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JE MBI 1L EBAY cDNA S R H
29 1L R

BER

(WFEXEEGHFZREENR FEH  250100)
HHATH EHE-
(AL K R A M BlE T 0, ALMR TS 060, HEE)
%4 %

(E¥RFEMPELH, KK 101, HEE)

B OE LIUVS.2 HEENE 25 HENTEER LT DNA TEFRESE T —4
1.8kb B9 ML RERH (zhe), HEFRT YR LLATHE 17THRBAHLER, EF 0 HERR
BRE R, HEEEREL ., ZFEEIERD S EEBN—ITHEREER. sHES
RAERES. FriEMHORREASR 25 MEER, BT N-RHISTH 200 M EER
MERBHMTFAMMET CRABENE 110 MEEBY CUBERER ., M UVS.2 RRAHE
HE CHKH 3/4 B8535, FIRREBENESTEY 60kDs, BR—FHBREOMRUNERE
A, ERFRE, EadIB IR SBEN 40kDa F. 60kDa 4 FHA R NHERE
BEANEOREE., HPCUBEEXMBIBA M FMAEM 40kD: 4 FHEFHENS
B, T 40kDa 53 TR P RE B A (LR EL B, h 60kDa # TR A MBRESRBERTHR
A CUB EH KB Ha, & 1 & 60kDa S F i — 1SR EABEER, FUERANE
ARG, FENAATRBNBEOMEE,

WA A, WE{EEE, che, CUBEF X, UVS.2
FRARS Q523

TEAEM T o, B 4L B 18 B F W% 1k M (Hatching enzyme, HE) RS BN, HE BB
MEREST A TN EHBERAKSERSWHE, Flk, EREESMSTKEL
FRENERATIRP SNBSS ER LS — A RABRRY, R HEnEE
SHEOES, Y FEE RN & T B T B B 40 M a2 B SR A i IR, R4t
T—MBF R FERALE, TP EF U RSN EENFELEEREEN
R fHE

FEIEMNME S, REFAYSE ALE T HE, B 51 T 4 fy g B AR 1 R EE AT H
fEd iR 2D B, MR AIAE B 1 Medaka'® S)cDNA SEREL B AR TH, X 045 B B
HRRESTEEE . BT D, B HE ZRAERE AR may .

1990 4F, ZEAE W TSR R HIERG B L P A BL T — Mg Rk &kl UVS. 2 Z2EUL 3#

oW E #7:1997-04-21, 45 [E] H #1:1997-10-16,
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288 £ B I 8B % B 14 &

M ERAFHNE HE EF S F—85. BT, RO XA E L TH GST-UVS.2'H®
W (GST: &M H K-S B B8, IE W R R I IR HE M35 Srkbiik,

FICHA UVS. 2 R4, SRS T IR HUTEE HE EH 2K DNA FF, #l H i% 8
RI—SREEAG, JER 4 AL RS RE LB 22 7 LIS MR 3R A A T4

1 MR i

1.1 #¥

ATESFRHE A TS h A LM K. oligo(dT)-4 4 E #E, Superdex 75 HR
10/30 BEfExf 38 1, Mono Q HR 5/5 A % F 42 #: & ( Pharmacia) ; Boc-Leu-Gly-Arg-MCA
(TERE-REM- HER-HER-HEELEAMBR, A ZKIFEN); SR8k
PIETICH ¥ 1gG(H + L) (Zymed) s Bt DNA & BARICH BN TR M &Y
Amersham 2 8] 7= dh . FBF A L2050 o drddi,
1.2 H& .
1.2.1 BERG83RE B MA M &AL, FESEXH9]. Superdex 75 EERE LI HE
winVE A Superdex 75 #ith & 8 B ; Superdex 75 #ALFERL T4 Mono Q R F35#L S,
£ Mono Q #li{LEE S {F .,
1.2.2 Western 3#3: SDS-PAGE £ M Laemmli B 71101, Western 2435 H T IEM
JNUE HE #94F BB GST-UVS.2 Hith, HES W Katagiri S H D, B E5EAKSE
WA ARBE 1:1 000 $£ GST-UVS. 2 Fifs 1 1:500 Hi T EA W ID N £ %
IgG(H+ L) F 4 H 5, £ BCIP/NBT B R & RATHT B 6.
1.2.3 cDNA W48,

TRELSE 25 BRI HEE D P 7 RB R DNA JFF]
P TBERG 7 3T Isogen RAIHE 3 373A DNA I P X #4757 3 &
?ﬂiﬁﬂﬁ% RNA R Bk skl B E R B T i)
A oligo(dT) ﬁé&i#fﬁﬁﬂ:tﬂ Poly{A)" RNA BT s
PCR £ <DNA 3o Tﬁﬁ%@

H cDNA H# 4% E AEXCell ' ———H{o-*P]dCTP $7ic#y UVS.2 K Br it iTR M
1.2.4 & HE B & NERBRIEEST: ¥ 0.3ml HE B3 A HEFIGH 24 9L
FBIRMAL T, I 6 D TCE R ZHEON ., R 10min WEE 1 1K, 107 57 5% 10 v A 4 vt
FEL
1.2.5 JFEOBMBERIN HE WER . S{EM HE 8859 30mA 200 FFHE 18
MiHF, ERBEF 30min /5, HEFRE M Boc-Leu-Gly-Arg-MCA JE 473547 B 1% 11 8 (3538
A - BRI 390nm, B HEE 4750m),

2.1 Northern Z¥3F
zhe W% 17 BIBRBR FF IR HE (B 1A), T 58 30~ 34 BAA 3 @i, BB S (F 2 B A (&
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3H BEFEAR % A RO B L AR cDNA S B 4 A W b= 4 TR AP 5 289

A B C
st.26 28 30 32 34 36 Jal.w Tn.r\k

17 st.35/36

Bl 1 FIE UVS.2 5% AR E IR U 3R mRNA # Northern BE 2 3432
Fig.1 Northern blot hybridization of mRNA from different stages of Xenopus embryos with

UVS.2 as a probe
A, Early embryos of stage 17~20; B. Stage 26— 36 embryos;
C. Different parts of stage 25 embryos

1B), $FTENRG LS WHAAT, R WK 1.8kb(E 10) . xhe HFMBEHMELL, &
Fi 6 Y AL R AR R — B
2.2 xhe i) cDNA F 5 R E 380 S E 8 Fr 5l

zhe B F-11 cDNA FHH 1 802 MEMH S, UVS. 2 UK T zhe C-3AET 3/4 1)
R, xhe &H —Poid 514 D EEERFERIEIESE, 5T N AKHLFH "HE X X
Hx X GF < HE” R 5F 5 51, & Astacin HIR P HEBEBSBEN — T REEFEEM A
(E2).
2.3 xhe HRIBE QKR —H LK

zhe 935S 514 1 E FE 08 1 B JE g ( Preproenzyme ), . NORHSE MR A 19 M BB
B SR E (Metl ~ Ser19) .70 ™ E B BRI 5 FE X (Ser20 ~ Arg89) . 197 M EER € B E

FEE 2N B8 IX (Ser90 ~ Asn287) F 226 P43 &Y B4~ CUB(HME LA 4+ Cir/Cis, Uegf,

Bmpl) B & X (Cys288 ~ Arg514), Astacus % A BEEHFE X AP CUB EHE K MM A 1K
B 3), B3P, RN A TR 47.2kDa, T UVS.2 RIBEAMAARE CR
wmREY 3/4 1 EE
2.4 ¥ HE ¥ &H) Western #2327

HE #.5 ¥ &8 —F 60kDa i HE 21, HFHE& % 40kDa &) HE 4+F:67%SAS {L
BERE LT Superdex 75 Hi{k e F R I & 7 60kDa F1 40kDa B F HE 2 -F 5 T Mono Q 41
TeRE R o H&# 40kDa —F HE 2 F ([ 4).
2.5 & HE FSNIPE S S

HE #1567 % SAS {7 I # 4 70 Superdex 75 44k ¥ 5 1 B 75 1R 98 09 00 & PR i 1%
i, YR 75 40~ 50min P91 IR R 58 274 #% 10 Mono Qfﬂaftﬁéﬁu\umﬂﬁmﬁa‘}ﬁﬁﬁ%
1, Bl 55 5085 R SE R S 7 120min AN BB DR 0 5 50 42 08 A, HLAB {9 O B RELR AR PR
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1 cagagagaaggagaaatataccgatacatctttaagATGGATGTAMAAATATCAGCCATT 8
§JM D VvV E I S A 1T
61 CTGCTGGCCTGCATTATACAATATGCTGTGAGCTCACCTATACAGGTTTTCTACTCAGGT
L L A C I & g ¥ a Vv 5%s P I ¢ ¥ F ¥ &5 @G 28
121 GCTAAAATACTTGCTGAAGRAGATGCAATGGCCAAGGAGGACATTCTCARAGCAATAGAR
42 K I L A E E D A M A X E D I L K A I E 48
181 AAAGCAGATCCAGGAAGCGTGAAGACACAGGACTCCATGGACATACTCAGTCAGATATTA
K A2 D P G 8 V KT QD S M D I L 8 0 I L 68
241 GAGGCAAACAAAGGTATTAAGCTGCAAACCCAAGAAGGAGACATTATTCARAAACAAGGT
E A N K & I KL @ T Q E 6 D I I Q K Q0 G ag
301 CGTAGCGCCATAAATGATGCAAGATTCCTTTGGCCTAAGTCTGCCGATEGGGATTGTCCCT
RJ5 &2 I N b A R F L W P K 5 A D G I V P 108
361 GTGCCYTACAACCTCTCCTACAGCTATAATGCGGATCAGTTAGCTCTCTTTAAGAAGGCC
vV P ¥ N L § ¥ 8§ ¥ N A b Q L A L F K K A 128
421 ATTCAGGAGTTTGAAGCCTTAACCTGTGTGAGATTTGTACCTTGGACAACAGAAGTCAAT
I Q E F E A L T C V R F VvV P W T T E V N 148
4B1 TTTCTCAACATCATGTCTAATGGCGGTTGTGGATCTTTAATTGGGARAARTGGAGGAGCT
F L N I ¥ 8 ¥ 6 G €C G 8 L I G K N G G A 158
541 CAGAGATTGGAGTTGGATGCAAATGGCTGCATGAATATGGGGATC&TCCAGCATGAACTG
R L E L D a N G C M N M G I I Q 188
601 AACCATGCCCTGGGCTTCTATCATGAACAGARCAGAAGCGACCGGGRTGA CATT
¥ # a v G[E ¥Y[EIE o ¥ R s P R D D Y V I 208
661 ATACATACTGAGAATATCATACCAGACTTTCTCAAAATGTTCGAAAAATACAACACCAAT
I H T E N I 1 P D F L K M F E K ¥ W T N 228
721 AACCTTGGGATTGAATATGACTACGCTTCAGTGATGCATTACTCACGTTATCACTATAGT
N L ¢ I E ¥ D ¥ A S V M H ¥ 8 R ¥ H ¥ s 248
781 ATCAACGGAGACATCACCATTGAGCCCAAGCCTGATCCAAATGTTCCCATTGGACAAAGG
I N G D I T I E P K P D P N V 2 I G Q R 268
841 GATGGACTTAGTATTCTGGACATTTCTAAGATTAACAAACTATATGAGTGCAATGTGTGC
D 6 L § I L DI &8 K I N K L Y E C N V)C 288
901 TCCAATTTGCTCCCTTACTCCAATGGGATGATGATTTCAGCCARCTACCCCTCTGCCTAC
S N L L P ¥ &8 N G M M I 5 A N Y P 3 A ¥ 3os
961 CCTAATAATGCCAACTGTGTTTGGTIGATTAGAACTCCATCTGGCCAGCTGACCCTGCRA
P N ¥ A R C vV WL I R T P S8 G Q V T L @ 328
1021 TTCCAAGCCTTTGATATCCAGTCATCTTCGGGCTGCGTCTCTGACTACATTAAGATCTAT
F Q A F p ¥ O 8 8§ 8 G ¢ VvV s D ¥ I K I Y 348
1081 GATGGTCCTACTAAGGCATTCCCTGTGTTAGTAAACAGGGCATGTGGTACAGGACTGATC
o G P T R A F P V L ¥V R RACG T G L I 368
1141 CCTCTACAGATTGCCTCCACTAACCAGATGCTGETTGAGTITTCTCAGTGATAGAGCAGTT
P L Q9 I A &S T W ¢ M L v E F vV 8§ b R A V¥ 388
1201 ACTGGGACCGGCTTCAAAGCAACATATGGCTCAATTCAGTGTGGTGGAGCTTTCTATTCC
T G T G F K A T ¥ G 8§ I Q €C 6 G A F Y 5 408
1261 TCACCCAAGACTTTCACATCTCCGAATTACCCTGGAAACTATACAACTAACACAAACTGC
S P KT F T 8 P N Y P GN Y T T H T N C 428
1321 ACCTGGACAATCACAGCTCCCGCTGGATTCAAGGTATCACTGCGCATCACTGACTTTGAA
T w T I T A P A G F XK VvV 838 L R I T I F E 448
1382 CTTGAGATCGGAGCTTCGTGCAGATATGACTATCTARACATTTACAATTCAACTCTITGET
L E I ¢ A § ¢ R ¥ D ¥ . N I ¥ N S T L G 468
1441 GCTGTCATGGGCCCATACTGTGGCCCCATAGATTTCCATTCTGCTATTGTTTCCAAATCA
A ¥V M G P ¥ C G P I DF H S A I V 5 K 8 488
1501 AATTCCATGATGATCACGATGAACAGCGACTTCTCGAAGCAATATAAAGGCTTCAGCGCT
N 5 Mm M I T M ¥ 8 D F §8 K ¢ ¥ K G F 8§ & 508
1561 ACCTATACTTTTGTGAGGtaaagagaatggaaacgaaggaattcattgttactgaacaaqg s
T ¥ T F V R 51
1621 gagagatgggegtctgcagtatettgtecacattaaatgaaataaatgtgaaggatotac
1681 aagaaattatacagttaatcatttttgggaagggttgttsctgtgtgatgatataattat
173% gtttgaggaattttaacaagactaaatdaaccatgattttgtaaatataaaaasaaasaaa
18 aa -

B2 d:3NEE HE B B DNA AT B 500 il 2 25 57
Fig.2 Nucleotide and deduced amino acid sequences of the longest cloned cDNA of Xemopnes HE

BRIk (E D,
H T %k 60kDa f1 40kDa HE &+ FEF RN E R0 E/EH, | 1144 40kDa HE
TR AR KA Superdex75 gL FE i (24 BEHG/mD) i &k, BREFERHESH Superdex
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| 19 N 288 402 5t4 ( 23 Number)
xhe I_|S| P ] As | C I C

R0 1598 1802 (bp Number)
I ]

1
Uvs.2

B3 zhe RBEOEMTE HE (4 HEN —RE5H
Fig.3 Deduced primary structure of xhe-encoded protein, Xenopus HE
UVS. 2-encoding protein represents cnly about 3/4 portien of C-terminal of it

1 &H HE HEOREEEREE \Da
Table 1 VE-solubilizing activities of different lé%
kinds of hatching enzyme preparations 52
Number of eggs with
IE D VE solubilized at mi Proteclytic HE mclecules 344
reparations solubilized at min
prem activityJ) kDa*! 285 i
30 40 50 120 20.8
Crude HE 3 s 6 104 60
67%SAS ppt 3 4 6 100. 1 60 + 40 S
Moano () 0 0 0 ¥ 98.3 40 MA BCDE
Superdex 73 3 5 a 102 60+ 40
4 HE # # Western
1) The concentrations of all HE preparations were 600 embryos/ ml. & gg FE A 89
HE, hatching enzyme; SAS, saturation of ammonium sulfate; Mono Fig.4 Western bloting of differ-
Q, Mono Q fractions; Superdex 75, Superdex 75 fractions. ent kinds of HE prepara-
tions
2) VEs were swollen. The Ahl used was the specific anti
1)  Enzyme activities on dimethyl casein. GST-UVS. 2 antibody of Xenopus
4) Based on Western blot. HE. M. PM ( prestained ‘SI?S star'l-
dards) with MWs({kDa) indicated in
: : 3 s the left of the figure; A. B. Crude
#F 2 60kDa ¥ 40kDa HE 4 F 503 BB iS00 R2m hatching enzyme; C. 67 % SAS ppt; D.
Table 2 Effect of 60kDa molecules on the VE-solubilizing Superdex 75 fraction; E. Mono Q frac-

Ton

75 Ei AR HE 5 A B S B 55 R R
W, {HE M Mono Q #i{k#E

activity of 40kDa molecules

Numbers of eggs with VE

Treatment!! solubilized at min )

40 50 90 120 (976 BLAR/ml) B 1R & ) 88
Qct 000) PEEEE————— U L] Y
5(24) 0 0 0 o PR Superdex 75 Ak 4
4T 10min 5540 B IS A O 2
Q(976) + S(24) 4 6 o 1 000 88 B B

$(20), 10min—Q{1 000} 0 0 6 ‘
S(20), 10min—>De Boar o 0 0 0 MOHOQ%'”S@I%%%@@

(F2).
1 Numbers]in the Pa.renthea;es iltldir.:astesthe oc:lnce;;rition‘of different 2.6 EDTA. ﬁﬁ % %*ﬂ %#
HE samples. 3, Mono Q fraction; S, Superdex raction. E‘Eﬂﬁiﬂ]%ﬂﬁﬂﬁ HE B{J{lﬁﬂa
HE ¥ f % Leupeptin, p-
APMSF (o Bk B IR AR TR AR 1) (SBTT K 518 SV I 7] LBTICH] = 2 25 1 g 40041 7))

2) VEs were swollen.
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FI Ovomucoid. Bestation Z3F 5808, M % DEP( R ZE B A8, RATRRMKE W
EDTA #l Ca2* . Zn* " B & B FINE H ¥ Superdex 75 24L& BB E A2 H, £ HE #
FE it EDTA B, oA Ca F1 Mg * Brigis, 4 Zn® ™ A1 G2 ¥ Bl

3 i #

AL IEM RIS S 25 BIEE LT H T —MF 1 802 PR xhe 2, HE
FHEEMAL, SRR HRT e, EUEEERE I N-W4E54E—1"HE x
X Hx X GF x HE"# R FFF, N Astacin FE P -2 BE RN —MEEERBRLE,
W0 Aszacus B9 T B (Astacin) - A BB & H (BMP-1)F1UREBH Tolloid 4-E B F /ML
' f — PR E B ( Meprin) | i Medaka B9 9% {kE§ HCE (R U152 B R E8) fl LCE(IRER 7S
FEU RS SHBERERMEAEN QuCAM-1 BTV, zhe %S E [ (R 4E W TS
HE)H NSRERBFISEF RO AF 33% ~52% R T, HF, 5 HCE
(51.3%).LCE(47.1% ) QuCAM-1(50.5%) B G H B REHAIY, Astacin P
HERSTHEOBEDRE LEFHAU, ENEREIBRPE|EL —FRINEN X E
5T RGP B R MR R B RS R AR NS HE W Rt BB XU TheE. FHla4F
W RE, UVS.2 (TR T zhe C-HKE 3/4 B9 XIR, FJIEW NI HE EE 1y —
Wi zhe EH PRG54 M EEBYTENEEL LREEIRE I TFER
47.2kDa BIRTERS (Preproenzyme), TEHEM —REH T, ¥F M SHREFHN. —FPE
BRI —A 425 D EREERA B AEE; RS L EE 1 Astacus RN S BE AR
EBEMEAS CUBEER,

rhe IRS—THER EERBFOBNAERY CRFEUMAWNN CUB BEK,
QuCAM-1 HE—4 CUBEF X, HCE fl LCE®¥ % CUBEERK; HELZMETTE
SHEBEOBMYAERM CUBEH X, i Tolloid.BMP-1. Uegf f1 AS HH, EfilE&5
TEEABAEEDY BFI260 57— B LR EE T W7 E A (Spermadhesin), B L
FHFLE, MBI ARAL SN TS5 BORENY, ET5BTHEER
FESI6E B A ARLE, dEWTEE HE P& CUB B KR el 8E B ARSI — T8 A K
i R AR, T BT X R R T8 B s A

IRFRINEHTX EDTA Ml Ca** . Z0*" S & B E FIEFH 8K, A DFP A EUR,
FUH T 4B E BB (Met alloprotease) M FF{iE. XHHEEFFHEEF “HEX xHX XGF
XHE" M A, IEHERE—FE&BELM. ZB Leupeptin, p APMSF.SBTI #l LBTI
SHEAHEGSEREMSRETEER XU TER THEORERAS—HEBEOE,

FRIE Western 222 & 52, JEMINEE HE 894 F B 5 60kDa, Mo TE WK xhe HE
EERTF AT E HAY 47.2kDa BR, X T2 R I EE R B SDS-PAGE WL B EAFTE, ®
FIRERE i THAB B A (L B2, BRATAIM S #m e, EdfdBhHRB X B
—F¥ 40kDa 471, H H TR [ B A A 4L 2 98 40kDa 5 F & 60kDa 43T (Y B84,
60kDa 43 H A RiR A F O ESE M I B B R 15 15 40kDa 7+ F U N R IRIE MR G 4E, B
BEAEABENEQBEEE. EUERESTHERERY, 60kDa S FRE P4
3t 40kDa 4 T84 B S BIE RIS R U A . 60kDa 2> T MM N 40kDa 4 T8, BiE &
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I BIERE AT LEERY cDNA 254 R R &5 (b F BT R 293

WERS SR RERE CUB EE K, Mt CUB EH K g8 24E — M ERMIIMRE &
RITE /R, LA B 1 X4 B4 B A D e 4, B AR T BB % BN 2R R A T- 45 M B 1AL
EMEmE P RAEEERM. M 40kDa 4 F HAFREMNE HE PHEABEER,
e B RAMRBE QRGN (HANE AT WRBREMIEE.
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cDNA Structure and Some Biochemical Properties
of Hatching Enzyme from Xenopus laevis

Fan Tingjun
{ College of Life Sciences, Shandong University, Jinan 250100}
Koichi Mita Chiaki Katagiri S Yasumasu”
( Division of Biological Sciences, Graduate School of Science, Hokkaido University, Sappore 060, Japan)
( Instizute of Life Sciences, Sophia University, Tokye 101, Japan) "

Abstract To determine its molecular identity and hiochemical functions, Xenopus hatching enzyme
was purified and assayed biochemically, and its ¢DINA was cloned and analyzed in this study. UVS.2
has been known as a cloned ¢DNA expressed selectively in the hatching gland cells of Xenopus lae-
vis. [ts transcripts first appeared at stage 17, increased in amount and intensity to stage 30-34, and
then decreased gradually thereafter. With UVS. 2 as a probe, a 1 802bp insert( designated zhe) was
cloned from a cDNA library from the dorsoanterior portion of stage 25 embryos. It contains an open
reading frame encoding 514 amino acids including both signal and propeptide sequences. The predict-
ed mature enzyme comprising 425 aminc acids consists of about 200 amino acid-iong metalloprotease
sequence of astacin family at the N-terminus, followed by two 110 amino acid-long repeats of CUB
domain at the C-terminus. We conclude that UVS. 2 represents only an approximately 3/4 C-termi-
nal portion of xhe . It was determined that HE has a molecular weight of 60kDa, and is a trypsin-
type metalloprotease, It was very unstable and digested easily into 40kDa molecules. Sixty kDa
molecules had a high VE-solubilizing activity and proteolytic activity. Probably the CUB repeats play
an important role in mediating the VE and 40kDa molucule. Forty kDDa molecules represent only the
main metalloprotease domain of 60kDa molecules, with the two CUB repeats lost during purification.
Therefore, 40kDa molucules had no VE-solubilizing activity, even it still had high proteolytic
activity.

Key words Xenopus laevis, hatching enzyme, CUB domain, zhe, UVS. 2
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