J. Korean Fish. Soc. 30(1), 46~54, 1997 A, 30(1), 46~54, 1997

Schizosaccharomyces pombe ZAIENEX} (spo 5)9
HHEHT|Te Y

£RE - THH

RIFCHST oiQs s - “THEIAIRICHS) A 2ata

Expression and Regulatory Analysis of Sporulation Gene (spo 5)
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Sporulation in the fission yeast Schizosaccharomyces pombe has been regarded as an important model of
cellular development and differentiation.

§. pombe cells proliferate by mitosis and binary fission on growth medium. Deprivation of nutrients especially
nitrogen sources, causes the cessation of mitosis and initiates sexual reproduction by matting between two
sexually compatible cell types. Meiosis is then followed in a diploid cell in the absence of nitrogen source.

DNA fragment complemented with the mutations of sporulation gene was isolated from the S. pombe gene
library constructed in the vector, pDB 248 and designated as pDB (spo5)1. We futher analyzed six
recombinant plasmids, pDB (spo 5)2, pDB (spo 5)3, pDB (spo 5)4, pDB (spo 5)5, pDB (spo 5)6, pDB (spo 5)7,
and found each of these plasmids is able to rescue the spo5-2, spo5-3, spo5-4, spo5-5, spo5-6, spo5-7,
mutations, respectively.

Mapping of the integrated plasmid into the homologous site of the S. pombe chromosomes demonstrated
that pDB (spo 5)1, and pD8 (spo 5)R1 contained the spo 5 gene.

Transcipts of spo 5 gene were analyzed by Northern hybridization. Two transcripts of 3.2 kb and 2.5 kb were
detected with 5 kb Hind 11l fragment containing a part of the spo 5 gene as a probe. The small mRNA (2.5 kb)
appeared only when a wild-type strain was cultured in the absence of nitrogen source in which condition the
large mRNA (3.2kb) was produced constitutively. Appearance of a 2.5kb spo5-mRNA depends upon the
function of the mei1, mei2 and mei3 genes.
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tgA9 %, A Fe), AdERY £ 5L a8F
o] EF A T8 A Aot}

YA EQ] G27] #7299 Wil dgitd 4% ZolAR Saccharomyces cerevisiaeSt FE &R Schizosa-
FHOZREH FANNCE HBS YoTle AL Z Y cohiromyces pombed] NI E, FHTZ FHHe] &Y
R Aoty fFAAA e Hed A% duAZRE  HY gen, 34 2FE 4% £F AHAS REE
ol M 2] M3, oA NEY EAFY o du] o2 F ol Uk 2x, KA A R
Az AfRHPoz Y YA R TRFHL P& A9Fo=Z AHA" = 7] W&o, ZAFY FH
HAANTz Re, A2 F3F, 715d HIE F o oloM EAVTY 715 B LoFA HHET
Hele AERSY HAoln, BaVleS Fsy] A% F Ud EEER S pombe= YAAUYE FTHo=Z
Holyt mdojglm ALHA glom, T3 o] 2de e AL 73 oy, JYAREE Foe=
IzxFY X YA A JeRololA ARyl s v =2 EA T} (Cutz et al, 1974). Heterodl A= h*
A R gt} &R AFER QAT o}XF  FH{ hFoE FPHR 257 FFHo EAlY,
Aie M2 dan ZFEEE FiEle AL, o8 wiAF el AAY9 AR A, Az g2
49 $84S 4Fde Aotk #FELGE F33 HEY ¥ h¥)Y AXTAAN HFol oy 24
AZFE FHIIE 7|FEA, BE AHYE oM A HFe] Fd
HHZoz #238 4+ Qe FH¥Y Aotk £, ¥ ZeR Ay AP AL HolFo] B G §4
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Schizosaccharomyces pombe EABAHAA (spo 5)9] BEXAV)F9 &4

Ao BF AT RuEd ostd, AN {AA
Wdo] A mRNA processing ©HA7Y AsaHg,
protein kinase$} Z& @wWAd Qitglo] 9J¥ zHF9
qFE 717t BRHALE FEEe Aoz AAEHGA
ATt (Bresch et al, 1968; Shimoda et al,, 1985; Shimoda
et al., 1987; Fugioka et al., 1989; Mcleod et al, 1987; Ke-
lly et al. 1988).

S. pombe= AT AZE DNA 4EL ¢ 5 9H
A7t Agse] oln) & FAAY} clonning HAAA
t} (Beach et al, 1981; Beach et al, 1982). EAF A
5ol oz Foste FAA (spo)ES FAMNY A
o 9Etd, ZAFELd e GAH 9 2l 2 do
e, oI5 Feusty wirido] AFAH A4S
2 v A4 4 ok 53], uA P spindled] ¥
AL Bubate] gpindle FAA A Aol HojAz gl
ot} & <= glvh (Hirata et al, 1982; Tanaka et al,, 1982).

S. pombe?] spo5 HolA A AFEIL JFY FY
Aoz dojur] ple] 1A o] FAHAT ZAYL
A3 FAHA ¥T 5FE 21 Aok GAIEEA, BF
8 spo579] BEFE AN YAt

otetd B droM e BEE spos WA F29
1% A3l 98y, o] FHAY clonning® L@Z
Ao @t 2AEH

=]3=}|

M2 Y

P |

B AYo] ALE3 YA S pombed] FAAFLE
1-19) A AT FAA G LS AT T8 (B
%) (Hanahan et al,) 2 ZA= HB101E o] &30, si-
ngle-straned DNAZ A (Viera et al,, 1987) 9=, %4 M13
K07#t £33 MV11845 o] &3ttt

i A

1L o344 A

A=A e, LB WA 2 2XYT ¥4 (Difco Labo-
ratories, Michigan, USA) & AM&-3t9th FAIUA & RAL
371 918t ampicillin (40 mg/)# tetracyline (20 mg/D)
(Sigma Chemical Co. St. Louis, MO. USA)E ®i =< 3
7yst k., LAA ZA o=, AR A FHE 15%
(W7t H25 713 Fo A3

2. S pombed WA

SAMAZME, X extract (YEA), §H LA 2|
ZAee SD WAE o8dH. TAFY KrAde

47

MEA A ¢, $4EAF 4l A] (SSA, SSL)E o] 4319
o}, Plotoplast ZAlele MML HlA & <] &34} (Gutz
et al, 1974). o148 WA+ Hod we}A, adenine (75
mg/D), uracil (50 mg/D, ©19]9) o) =4+ (50 mg/D& 3
71k ZA R 2AdE, 3L 2%~25% (wiv)7}
Y25 7M1 Fd zASGAS. HAZELS GutzT (19
74)9 £4& FasAc

Plasmid

N3TT BYERY FATUAN T4 & + e
shuttle vector pDB248' (Beach et al, 1982)E ©] 439
25 pDB248'2 vl plasmid pBR322°1 &olE R Sa-
ccharomyces cerevisiae®] LEU2 f3A 2 2 plasmid®]
BA714E s gHozRY FEHEHUY (Beach
et al, 1981).

Gene library

spo5 FAAE FAPEL o183 S pombed] geno-
mic libraryZ 38 DE33 k. o] genomic library2 S.
pombe °FR¥ % homotalic strain L9759 & genomic DNA
2 Hind MZ 33 F-33 FHE shuttle vector pDB248S
o] dZAde F23 Aolt} (Shimoda et al, 1985).

2o g

Agase g 4 5~15unitsd 848 ALY
on 37CAN 1~2AHE¢ wHE-E o]P3}9ch. DNA
ligase (Takara Shuzo Co. Ltd., Tokyo) ¥H8-2 DNA A&
of 1/10%9] ligased FE&HS H/IE LAFoA T4
DNA ligase (Toyobo Co., Ltd, Osaka)E ZEAIAA,
DNAS ZZA A 432 4ol A 15417 HH3-& o]F
3t} Alkaline phosphatase (Toyobo Co., Ltd., Osaka) 2
DNA 299 & QA3 E Y3t g3 C75 FA 9 al-
kaline phosphatased AH3-3tAth WH3-&, EDTAS HF
FE 10mMe] S8 Avpsto ¥g-& FAAAD

Exs

037 2482 Mandel# Higa (1970)9) B &
Mste oldaglct. A AT dFT WIAEE &
L7402 39 200 ul9) plasmid DNA §9& H7l5d,
0EFE YA F F, 2004 A8 wgu] A
ANA FAHE colonyES FAIBAZ o] &35t £ ¥
AR S pombed FEAAFL Beach (1982)cl <A
pdd whoz o]yt
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E coli2 €| plasmid DNA =H|

Birnboin® Doly% (1979)) ¢laiA] i1¢tE SDS-alka-
line £F¥Yol A plasmid DNA ZAstHor, £
I £%EZ plasmid DNAS dl#oz ZAE A9,
Maniats5 (1982) &1 %8l 93jx A2d CsCl-EtBr L
Eve gdgoz ofPsgrh

Agarose gel M7|9S

A714 %L submarined H7|95FX (HE13, Tkara
Shuzo Co. Ltd., Tokyo)9 agarose gel (agarose gel 103,
Takara) & ©| &3] o|Pstgch. #2184 geld T, 0.
6~08% & AL431ith, DNA 27198 &, TBE ¢34
(90 mM Tris-Borate, pH 80, 25 mM EDTA)E ©] &3 %
o9, DNA A 89 gel-loading &% 89 (60% sucrose, 0.
02% (w/v) bromophenol blue, 0.02% (w/v) xylene cyanol,
0.025M EDTA)E 1/10%FS #H7l8te 9% geldol loa-
ding 34k FEL AL 100 VoA 4085 o] BT
3 9% gelZ EBr 749394 943t UV 2t
A ZHse DNA ¢HE gy

RNA ZH|

A RNAY ZAE Jennsen 5 (1983) 9] W) 9alA
ol Pt THAREH WiFAEE 3L M =
Aelst Al g8F 2929 phenol/chloloform®t &3], 0
CAA 387 348 $ 2359439 (25,000 rpm, 10
min)ol] 21341 3 RNAE 8485ich Poly (A)* RNAE
Maniatiss (1982)2] ¥l < 8A, oligo dT cellulose-
affinity column (Phrmaia Fine Chemicals, Uppsata, Swe-
den)E o] 43k A RNA EEL 65CA 283t 7}
gt WA F, SDS/LICLE 44 AFFE 03%, 0.
4Mel =& Hrlstd 30mid REEE $384 (10
mM EDTA, 0.3% SDS, 0.4 M LiCD 2.2 poly(A)~ RNAE
423t 283, AdsE #4384 (10mM Tris-
HCI/pH72) 22 poly(A)* RNAE £&3t9 AAArh

Northern hybridization

Poly (A)* RNAS X 27Hd (65%)% EEUHII=
(50%) EA s5CAA oF 158 WAL F 67%
o xandg F48 1% 9 agarose gel A71GF 9
34 RNAS AV|dez Resigt 9% F &4
gel 258 RNAE YYE membranefilters] Aol A Fct,
o membrane-filter (Amersham Corp., Amersham, Eng-
land) & 80T A 2~4A17t 23} RNAE LA A7
3 nybridization®] ©) &3tk WA probe® plasmid

&R -

THH

DNA & ZA% AFEAL 9HE nick translation
(Amasham kit), %% randam primer (Takara kit)o] ]
H A, 2pACTPE EA QL™ hybridization® Thomas
(1980) Wiel olste] o]Pa}Att 50% EFokms &
Askol A AL probest, 42T A 1~297 B2d &
hybridization® ©] 333}, Membrane-fiterE 42014
0.1% SDSE 3Hr& 2XSSC §8 o2 15%3 53] AT

%, 01% SDS/02XSSC 8oz 1087 23] A4, A
ZA7l ¥ autoradiographyS ©1¥ 3t A,

seB

Fig. 1. Comparison of morpholegical changes of nu-
clear apparatus in the wild type and the spo
5 mutant during meiosis in the fission yeast
S. pombe. Abbreviations used are as fo-
loows; SPB, spindle pole body; FM, forespire
membrane. A, wild type; B, spo5 mutant.
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spo 5 FHAY cloning

S. pombed] EAZA AE&WolA spo5 (Fig D #A
A9 cloninge EATHAAN #HE Wl s o
#8-AH (Shimoda et al, 1985; Shimoda et al, 1987).
&5, AT shuttle vector pTB248’ (Beach et al., 1982)
9 Hind M 29l S pombe genomic DNAY Hind 1l
9ne ddste] F2% genomic libraryEXE plasmid
DNAE ZA3d, spos HolAl C199-1A (h90 spo 5-B2
ade 6-M210 wra 1 lew 1)(Table 1ol FZH &) A
=ystdch ®E plasmid pTBA8olE AH wAZA
Leu 2 Fr3A7) AYslo] sloH, o] Ley 2 HAAE S
pombe?) lew 1 HO|S FRT 7)A, ARG M T
AELE AA leucineo] F7MEA e FAERAAAwA
o] Z3d Leu® FAABAE HEsUt 7849
spo5 Hol7t FRE AXE o AdujAddr EXaE
A8 "B 4714 leucine ¥IZAFAQA FAAGAE



Schizosaccharomyces pombe EAZAFAA (spo5)9] FAZAV T 44 49

Table 1. Schizosaccharomyces pombe strains

Strains Genotype
Cl9-1A h® spo5-B2  ade 6-M210  wral leu 1
C332-1B h*® spo5-B37  ade 6-M210  leu 1
KD70 h® spo5-B37  ade 6-M216  wral leu 1
L975 h® wild-type
CD16-1 h*/h” ade 6-M210/ade 6-M216  cyhl/+ +/hys &
CD16-3 h™/h” ade 6-M210/ade 6-M216  cyhl/+ +/hys 5
H BXhEVHaE S Xh Bg EKp H 3 AF o5 o FAL FA wHlxzg AT ¢

pDB248'

EcoRI

EcoRI

EcoRlI

Fig. 2. Restriction edonuclease cleavage map of the

cloned 5kb DNA fragment containing the
spo 5 gene.
The thick bar indicates the chromosomal
DNA from S. pombe 1975, and circular line
indicated the plasmid pDB248'. Abbreviations
used are as follows; H, Hind 11i; B, Bam HI;
Bg, Bgl 11; X, Xho I; EV, Eco RV; Ha, Hap |;
E, Eco RI; S, Sma I; k, Kpn I.

30% EtOHZ Azsle], JFANEE AR F, BEA
TE ¥AFAuA FEA 2 4P F
€ lodine YA o3t T 49 F2UT
screening 3+ th.

293 Leu'/Spot HEATA M T HEFo) &
Agddolo] A3 AL, EE o] EYE plasmidel
ofg AANE dABY] #3d, plasmid ZAAE L o
et WE 2 A4 pTB248 plasmide EF AE
FoNe By vl A leucined 3
ZufA, e gRuA oA & IR xRy 4
HE3Y. Leu'/Spo" FEAHAE AR A FE
3] A X, leucine LT3 F EAYA 5HE ZA

Atk ol A S AIe, spos HolE FR 3 DNAZL plas-
mid’d°l clonest € 2E& YF3te Aojth

AST Spo" FAAGAZRE 44 DNAZ F&3
o, AYdEsr Hind M2 A3 pTB248’ plasmid?l
Hind M 3919 423 7 HB101d FIAEE,
ampicillin  ¢FA] WATOSZEE recombinant plasmid
DNAE 3|3t

Hind W2 288to A719§o2 2AE 23, pTB
248'S] Hind 11 H-9ol & 5kbe] DNA ©Ho] Atgis o]
dE Ag U4 o] recombinant plasmidE pDB
(spo5)12.2 WHele BFe AFasrg olfstd, o
5kb9] 41%] DNA ©# 9 #3to] AFELATE &3}
¢tk 7 A% o] DNA SHAE Bam HL Bgl 1, Eeo
RI, Eco RV, Xho 1, Sma 1, Hpa 1, Kpn 1 -7} EA31 2
et (Fig. 2).

pDB (spo 5)12] subcloning

pTB248'} Hind 1 %9]¢] ¢ 5kbS) DNA ©HE 4
9d3te] F2E pDB (spo5)19 AFAL AEE FHo
2 39, o] plasmid®} Hind 1 §910] 2T 5kb9)
DNA ©3-& S48 Hind Wl B4 Aoz A4
% pDB (spo 5)R1Z F33}9, spo5 Mol Ao =43t 4
3, pDB (spo5)1% T4 Wl & Jr3}1 e AL
s, o2 e A= 5kbe] Hind I SHA O spo
5HolE FEAFI=Y Hag BE 9oo] X 9}
€ AL S 22X spos Mol AR Wy
& A3 93k subclonings ©13 &5 (Fig. 3).
49 oAty @ AFEL B9 Bam HI 5298
o] &3t pDB (spo5)12 Bam HIZ 238 Fo| T4 k-
gaseZ A 2|3, Bam HI FHE AHA plasmidE +
%39 pDB (spo5)2]. 183 59 WHOZ Hind
I, Sma I #9498 AH4AZ plasmidE +33 9 pDB
(spo5)6, pDB (spo5)71. =& <F 3kb2 Bam HI/Bgl 1I
DNA ©H % agaros gel2 5-¥ 3)5=3lo] pTB248'S) Bam
HI ¥ 99l 9928359 recombinant plasmid® T+t
[pDB (spo5)4]. Subcloning®l &l&lA HEH Ztzhe] A
2% plasmid DNAES S, pombe®) spo 5 HolF €332-1B%
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Fig. 3. Subcloning of the 5kb Hind !If fragment in plasmid pDB (spo 5)1 containing the spo 5 gene. Six kinds
of deletion derivtives were constructed by digestion of the inserted DNA in pDB (spo 5)1. The DNA
fragments were recovered by electroelution from agarose gels, ligated onto the vectro plasmid pDB248
". Complementation of the spo 5 mutation in the different subclones in pDB248’ is shown on the right
of the figure. +, complementation; —, no complementation. Restriction enzymes used are: H, Hind IlI;
B, Bam HI; Bg, Bgl 11,1 S. Sma |. The line and open bars indicated the vector plasmid pDB248’ and

chromosomal DNA, respectively.

KD 70 (Table Dl 327822 TYste dojzl 2
AgA o] AP Y5 L AR BrjR oz zAREIYY
(Fig. 3). Fig. 39] 2#2 FH spo5 Mol & FRATE
H 298 992 Hind LFH Sme 7HA9] % 3kb7H
YFH 4902 FlHAh

Northern hybridization

spos AR EE 2T 4

Cloning® spo5 32 ddoz JE ArssHe
mRNAS] 54E o|3t7] 913t Fig. 39 DNA DHE
probe3t Northern hybridization ©]33t%th. RNAE
homotalic wild-type strainL975 (Table 1)& SSL-NXA}%
AR 7AIZE MG AEZEE ZAY poly (A)F
RNAE o] &390t} AL43 probe FF 2 2 A9 au-
toradiograpy= Fig. 4914 A A] 3t}
Hind 1] 27 5kbe] 2708 HAMLIEO] HEHglom,
probe B
A= 25kbe probe DOlA = 32kbe] AAFEL &
%9 Xho 1599 FZYGo2HEH FAHARE A
o2 A} o)} B AAZ FH spos5 WHYE
483 Hind W/Sma 1 B9 25kbe) mRNA HA}
Aol dA ke RS & o, TF 25kbe
mRNAYT subcloning®l] 2314 B Holga A4
RAAY Bam HI 599 probes} hybridizedts A}

2

KN
=

F8 o] 25kbe AAVIE} spo5 F A4S mRNAY
F39d (Fig. 4).
spo5 FAA AAPYEY BA

Hind 11/Bam HI¥ F 0.7kb 99-< pUC118/1199] 4
gl8ted 7&% recombinant plamidZ5-E S8 AAL
Was AA3y] 95t 2p2 A 9Usld DNAS
ZA3te 25kb9 mRNAS} hybridizations HEF Q.
1 A Hind M)A Bam HI 3oz AZAZ 2pg
E ¥ DNA%Ho| hybridize 3t¥Th o] AH2 BH 25
kb®) mRNAS] HAPEE-E Bam HINA Hind M2 AA
HolAe AL 45 (Fig 4.

spo 5 rAzre A =7

FLERY in vitrool YoM, EAHA L wWiASe
299 172 2 JEE ALY heterozygoteS YL
2 g}, AF7A clonedt Hold spo 6 FAAL A
oA AZaRH, HAL FA6) glojA 2719 =
1&gz e Aol BusA #84 St} (Kishida
et al, 1986). 9714, spo 5§ FAA}L AAle] oI =
& Northern hybridization Bl &) A zA}stgch o
A, AEE FAA mat 19 B3A hetero FFAY 75
CD16-1 (Table D& HAM Ao A 2412t w43t FAE
ATste FAEA YA HES oL, 26CAA 7
A7 wiofsled, o] #AZEH poly (A)Y RNAZ ZA)
&4ch, 223 recombinant plasmid pDB (spo 5)2&
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— EcoRI

Smal
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Bglll

EcoRI
Kpnl

HindIII

oIS T v~ R

__3.2kb

2.

Skb

Fig. 4 Mapping of the spo 5 mRNA by Northern

blot analysis. Poly (A*) RNA was prepared
from a wild type stain 1975 H90 cultured in
SSI-N for 7 hr.
Each fragment was subcloned on plasmid
pUC119/118, and used for probe. Cloned
plasmids were labelled with **P-dCTP by a ra-
ndom priming method. Each fragment, carried
in the recombinant plasmid pUC119 or 118,
designated as A~D, respectively. The desig-
nated subclones as probe wrew; A pUC (spo
5)1; B, pUC (spo 5)2; C, pUC (spo 5)3; D,
pUC (spo 5)4.

hY/h~ H/K
+N—-N =N

= 3.2kb
-« 2.5kb

Fig. 5 Northern blot analysis of poly (A*) RNA pre-
pare;i from diploid strains (CD16-1 and CD
16-3).

RNA was extracted from CD16-1 cultured in
SSL+N for 18 hr (+N) or in SSL-N for 7 hr
(—N). RNA was also prepared from CD16-3
cultured in SSL-N for 7 hr (—N).
Hybridization probes were **P-labeled pDB
(spo 5)6 containing a 3kb Hind 111/Sma |
fragment in pDB (spo 5)1.

SSL+N, SSL medium with nitrogen sources:
SSL-N, SSL medium without nitrogen sources.
h*/h~, heterogeneous strain: h™/h~, homoge-
neous strain.

nick translationd ol 34 P2 #43t] probe DNAZ
A3t o) 23 probe DNASH hybridization3he W
=7} 32kbs} 25kbol A A& HACH (Fig. 5), spo 5 &
AZE FFIE 3kb YYL2HEH Hox 2FHY
mRNA7} AAME A 2L Qlvhe RS A" 71 AT
F3 32kbe] AARIEL JUANES EAF AR ALo]
dAE At wate, 25kbe) AALELE A
A AXMT AEH AT} (Fig 5). 2213 AAF Mo A
AEY FAAG Bt 2ASE, Homo AE8F (h7/
h7) Q) 28 A FF CD16-3 (Table 1D FA o] gH43HA
e AP ANA I o2 wdd F, poly
(A)* RNAE z38lo Y% 2434 Northern ¥4
S o|PF A3} o)E AENAE 32kbl AT HALLE
o] A& 5o, 25kbol A= A AAREO FHEH
A &tk (Fig. 5). o149 2AZ ¥ spo 5-mRNA (25
kb)ol 28& AL 228 Ao JY GHAH
9 hetero AFAL 8F3E Ho) YFHU kA
spo 5 AR BEe A0 (A29Z2W)F 37
20 I8 Az A 93 AAA LA A
ogoAn gtk Aol FTHHAL.
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S. pombe= SFHEA 7L Z N o] A7) i £
Ax AEe] FAHA %L FHAE, genomic libraryE
FAAPH R xgstd W HEI}E cloned
screeningdtd] HHdE FAAE conedd + Ut
(Beach et al, 1982): o213 We] 93t spo 5 B
HolE 4rsE 5kbe DNA ©8E oA, EX shut-
tle vector pTB248'%] Hind M HH°l cloning3tth. o]
DNA ©H& HH Adugoez do8 ddA7 o
S, spo 5 HolA Y FRFHE AU (Fig 3). 2
A%, dFd A Med get Zo] ARFHE L}
o} ol H @ AFAL AYE "ol FA e WY
o promoter2 FH ZHAF dojd Feof ohz, 44
guge £5 189 promoterd] A AAL Yok
Ao g FAHR

w2t A clonestd DNA ©H wjEios Magdy #
g ok 2}t promoter F G0 X3t S1& FsAol =
Addo] RYHNOZHE, spo 5 HFAAT Sma I5H
Hind We] 3kb el EAgte A& A 39 (Fig.
3). o] ZHE spo 5-mRNA7} o] oA oF  25kb
a7z AEHYeH, o] dHG fAHHoR A
F238d, 25kbe] AAMIEL RedR] geth WY
A, HA 800 olnj=it WrE FAdE THAL
code® + & A7)t} (Fig 4).

Northern #4% & spo 5 FARY AAE =
At 2o A, A& bie} Zo], o fAxe A
a7} ZAsNMT FHAT FHe= A& ALY
o (Fig. 5). FIERE YUo] THG wjAFAN AE
ol Aaix S48k, JEVIoEt HE FEE G
1714 st R0 2 Eoj7t HEHoZE ¥
A& gAA "o, Aeredd IAFAH dFFY
FAAY dREe Fade] AW AHstelA AAH
43 g9 Aol Y HAY (Shimoeda et al, 1985
and 1987). °]2 ¥ fFHAEL FF L2 HEY AT}
Alde o FUg AAYESA Arte] 84871
dojy glke A d4F5E AT, AAAAY A
FAT o8, o5 frHAte] L YU Aol
2o A gEIdn e BEg AAsa g o
AZsiA, davlofA e o AFELY MAE 7
A fAA FE2ZHE FAHR AU AojA 9
A I 71Fol o]FoAL gl A& FHIAG
(Iino et al, 1985 and McLeod et al, 1986). ©] Zddj
g&hd, A 2HdAAe (=) Ao VA patl

%A -

THH

protein kinase”t, & (+) Ao} AR mei2 GH A 2}
£& A7) Wi FAgEdo] MANHIA geo 2
A7)l 24 Besle] AEE FA 4, AA AHY
FAA matPi®t matMis] ANTF FEHO, TRz
W3 matPe, matMcS] 327 F7 combination ]
5ol mei3 AR AAE FE3IT} (Shimoda et al,
1987 and Fujioka et al., 1989). mei3 #H A=, patl pro-
tein kinase @27 HAH3}Y kinaseBAH S A
o] A%, mei2 TR A0 FE3d ZALEEE FEh
281 mei2 AR AAe 49E fAAGE 593
o2 Advlel Aadd A &4t HojA ) (Shi-
moda et al, 1987 and Fujioka et al, 1989, Watanabe et
al, 1988). Fig. 4olA AAIg A 2| spo 5 FHA
ArAe AEE 3239 heterozagoteS 273}, ©f
Al Z8 A h/h 2 Bl AN spo 5-mRNA7E HEHA
&ttt (Fig. 5). o8& A= FH3A spo 59 AAIL
HHE FAAANA mei2 AR o2& AoJA2H
GEIL Ive A& dFshe Aolth =& spo 3 spo
6 FARY AA QoJNE FYF A7 ¢} A3}
T Aok Aol YFHUT (McLeod et al, 1987). o1&
EREA FAA Ah7)oF 2AF A, A A3}
HE 71TE, matPist matMi, mei2 50 EAsHE A
e g2 Aot oA 2o AR 44T
F Atk ZFEEY A (AR mei2 AHE0] XA
A FrARY AA BASRIAZA AL 3 F o,
shte] o] @ Rojc}, EE mei2 FAA B ohygl,
a9 o2 gl Az FEH HEHE Atk
a2 AP FAATY Fde] =3 G Aol
o g FEHE AL olUn, o]F FAe B}
T BFAR] AATe] AL & Ao AZHA

Cloning® spo 5 82 471 g ZARZHEH Lo
A, FRAANOZEH spo 5 G AL F=3= (ORF)
FHg ot Uful Pl B3 TS A4S 2
3, o] spo 5§ AL ¥, AAEEY Amphioxus T
9 Cat AFdNA (CavP) B <F 50% (conserved)
of AFAe] BA=AT (Fig. 6). Ytz Ca?* A¢
g oA Ca** 2% domaine] 7ZF 5HL o
helix/loop/a-helix®] 2372E& FAstL Y7 wEd,
CaVP3t Z2¥ete 3719 Ca*t A domaindl M 54 &
H 2 Z3} A3 domainolA & 50% 9] FEAE Vg
W 9ok (Fig 6). o] 282 3 4540 A ¥E
¥ A3 domain °}7] x4} vl Qo] 2372 E Robson 44
(1987) ¢ d3A FHFEHE AAPG (Fig 7).
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Fig. 6 Comparison of the predicted amio acid sequence of spo 5 with the amphioxu muscle CaVP protein.
Homologies between two sequences are indicated by asterisks. Theree calcium-binding domains are un-
derlined (single lines for putative alpha-helix regions and double fines for putative loop regions).

SETSTENTEMS ENTERT, SR

G 3 i1,
MM AAASASN TaX 2, S a S
LE 4 2% ANy ¥ \ﬁfﬁ/{:'R‘HLUEE‘WSMNEWJEF'Q‘-% €] AV {5""'UL5{ Tk ¢
e AR 000 0D v e
W T 05 105 107 (63 103 (LR RETNCTN
e AL PANNAAA_ 1980800 P0E 0B A_ANAAAADNDL GG
STl 173 72 T 13 145 133
A, A7

AN,
1% 2099) 0% 1"‘“'§
IASAASSUA L LA AAN  SAAANAAANS S
P 4 w1 ¥ 10 i 2413

VN

turn

IR ERE

WAANY

B -sheet coil

a-helix

Fig. 7 A predicted secondary structure of the spo 5 protein.
This structure was deduced by the computed program according to Robson et al (1987).

Cat AFDNE FAAE site-directed mutagenesis® ¢
A dojd AAAR, o] FAAT IAFAAHFEY HFT
A ¥ WA Bt ol 1 9] X Hejw
8 % #ox ke Ag ARSI Qld.

Ca** AFR AL Ca**9 Fz], 2Fe] gair Futs
£ 99349 conformation WIS F;A 1 F2E 2
Ao g d 25§ BFeL vk A AXH e
Ca" TRYEHL HAde IARA &8 7t5Ao
At d 7, AE AX QojH EH@LY RS
Ca*st YT AAE 23 U Golx BT, Al Efe
Cat* Ao & FATZ W g FAle o4
74A B8d dF297) Qe Aotk 2e o] UM
e AXWY Agrlsd JFHoz FEste Cattol

AT £4 DL AR DA AX E3t FA
Ao A Ca* o] o] B3 Hol, AXY FF 5
A 2481 Yo 448 + o

olglgt #Poez Ry YA ANFEEY 2dFT
o AXY Agrsd AFHoz FE3e Y #
%57l ol AxAstete n|FP G B FAE T
AHoz AFsnz st AT Ca2* ZF diid e
37153 48e FA%EY B F, in situ-hybridiza-
tion, A2 Frlujdel o3 opwi it AApFR ZA
S Q3etE9 Zd A AFIER QA o] G HY
Tz ERY B4 o2t ARFAY 11%H d4gS
ojglstrg Qe 7t BAHY FFY VdS
vz EAE + Jon AR €
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THEAR S pombed EAZAHL wjR o] Ax Y9
g oste] fFrHo AL, FFRI2RYH IAYA
od =¥t e g5 53 AR 15 E
3 e}, 2 AT A e, AXAY T 5HY F
A% spo 59 FEzAR FAAY AAUZ #Hs
ZAFs Y,

spo 5 FAAE BR3e= & 5kb9 Hind Il DNA ©
HE cloning HTh o] GHOZEE AJELAEE
ZAste] dojzl DNA 9HE probeZ 84, RNA blot-
hybridizationS o1& &l o] Ax, HAHWIAY hetro
" matting-type 5 (CD16-1)2 %8 ZA$ mRNA7} 3
253 23 o] AAIES AAHEAA S AE7]
$13+4, homo matting-type (CD16-3) #5& A4 o] &
FHA & TAFAANM I F, 5L By
22 mRNAE ZA|89 Northern hybridization® 2 =%
Abstginh L A3, o)5 A Eo|ME 32kbol AT AARE
Eo] A&HNon, 25kb9] mRNAE HEHA &sich

oj4e ZA#AZ RH spo 5 FHAE codingdte BA
AHEQl 25kbe] mRNAE F4 99 uZE e siolA,
HEY #4239 hetro IS 273 Aoz ¢
FHh spo 5 FAAY AAPEE L Aado] Ay
HYE FARFe P w2 e F473 29
o A A=A JYoe A& PF3Ah
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