and C. idella). The results
showed that there was only one RNase 1 gene in the genomes of the 9 cyprinid fishes,and all the 9 iden-
tified fish RNase 1s have the signature motifs of the RNase A superfamily:N-terminal signal peptide, six
conserved cysteine residues,the catalytic histidine-lysine-histidine triad and CKXXNTF motif. Phyloge-
netic analysis indicated that all the fish RNase 1s were clustered together. The RNase 1 genes expressed
differently in different tissues of the 4 fish with different feeding habits, mainly expressed in the livers
but not in the intestines. These results suggest that the evolution of RNase 1 in Cyprinidae is not related
to the food habit of the species, but conforms to the evolutionary law of the species.

Keywords RNase 1 gene; cyprinid fish; gene expression; genetic evolution; food adaptability
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