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(1. ¥ TEBELHEBEEYRARERLRE VL Eoik  222005;
2. JTARIGHRFKT RS, AR I 524088)

F8ZE . 2 £ —%& ¥ B 1K R 4 (ubiquitin-proteasomes system ,UPS) R E ¥ £ & B B % B 15
AR, BETHSEENAEAERN, ARG S5 TRERAWRELH AR A RASER, Bt
HRABEEUPS HY THRALAHEREA R U TERI UPS BARYEAFRAY EAW
EMFEY . Z K% 4% (ubiquitin-conjugating enzyme ,E2) & UPS W E 4 X #H 4. MW
FrREEREFRT-PCR LK, Ry 2B T A LKL R4 6% X H (PyE2) th cDNA F 3
( GenBank accession : FJ232910) , % cDNA 5 %] &4 ¥ 444 nt ¥ 5% ¥ ORF, % & & &5 (PyE2)
WAFE16.6 ku, K 147 AA, PyE2 5H UM E2 RAHE N — A0, Kk i
E2 S EMYRT, PyE2 &8 E2 BEMAKWRTFFINRIUEARAE, RS EHEA
WIXE2EE B, PYE2 X2 Cofn N WEEM , TN ELAREXER2 ZEFRBT I

E2,

RER:AREGERLE 0B LR ENERF

hESHES:S917;Q 559".2;Q 785

REMARNZE —EABEEAS
( ubiquitin-proteasomes system , UPS ) & E. 4% 41 Jifd
W+ EER AR RS, 7T LUE T b 1%
PP AR U ; UPS BBAS R , S B | B ) A
TP Y Ed R, FE 4 M A B . DNA 252 (4
T (MR T) ES %R R R %
EHamy. EARREE, 2 &
(ubiquitin) F & — RN EE N A B SHEEH
A 8E . B L, 2 R BIE B (ubiquitin-activating
enzyme ,UBA B} E1) L) ATP 4K #i4E 7 RiE 2
R, RN E ZRIE RS EMEE; A5, ¥
HHZ RN E1 5% 8 32 R 45 & B (ubiquitin-
conjugating enzyme ,UBC =% E2) |, 7E{Z 2 E2
ZIRHBIE B R B R 4 G L E2 W H
#, W £ R & H & # 8 (ubiquitin-protein
ligase ,E3) 25T , 2 B CRunH ZMR&R A
5REANBERBREN « ZEARA M
HE LRRN, ZEEAHEEANEZR L%

1545 H #A :2008-10-31 {& 5] 2 #A :2009- 03-10

MXEFRIRES A

AL, I 212 K B (polyubiquitin chain) , X
g2 R EMCHEE RS9 265 EHE
& (proteasome ) pf° ", Hh E2 £ UPS W&
B ARG , WHZ R LB R R RO I
W XmE A, ENCAESHEY P RET
ZBEH) cDNA 731, 5140 7E GenBank H % 3 i) B¢
#( Saccharomyces cerevisiae ) E2 7 13 #p, #1 i IF
(Arabidopsis thaliana) 7 17 FF, #R 0 B B ¥ TR
PEESK (Porphyra yezoensis Ueda) B AR TE o
FPEEXRREBENEKFEMEZ —,
BEE FFEMEZ LY K, R ERF G E
BoBAL TR K B R T, B8R AR T S
PARAXE R, 2004 4F 5 7 B W “EH
Y EEFERGBIRESHA B,
RT BYOKEFREER R VBT CR T BRI,
WX THRE R H BT IRABI R . ARSI A
WEREBARE LR, T RREERZ RS
B ( PyE2) i) cDNA 731, 33 K51 #E47
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Tt AR TH—-PMARRERERE. T
H ER R RAFER T Ed UPS R
R A= R = i EE 7 e R S O N
ST AR RS D A 2 DR Ay bRz e e LA Rt —
B IR AR PSR IR B 2R

1 MRSk

1.1 HBFxEE

DIl F I7 E2 ) & 2 B /¥ 5 ( GenBank
accession; AAM63316 ) 4E 2 #& i ¥ 3, i
tBlastn 72 * £ & GenBank i R BE &K KA F
47 & (expressed sequence tag, EST) (i &
(dbEST) , ¥RRIWMHELMER B&F E2 R
Fr3 i EST FF3IVE AR ¥ 53, #:5 H Blastn 2
F1 B RARBELSE dOEST KR PR EST
B CAP3 B3 4R AT, BERKR IEM
HREDARREM A IL, BG83 PyE2 cDNA K]

B iE# (contig)
1.2 SIS
SR 2R REEETRER

ET & = i %EEH, TRz K H B T
Invitrogen, J% % 3 &3 & I T MBI Fermentas,
Taq Plus 1 ( Taq + Pfu) W F Bio Basic Inc. , 5| ¥
B AT A M.

FHERXTRAEERNA 5 5 RIERK
MRS RNA fili$22% TRIzol 37 BLHA 45, 7
s, R AT m—RE O RN
BRSPS 1 1(v/v) M REER R (&
1.2 mol/L EAL4A7F0 0. 8 mol/L #rigR4N) DLIE o
HLIKARI RNA f 5228 M, B BR 2R 1 E B R X
Rl RNA & B,

Jlapixit RIEE T RS R contig FP
1T T 3514 : _Li#F5]4 5'-CTCTGCCGCTGG
AGTATCGT-3' , Fi#5|4) 5'-CTCACAAGAGCA
GCACCAGTA-3', Wit ¥ H Brk 553 bp, Hfd
4 PyE2 #1528 FF HURIPEAE (open reading frame,
ORF)

RT-PCR B B 5@ A B2 pg B RNA,LL
Oligo (dT) 247514y, A MBI K55 —%&% cDNA & i
BN &t UL P 09 R AR A L% cDNA,
PCR R RiHEZ % 50 pL, HH 5 pL 10 x PCR &
R 2% WK ,2 mmol/L MgCl, , 200 p.mol/L dNTP,

TSI 0.5 pmol/L,3 U Taq Plus 1,1 pL
RT P=H R, RN 95 THIZEH: 3 min,
X5 30 MBI, BMEF 95 TAEME30 5,55 TR
k30 5,72 THEAP 40 s, B )5 72 TIHAIEM 5
min, N GEC1 pL Ik, ¥ PCR ¥k kgt
THATIERIEI R , 3845 PyE2 i) cDNA J¥31,
1.3 4£YEEESH

WM F4R, T ORF KB EH
(PyE2) By R E B F 5, F A ProtParam™’ ¥ 47
PyE2 BT EATALR 17, L PYE2 SR iR%t
%f GenBank H {3k JUR B | H G 84 BB #E AT
BlastP™ 4347 , f# /i ClustalW 213" #47 £ ¥ 51
te5t, {8 B ScanProsite!™®! #1 CDD™ 347 oh fe 45
FIIR 447, 48 Fi Swiss-model™’ #1 BioDesigner'*’
BT LRSI 5 = 4k 254 X, T B BT
BHREBAFIFI, HFEFEERIIEE.

2 4R

2.1 PyE2 {yEBFRE

Fi AAMG63316 *f 2% B % 3¢ 1y dbEST 47
tBlastN 43477, ¥t | AU BB B2 fR5FF
B — AR 3E EST, FH LUK EST B34 F
TR KBS dbEST, NERF A RAEFM
1) EST(RAELKMR 2 & EST JFFIMESX T
40 nt, BiZ XA W —BH KT 94% "), R
JEkX s BST $i. EFRR. U, E2RE
FIRP 3K A RB F Ik R SR 0K IF , B JE 363k
BT 7 %& EST J¥ %] ( GenBank accession:
AV438053, AU188725., AV436414., AV438411.
AU192883 , AV435890 . AV438115) , ¥f i i — &
K 641 bp K contig,
2.2 EBEEEMHRMEE RNA #IIREX

B TRIzol x5 $2 B 4% B 48 3% iR iR B
RNA 2 pL7E 70 C/KEPEB 1 hF5-20 C
R E RNA —72 B R, B kB (B 1) B T
THMTEY 258 F1 18S B 4% tRNA &7, &R B AL
JGHI RNA 5RAC3IFTCH B2 5, 68 RNA ##
R A R M) RNase 5, BREAEER
MU&MUE%%E%, RNA # &K Agso/ Ay =
2. 113 A/ Agyy =2. 134 ¥ B % 1 020.8 ng/pL,
EREKIILE R RNA FE BT, & T
JREER R o
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255 TRMA
185 rExA

B1 SFEEHREE RNA fy %
1: B 3KAT - 20 CIRFFALE RNA;2: KT 70 TR 1 h iLE
RNA
Fig.1 Gel electrophoresis of total RNA extracted
from Porphyra yezoensis
1.Total RNA stored at —20 C before electrophoresis; 2 ; Total
RNA incubated at 70°C for 1 h before electrophoresis

2.3 RT-PCR 5|4 R

PCR =¥y & BRARWEBER L Uk A T 2 B —
K2 550 bp HARF A (B 2) , SHEAEIT
F) 553 bp Y3 i B, R FERIG T PyE2
c¢DNA F¥ %] ( GenBank accession; FJ232910 ),
PyE2 cDNA 33| 5 F 5[ 1§ contig J751 1

1 500 bp
o 1000 bp
800 hp
600 bp
400 hp

200 bp

B2 PyE2 iy PCR §ig7=Hpr ik
1:PyE2 i) PCR 33874y, 357 ¥ /M 550 bp; M: DNA
Marker E
Fig.2 Gel electrophoresis of PCR product
1.PCR product of PyE2. The product was about 550 bp; M.
DNA Marker E

HWERFZWHENZREEMN 2 &, -
99.62% . PyE2 cDNA FFIEE—M & 147 AA
HEHRFS, SHEFREMHENESRF N
W EREREZERREMN 1 D, —F R
99.32% . ACFUE-MEE A5 BST EH M4k
RREEREFER L NFFEFSETRE
TR R 7 B — 3,

2.4 FPyE2 cDNA FFIREHE SE04T

ORF Finder 72FE7E PvE2 cDNA FEFIfHISE 78 ~
321 ot &b B FE —iE%E ORF, 5§ 78 ~80 nt 4b2 &
cDNA 3| Y86 — ATG ¥, K FiFH +4
fii & G, biff -3 fii B A, 5 kozak N, H[F—
BEAHE L I FE T, B AR NER
BRIF3 N o [6] PR b3 45 R, 7T LA E S — 4>
ATG REZEFEREEFBET™ . BElAS R
B3| cDNA 73 &F 582 1) ORF, i — 1K
147 AA B HFF,

ProtParam X} PyE2 W) 4317 3RH : 70 F & K/
4 16.6 ku, KM EER (K.R) . RETER
(D.E) .BiKHEER (A ILL.F.W. V) flik 4
HEMR(N,C.Q.S.T.Y) F&45I4 15,16,44
a4 A, FHEE A pPHG. 3,

LL PyE2 Jg#R%t %} GenBank ) JETIREH
R FE#E1T Blastp 4347, S5 R R H &AM B E
( Griffithsia japomica) , KT8 { Oryza sative ) , #3255
IR B, BE D £ { Dando rerio ) |, 0§, { Mus
muscedus ) FZFEEPHEESN 2 58EQ
FrF 2L % 5 A gk { similarity ), {HfE R &
FHEOESEERARISZIEEMAMMF
F.,

BRI B2 5 PyE2 T EFF A,
HHRCE 3) RN - PyE2 S5HE 243 H
FHERN E2 FE . PyrE2 SHEFAERE.
A AR RS DA E AR
— Btk { identity ) 53-H1 A 91% .\ TT% 6% . T6% .
B2% 1 T0% ;3 & BINREFI N S AR W AR T
#(A=G=P=S=T.H=R.F=W=YflI=L=
M=V) JR4 PyE2 5 B8 T 5 HERLEE 573
96% 92% 91% ,93% .90% F189% , PyE2 5H
YR E2 72 F 0K F B RIE S KA
P, 58 B2 2R FBEA MY BEY RS
R HRSTE
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ZBPEF: 74
HaARHEE: 74
KA 74
R 74
BRI 75
B4 1
B 74

E S o N NI NS HGEICLDI LRMOHSEALTVERV_LSICSLLYDENPDDPLYPIIA HE

EP= S ECr- SN I NSHGEI CLD I LRMOWSPALTVSKEV.LLSICSLLY{DBXE D DPLYP[HT AT v 14T

pi R D T HSHGEI CLD I LI} WSPALTI SEV_LS ICSLLY(DEXPODPLYP[IA v 148

i NeS e s D H T HSHGEI CLD I LEWWSPALTI SEV-.LSICS LLYDEXPODPLYP[{IA v 148

LG} 2 S o 1 S o CLD T LERHSPALTLEKV.LSCS L : ;148

e i S D H T S NG BT CLD T LR HSP AL TVSEV_ LS ICS LLWDBX PO DPLYPNIA e o

R T T RS NGB CLDI LASOWSPALTI SKV-. LS ICS LLDB B0 DPLYRHI AT Y e

B3 E2HE It
S B ARFEESE . B AFE B KRS IS BB R D A R/NE E2 A ClustalW #2 T £ FF51 Lh X}
Fig.3 Multiple alignment of E2
The alignment of E2 was performed with the ClustalW method. The source organisms for E2 sequences were as follows: P. yezensis, G.
Jjaponica, O. sativa, A. thaliana, S. cerevisige, D. rerio and M. musculus

ScanProsite 1 CDD X} PyE2 {R5F 538 9 73
R (K 4) B PyE2 55 4 ~ 136 (LB TR RS
AR, 5 T4 ~89 M AZ R AEHE AL
RA T3 R<FF 5 [ FYWLSP] - H -[PC] -
[NHL] -[LIV] - x(3,4) -G -x -[LIVP] - C -
[LIV] - x(1,2) -[LIVR], Ko g i

1 25 50

Query seq. ppeect

3 interacton residues, Uz thioestes intemediare interecticn rﬁglm |
Specific hits

Superfanilies

RERBRALT 56 85 i, HIWRER ST R AR REM
FREHE TS SHE REH T E3 BEEN BK
RBEo W PO 15 SR AR TR I 85 i
R R R BR SRR S HAR Y FF BT E2 Xt DL F 51 524
LY

75 100 125 147

e & te ovatere & |
AT bk A Ak L ek A A & A hkoAaa
sl

UBCc supsrfeni_y

B4 PyE2 BThEEGHas
Fig.4 Funitional domains prediction of PyE2

=42 (B 5) BR, PyE2 (VB &— 138k
GHIR, IR 1 N 4 R FAT B B A
o IR —ANE B 310 BIRE K. B A B o2
PERER B D X, ol SBEERT o2/a3 MRHEN T
M, FEPER & b B B R PRER ZEADTE S B4 AN
2 WKH B, M TFEAHRKEREMB T, 5A
(Homo sapiens) i) I 26 E2"" kit , B T N-3#F0 C-
KERFET, i MR =44

3 itig

UPS EEEAYERNBFEBHAL,

HEANZZRLTT]F 268 B AFHARRILE
A, T3 I S 2 428 1A 7 240 M F) 37 21305
BHEXRER, M2 5HEAREE FSE
PR ZRBERTBEEANERUK
DNA B8R % . #.8 H R B2 RN LA KA 1Y
AT EANEYEE S, WS 5EEAKN
e, FREOERB RS M. S OREEY
2 ERBE ERERAETE™, BHiHR
ARPEEIE UPS M AERBRERAERK
BRI SEZEROME, A R TR R E B R
HEERLENE.
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BS PyE2H)=#HLHUUR PyE2 5 A\ 1 3% E2 fy=SiE g5/ EL 3t
a b 2 HURE PyE2 FIA 138 E2 (= 4E25H N 35 .C SRl R BT TIRIT c B PyE2 5A 13K E2 MM LLEE . EHAR
bRy R R R E LR AR
Fig.5 Tertiary structure of PyE2 and structural comparison between PyE2 and class I E2 from H. sapiens

a and b show ribbon diagram of PyE2 and class I E2 of human respectively. The N-terminal, C-terminal and secondary structure features

are labeled; ¢ Overlay of the Ca traces of PyE2 and class I E2 of human. The active-site residue (Cys) is shown as a stick model

BRI UPS |~ 22 SHYR 8 5 & R
WA, E2 M SR H T 5R N AR AN b
B R R R 3T R AR LSS
SLBNTEY B R LR . E2 FEE R
RS, R AE AT E2 ZRRBAH T A
R EASEARMREFTR™ . HHATERR
[ E2 A W ke 5 Thak B fs Tt — 20
Fo

BRRARE—RIIBIEHIK KNG 7 fE
SHMEANSHBRTEAS S, E2 23X
SRR ERA S, AN EZA AL
BT 2 E2, Blin A=A 30 F E2, Z R
E2 W THEANEF B RAERFN, E2
BRIEHEM AT RER BT LISy 4 K271
K E2, H1 150 AA RSP REL I8 (UBC) 4
B, TRV 2 48 A 8 RIS 0 2R B2 B AR e
fEPREREM; 1K E2, SR E R M —4
CARImIEM e, B C-RInE M RA ZF I
BE, WS SWEHRA .5 E3 BEE.Z5 N-R
SR ( N-end rule) fR 4 2K H /K i 42 IOL 2K
E2, FAEL A — A N-oR¥n A 4544, e N-
R IEREEAGHI SRR R A EEE IV 2K E2, Rl
ARG CARIGE R A N-ZR U 31 25
o PyE2 5HEYIFRY E2 BA R BRI
R =4E 5t , 38 E2 MRS I 7
Pl BRI SR , (EA & C-oR W S 25 1
I N-RIGEMEE . Bt PyE2 R TARER I
K E2,

ARPFEEA NG T HE R, T HLE R ¥ A A
PR A B BB IEIE R
B E, RO R N i B g R T, B1E

1994 4 Reynolds 2™ g il T R EEM AL
BAEE, WG, BN EEH% T T —HE
PEESEIFThBREL A, 4 40 , Kakinuma 457~ g
T ETE M cDNA SCE 3B T — S A A
FEF YRR IS B R AR £ 355 2 H , Fukuda
a0 ) RBEER R SUER S RAR T #E
FEM BT 1o 2 H, Kitade %% 101 0 5 3%
S E R AR BT 3E R & cDNA U4 Bl
ToRE T AL H -ATPase ) C WAL H K 4 FF
WL3h & H 2 B FpiIA i B2 i A AL Yyl 2L . Gong
411 F) FI%i3F PCR F1/% 16] PCR $RTE/E T /B
53X p-MEEAERE, B2, BRi7E GenBank |
IERIF B TS X (complete cds) H 4R T 53K
DIREREAR 70 &, W HH P REHEEFEERE
HER, B TR EFEEY TS, B gD
BEFERIRAE S /D, B LD EREE 43 B AR BT 3R T
BEREEXEE, 4 EIAEREDE B HOE L EHEN
FRhZ—RNIA Y5 B HIT R 7,
Nikaido 2" 1 Asamizu 2" 2 BI3RE T 10 154
2570 10 625 SRARPEESE EST, [l F BN 7]
BB, BN, B 5 A LM B HNSERZE M
Lipocalin 5 " #F 258 b T Ia e SRE AR 1Y o

PR AR R AT B, LB
MEBM > TE, FIFRA Y E BEERE, 68
PR ARG HT R T 51 I BB 7 AT HBh BRARAE , %
EEMEBPIRESR T BERS, WE—STR
EENEAFBRAR  SHALYRBRERAEEEREN
HIS ML E N, AR R A AE 5E AR A%
R F R R, BRiESFAE Y P AR
A BT R M BT HRGE , W0 KBS HFH ( Escherichia
coli) NAD " /NADP * 456 1t 38 31 R 2 % i L g
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B %885 48] ( Eisenia foetida) Efp-0 £ HE™ /MR
MucSb 2™ AR - BEBEHFRREE %,
Sieg RIS ER B A FER RO L,
FrofEE i KEw B BEHR, FEEEE
AW PP T J2 LA B & R R A T S22
HL T TR ARSI AR R B Y T Y B
ETFRZ—,
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¢DNA cloning and characterization of a novel ubiquitin-conjugating
enzyme gene from Porphyra yezoensis Ueda

YI Le-fei', LIU Chu-wu®, WANG Ping', ZHOU Xiang-hong'
(1. Jiangsu Key Laboratory of Marine Biotechnology, Huaihai Institute of Technology, Lianyungang 222005, China;
2. Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract; The ubiquitin-proteasome system ( UPS) plays an important role in post-translational process,
which is responsible for a diverse array of biologically important cellular processes. The UPS is also
involved in the protein quality control, which maintains the health of the cell. Thus, the UPS provides a
clue for understanding of the molecular mechanisms underlying various tolerances of organism to diversiform
adverse conditions as well as stress combination. Ubiquitin-conjugating enzyme ( E2) is a critical
component of UPS. Cloning of ubiquitin-conjugating enzyme gene ( PyE2) of Porphyra yezoensis Ueda will
facilitate us to investigate tolerance of P. yezoensis to diversiform adverse conditions and degradation of
enable protein by UPS. cDNA sequence ( GenBank accession; FJ232910) of PyE2 was isolated successfully
through experiment of RT-PCR under direction of in silico cloning. This cDNA contained a 444 nt of
complete open reading frame (ORF) coding a 16. 6 ku protein ( PyE2) of 147 amino acids sequence. PyE2
had significant amino acid sequence identity and similarity with E2s from other organism, which indicated
E2 was highly conserved in the evolution. PyE2 contained conserved sequence and cysteine residue of active
site of E2 family, and tertiary structure of PyE2 was similar to human class I E2. PyE2 was a class I
member of E2 family of P. yezoensis according to bioinformatics analysis.

Key words ; Porphyra yezoensis Ueda; ubiquitin-conjugating enzyme ( E2) ; cloning; bioinformatics



