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Abstract

Sporulation in the fission yeast Schizosaccharomyces pombe has been regarded as an important model of
cellular development and differentiation. S. 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(spo3)1.

We futher analyzed six recombinant plasmids, pDB(spoJ3)2, pDB(spo3)3, pDB(spo5)4, pDB(spo5)5, pDB
(spo5)6, pPDB(spo5)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(spo3)1, and pDB(spo5)R1 contained the spo5 gene.

Transcripts of spo5 gene were analyzed by Northern hybridization. Two transcripts of 3.2 kb and 2.5kb were
detected with Skb Hind III fragment containing a part of the spo5 gene as a probe. The small mRNA(2.5kb)
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 meil, mei2 and mei3 genes.

Key words: sporulation, transcription, expression, Northern analysis, Schizosaccharomyces pombe.
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Table 1. Schizosaccharomyces pombe strains

Stains Genotype

CIIS-14 h90 spo 5-B2  ade 6M210 wra | leu |
C332-1B h90 spo 5-B37 ade 6-M210  leu 1

KD70 h90 spo 5-B37 ade 6-M216 wra 1 leu |
L975 h90  wild-type

CDI16-1  h'/h™ ade 6-M210/ ade 6-M216 cyh 1/+ +lys 5

Cd163  h/h ade 6-M210/ ade 6-M216 cyh 1/+ +iys 5

Table 19] AJAISFATE B2 S]] AR T +
LB H%) (Hanahan' method) 2.2 4= HBIOIE
o]-8-8l omni, single-straned DNAZA|(Vieramethod)el]
©, T MI3K073 <33 MVII84E ©]-&513]

2. B X|

1) CHAHZE HHX]

AA R =M=, LB #iR] 2 2xYT 8jA] (Difco
Laboratories, Michigan, USA) & AF&-3F1t} <FAA]
& z2AE] Y8ked ampicillin (40mg/L)3} tetracyline
(20mg/L) (Sigma Chemical Co, St. Louis, MO, USA)&
wjz)oll HrtetAvk LAR] 2o, QA iAo
S 1.5% (w7} E=E HEe Sl A5k

2) S. pombe & H{X]

AR ZAE, AE extract (YEA), 34 F 2wl
o] 9+ SD A & o] &3t EAFA FEAl
= MEAu 2] o}, 3 3218 ulj =] (SSA, SSL)E o] &
31T} Plotoplast A4 ol &= MML wjx]& o] &3}t
D o] 43 ulx]:= Heo| wlabr], adenine (75mg/L),
uracil (50mg/L), ©]2je] opn| At (S0mg/L)e %71
o} wAE A F2A00 =, S 2%~2.5% (wiv)7t 5

% H7k Fo ZASAT A 24 & Guz 5
TdE Fussnt
3) Plasmid

AT EERRS] AT A 2T 5 U=
shuttle vector pDB248* 2 ©]-&-81%] © ™ pDB248'2 tf
At plasmid pBR322¢l} Zo}& W Saccharomyces
cerevisiae®] LEU2 G4} 2 2 4 plasmide] E-A] 713
< Faete dHozRE FHHAY

4) Gene Library
spos AR FAHMEE o] 83l S pombed]
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genomic library 2 F-8| ©e]sl¥ ). genomic library=
S. pombe ©FAE homotalic strain L9759] # genomic
DNA & Hind M= 3ty a3t B3 S shuttle vector
pDB248'o| AAst] E&3 Ao},

5) BAHS
A E A0 WS BAF 5~15 units?] EAE ALE
o, 37T oA 1~2 AZHEsh w88 o8 sl
DNA ligase (Takara Shuzo Co, Ltd., Tokyo) ¥h&-&
DNA Al 8ol 1/103¢] ligase® 48948 271 69
Zol| 4] T4 DNA ligase(Toyobo Co., Lid., Osaka)& 28
AlAAM, DNAE ZEAI AT W&, 4T oA 154171
Hk-2-5 o] 83} t}. Alkaline phosphatase (Toyobo Co.,
Ltd,, Osaka) DNA 2ete] & <1ibels 9jsted i
I C75-%-21 9] alkaline phosphatase & A}-8-8}91T}. wt
EDTAZ ZHZ% %510 mMo| %2 Hrlsle] wt

o
& FAAZAT

olo oo

(8]

2 452 Mandel#} Higa £'%¢9] uhgg
MeFste] oldstict. A A2ld g A EE
42870 8 kel 200 ol 10 xle} plasmid DNA-E-oY
A7rete, 308 J = WP Al st &, 42T dAe]
slod Hjoku o)A BAE colonySS A=
o] &3t FHAR S pombee] 3 AHEE Beach
V0 9JalA " wpge s olgistyt)

oo

tlo

7) E. coli25E| Plasmid DNA XA|

Bimboim®} Doly E'oj] 2laj4 mets SDS-alka-
line 8ol 2|&)A] plasmid DNA ZA|st% on, &=
& e == plasmid DNA & o2 248 7 9o
E, Maniatis 572 2ol 2&A A2H CsCl-EtBr
T YA oe R 9tk

w7

8) Agarose Gel MI|HES

714 B2 submarined 7719 =4 (HE13, Tkara
Shuzo Co. Ldt., Tokyo)2} agarose gel (agarose gel .03,
Takara)& o] &3k0] o] SSiTh. 22l G gel] i,
0.6~0.8%= AMg-31th DNA H719 %2, TBE 9%
£-o0(90mMTris-Borate, pH 8.0, 2.35mM EDTA)& o] &
3l o1, DNA A& gel-loading +3=8-<¥ (60% su-
crose, 0.02%(w/v) bromophenol blue, 0.02%(w/v) xylene
cyanol, 0.025M EDTA)S /1032 7ate] % gel
At loading St t} %2 M2k 100Vl A 408 =

oF o]t &, FE gel S EtBr -89 oA F A5}

- =2 FD FLE A

UV A}l Sl 2251 DNA B gelshein

9) RNA XH|

7 RNAS] ZA| %= Jennsen V2] whgoll 234 o]
FPct. FAEEG WMFNZE S5EA 2s)A
A Aelgt A 22 2u) ko] phenol/chloloform®} &5}
o, 0CAIA 387 Thfigt & 2u&A4 £ (25,000
rpm, 10min)ol} ©J&jA] A RNAE 3]5381%iTh poly(A)
" RNAE Maniatis 5'72] Hbio] oJaA], oligo dT
cellulose-affinity column (Phrmacia Fine Chemicals, Upp-
sala, Sweden)2 ©]-8-5+%th A RNA EZ-L 65Tl A
287t 7Hdste] WA A7) F, SDS/LICHS: 242t 3%
= 0.3%, 0.4Mo] E| T2 H7}sle] 30mle] 318 9
Z8- (10mM EDTA, 0.3% SDS, 0.4M LiCl).2 2 poly
(A)” RNAZ &&3tqith 1ela, M9ss 4389
(10mM Tris-HCI/pH7.2) 2.2 poly(A)” RNAS §-Z3}]
AT

10) Northern Hybridization

Poly(A)’ RNAS =3 (6.5%)% TE2UH 3| =
(50%) EABE] SSTAA oF ISEIF HAPA & 6.7%
o] el 343 1%2] agarose gel A71FE|
oJsiA RNAZ A71402 Bt 9% F 2
3 gel 25E RNAE YU & membrane-filterol] o] A]
Zith. o] membrane-filter (Amersham Corp., Amersham,
England)E 80°Co| 4] 2~4A17F S 2)5te] RNA & 1
X121 F hybridizatione]] ©]-&-&t% T} WA probe
plasmid DNA & ZH3 AFEL: EHE nick
translation (Amasham kit), Y+ randam primer
(Takara kit)el] ©}8]A], *P-dCTPE T23}12™, hy-
bridization-& Thomas' "l off <] &le] o] 5} T}, 50%
FFoln| = EA el A WALS probes}, 42°ColA 1~
297t Be3 T hybridizationS ©]8)3tgth Mem-
brane-filterE A 294 0.1% SDSE 353+ 2<SSC &
qo= 1583 53] Aelg v, 0.1% SDS/0.2xSSC
Solo g 087 23] M4, ARA]7] F autoradiogra-

phyE HIc}
2 ¥ o

1. spo5 {F&™X} cloning

S. pombe2] EAE A AEHolA spos (Fig. 1) &2
2+] cloning & AT-dolA g el ofs)A
olgiat kY. &=, AT shuttle vector pTB248' ¥
o) Hind M9 S. pombe genomic DNA2] Hind T
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Fig. 1. Comparison of morphological changes
of nuclear apparatus in the wild type and the
spo5 mutant during meiosis in the fission yeast
S. pombe. Abbreviations used are as follows; SPB,
spindle pole body; FM, forespire membrane. A,
wild type; B, spo5 mutant.

o9He JdZAste] 73 genomic library Z2H-E] plas-
mid DNAZ 243}, spos Wol# Cl119-1A (h 90 spo
5-B2 ade 6-M210 wra 1 leu 1) (Table 1)of] &2 %o
ola - =elaksiet ME] plasmid pTB248'ell &= A€ u}
AR Leu 2 FAA7F A o] slem, o] Leu 2 &
AARE S, pombe & leu 1 §lo] & “FRIITH 7|4, &
A Mgk MEZ WA leucineo] H7HEA &2
A A sz Aduf Ao A %] 5o Ley B AABANE A
sttt 879 spos HolrF ARE M E= o] A
vl R oA EALE A Ft) o 7)A Ieucme
7H5A%1 FAHSHA S 30% EtOHZ A2l sle, ¢
|25 A &, AEAEE EAF A
etk 2eln 4" FRYE lodine G443l
&ta], Za7F dA4dE 29 screening 3HS
18] 51 Leu'/Spo” E A A kA o] HaA HH o]
AEedolo] &3k Ao}, = o] =9H plasmido]]
3]6]— =] o]7]‘_g é;g 01,7] 5'243}04 lasmld @N/\l GiR=s
ol slsit}. WE] & A}t pTB248' plasmidE &5 A
F ZoA= Bobgslw vl e x| Q] leucines I
g 3 mlx), s bl 1 1 S HER JER
BE] A EQlch Leu'/Spo” A A A b u)=] ol
w8 T2 F, leucine JrT“éTJr EAGEY &
2o zAe A} o]% oF FA L EA|d| TR A
A3ta AgiTh o]l A, spoS Mol & R
DNA7} plasmid“gol] clonest & A& 5= slolch
=31 Spo A A A A ZHE] QA DNAZ F5
&lo, AgE A Hind T2 &) sl pTB248' plasmid 2]
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1 | 1 1 | | Comp

[] 1 2 3 4 Skb spol
»DB(spo5)2 [ ] —
#DB(3p05)3  — —_
BDB(spos)4 ——— —
#DB(3p05)5 | e—| —
PDB(3p05)6 L] -+
PDB(3p05)7 — —

Fig. 2. Restriction edonuclease cleavage map
of the cloned 5 kb DNA fragment containing the
spo5 gene. The thick bar indicates the chromo-
somal DNA from S. pombe 1.975, and circular line
indicated the plasmid pDB248'. Abbreviations used
are as follows; H, Hind M ; B, Bam HI; Bg, Bgl
1I; X, Xho I; EV, Eco RV; Ha, Hap I; E, Eco RI;
S, Sma I; k , Kpn 1.

2 ampicillin 2F4] Ao B2 HE] 23 plasmid
DNAZ 3]43}9]

Hind M2 Z3ksle] #71d5ow 2AE Ay,
pTB248'¢] Hind T §-9]<l] 2F 5kbe] DNA ©h o] 414]
o] e RS ERletsict o] A|xF plasmidE pDB
(spoS)1 0. & Wt 7}Fe] A gEALE o] &oto,
oF 5kb2] 4F¢] DNA o Fslo] Agtar A es
A3 9T} 1 AT, o] DNA T Aol = Bam HI, Bgl
I, Eco Rl, Eco RV, Xho 1, Sma 1, Hpa 1, Kpn 1 -7}
EA8ta ATt (Fig. 2).

2. pDB(spo 5)1 subcloning

pTB248'9] Hind M H-9]9l] <k 5kbe] DNA
Yled 33 pDB(spoS)1 9] A AL 2| =
2, o] plasmid®] Hind N14-9]ol] <143k Ska DN
AL BYG Hind MFHellA] gader <
pDB(spoS)RI & FE3ked, spos5 Mol Aol =elat
T}, pDB(spos)l 3 BL et WHolA| & Rl Y
< golstgn). olefst A= 5kbe] Hind T ©HF
o spo5 @01% FEA7 Y Hag BE de] &
fﬂ—E]O] A=A olakitt. 12} ar spos Blole]
Ko BedAS shgstr] Yt subcloningg 3
S /\/\E}(Flg- 3). bl dEsge] o Agta s 7991
Bam Hl ¥-9] & o] &3}of pDB(spo5)1-& Bam Hl 2 4~
313} ol T4 ligase2 2] 8}ed, Bam HI THS- 24
A7) plasmidE 58T [pDB(spos)2]. L2l T
g Wb o & Hind T, Sma 1 9= 2244171 plasmid
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H B Xh EVHa E S Xh

pDB248’

EcoRI

EcoRI EcoRI

Fig. 3. Subcloning of the Skb Hind M frag-
ment in plasmid pDB(spo5)1 containing the spo5
gene. Six kinds of deletion derivtives were cons-
tructed by digestibn of the inserted DNA in pDB
(spo5)1. The DNA fragments were recovered by
electroelution from agarose gels, ligated onto the
vector plasmid pDB 248'. Complementation of the
spo5 mutation in the different subclones in pDB
248' is shown on the right of the figure. +, comple-
mentation; —, no complementation. Restriction enz-
ymes used are: H, Hind Ml; B, Bam HI; Bg, Bgl
II; S, Sma 1. The line and open bars indicated the
vector plasmid pDB248' and chromosomal DNA,
respectively.

ta] pTB248'2] Bam HIH-${ol] <128} recombinant
-plasmid £ &3}t [pDB(spos) 4].

Subcloning®l] oJal|l A #Ed zhzte] 2] %3} plasmid
DNAE S pombe2] spo5 WHol3 (C332-1B9} KD70
(Table 1)o)] ddAFTo 2 T st Hojz FAAZ
Aol A S A dAnFos AT
(Fig. 3). Fig. 39] A3= F¥ spo3 W& FEAT| =
o = Q3 AdAL Hind MHE Smal 7}2]2] <k 3kb7}
ARl d9ge g FRHArh

3. Northern Hybridization

Cloning 3+ spo5 SR 2 JHoZRE HAMHE=
mRNAS £ 517 93] Fig. 32] DNA T3-S probe®
Sta]  Northemn  hybridization2-  ©]3) 5} tl. RNAE
homotalic wild-type strain[ 975 (Table 1)Z SSL-N¥xz}
FguRIo A TAIZE m gt M EE FE ZAIG poly
(A) RNAE o} -&-3%ith A&-3h probe 7/ 3 1 2

N
o

D{H
O.u.
oY
ol

EREEPLER

1 Hindill
u BamH |

EcoRV

L2 1

EcoRi

Smat

- Xho |

Bglh
EcoRI
Kpnt

= Hindii
o N o >

* — 3.2kb
.' ’ 1 2.5k

Fig. 4. Mapping of the spo5 mRNA by North-
ern blot analysis. Poly (A+) RNA was prepared
from a wild type strain 1975 H90 cultured in
SSL-N for 7hr. Each fragment was subcloned on
plasmid pUC119/118, and used for probe. Cloned
plasmids were labelled with **P-dCTP by a random
priming method. Each fragment, carried in the
recombinant plasmid pUC119 orl118, designated as
A~D, respectively. The designated subclones as
probe were; A, pUC (spo5)1; B, pUC (spo3)2; C,
pUC (spo5)3; D, pUC (spo5)4.

3}o] autoradiograpy+= Fig. 49l A A8t th Hind T2
Skbe+A (probe A)Z} probe C Alo]o| A= 3.2kbs} 2.5
kbe] 27) ] A HEo] HAEH A 2™, probe B oAl =
2.5kb 9} probe Del| A= 3.2kb o| Mgt AAPIE0] A%
HATE ol Az, 2.5kbo] AAMEER $-59
Xho 1 F-9)¢} &Y o= HAH AR H, 3.2kbe] A
AR S O S92 R E AAE A= e
AU o] ¢} 2 AHZ FE spos ol & FH
Sl Hind M/Sma 1 93 <47} 2.5kb2] mRNA A APAFEo]
ARt AL FRAsHE o, E3F 2.5kbe] mRNA
© subcloningel| ¢]efA] HFPdolatn YZHPA A
& Bam HI F$]2] probe ¢} hybridize 3}+= A3}z
B] o] 2.5kbe] HAMIEC] spo5 -FAke] mRNAY
Tt (Fig 4).

tlo 4z %

4. spo5 TRt FAMLE HEY
Hind TI/Bam H12] 2F 0.7kb<d <& pUC118/119<)] A}
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ddte] 23} recombinant plamid 2 5-E] §82ke] A
Aake AAE] 9l PR ®AE walsiot
DNAE- 24| 8}e] 2.5kb2] mRNAS} hybridization2 7
B3It} 2 A3} Hind o)A Bam HI H13Fo g A7
A)7] PP2 B 21¥ DNATo] hybridize 3}it}. o] 23}
2 RE 25kbe] mRNA2] HAMFERS Bam HIoA]
Hind TIZ AAEAAl = Z21& YF3ATt (Fig. 4).

5. spo5 SEXI| MAIEA

LG AR invitrod) 11X, ZAE /L wiA] e
Aadel 172 3 HEE FAx2] heterozygote &
ZoR gt} A F7HA] clones) H o) spo 6§22
AArE oA AFzbal B, AL o) glol A 2714
o 2Ag Waw gk Ao] Pk e
P o714, spos FAATF Aol Had 20&
Northern hybridization %ol €]siA] ZAlslsich WA,

AEE FHA mat 10 B34 heterod A9 F5
CD16-1(Table 1)E HAHIR| |4 24A]ZF ull o8 24

£ ste] XA FAAuiA ) HFE b, 26T
ol A 7AIZE Bt o] & Al 2 FE poly(A)’ RNA
& ZA8 vl 28] 12 recombinant plasmid pDB (spo3)
22 nick translation Hol] 2|34 P& %413} probe
DNAZ A3ttt ©] Z3} probe DNA$} hybridi-
zationdl= wl=7} 3.2kbe} 2.5kbollA AHEFE|Qom
(Fig. 4), spoS FAAE TH3he 3kb Y2 HE A
o= 2FF2] mRNA 7} HdAbs] o)A 3L glvhes 2&
013t =7} 99T} gl 3.2kbo] HAALE-L o oFA| ¥
ot IAYPHE AlelolM s & sk v, 2.
kbe] HARMME S XA AEZAAMT HEHU
(Fig. 4).

RN )

2 d¥8o| = S pombe genomic library 2 &
2 spoS FHAAE AR S cloned screeningdt
%, spos £AAE SIS’ AEAR T 3
G2 Q1 spoS FAAE Bfshe oF 5kbe] DNA @i &
A, A X shuttle vector pTB248'9] Hind I -9 9|
subclonning 3} T} 18] 1 ©] DNA T 0 2 3E] 7
TR AEE 2 slo(Fig. 2), spo5s WeAe] K
582 2A8IE T (Fig 3). Aol A A &3t vle) 2

[o 1]

Schizosaccharomyces pombe FEALE

A -2 spos)2] Cloning 2 A=A 17

o] FRHE FAsG oM, oleia 4y 2% A
ey AE Bl fd4 de Wel

promoter®. F-E] AL dojube Flo] ol 44
wRZe] AR 31859 promoter of s HAAL A
ofues Zler FAEAUrth wakr clones}t & DNA
i uj G ol g Gyt o g} promoter %S
o] 3ty Zoz #AdHg]
AA o] T3] A0 ZHE, spos GHARE Sma |
FE Hind 2] 3kb GGl Zst1 (Fig. 3), Nor-
thern 23] Q)3 A] spo5 FAALe] AALE Z2ANGE 2
3}, spo5 -mRNAE Sma 1 58} Hind T &} 3kb & ol
Al oF2.5kb 7)1 2 AEHUT o] THY fdEd o
2 ¥ <F 2.5kbe] FAAMIE-S F) 800712 ofnlx
2F 271& codeshs T E 2 FohE] 9l chFig. 4).
1.2J 31, Northern $-A1H ol o}sl| A spo5 {2 2ke] A
AFE ZAVSE A3}, AMegh vle} o], o] KAl A
a7lo} z27dtel| A gk fHA) s e AL gl
&} tiFig. 4—2.5kb ©9). 2 A3}, H M)A 9] hetro
matting-type 75 (CD16-1) (Table )& H-E] 243
mRNA$} probe-DNAZ} hybridizedle= AAMFEE spo
5 FAA} coding 4l A 3.2kbe} 2.5kb2] mRNA7}
AEH A cKFig. 4). Z18]3 homo matting-type (CD16
-3) (Table 1) 55 ZAo] TREA B2 ZAT
g WA A HiFSt &, FLE WO 2 mRNAE =
Alske] Nothern hybridization .2 ZAYQth. -1 A,
olg AEeME 3.2kbollA T HAHEC] HEEY
o, 25kbe] mRNAE AZE %] e9ktHFig. 4).
oldel A= FH spo5S FHAE codingdte AL
AHEQD 2.5kbo] mRNAE dA9do] mzdd “Jesld

o

A, A AR hero YL 8T sh= 2o
2 YZERI o5 AR AAPEHE 2ol
A0 WYY /AR T BE BH 89
#7481 <Jsh A Aelslelx 1 ek AL 9%
S

an=sl
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