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NRFNFBRYZE E1 BeFTEE
UBAL By EFRIEDIT®

g; ﬂﬂ% 1, @2% 1,3 e

Fﬁ‘ ﬁk 4

E}EDF-T’- 1, 3, 4) wes

ClLFHTE R SR ERREMESHAN, LR 100875
h ERER R RN R URAF S, LI 100101,
LT T EMEFTARR, M 310006,
9 Forsyth Instiiute, Harvard School of Dental Medicine, HBoston 02115, USA)

WE BH4E&F UBA_NAD binding domain ¥ EST 75, FIFREHFF RN EST & FE, TRAFIR. BREE
[¥ UBAL (ubiquitin-activating enzyme like protein), ‘& fT&8RE ¥ K i/LEF Ubal MR 1, WK ATP S8 55
GVGGVG M Cys FEIEAI &, H 2 8 RT-PCR M 11 #REDFAAM mUBAL £iA 8, Bor mUBAL £ %4 RESFA
VR FE, . BH. B, OEPENEE. H mUBAL BT ARENE 11 89/ BURAS B IR A7 4478 7R, mUBAL
TR R E BRI, HMETARAEE (AVE) HTES TS, METERImNRNRERE 5B
HRIAEARAR, gUBAL 7 HH14. HHI6 F1 HHIS #FME P ATRA TEHEHH L. 81 mUBAL R gUBAL HIFFIARME
fRr s b RE LA A, TTRVISBTE I TR 2 Ri4bBE Bl MR, TR B AR R RS SRR EE

FHARE LA Z LI RE.

XA RKEEED, BERROFALE(UBAL), Wk, Rikik

FRAES Q785 Q786

| O BB S M T &S R ERE R
BEFRNT RERENER, ZMEMTAEE
HIEEN e, mBeRt, Wit 0%
—REEMEQRBFESEWR A FI0E QA
HAJREUME M, B0 QT R
RSB ARG, B— AR E O
FORMBEREMRZ R, TERRZ 210
i EY, BEERS —PUE ST 76 &
HEMBENEERNES, SEARSAFNEEE
HESESEHRR LI, TR, SUMO,
NEDDS, AGPI2, UCRP/ISGIS % — RIEWE
B—32 % ¥ E H (ubiquitin-like proteins, UBLs)
AMgkpE RN, Ef5EZ RO EEEBRRAR, HH
HEEAUME BT EY Z &AM UBLs 5
WeiEiE B RO ERESHEEEY R T RBENS
5, 45| R FLEE El(activating enzyme), 54 F§
E2 {conjugation enzyme), EHH E3(ligase)®. B 5%k,
E1 Bl d 7K A% ATP 5 H /G AL & B2 DE R B TR A

577 Fik itk Gly ROXRES0G T8 B o RE TR AR B M 0 B
EE ML SO RAREBIS S E2, F
B FEEA IR S 2 . FMEN R, B2 ALLE
EErahHNEAQSE, DEYREZESENE
A& LT ERNES, B3EIERINEYE
. s R R RILRER. .
BT HE TFRIEFEIFIEFERA LIS, K
BT — # ¥ Y45 E1 B UBAL (ubiquitin-activating
enzyme like protein), H % B T /R M B i
UBAL—mUBAL F1 gUBAL, Z&ER7EZHHFh
ZHATHENRTE, RT UBAL HFEEM
Ih&E. UBAL WIEFH P35 H AR E1 B8R FrZI4E 4L
ERARHEAHFMERE, FHAARTH

HILF R ENE PR R,
HERMBLRAFIE R

5 R ELFR A Tel: 010-58806656, E-mail: YPLi@forsyth.org
W H A 2005-11-11, #£ZHEE: 2005-12-29
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BE. BB E1 BFER UBAL = RIIRIESHT . 383 -

ATPEA47 B A Cys BHAEE B, UBAL 5 BILIR
EMREEERS Uil ) E1 8§ Ubas KRR E G,
BT R R, UBAL 7ERR SRS ALK TR
EEAAHE, £E. 2R, B. CEPILAE
E. UBAL 7/ R B BA RIS IR Sk 58 A4 St Rk 12
7, UBALU B ERKABEEIREEEMN
YEH.

1 #HETE

1.1 ##

e BTk m KEEE LRI G,
AT 0T B BN Trizol M T Ih 050
HAEMHAFRIEAG M-MLV ¥ H#REHHT
Invitrogen /4 3]; DNA BB TEEYWIERE
FHRAF: EFRESEINAAMNZERF K
(Roche) 2wl : FTH 51 ## (q AL 1808 2 = & Bl
QIAquick Gel Extration Kit 8T QIAGEN 4 ] :
pBluescript SK(1)& &1L 7 I JE X 2F L B 0T
FERTIRTE: FCARRATE N B = A o= b
1.2 A%

1.2.1 /RIS UBAL £ CDS M.

48 RIKEN A& F “UBA_NAD binding
domain” [/ BT R AK017787 Bit5 |4, LiF
14 4: 5 TA gga tec ATG GCC GAC TCG GTG
3 4 BamH | BEYIRL R, THEGIHA: 5" GCC gg
acc TAC ATA TTC TTC ATC CTG 3" Kpn | B17
fir 5, TR e 4 K B 1 228 bp. BLELLS BUE
JG B RNA W8 F AW cDNA AR, 50 ul #h &,
KR &% 94°C, 3min, 94°C, Imin, 55C.
1min, 72°C, 2min, £t 35 KMEHE, T 72T
FEAR 7 min, £ 4 7L B 2] pBluescript SK(+)#{4
L FFWiRE.

74 gUBAL cDNA 1 52 B 4R 45/ RIR 42 72 71 e
M A SR EST FERERA, BHRE st
HERUE B A0 R 3 Lb X i R N 45 R R 514
LTI WA 5 TAggaceATGGCCGAGCGGG-
TGGAGC 3, & BamH | BEVII S, TUHESI492%:
5 TCeecggg TGCTACAAGTTGCGCATTT 37, 4
Sma 1 BEVIAZ A, FEHY 8 =41 1 196 bp. LA7%
WE 8 4 5% cDNA AT, 50 nl R, RN
3 94°CTAEM 3 min, 94°C, 1min, 57°C, 1min,
72°C, 2min, i 35 K@EHF, T NCEM
7 min, ¥ PCR P4 H] BanH I ® Sma | BEVI S5,
T pBluescript SK(HE & L3I

1.2.2 #F 8 RT-PCR 1735/ K UBAL 55 F &)
], ®iHrTEE TR RN PCR 74,
LS8, 5 CTGGAGAGTCGGCTTTGTTC 37,
Ti#ES[4: 5" CCTCAGACACCAGCTCAATG 3/,
TREAY R F=4 387 bp, B KBS H 53°C, 35 DM
W% AEFERE GAPDH fE RSB, LiEsI4.
5" ACCACAGTCCATGCCATCAC 3°, Fi#514:
5' TCCACCACCCTGTTGCTGTA 3, TiiAy #7=
1452 bp, UK/ FLA A SRR B RNA 5%
Fh cDNA Bk, FH 25 W R, BXKEREN
58°C, 30 A{EFR, PCR GRA 1.5% SR &
WA, P& (HKFER R B GAPDH 7~
Yk BREE- B, _

123 BfRT. B RTEERNGTE,
/R3S UBAL 4555 X ff) cDNA A48, H DIG
BRE bR 0 AR &0 & DIG #710H RNA #4F, 45
5 B H8 0 U 00 SR AT IV I A B Ak SR A7 8L

2 & R

21 DRINBH UBAL My7ehE

mUBAL E[H B/ IR B 1 45 ] cDNA
W, B4 1.2kb WA B (8 1a), MiZHERRT
B % pBhlescript sk* # Kk F, W HFERH 5
AKO017787 (1 171~1 398 bp 52— .

KT WS gUBAL, 3£ {1H mUBAL cDNA
TS IX FF 3 55 i cDNA #4F B3 AT Blast 2347,
BERWFBRFF, 557 EST £ A 41T Blast
SrHT, 351835 4~ EST R4, 4 %)% BU388T68,
BU270390, BU422109, BU367611, BU330263,
[l 5*¥id Ko BU388768 A1 3' i B 1 i) BU478606
417 Blast 747, N E P& EST, A BQ037401

kb

-1 500
1200

=1 000

Fig. I The cloning of the UBAL gene by RT-PCR
(a) Amplification product of gallus gUBAL gene. I: PCR product; 2:
DNA marker(DL200). (b} Amplification product of mUéAL gene. I:
PCR product; 2: DNA marker(100bp plus).
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F1 BU478606. 343X 7 4% EST F ContigExpress fik
21 gUBAL MHIIF5, HARIEZF A1 T 51
Y, LIS IS 55 (1 cDNA A4, RT-PCR 375
—4 1.2 kb ZLH M B 1), )75 17 NCBI $2
AT gUBAL F¥%), GenBank B354 AY620963.
22 UBAL EAFFISH

H ClustalW f2/F%F UbaS, mUBAL 1 gUBAL
ME O BEF S, &3 hUBAL 5 mUBAL
gUBAL (¥ B4 B 4 86.4% F0 83.7%. mUBAL

Ml gUBAL # H H al 2 1 ATP & & fi M
GVGGVG, mUBAL F1 gUBAL 7] ﬁaﬂ’wﬁﬂs Cys 4
Hfr T 249 F1 244 (E 2).

FRiEiKomatsy U 5, E K El G B
Ubal B35 6 METHIGHE, FRAEEE]T,
Tb, I, M, VAV, &EdRE7 o f R < g5
SR, mUBAL 5 gUBAL & F R F4H
W (E3), FHEH AP &40 FF
GXGXXG 1 Et Bg2Er 0 T A9 Cys TR,

Ubas
mUBAL
gUBAL
Ubas
mUBAL
gUBAL

Uba5
mUBAL
gUBAL

Uba5
ml/BAL
gUBAL

Uba5
mUDBAL
gUBAL

(1)
(1)
)]
(86)
(84)
(79)

(171)
(169)
(164)

(256,
(251)
(249)

(340)
(339)
(333)

MAESVERLAQRVQELERELAER1 QvPRSGDOBGORVRTERMS SEVEDSNPYSRLMALKRMGTVEDYEK TRTEAVA TVEVGGYY
MABSVERL RHGVEELEQELARERTRR—SGGDGHCERTR I QEMSDEVEDSNPY SRLMALKRUGTVEDYKKIRTRAVATVEVGGY]
MARRVELLERRVRELERELELAR-——————— GoRESERARTETMSPEVTDSKPYSRLMALKRMGTVKDYEKIRTE TVATVIVGoV
SVTARMLTRCGI GKLLLFDYDKVELANWNRLFFQPAQAGLSKVEAENTLRNINPDVEREVENYN 1 TTVESFQUEMER 1 SNGGLE
SVTABMLTRCGTGKLLLFDYDKVELANMNRLFFQPIQAGLSKVIAAEITLRNINPDVEREVHNYN T TTHGHEGHFMNR1SKGELE
SVTARMLTRCGLGKLLLEDYDRVELANUNRLFFQPAQAGLSKVAAAEHTLRNINPDVQFEVHNYN 1 TTERFEnEMiR 1 SNGH LE

EGKPVDLYLSCVDNFEARMT INTACNELGQTWMESGYSENAYSGHIQLETPGESABFACAPPLYVARNTDEK TLKREGVEAASLP
EGQPYDLVLSCYDNFEARMATNTACNELGQTRMES GVSENAVSGHTQUIT PGESALFACAPPLVVARN1DEKTLKREGYBAASLE
EGKPVDLVLSCYDNFEARMATNTACNELGQTRMESGYSENAVSGHIQLE T PGESAGFACAPPLVVARNTDEKTLKREGYBAASLY
TTMGYVAG I LVONVLKELLNFGTVSEYLGYNAMODFFPTMEMKPNPQCDDRNCREQQERYKERVAA L PKQEv—TQRER G E 0N
TTHGYVAGTLVONYLKELLKFGTVSEYLGYNAMQDEFPTMFMKPRPQCDDENC REQQEEYKKRAAALP TQEAEPREEAERNHEDN
TTHGYVAGTLVQNYLKRLLNFGTYSEYLGYNAMODFRPTMEMKPNPQCSDANCRRQQENYK TREAAQPRQEE-THQERETNHEDN

EWGIELYSENSERELKNPSGPYPBLPEG TTvAY TIPRKQEDS VT TVEBSGES! EDL MARMENM

WG TEL KNBSGPVPTLPEG I TVAYTRPRKTEDSAB LR TVEDSGESLEDLMARMENH
DG ELYSETIEDELKARSGPVPRLPVG I TYAYTIPNKEENLTAEE TVABSEESLEDLMAKVRAE

Fig. 2 Sequence alignment of hUBAL, mUBAL and gUBAL

The aminc-acid sequences of UBAL are compared by the ClustalW program. Open box indicates an ATP-binding motif.

The putative active site Cys residue is boxed in black. The metal-binding motif is underlined.

Cys 600 Hol RGeS AL L BN O ME. DL B
Ubal [[_T ] [T T [um] [V W BT AB . £5 ﬁﬁﬁﬂﬁqﬂ'&ﬁﬁmﬂﬁéﬁﬁ
Cys 249 S(E 4). 4T M UBAL £ AR AR %
mUBAL %, AT UBAL ) UniGene 5 (Hs.170737) £
Cys 244 NIH [ J5 5 5 2 A % TR (The Cancer Genome

gUBAL L1 [ ]

Fig. 3 Domain structure of the E1 enzymes

I, I, Vand V
boxes, which are conserved in other El-like enzymes, and other regions
without ebvious similarity. mUBAL and gUBAL contains the box [ and

Ubal is divided into several domains, meluding 1,

two other parts. The box | region includes the conscrved ATP binding
motif (GXGXXG). The putative active site Cys residues are indicated.

2.3 mUBAL EREHLDHRIEE DT

AT HF R UBAL 7E /D B A &L 240,
AT Z B RT-PCR AT T 11 FRE DR AR
[f) UBAL mRNA ®ik, %R ¥R, mUBAL 7F &
NSRRI ERE, HREAEFEEAHNE,

M ! 2 3 4 5 6 7 8 9 1o N

T o w» a» oo o = G G " - -

Fig. 4 RT-PCR analysis of mUBAL expression in adult
mause organs

1 Liver; 2: Intestine; I: Kidney; 4: Testis; 5: Brain; 6: Skcletal muscle;

7: Lung; &: Heart; 9: Utersg; J(: Cercbella; 11: Eye. M: Molecular mass

marker, A PDH was used to control for differences in loading.
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BN NRI0GRYA E1 BT E R UBAL RySEREMRASH . 285 .

Anatomy Project, CGAP) B B 45 2 i 47 & $
Northern H F F& 1% i 4 ¥ (http:/cgap.nci.nih,
gov/Genes) BT M4 R, 5/0EK T2 28 RT-PCR
ERADML (B R), TERN. BE. ArIER. AR
AHRIATER R, EHFEZNL, Ubas BER
Hfy Fl— g A ) 40 ) R I e g i R
2.4 UBAL BRRRIR{TZ3 5447

3P AL Northern #9455, UBAL FERLRRH R
R EEE S THAMAR. A THRIEX —#RE
17§ 244 [ A% 48 Y B S 0FSE T mUBAL 7 /b BUHR
HERESIRAG D 3RIE. A mUBAL 41 7 FUHR
SR T Y BRI IR AV 2878 8 7R, mUBAL 1T
B AT I (B6.0) LA RIL, ERATEELN (B6.75)
FR RO 2328 di (Distal) 7 Sk BT £ 89 8 A FF & BB
PRI (1 52), B4 T (B7.25) mUBAL Ay
AIAFL ] L E RIS H AR (B 5b). ki #A
(E7.5) JRH5 'y mUBAL TEA7 o Sk 47 Ak L ERER 2 11
Fik (E 5c). TEF IR KR BHET 5 4 31 2 81

(a) (b)

-
e g‘. 5,.

%.:

(#7 EB.25), it MR LR Sdyidk A 3 e A1
ZH 2R T P (B Se),  dhymTpl e ) St db ) ek,
Mi7ZE RS R A BT 4. /D EUIEAG 10 P57 #1(E9.0),
mUBAL 7E i J5 /3 A 8] &t (4 3235 (B s1). /1 B MG
18 (35 H] (#9 B9.5) b, AT LU B2 5] mUBAL 7E 3
Foi (F1F e 3k (18] Sg LT, h QTR D). /b B SiG
KRR H A ET A AR SRR ST F IR 0, B AT RS
Mk M G A (D—P B [ BT )5 B (A—P B B
Ak, FERZFSENR Y (fertilization) (RIS {distal) Py
BE B2 B2 (VE)E 4 |7 A9 1 N BE 2 (anterior visceral
endoderm, AVE), gL MEE, BEHERE
AR, s # AVE nf LU J 4118 2
(epiblast) FRIZFEHEATHE . 3% F UBAL (WHRAE &
xR, BITE AVE fLE 3Rk, EHT
L#HHHEBMHERE, 5 Hex. Hesxl. Liml,

Otx209) R AR S A AR AL, XL R E 2
ikl ATEE T ER N THILERE

{c)

e
#
(z)

(h)

Fig. 5 Whole-mount in site hybridization of mUBAL expression in gastrulation and

somitogenesis stages
ta) Lateral view of mUBAL expression in early streak stage (F6.75) embryo. (b} Lateral view of
mUBAL cxpression in Midstreak-stage (E7.25) embryo. (¢) Anterior views of headfold stage(E7.5)
cmbryo, (d) Anterior views of E8.23 embryo. {e) Lateral view E8.25 embryo. (f) Anterior view ofa .
10-somitc-stage{E9.0) embryo. {g) Anterior view of 18-somite-stage embryo (E9.5). (h) Laleral view of

E%.5 embryo. The black arrows show mUBAL expression.

(a) (b)

(c)

Fig. 6 Whole-mount in sifu hybridization of chicken embryos

(a),(b),(c) Lateral view of gUBAL expression in HH14, HH 16 and HH 18 chicken embryos respectively.
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75 UBAL T i RIEW, |AA
gUBAL FURTES X TV M #REr . JM4T T gUBAL 7%
Hamburger-Hamilion(HH) 14, 16, 18 HSB R (¥
Fik, FRERE6), gUBAL TELABHFAME
PR RE I ERE, EEEOM. BE. W
HEAMBREPRAEERE, X—4R]5 UBAL £/
BURRG A R A B4 0L UBAL 7EXS R R R L
Wt — BRI UBAL AR Z ML, TR
REETHBRGLEPHLT, #% UBAL 7]
REX LM R FRIE-THEA. k4, HHI4
(B 6a)FRERME LERIE, HEABIFEIG
& 4 J5 Hensen’s node F| B2 = M B[R 41X,
Hensen's node A WA E B LE+F TEEMW
Oragnizer TE A3 RTF # A ST EEERH.
HRMRF, RN EENEMN node X, #i
FH R
3 W £

8 3t el ¥ A #4670 EST B, AT gt
ik T 8 mUBAL ZIAAMG gUBAL EiH, &
15 A UBAL EARENREYE, eflfa s
HT RIEEE Bl BT A M T (Thif 45 #80),
ATP &5 42 A AR TSI A Cys, Cys ATRES
Utml Al =m RN BAE, T iE4 UBLs. BiE
mUBAL 1 gUBAL MR F @M MEH A, B
fiIHER /) & mUBAL RI3% [ gUBAL BKZ EFL
B EL ISR R

EEEN AP ERS T, EHEEIEET
BEMRAKEREAL, FNAFEEAS 268
HEABR RS 2R OB KFE R
A, #MKEGESES, S5 iHBTE S RE
HE/EM. B NEDDSRUB. Sentri/SUMO.
Apgl2/Apg8. Urml % UBLs KEE A, W EH
M EE RKBOKEERARMER, JHE
BHELBARMAY ¥, HABNEREGR
RS B AR E S R IR A,
RS —$H B2 £ LEE El 2 UBLs #9354k,
g ZBWE AL ERAHEE, & APPBP-UBA3
(ULA1-UBA3) % SUMO/Sentrin, AOS1-UBA2 *f
NEDDS/RUB, Agp7 X Apgl2/Apg8, UBA4 Xf
Urml %, HEXFTHHE E1 K ATP, 1§ UBLs
C MRk, RS UBL-AMP, (5] R IR H
R, BF XN UBL-AMP a5 E
El f1— &I 8 Cys b, it = B AR Es T A

E1-UBL £4&%™ % El ME® 5 Bl B(Ubal) &
A BB R, U Uba2 Al Uba3 5 Ubal #9 C
MARFRENREN, AEfkTERRI, Tm
IV, T Ubad Fil UBAL MIAARED, {UEIEER Y&
Fig 1 B Thif S5, 72 KT, mUBAL
# gUBAL 5 H b E1 B Bl B F Thif & ik,
# H A& Thif & M F 1 ATP & & £ A
GXGXXG., 15K 249 #1244 M BELKI T &k
s TR Cys 7 & ‘

UBALEHE X Fasw /i RL, HER
. g, 8. ORE. W T RAERN
%uw, BORMMAER, —PNPHMXEEL B
nUBEIL 5 RS AP RE, BN ST
T R AR (0 A FE A — R R TRNBYET A
K, mUBAL FERRMA/MRITBIRIEIH ALY —, T
F.OEN. . P RAEE, XER UBAL
A ERANELSE ZELR AR A R
HEREE RN, RE—RBEhRE.

UBAL fe/p R R T LR ER
ik, ks, BE B4 {5 B M (http:/zfin.org/cgi-bin) it
24t 7 UBAL Bt % 11 # EST: ZDB-PUB-010810-1
HRIER AP RRIEE, B RASKELLS REH
AL, FRRE¥IMAAE L ARPA R Rk, e H AR LR
EEAEZREGEREERERE RS RET YA
¥, NEDDS —# Hif) mRNA Be¥) & BLIENG 5 Al
hEE, MERERRF LSRR REBBHRS,
R A4 #H 48 AR O BRI B LD NEDDS TR il A0,
NEDDS FEALFE R S B - T ., APP-BP1 A
UBA3S, UBA3 5 EI BIM C MR, FHAEMHE
P B v &, WTLARNI NEEDS ¥ Bl BE R B
#. NEDDS 5 UBA3 £ H &k #0& BLYE LG H R
BIENAET T, B FREAG ) P 40 e A 40 ok # 1
FUET, TRAEFERRFAREAFIZRER
11 S Hi. Teligef R Y, UBAL FERER MR
HER, RERRTHRRRETEREREHLN, 5%
WO B ETRL, FHEE LN RRAES
BE, W UBALER —MEEAHENRERE
B ERRITRCE, iR LRERES
P AEEERA.

& £ x K
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Molecular Cloning and Expression Analysis of
a Novel E1 Like Gene UBAL in Mouse and Chicken”

XUE Peng"?”, CI Hong-Liang"®", CHEN Wei®, LI Yi-Ping:*%™
("Biomedical Research I College of Life Sciences, Beijing Normal University, Beijing 100875, China;
YProteomic Platform, Institute of Biophysics, The Chinese Acoademy of Sciences, Beijing 100101, China;
3Zhejiang Cell Biomedical Research College, Hangzhou 310006, China;

Forsyth Institute, Harvard School of Dental Medicine, Boston 02115, USA)

Abstract According the EST sequence contained a UBA NAD binding domain, a movel gene UBAL
(ubiquitin-activating enzyme like protein) was cloning both in mouse and chicken by the homology scanning and
EST splicing methods. UBAL contains the conserved domain | of Ubal, ATP binding motif and putative active
site Cys. The expression profile of mUBAL was detected in most of the tissues of the 11 investigated tissues,
especially in kidney, testis, brain and heart. Whole-mount in siu hybridization with the coding region of mUBAL
showed that expression of mMUBAL was presented in the early streak stage of mouse embryo and migrated anterior
with anterior visceral endoderm (AVE) and then in the telencephalon. The gUBAL expressien was also found in
the brain of HH14, HH 16 and HH18 chick embryos. The conserved structures and expression patterns of UBAL
suggested that UBAL may play important roles in the developing brain of embryo and adult tissues as El like

enzyme.

Key words ubiquitin-like proteins, ubiquitin-activating enzyme like protein, cloning, expression profile
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