|

) <

The University of Osaka
Institutional Knowledge Archive

Title B 7523 NpSRIDEPAIKFEMNHEBLZ DR BERIE
DA

Author(s) |#I%, %BH

Citation |KFRKZ, 1989, EHIHwX

Version Type|VoR

URL https://hdl. handle.net/11094/479

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



75 2IKpSR1I®
MU FENHBEZOREBERTIEADILH

1 9894
A



28 pSRIZVIRAI RO FHMBABRE - cconeererreen
M LB BEE e e ce e ererereretatatetetetananans
BOH EBRMEI L EERTTIE  oc e veve e ce oo oot oo cnntonans

2. 1 HMABEHRELT T AT R creeeeereiiiiinitcaenen
2. 2 [HHEEEREIEERITIE e ec e e er oo cocnaes
B HEAUEEITTEE  ee e e veoe e oo enae e e enee

s oo os o0 e

o oo

©w w0 0w N N

2.
S5 3 EBREEEL  cv ee ev e e eeeeee eecn et ot e e et e e eeee e e ee e
3. 1 8. cerevisiae iZHIFBpSRIT S X I FOZTFHRME 2

0w © ©

1) S FPMB ZBBEIDIRTE  cv v oo oe oo oo oo s ooonceacaenns
2) DFPMBACHEDBIETZMR oo oorvr oo me oo mnmn e cens

3) PFRMBABLTRIEFERADRADS FIzFORES

3. 2 KBEIZBITBpSRITIAI RO FHMEBEE  veeveenereenes

1) pSRIZ7I A RO FHREBRANOBEBEIRFORSE
2) FHRHEBRANORBHEOEENMRAERFORS
3. 3 RAUNIDDINA NDEEB  covreeenes

WA BEE e eeeeennn
BDHT BEHY  ceeeee e eeanenanann

B3E pSRITIRI ROMAUKRENMBRAZFIAHL LS.

B LB BED  eveven e e e et ee et ae e enan e e en e et ae

BOH EBRMEI L EER IR cr e ce e er e cnneneans

2.1 #HAEHKETIRAIER

2. 2 {HEEEHE e e e e e e e e e e e e ee s

2. 3 BEZMHEE eeevereeens

cerevisiae

46 4% 00 c0 00 20 00 se os 00

¢ oe oe o0 oo o0 oo sa

32
34
34
37
42

44
44
45
45
47
47



2. 4 HMFEWHE

BIWH EBER -
3.1

%
=3

b

=

3
¥4
5

ol

=

BAE ROEBRLEY

e oo

é&%iﬁ e e ettt ve e

ERIXIZEFROH 2HE

s o0 eo o

40 o0 00 s 00 s o

.o

.o

s oo o0

ee oo

os oo

e ee se 20 se oo o0

e o5 o5 00 00 o0 o4 ve o

6o o6 06 00 00 0 o0 20 oo o

ve oo

se o0 00 v

.. ..
. .o
* o9 o8 s o

40 0e ss o0 o0 v

pSRITS5 A I KOMIUBENMBRARORBEETOHE - -
3.2 REALTOREZRREFEMNOFAR
. 3 JRERRedHEOHERE

es oo 20 se oo .o
- * o0 o0 o0 o
- ..
- - .o
- .. -
- - .o oo
- . .o

51
5 4
5 4
58
6 4
68
71

73

78

88

89



F1E W

V. BT, BEFURNL, BEELOU, @RV RIVOEEE ZHRS 2R
#H, ChoDMRBEGALULEZTLY. REakT? HRIFESEN. Ch6DD
b, BEFLY. MBET®CE. BPEERESAVIHMBRAEZYODEYWENRY 55
HEREINE. BEFIENFELAVG L, BEOBEETEMOHL., fioEYicl
AT BT LHBARTHS, LU, REOKK CRIETEZING ¥ 1 Xi/DE<. #W
100 kbE TT. KNBREMBET2EHORETS. EFEPYOERTBEZTFEETIM
MIZBATA2OIEETHS. £ BETFERERIHABERERELRBEIOHLGY, 7
FIAIRRIANWAREDR Y~ %FHTR L. BABREZETIHMBEATEECRREXL
T EMEHRRT2DOEMAKCRITSZ. ok, BEFILEHFE TR, FTERIMII
EYOHEAUETE 2. EXDNA OBA. BADN ORERFICHEANHZ. —Kh.
HMERSETIE. 2EEOHIREMETZIOT,. 2L ODREFPEXRLEETE2EATS
ZENTETHE. UL, BOBVWEYHTOMA TR, MBHRNKECERESZY
. BAELVR2EROHMBOREHRIIFAKIZHERIAYT. BT3B I 2bbiEE
TEBAREYEBS LI AERETHS (43). £ C. ZHOBEFPREVWERET
ZRAWTEYEFERNICHR T2, +2IEXT,. LrbHIANTEECREX
haREEzHHTIHE. TobBREKTENFEBSFENTHS. A, 2HOER
EFRPERSBEFEEEUATIREEREZERL THRICESAT I, SHOBERT.
HBEVWEKEVWERIET XL DOEKDIN FrzidthEEoREks MIICEAR, REMkC
MAzH20. RERO—RLBXBMAZFETHE, TORDIZIE. REkOBE LR
Bl t+a2AIRE. REKEZEVEBEY ICHE. BETIHRFBSSLETHS.

TATRRECEKIFZORRKIESTHA5p, P TR ILEF R EOERAEFEAL
THhRERELEMEAE2 L H, EHOHBEELAAL TRERRABDIEZ Z L8,
T, BMHARBHIZL-> TR KK, #i. GEAMAL TREEOVIVZIA2THC
EHHETHE. TLT. ChoDHBEEAWTREBHRERETA LY. ZEKo
BRULAA AV EEBRERANETIEZLAMY,. BEOMKEAZEALEI A
FHERINL(95). LT, EPORBRR. sREReakI22MATL L
HEHTHN. 26X ELORE. BUEBRKA2BR IS L RIBEASDHS. BE. 8HHE



REONBERAMEHL CHIPoMEFOEEX (kb) ODNA Wi AFHEL (50). 20D
Bz EADNA SBREHDINA #NRLAT 4 — L EFLERKGBEANTH#ETEZLIZLY
(16,17,73) . REBEKOBERITBAIRIZAL >z, APFE THEH ¥ % B Saccharomyces
cerevisiaeTit. H< S RERFHTON, SHORETOREK L TORMNBS -
TWa, /. HBRADNA EHmBREL, B4 REETFH 20— v a3 hn, E{BFDINA
AHBIIZEALRD., REABKICHABI LB THS. BiREhoER, 2EICHY
72DNA FEIT&H 2 ARS EEH] (HEEREH) B0, o box 7 (22,79 Bra—=vr
X, THhOOINA BIFBETTF P IEATHKROT O AT A B L TATREKSESR
XN (33.59) . EADNA o u—=uv I R25—(13), 2\ iEREEOHE L BEDH
T (33.88,59) L LTHIAZIA TS, 362 DRE. BEEKEHERTLZ L
. BBETCLHHABTLEETHS. COLHCHEBTRE2ZERFEEMETESC
ELREBEEADOEBEEBREBIZETLIZSDAENBONTWVWEZZ S, MBIREE LY
HREHRT 2 CHIFOMBTHEL SR LS. '
REkodyEd. ABATERENHBRICL-TEZ L. $2bb EWMTELGEY
MBAICLY, HBENBROKBOCEMBITODNA, HILWAESN % LOHENROEY P& T
b, TOZEDNS., HEHHBMAZBFET 2 btk O REBEEBVEDIZHET S
EMTEBEELOND. LU, THhET, GEAMKACEHLTZOBBERAT 2
MREEBINTELY., ChELEHNCHBHTAIMEEIHEN RIATVRN, Th
BEEHMRAE. DNA UL T DN oY BEa L WS —R. BHZBRETES
A0, REHMBATHLS I NI BEBITECRIET. MIBAABRIETE3 T 0ERY
THEBZUP-> 0o THS, BIEMNHMRI T, MBXBLOF-BEAEL S, HEW
MEA (BEMHERZ) . BUBFENMARZ. FHEANMBRAC2EIN . HENHR
ZZDNA LOMELEBOB TR ZMBATH 2., B EMMMR A T TEDODNA FEi
TOHEIIHMBATHS. FHAMHAKAE. 2<HEAMHOZVWHEETLEI 3K
ThHod, TNSOMBARBOS S, BUBENHEARITE., HRXOBESLZ ) BRH
SNz, BUBRNHEBRATEACERORBERNICE > T, IXBOMHBRR LEBETFER
BOMBACOESINS, AHERBEVOERSHECRRINZHMBRITH . BEIZ
BEHERS —-AEICBINI2MRATHE, KXBOMBRATIE. L7 7—IDInt §v
N2 KBMMA (94). P17 7 — Y Dcre-lox % (78). S. cerevisiae DWAEMT T X 3
F2umDNA OB FAMBEA (N REBHB. CASDHMBAIWTHOWTIE. in vitroT#l
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BAATOELZZDERINEER. T @< MESRRE SN, HE 2 BPADINA BEF &
HBRABEOMES LICTNSOHEERAD»S. MBEABBSFMICHRIT I, T0H
B.OMMBEEANMBRABIESINA LOBEOEERII 2B TONA Sz K. BRSL
THBRAARITEVWIRFORBSRERERINTVS (69). BEFERMOBUFENME
WA Izlt. S. cerevisiae DFEAEHROMM X (46,81) & &L TFS. cerevisiae I ha Y
KYPRBETAA Y O OER (24,2532 BH3. COROEBHMIT. HOUuBEN
ITYRRIL7—EHDINA LOBEORREEN£#IHLT. ZEHFUHETICLizL-
THEINZ2ZETH2. COLOIMURENMBABBLEZZI NI &> TDNA
OHEOHUTREIZPS., HAUBENHBIAZRELT. REKELFHHIRETSC L
BTEIOTRAEVDLEEIONS, £ TARETIE. BB Zygosaccharonyces rouxii
HROBKT I X I FeSRIBTH 5 FRAKBX ZFAL T, 5. cerevisiae REBEKDOHE
BiABERTIZLARAB. BRZ rouxii AIREK7 I X I FpSRIiE. —xtoHmE
REEINEbLS, COWPENL T TFRMBX 21T (2,90).

B2ETR., COTFREABRIARCEROREICHATZLDIC. 2 FRMABRI OB
AL, £9, FAEXRERFCEREZLOpSRITIAIFEAWT. SR OHK
Hi#S. cerevisiae HEM TSGR (bp) BHIPICMEL . . ZEBKTR.
SHEOEEFERILVAREEINSH-BEIN L2 eBbbP o, KRIZ. RBEF
FRBEATRRAIEZILICEN., PTFHRARAEEIL. COMBRXCHETHES
YNRIVERIUNRIOHBTHBEIERRLIZ. 26T, RN BB IBMURNICEFRE
Y514 bp QEMEREBEIMNEZHICHES 4BEORU 14 bp OREBEINCHEETSI L%
MUz BLOERELS, BRTFEREZESHUFENHBEXOBEB L L T, — DN
BEBHEVWIIREL THERENRXPRGESEMEREEN L 2BHL. ~TaTF2-7
Ly 2 ABERINSHB,. CHhiZDN SRICLOBEINZI LW BRBBEREIN:, £
foo 2HEHOMBAMBLUAREBERICHAZIELEIZ. RIUNIDOHEEETILZOME
AWMBOMBACE N REBERLIWE TSRS REINL, E3ETE. COHEK
THREKLORKEFNBLCFEAREEBOMBAOERETVW. COFEPERT
BTHAICLERLE. BA4ETE. ThoDHBRERALVLTEE 2T 2.




E2E pSRITIRAIFOD
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pSRIZ' 2 2 3 R i, Eih. UkIY O BEE 2 B R 22 i S5 £ 8 £ O Zygosaccharomyces rouxii
THRIHEN76,25] bpOIRIK _AEDNA 75 2 I FTH2(2.90). tORBBIHEOEE.
N B Iz & h A Saccharomyces cerevisiaeHIRM 2 um DNA( 8) & Z < DHIBEBR %
Lo, DNA QEEERAAREAMEIZ V. 2T HIZ—H 15959 bob & %2 3 —X OH X
KEBRY (IR) #b5B. IRIZLN1,679 bpk 2,654 bpD 2> =——JHBIZIHITOH
5. COIMRENLTHFABBRAZEITER. 22002 =~ EHOHEN P HE X HE
HAHARCBROENGKE UTEET2. COTFRMABAIIE, pSRITI X3 Fiza—
RENRTWBP, SEBLUREERFOI IS, RBIETFOEVWTHARIVNIBHATH
% (2,40). pSRlik. S. cerevisiae MIFAR THHEEICHRL . # FHRMHABRILECSZZ L

me\%n6®%%u\icammmemtgrwniWtTuEUT&55,:o%%
NHBAOBRBEBHT I L. ThEERKRSZ L, MBI 2 ARNICEE
U. REBEEORELELZANHTZRDICLERETHS. 2 TFTHMBAETIRATEIS
EVHBACERI YNNI BRBRENICEAS T2 226, pSRIOZ FHRMB AT BERR
HHBEATHILEEZOND. 22T, ZETR., HBARL e T hITEIBEERTFERSE
JUHBACHBLS Y ORI BADPLEZ., P TFRMBRAOBBEARBREATZ LTk,
B—z. —HOIRICEREA#HOpSRIT I XA I KEHWT. S. cerevisiae BEAHTHF
NHEBABEEREL . TOKR. 2 FRMABKRABAAE. R L. IRND58 bp AF
RICREa N, HBRXICF-> T, REBETEARVUOBERTERSBBRESIhRI LY
5. FHRHMBERIE. C068 bp EIINTHEZN, KXBREFBTEIS I BbHP >
fzo Ele. ThOoOBRIEradd2 ZEMBP LRI . BT, 2 TFRAMBRINDOE
BEFRTFOBRE*RA TSRO, REET2*ABEATRIAIYE., 2 FRMKBRIOHE
BEANE., TOHR. KBEATOLSTHRMBANECY, #BACIEEEIRTR
BBTVWI Bk, B=, BABEEULALRIINIEZHANT, DNase 1 7 v b
TYUT4VTHEREODRI NI OINA ANDEEEFHNL A, RYI/NZ(L58 bp




BEAONICFEAET 514 bp OFEEREREME, Fhizk 4BOE U 14 bp OREBZ
ZEETACE bk, Tho0HELS, BEFEREE > TAHRHBRIOBE L
LT, 58 bp BEFIAT—HREPZB|L TREEXN S ZIFEES RN EBHL. A7 a7
2=T ULy 7 APBEHREINZH,. CHIEDIN BRI > THREINZ LW IBEBSERX
Nz, £ REEC2EDS8 bp BLS DNARF/-E. REETFARER T L. HERXEH
EOHBACLLIIREREWETIZLBAETHIEEZI SN,

BHEH EBRHBLERS®
2. 1 #ABFHKETIXIEK

3. 1 TR FHHMBARMMNABETS2-D0OBEBEEEL L T, S. cerevisiae Tk
#k. NA-87-11A-D (MATa /MATa leu2-3,112/1eu2-3,112 his3/his3 trpi/trpl

pho5-1/phob-1 [cir°] [ 2]) & &kT*. —f&4k#k. NS1-2C (MATa trpl leu2-3,112 his3
rad52-1 [cir°]) #MEM U fz. NSI-2CERIZ/MIETT (KRERA®. B2ER) L0 2HEE2T
rorads2-| BRELD. AFKICEAT HMOBEFHEEME L THBLE, 7923
F DNAOQ Bz E. KIS dEscherichia coli RRI#% (F~ rs™ me~ aral4 proA2 lacYl

galK2 rsplL20 xyl-5 mtl-1 supE44 hsdS20 [6]) #{EMH LU=, £/~. DNA EHEBRFREIZ

XL Tik. MI3mp8dE L UMI3mpll 7 » — 2 (52) DNAO B D7, ANISEE JMI03%

(A lacpro thi strA supE endA sbcB hsdR™ F° traD36 proAB lacl°ZAMI5 [53]) #{d
RUT.

3. 2T, 7TI9RIFOMEBLCRBRAND D12, KIBE JA221# (F- LeuBs
AtrpES lacY hsdR hsdM® recA [211)%. KIBERTOS FRMBAZHANRSDIC. K
J5E JM1038k. JM109 Bk (recAl A lacpro endAl gyrA96 thi hsdR17 supE44 relAl F’

traD36 proAB lacI"ZAMLI5 [18]). JC8679 #k (recBz, recCsz sbcAzs his60 thr-l

leuBb thi-1 lacYl galK2 arald4 xyl5 mtll proA2 argE3 rpsL3] tsx33 supE44 [77]) %
HHU =,

3. 3T, 793 AIFOHMESLCAEARODIZ. KBE JARZ2IERY VN
OEEDEDIT. KIBE MO3kEHEAHL .

PSRIZS A I FOMBAMMOBED2HIZpSRIT I X I K & YIp32ST 5 A I K
(YIp32 75 X I R [ T1DSalIMAIKRFE A FRILL 2%, EESL TSal YIS 2 WL




72) & HindI WA CELINTWAPSRTI0L TSR I RABHERMTSIIRKELT. &
DT I X I KIZ8 bp Sall ) »H— (5 -GGTCGACC-3') # WAL THERIIhL-FE2OER
TI5ZAIRW@WO)EAVWR. ShOoDERT S XI KD H 5. pSRT308, pSRT309. pSRT321.
pSRT326. pSRT327TTik. 291 AP S 1,249 MBI B IR MM X RKEEY (IR1)ZSally
vA—b 1 A X, pSRT306 & & UpSRT322 Tlk. 2,929 HEN 63,887 HEITB &
SmE REEF (IR2)(zSally) v h—B 1 EHFATHhTWVWS (Fig. 2-1; pSRI 75 X 3
ROBEZSE, ¥MERERIICRLENVECR] HHDOGHE L ELTHITRT 2]) .
tac 7O0E—%— (26) £ & & 91 bp OHindll — BamHI M} (£ pDR540 (68) & FHE L 7=, Xk
BEOrrnBr N0 > (rRNABIETF  [12)) 09— 2 —9—% &30 kbDPstI-Sall M
FritoKK175-6 (1) S FARU 7=, | '

pSRT108AIE Ri&{xF @ Bgll #8714z, BamHI TYIMr L 7=YIp32( 7) ##EALTRBERET
HAWHEULTSXAIKTHS(2). pNN225(3pSRID 453 EEH S6TT HEIZHT=3
Haelll — TaqlWi K ( 2) D % % & % Hind I 8847, XbalfR{7iZZE Mk, pUCI8 (18) DA X W
HindIl — Xballft & @A L THERLETIRIRTH .

2. 2 [FRBMCLERAE

MR mDEM (SGlufM) &1 liter 7= D U )L 3— 220 g& Yeast Nitrogen Base
w/0 amino acids (Difco Laboratories, Detroit, Mich., U.S.A.) 6.7 g% 3 #H. LEH
QPET7IVEBITCBEE (MY T T2y (BRERBRE20 ng/l). EXF T (20 mg/l),
TI¥=2 (20 mg/l) « AFA=> (20 mg/l). Fuvr (30 mg/l). utr> (30
mg/l) . 4 Va4 (30 mg/l). YT (30 mg/1). NY > (150 mg/l). T xz=i7
= (60 mg/ml) &I YN (20 mg/l), 7T =2 (100 mg/l) ] 2#MAlz. BEOR
BT IXYPADIEHE [1 liter H VBRI X2 (KERBEHRASH) 108 RYKRTH
Y O (KEXRE) 20 5. 772 (FEMBHRA24) 100 e, Z0a—2 20 g] 2N
o KBEORSIERE U TEE XK E Luria-Bertani M [ LB (48) ; 1 liter H7=
) Bactotryptone (Difco) 10 g. Yeast Extract (Difco) 5 g. NaCl 5 g (pH 7.0) ]
Z. JMI03 BRTRIVYNIZRBEEYT S & EiTid2xYTHEHM [1 liter 720
Bactotryptone (Difco) 16 g. Yeast Extract (Difco) 10 g. NaCl 5 g (52) 1% W7z,
Fh. LBEZIBUTFYEY Y Y (viccillin; 50 pg/ml; HENAKRSLHE) BLT

isopropyl- B8 -D- thiogalactopyranoside (IPTG; 1 mM: Sigma Chemical Company, St



4261

4213M A

2929 3300 3600 3887
L ] 1 -J

[322] [306]

IR2 J
IR1 ARSdel [326]

| | Y/ /4

308] [321]{327](309

I ] L
1766 A 900 600 291
1/6252 E
6073

Fig. 2-1 Structure of the mutant plasmids created by the Sall linker
insertion. Mutant plasmids were constructed by linker mutagenesis of pSRT301
(12.8 Kb, lacking Sall site} which consisted of the type A isomer of pSR1 (6, 251
bp) and the YIp32S molecule (6.5 kb) (40). The location and orientation of the
protein-coding regions on pSRl are indicated by thick lines, and the tapered
end indicates the 3'end of the coding region. The horizontal lines are marked
to indicate the inverted repeats. The lower inverted repeats denoted by IR]
are streched for the nucleotide positions from 291 to 1,249, and the upper one
denoted by IRZ are streched for the nucleotide positions from 2,929 to 3, 837.
Open boxes with ARS represent the autonomously replicating sequences. Open boxes
with LEU2 and Ap® on the YIp32S moiety represent the coding regions of the LEUZ
gene of S. cerevisiae and the ampicillin-resistant gene of pBR322,
respectively. The numbers at the restriction sites and on the inverted repeats
in the pSR1 moiety represent the positions with respect to G of the EcoRl site
as position 1. The approximate position of each insertion site is indicated by
an arrow with the boxed number on the pSRT301 molecule. In pSRT326, the region
shown by the hatched box with del.326 is a 311 bp deletion. Abbreviations

for restriction enzyme sites are: A, Aval; E, EcoRI; H, HindIII; and M, Mlul.
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Louise, U.S:A.) %MAtz. KIBHAOBREME U TH V=M (48) 121 liter H2 D
Na:HPO. 6 g. KHzPO4 3 g. NaCl 0.5 g. NH4Cl | g2 BGEHEWE K. Eﬂ;:#&éﬁ_br;r@
mld20% (w/v) Z)La—Z&l nld! M Mg2S04-TH:0 &1 miD0.1 M CaCl: & ZMA I
LOTHD, €I UBl CEHARESEKNEH) TRERE]L ng/l. AYVI/B
(Difco) (X5 g/1 #BBZHRLTMA . MI3 77— 75— 2 BBRAFRERE L
T. FEw B [1 liter &= Y Bactotryptone (Difco) 10 g, NaCl 8 g, ¥4 I Bl
(¥3) 0.1 g, EX 2gl #. FBIH-LERXIEMI{I literd /= ) Bactotryptone
10 g NaCl 8 g. Bacto-agar (Difco) 8 g] %FWie. TAMMAHMT 2 & %13, Wb
SWVWIRN1 liter $7/=020 gDEXKEMA Tz, REE! kg/em* TSR ORMFETEH—F
IJV—THE L. BBRIZ30CT. KBHEEBITCTHEEREI IR SEELETT- 2.

2. 3 HALEMHGE

AKBEPSOCsCl- = F I ATuvA kK (EB) LHEEDEROLIHBECLEZT IR
I RDNA ORE : APECHEALRTIRAIER, WTFhbABEBERNTORRMESL
525hTEN. 7923 KDNA OKBARNIE. ABE D 5Clewell & Helinskid J ¥
(23) CTfiofe. MAEPHEEZSGIBEHM TITC—RE L HWERLU 5 nlOERBAHY I
B 5g/l. YT RT7 720 mg/l #ZUMUEMIS mliZHEL TR HHBBRL. EHREW
D600 nmTDBHE (Asoo ) H50.8 TR UL EIZ. BMMEBEHS200 mg/lE B LD
209872230 (IRMERRSML) BEMU. S5 IMMBEEHITR. 4 T
THE (8,000 rpn 5 4 ; X{RH Model KR-200A. RA-611—%—) L. 25% (w/v) ¥ a
—J0—A%FZES0 M FYR (EROFIYAFLTIIOAYIY) —EHBEBERE
(pH 8.0) 2 ml IBHEL~. FAEHEICI0 ng/mlOBETHEDLLEY YV F—Ah (Signa)
0.3 miZEMA. KPTEHBMBEL %, 0.5 midD0.5 M TF L U7 I KRR (EDTA,
pH 8.0) #MABA LR, 2.6 ml62.5 mM EDTA. 2 % (v/v) Triton X-100 (FI%#:
£) £G5S0 ol b Y 2~ EREEB (oh 5.0) AMA. KT 105 BIKE L TR w
2. BE®%. 0 CTHE.LSH (30,000 rpm. 9053 ; HIL Model 55P-7. RT65T m—4%—)
UCEBHBAER. EBH45 nlizH L. CsCL 4.55 g, 0.5 ml D5 mg/ml EBRIFH
(Sigma) AmMx. HEARLE (BPA Y— )V F 2 —7 ; HIUFFHSB Y~ ) IZCsCLIER
ZHBLU. Y=L URE. 18CTE.L2E (50.000 rpm, 16B5R : HIL Model 55P-7.
RPVESTO — & —) Lz, B8R, 7923 FDNA 2HHB (FLEY VY TAE



BRaH) & DKEMY . Corex BLEBEIBULURE. 2IERFOKEMA K. S5ITEFD
2IEADMINITY J— L EMA. -20 TTIBEMEL 2%, &5 8 (10,000 rpm. 10
2 . A{RH Model KR200-A. RA-3U—%—) Uz, DNA 2 BTG HERB % 0.4 nlDOTEEEHK
[10 mMP Y 2 - ¥EBEEE®H (oH 8.0). 1nM EDTAJICHD L. ThEI vy XY KL I7ELE
WHLU. 40ul O3 MBS MY D AKBEEMAZ. 2512, 1 nlD9% LS/ —I%
Mmx. -80 CTIORMKEL f=#%. &.058 (12,000 rpm. 104 ; Tomy. Microfuge
MC-15A) L. DNA kB LTHEILE (=% —iLE) . DNA %299% 5/ —)LT1
El3E L. METFTTEEUL. DNA 2 LB OTERWBICEP L 4 CTREL 2.

KBEILODTL N YENEICEEZTTIXI KN ORY: LEBOTIXI KD %
BEECHARYT 57902, Birnboink Dolyil kB 7 A Y EHK () EHW., EYES
SULBERIZM ETC—MBEBELLKXKBEOEHGK.. 2 ng/nl VYV F—L4 (Sigma) 28
0.1 mIDSFE 1 # [50 oM L3 — X, 10 mM EDTA, 25 oM b Y R —EMEE®HH (oH 8.0)]
DA Ty RYFLTHELECZHLEMD . KPITHBLRE. 0.2 mldFE 28 [0.2 N
NaOH. 1% (w/v) KFVLBEF MY DA (SDS; FIXHE) ] #mMA. XKPT52/H
BMEU. 0.15 ml OFE38 [3MEEBEF MY oA (pH 4.8)1%MA T, Bk, L[
K ZB UL . #A58 (12,000 rpm. 543 ; Microfuge MC15A) L. L&/ #FlDx v X
VELTBLBRBUR., 2EBEON% TSI ) —EMA. -80 CTIOHEKEE. &0
ZEE(12,000rpm, 1043) L. DNA % EBL UCEHB UK. ZTODNA %0.1 nlDE 4|
[ 0.1 M EEBES P YDA, S50mM MY X-EEEEMHA (pH 8.0) [ IZHEP LK. 0.2 nlDd
9% Ly /) —NLAEMA. -80 CTULBMER. R.O028 (12,000 rpn. 1043) L. DNA
AEBE UTHEHIRU. DNA #99% =9/ — )L C 1 EHEH LK. REFTEBEBL., =%
J = EBW=, DNA %0.06 ml OTEE®EM (pH 8.0) B L ACTREL .

S. cerevisiae S DT F X I FDNA OHFB S, cerevisiae HS6DT T X I RINA
DB I Cameron SDFH L (15) T -z, RATFRBUMICEEFL TWABS. cerevisiae B
hAEPEEST, 0.4 nlDT TR 752 M BER [0.1 ng/nl Zynolyase 100T (E{L%T
EHREH) . L ul/nl B- ANATPI Y — ) CEHAMEESHRNL) . L2 M
VIER—J, 50mM) VEEEEH (pH 7.5) ICBEB L. 30CT30RMMEL . 80ul O
SDS #E# [2.5% (w/v) SDS. 0.5 M MY R, 0.25 M EDTA]B & T2 w1l @YX F L UR
VA > (Aldrich Chemical Company, Inc., Milwaukee, Wis., U.S.A.) %/MA. 65CT
BB L CTHEE L. 0.1 nlO5 M BFEEA Y D A% WA, KPT1BBKEL 2. &
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538 (12,000 rpm. 1043 ; Tomy. Microfuge MCISA) L. FBAMD T v XY K7 Eil
BB ULE., 2BEDINBTY /) —LEMA. -80 CTI0DREKER. &.L028 (12,000
rpm. 10 43) L. DNA #ikBt& UTCEIM UL /=, GBI L 7=DNA #0.4 nlDTEE & (pH8.0)
CEAL. SROTESHERTHALET =/ —LEMA. &< B2 L TR (12,000
rom 1043) L. EEA#BIRUE (7 =/ —UHE) . ChTEEHKRcCHAMNLET =/ —
LV—z2auarLARASH® (1:1, v/v) A, K<ELLTELZE (12,000rpm. 10
$) L. kB#ERULE (7x/——2oakblbafil) . 2hiczaaksilaxil
. BBRUCELSEL EBA2EINRUE (Juukibafil) . ThosoBRErL I —E
BOBLRE. REEZBOAREEBIZ—F L 2MA. K<HEBU TELSEE (12,000
rom, 143) U, TEB%#ENRULE. =%/ — VB2 2080K L. 85 /-DNA (k%99
%Ly ) —)VTHEEK. BRETCTEZELR. DNA 2 TEEHBIBE» L 4 CTREL =,

BMERIS : PRMRITESKERNHE. RESERI QL ERE =y XYy I—V R
SHLOBALRE. HIRBERSAIIORIGITSHISEEEEHR (50 oM b ) 2 - 158
(pH 7.5). 100 mM NaCl. 10 mM MgCl.. | mM dithiothreitol (DTT; Sigma)] TFT»
e TOMOHMBRERIGIE. TAMEHE (33 oM Y X — S %K (pH 7.9). 66 mM
FeBEA Y oA, 10 oM BEEEC 24, 0.5 mM DTT. 100 ug/ml bovin serum
albumine (BSA; Sigma) | TiTo/lz. HibSHWRD., WTFHhBITCTT 1 WL 28HHEIK
pEEr, T4y F—¥ (ZE#liiE) ORIGIE Lug ODNA #3874 5 — 2 a3 ViEHK [66
mMh Y R —SEREE M (pH 7.6). 1| mM ATP. 1 oM spermidine (Sigma). 0.01 M MgCl..
meMLOJmUMBM]¢TMth®NUﬁ—€%mX\thSE@ﬁméﬁ‘
fzo KEBBEDNA polymerase IDKlenowli v (REH M) k. Maniatiso QEEMZHE&
(48)izfE> THAL 2.

FYUVERKE : TAHAO—-RASNVEXIERGE I Tanakas D FHE 88) W, 1% T7H
— R [Agarose LO3 (E#EE) ] X575V A2HEHL. 10Z2BEOKRGHHEHER [0.4 M
MY X -FEBESEEMW (pH7.4). 0.2 M HeBE- M YU D AL 10 oM EDTA] #ERAGIICHFRL T
FAwf, RBTEE. DNA BHBIZ1/5 RROGEREXSARER [60% (wv) Ya—
Zu—2Z. 10 mM EDTA. 0.25% (w/v) 7a¥7x/—)7)N— (BPB)] #MATHEL
feo RENZEBEIOOVTAO £ 21 1 BT > 2. kEik. ¥V AEBKEBHE (5 ng/ml)
THREL. PI VAN I 2—%— (Ultra Violet C62) TDNA Nv KAHEUf=, BE
IXUVY 1+ )% — (Kenko SL-39) B K U'HRET 4+ L% — (Kenko R-60) ZHW, KIS K
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HAS (MP-4) T7 4 MI<TPB300 74 MA (B 7+ VatkRXa#) &> TEREL
Joo £7. DNA IR O FEOMFEIZIZ AcI857ST 7 7 —IDNA ( EiEE) OHindII#rH
(23.1 kb, 9.4 kb, 6.6 kb, 4.4 kb, 2.3 kb, 2.0 kb, 0.6 kb [71]) %EHEZT L 7=,

BYFTIZYLT IR ALERKD IManiatisODFHE (48) WV, 4 %. 6 %. 8 %D
RYFPIYAMFTIRRSI TP L EFER U, 0% 7 2 YAFIF-0.8 $AFLIERT
ZYLT7IFBEAK. 10 nl OIEHEEOTBE EHM (890 oM P Y X, 890 oM K
B, 25 mM EDTA] B LTF20 mg/mlDBHET €= AKIBES it A+ KEMX.
2B4%10mlk Uiz, CORABEBRETTHERL. 100 ul OFFIAFLYITIY
EMA. YV EEEI B2, ABHE, DN BRIZVS FROGHERERXYVZ7I7VYLT IR
SIVERKHARER 40 % (w/v) Ya—2u—2Z, 10 nM EDTA, 0.25% (w/v) BPB.
0.25% (w/v) L2y 7/—)b KOIZMATHRL . kEEZS0V HS1I0VETO
ERTEBETIToh. hBIBOBRER 7V -2 ¥ LERKKBOBA L BT 2.
/2. DNA Wi H O FEOHEIZ IZpBR3220 Hpall Wi F (86) # BEHEIZ L /2.

ABHEORERKR : KBHEOBEHRKEIIMorrison® H#k (55128 - fz. LBEEHIT3TC
—MRER L REEBRIO nl %1 liter OLBEEMIZHBE L. Asoo am 250.5 50.6 (Ti3
EFTREDHEBLUL., BRBAKPTHEALO CTTELSE (3,000 rpn, 59 ; ARH
Model KR-200A. RA-6 @ —%—) L. BE# %250 mid 0.1 M MgCl7KiFH THHFH%. 250
mi>0.1 M CaCl. KRBFBIWZEBE LIKPIZ202KE L. 0 CT&E.LSE (8,000 rpn. 5
) Ultk., BH%42.5 n1 ©0.1 M CaCl. &7.5 nid 7Y tu—LEABIEEL. 2
YETFTUVMERE U, BEAEBRE®K0.2 nllZDNA ¥ (0.1 ~1 pug) MR, KFT305
BBE®%. 3TCTS54BMAL L. | nlOLBEMAE ML, 3TCTIPEBEREL 2.
WHE A RBREMIRAEL 2.

S. cerevisiae OBk : 8. cerevisiae ORHEEHRIIKEE) F o A2 MW iz]1to
SDFHE (35> 7=. S. cerevisiae %50 ml YPADIEHI T SBFRIR & HEH L. £H
(8,000 rpm. 5% ; XA{RH Model KR-200A, RA-6U—% —) Lj=. Hik%TEE®HH (pH
8.0) T2EBEHHK. 5 nlOLAAMK [TELHEBIC0. 1 M BBEY F o 4 (FI) 2BHOLLE
Bl BB LUR, 30CT IBRIERe DERE. £EL. Hihk%5 nlOLAG H# [TEREH
WOl MERYF DA 15% (vv) Y tu—LExBELLRBE] CBBELTZHAEE
Ufze 0.3 mIDZAE &1 ~10ug MDNA £ 0.7 mlDPEG /RIS [50% (w/v) RYF
L7 Ua—)L 4,000 (MIk)1 e %#ER%. CTIBRKE L. COIYBOBEYES

1 4



EIREHMIC B U 2.

DNA ¥ EARSO®RE : DNA HERFOREINS 7r -Vt &d 70—V IR
BAEIATFFFVF 2~V ¥y —3IF2—varv =0T 2ET)EHAEDETIT> 2.

(1) KIB&E JMI03BRDMI3 7 » —IUmpR 7T I A I RITLBEEERR
RORKBEOREGRELABROFETHR U2V ET Y PHREBERK 2 nliT0.1
~1 ug ®7 5 XAIKDNA 2MA. KFTIPEBMEBEL 2%, 3ICTELBMALL. &
DWIT. BEEL S nlOR-ER FEE. 0.2 nlONBORREEIABE M 03%ROREER.
5011 @2 9% 5-bromo-4-chrolo-3-indolyl- g -D-galactopyranoside {Sigma)® o X F)b
RIVAT I FE®E. 10p] 001 M IPTGREAK. B-FIREMICEREL 2. 37CT—HE
#%. AE¥BHOT I 2 BERBREKDT S ~o Bzl k.

(2) MI13 77— 5D—ADNA O FHE

XYTH RS TR U R KIBEMI03 BRIBEHIINE 77— I & EER, 2561T, 37C
T4 ~5 BSREISELE. BERAEELO28 (12,000 romc 54 ; Tomy, Microfuge MCI5A)
. LBEE mET y R FALT7ELBICHL., 2.5 MNaCl 2 S BB R FL VT
Y a—Jb6,000 .2 mikMA. BALRE. ZERTISHERER. L7 8 (12,000
rom. 5%) LT, 77—YhF45UBReUTEDR. 77— INFATEEEK (o 8.0)
WEREBL. Jx/—LfiH. Jx/—N-20ubrLaliB TS ORI EERER. T4
J—LEBETV, —KDINA HE /=, DNA #EE%K. 20u ]l OTEEEHK (pH 8.0) 23
L.

(3) MI3 —&$#DNA & 754 7—DNA D7 =—) >

10l OMI3 —A$ET7 7 —IDNA BB E Ll OT5A4<—DNA &£1.5 ul OIERE
Fo— ) U ZEEE [70 oM b Y X - HEBEEEH (ol 7.5), 1 mM EDTA. 200 mM NaCl.
70 mM MgCl:] %A L. 60°CT200MMEHK. ZRCHEBEL T, #HL. F=—Y X
e,

(4) FY AI—¥RIL

4 X D INTP-dINTPIR &8 (Mmkix. Table 2-1 IZ/RT) 2#& 4 2ul ¥H, 3707
12— VBBLBEZAELU . KT, (3) THRU LM —AHDNA-T 51 v —DNA EEH
22wl Ol a—2%2P]dCTP (400Ci/mmol) & 1 w1l @ DNA polymerase I KlenowHfifr
(2 units) #MA. BELR. TO#E%3.5 vl ¥ O4ARKDOINTP-dINTPIREBAL vy XY
FIL7BLDBICR2EL. BAULKL. 25CT200BMER. Fx— XEAH[1 nM dATP,
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1 mM dCTP. 1 mM dGTP. | mM dTTP]1% 1 ul ¥ 2OMA. XS Z2WHBMEL 2. ZhiZ.
6 ul OFMALAT I KEEH [95% (v/v) FALAFZIF, 0.1 % (w/v) XC . 0.1 %

{w/v) BPBIAMA. 5CTI3IDMEMALEE. BB L =,

Table 2-1. dNTP-ddNTP mix solution (dddNTP)

dddA dddC dddG dddT
(wl) (ul) (nl) (1)

0.5 mM dGTP 20 . 15 1 20
0.5 mM dATP 1 15 20 20
0.5 mM dTTP 20 15 20 1
100 mM Tris-HC1 (pH 7.5),
1.0 mM EDTA 20 15 20 20
H20 45 45 52 30
{ddA)  {(ddC) (ddG) (ddT)
1.0 mM ddNTP 15 15 3 30

121 120 121 121

(5) RYTZI2VLT7IRFrLVERRIBLCET -T2 57 14—
SHDEMRYFIZVNLTIRRSITHNL (206x400x0.35mm) EEAL. KO & IE
MU, 3.8 D7 2YNLNTIR, 0L2g8 DAFLUVYERFTZ2YNLT IR, 25 gDRE.
BEUS nlDIMfEEEDTBE £H# (890 mM ~Y 2. 890 mM k&, 25 oM EDTA] (2
BeAtvkaEma., £2B%50 ml ZLk. CORBELABETCHBSRL. 0.35 ml ©10%
(w/v) BEREE7 v E=D AKBREI0 ul DT FIAFLYITIVERMA. ¥VEE
BEHER., (4) TRYAFT—ERIEET->/INA EH2 pul £V ICEE, 2,000VCE
[k ETo . BEREKBEROS N EEHREIE, X8 T 4 L4 (X-Omat AR, Eastman
Kodak Company, Rochester, N.Y., U.S.A.) #HWTA—FrSIF I 7 4+ —%fTo k.
AMDNA DYER : DNA ARBE (7754 RNA A Y RTA%) #AWVWTHRDNA %4
W—ABET L ITERUL. HEBITEALTWADN B2 B 707 KTHRELTYOH
Ufco 727 %#BRELURK. DNA A2 RHEEL L. 2AKOHAINA 7 =—1 >
JEEH (70 oM b ) X —IEMEEEA (pH 7.5). 1 mM EDTA, 200 mM NaCl. 70 mM
MgClJICHERR L . 60CT200MMiBR. BRGHXE T2 A ANDINA ZRRL 1z,
RZUNZDin vitroMBEAEMOIE : Vetterb5DHHE (9N EHELTiIT» 2.



0.6 ug MOpSRTIBARE 7 J X I KDNA (ABIGF) ARSI Y ND #RIGHE (50 nMb Y
A —EEEEHB (pH 7.4). 10 mM MeCl: ; £8100 pllizMA. 30CTIHMRIEEK. &
ORIGHEI, 100 w1l OAEHK [0.83% (w/v) N-F2UL¥ LIV (Sarkosyl
NL-97. ICN Biomedicals, Inc., Plainview, N.Y., U.S.A.). 42 mM EDTA. 8.3 mg/ml 7
o —+€ (72FF—FPE: BHREHRRALH) ) 2. 3TCTHLBBELR. h
12200 wl OBEH [10 oM b Y X - HEBEHEE (pH7.4). 50 mM NaCl. 1 mM EDTA. 50
wg tRNA] #MAkE. 7=/ —VHETY ORI EREER. =5/ —VIEBRETWV.
DNA # B UL 7tz. TODNA #FRMETTEBEB LUz, TODNA 2 Hindl THIHE., THO—2R
FILVERKRB AT . BRSKFONY FPBBINEE, RS NI ITHBRAEN
HHDEHEL .

RYUNIOME : tac 7TUE—FY—OTFTRIZREEFERBVWET T X I FpNIIs%E
LHOKBEIMIO BE 7YY 2B 2xYTIEM T37°C Thaso=10.5 F THEH%. PTG
(REBE | oW) AMA. S6R2BMERLL. B (H1 8 £25% (w/v) a—
7U0—2%Z0.25 M b~ YR -EEEHBE (pH 7.5) CB&BLL. ChiT. 0.32n10DY
VF—ABE [(S5ng/ml YYF—A, 0.25M FYRA-EEEHE (o 7.5 1% mMA. K
RTI0FRMER. 2.67 nl OMAEM [25 oM EDTA, 1 % (w/v) Brij-58 (k) . ~Y
A-EEEHE (pH 7.5). 2 mM DTTI A MA. 201, 10REBEL THEBAL . BEK
&4 8 (40,0000 rpm. 304 ; HII Model 55P-7. RP65T u—%—) L. L®B#& (i
HE) B, MEEEN T AP, in vitroMMATER A HBIC U THBET- 2.
9. MEBADEAEEL U — A H F 4 (DE52 ; Whatman International Ltd., Kent,
England) {4 1F. DM [50 oM + U X —IEEEE M A (pHT7.4). 50 mM (NH.) 2S04, 1 mM
EDTA. 0.5 mM DIT. 10% (v/v) Z Y +ta—J. 0.1 nM PMSF (Sigma) | THE L 1=,
ATEHOD - EARBE S % Bio-Rex70 5 A (Bio-Rad Laboratories, Richmond,
Calif., U.S.A.) (T#if. BEEMH [50 mM V)V VEEF MY D LEHB(pH 7.0). 1 mM
EDTA. 0.5 mM DTT. 10% (v/v) ZVY-+ta—)b, 0.1 mM PMSF] CHiFi%. 0.4 M NaC1% &
CBEmMBETHEELU L. HBRAFEHOH > 0.4 M NaClIEHE S ENAS KO XY TFNRIA
k4 5 & (DNA-Grade Bio-Gel HTP; Bio-Rad Laboratories)iz#iF. HEE®# [0.1 M V)
VEES Y Y ABEB (pH 7.5). 2 oM DTT. 10% (v/v) Z'Y+ta—j . 0.1 nM PMSF] T3k
BV 2HM )V UEBIY D LAEBERESCHETRB CHHE UL, HBRAEHOL > BN
BI43 % Bio-Rex704 5 AWH i}, BEBBMTEEE%. 0.4 M NaCl, 33% (v/v) ZVy+tuo
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— VABUBEHBTHEE L. HBABRMOH > R BHES AR NI OERES
UTHRLUR., CORMBERZEZSIS-RY 72 YIL7 I EXLERKBICLTRER. £2<
DYYRINYEBRDONR., COBRFBBRIVAIOBIEUESTHoR. £ &
DEFIZERIVL7T—PEREZED b - 2.

DNase | 79 bV YT 4 27 : Andrews SO HFE( NE2HELTIT-F. E
3. Maniatis® D A&k (48) x> T. HIREBREYIE TO R K% & DDNA My L DNA
polymerase I Klenow Wi & & U [ a — *2P]dCTP#% dATP. dGTP. dTTP% & & R AG#E 2/
A, 25CTIHBRIBIET. 3" KRWMB°2P TEEXNLIN WA 2B L. ZODNA
WiR BN EHREBEERTYHL. RYT72)L7 I RFLVERKIICHIT. BNODNA ¥
FAEIRL. —80HB2P TEBINLDNA BiH %28k, CODNA BiIFLERIVNRIE
SHBUERE£50ul ORIGH [50 nM b)) X358 (pH 7.5). 5 mM MgCl.. 50 mM
NaCl. 1 mM DTT. 5 % (v/v) Z'J-+tuo—). 100 ug/nlF4 kIR DDNA (Sigma) ]Iz in
A.30CTIHBMRGE . £0O%. EHBODNase | HE [FEOTVEEKD
DNase I (Sigma) %50 mM KC1. 10 mM F Y X —IEBEE@EM (oH 7.4). 10 % (v/v) 2
Ytuo—J., 2 oM CaCls. 0.1 mg/ml BSA 2 S GHBICHEHM L] M. 30CTT 2
MBLUR, chiz. 150 vl OELBEH[50 oM EDTA. 0.2% (w/v) SDS. 50 wmg/ml
tRNA] %X TDNase I A FLX /=%, 7=/ — L. =9/ - LB ET-
fzo TODNA HAE ZDNA EHHERE [80% (W/v) BAFVILALAT IR 10 oM
NaOH. 1 mM EDTA. 0.1% (w/v) XC. 0.1% (w/v) BPB Jic#&» L. 90C. 5 SREAEMHL
RHIZ. SHOEMRY T 7Y LT IR LICRYE, 2, 000VCERKIL 2. Y LAEEE
B XBIANLERAWTE—=+ITIFTITT 4 —%To. T, NI OEAHEER
DHEE L DNase 1 LB U /=DNA Wi DB /X9 — > L. 6 UDNA Wi F % Maxam & Gilbert
DHEWUNTGCGLALLRTECTHRIZMULDINA WFEDHREINY -V HHELT

Tor.
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BIH KRBRER

3. 1 8. cerevisiae {IZHF BpSRIT I X I FOFRHER

1) > FRMEABELORE
ABEEINTOEREAS5X 57D, pSRI 73 2I FABO/NL=— 7 HEEIC
YIp32S7 I X I KAMAELRME TS 2 I KpSRT301 #BEL. COHRETSXIFZH
WT., #ODOpSRIKA T 1 FiSallY v A —BHEAIhLB2OERTIAI F S8 H
ANTND (40), . pSRIZTIRAI FOHTHABRIEIRENALTEZZ Z e 3DP >
TW3(2,90). 22T, Ba@Sally v A—BAERT5AIrDH b, HRBERERH»
5. ZEOpSRIKDO—ADIRZ 1 HFTSally Y A—BREAZOLERT I I F (Fis.
2-1 OKHTRTMBIZSallY) Y —BHEAINRTWS) 2AVTHTRABLCSLAR
HBORELZTo> e WASaAlIFNOMNEBER X SITHMIZME T 2012, HASalIdp
TR DDNA M3 T 7 —J 70—V 0%, 474 F vy -2 AERFWTDINA
WEBEHNARELULBER., SallY) v —dFig. 2-2QIRTHBIZBEAZIHATVLE. WTh
DERTIZAIRL 1EDSallY Y —%FATWES, ELOTIAIFTIk. LM
Bc\BBERR (RA311 bp) WP EHEM> TV, T4bb. pSRTI09, pSRT3Z6.

pSRT306. pSRT308Tix. #& <. 21 bp. 311 bp. 4 bp. 22 bp®REMBELTHEY.
pSRT321. pSRT322Cik. &%. 9 bp. 14 bp DEHEBEL T, &/, pSRT327 Tit.
5 bpOREDBELTHEN., 361, HUL AvalBiBSERIN Tz,

FT. 2hopsallY VA —BAZERETIAI R TCHATFHHEBRABREZI 20 2HARS 2
Iz, THhEDERET S 23 K#%S. cerevisiae NAST-11A-D (leu2-3, 112 [cir®})izs8 A
Ufze 30°CTAHMIERE. E20ERTI5AIRTL ., FREBEICERTL kleu'
BEREEPSTIZIFDNA 2FRBU. #ABLLT 5 X I FINA TKARIBERR #E2 7 >~
EY) Utk REERTA ALK, BEBEFEHOE TS XAIFSFE212F (70
—V) TOIERHLE. 207 V) VIR ERRE,LSHAR LT 5 X I FDNA
00— HIRBERAVAITYUINE. 70— A5 LVERKBET. DNMM iR OXKEx%2#
X, AR (FER) 270 BR (MBAR) 2F»r2HWHLAE( ARSFELUBRSFH
W5 e FRIhMWiE%L, Fig. 2-3B IZ7RY) . pSRIT T A I FORFHMMA . RE
BEFCEIRTOE-Y9—2EALEVWRO, XBERATEEZSZWO T, BREZF
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del 309
IRl 300 . 350 . 400
st -’!,TGAGCTACTGG:\CGGGAATTGTGGAGGGGTA’[TGTGGAATGGAGTGTTGTGTTGTGGA‘\CGGGGTTAATTGTAATGATAATGATAATGATAACGGTGGGTTATAGAGCA’ITG CATCTGT
AACTCCATGACCTCCCCTTAACACCTCCCCATAACACCTTACCTCACAACACAACACCTTGCCCCAATTAACATTACTATTACTATTACTATTGCCACCCAATATCTCGTAACGTAGACA

1R2 3880 . . 3850 . . . . 3800 . .
. cTCcACe .
del 326 gel, 327 iccacergg (S21T Linker)
IR1 . 450 . . 500 —-——

CGAGTTACG‘\TGATAGAGTTGTAAGC-GCGGCAGCGGGTATGGCCTAAATAATTTAGTT'!‘AGCTTAATATAATTTAGTTT’!'I‘CTAGGCGAGA TCATATCACTGTGGACGTTGATGAAAGAA
GCTCAATGCTAC TATCTCAACATTCCCGCCGTCGCCCATACCGGATTTA'ITAAATCAAATCGMTTATATTAAATCAAAAAGATCCGCTCTAGTATAGTGACACCTGCAACTACTTTCTI‘
IR2 . 3750 . . . . 3700 . . . 3650

IRl . 7350 . B 600 . . 650
TACGTTATTCTTTCATCAMTCGTYCTTTCATTAATTCGTTC‘[‘TTCATCAAATCGTTCTTTCATCMGTCGTTCTTTCATCAACCCGTACCGCGCAGAAGGGAGCCTGCGCACGCGGTTG
ATGCAATAAGAAAGTAGTTTAGCAAGAAAGTAATTAAGCAAGAAAGTAGTTTAGCAAGAAAGTAGTTCAGCAAGAAAGTAGTTGGGCATGGCGCGTCTTCCCTCGGACGCGTCCGL CAAC
IR2 . . B . 3600 - . . . 3550 .
del 306 ' .
'GAATAAACA
dup 321 CTTATTTGT del 326
IR1 N 700 . 750
CTACAGAMTTN\ACCATTACTCTATCGMTAAACATTTGACTACGAGAAGCAATGATTGGTCCAGTT(‘ATACACCCTGACAGTTACTATGCTCTTCTATTTTTAT'ITTGTTCCTCTMA
GATGTCTTTAATTTGGTAATGAGATAGCTTATTTGTAAACTGATGEC TCTTCGTTACTAACCAGGTCAACTATGTGGGACTGTCAATGATACGAGAACATAAAAATAAAACAAGGAGATTT

IR2 . . 3500 . . . ! . 3450
dup 322 GAGAAGCAATCATT
‘CTCTTCGTTACTAA
IRL 800 850

CTACCCCCT[GTYCCTCGTACCTICTYGCTGMACTAAAGATCTAC&CTC \AAATGT:\AATTCTTGAAAATAAAATAATAACCCAATAAAACCCTCTCTATATTGCTACCATACACCATC
CATCGGCCAACAAGGAGCATGGAAGAACGACTTTCATTTCTAGATGTGAGTTTTACATT TAAGAACTTTTATTTTATTATTCGG TTATT TTGGGAGAGATATAACGATCGTATGTGGTAG

IR2 3400 . - . . 3350 . . . . 3300
del 308
IRL 900 . 950 . 1000

TX'CCTTCTTGG:\CCTCCCCTCCGM'ITI'GATTTGGACA’I‘TATTGCMTACAAA’ITT,\TC \'I'I’ATACCC:\TCATTTT‘I‘ATACCCTTACCTATTACCTACTCTTACAATMGMAAATTMT
- MCGAAGMCCTCGAGCGGACGCTTMACTMACCTCTMTAACGTTATGTITAAATAGTAATATGGGTAC TMAAATATGCGAATGGATAATGGATGACMTGTTATTCTTTTTAATTA
IR2 . 3250 . . . 3200 “ .

IR1 . 1050 . 1100 .
AGTACACCGTCTCAATAGTCTTACAGAAAGGCT[MATI‘AGCAAATGAGTCTATCCACTGGACTCAGTTTCACT’ITGATCCTCAGGATCCTTCTCAGAGCCTCCTCTTCTGTTGCTGTC T
TCATGTGCCAGAGTTATCAGAATGTCTTTCCGAATTTAATCGTTTACTCAGATAGGTGACCTGAGTCAAAGTGAAACTAGGAG TCCTAGGAAGAG TCTCGGAGGAGAAGACAACCACAGA

IR2 . 3150 . . . . 3100 . . . . 3050

m ﬂACCTAGAATGTCACA:(llggGACTFGTAACCGAA’I‘ATCATCCMAGTGTTACC'ﬂ‘GTGA(‘;GTCAT’I':‘%gKTATTCACCCAAAATCCGGAGAGGTGACCAGMTTGCTTG&mMéééz‘
2 AATOGAT(‘:TI‘ACAGTGTGGACTGAACA'TTGGCTTATA(?TAGGﬂ’;(?.ggAATGGMCA(.JTCCAGTMCTATMGTG(?GTTTTAGGC(':TCTCCA(é’;(;,{;TCTTAACGAfCCMATTng(;;- 5¢
Fig. 2-2. Exact insertion sites of the Sall linker in the mutant plasmids.
Insertion sites of each 8-bp Sall iinker on mutant plasmids determined by
sequencing the nucleotides are indicated with arrowheads bearing the mutant
number (description of pSRT was omitted from the plasmid symbols) for the IRl
(upper) and IR2 (lower) sequences of the inverted repeats. del and dup
represent the deletion and duplication, respectively, which occurred
accidently by mutagenesis with the linker insertion. The new Aval site,
5°-CCCGAG-3", created by the linker insertion in the pSRT327 is underlined.
The italicized nucleotide sequence between the insertion sites of pSRT327 and
pSRT306 indicates the 58 bp region containing the essential sequence for the

intramolecular recombination. Horizontal arrows indicate the 14—bh repeated

sequences.



A 327
326 306 309

A B |l A B l

d>~spe-="" 2.5 kb
3.3 kb Type B

Fig. 2-3. Clonal analysis of the mutant plasmids. The DNA of each plasmid
clone prepared from the E. coli transformant was restricted with Aval and
electrophoresed on agarose gel. Panel A shows the migration patterns and
possible migration patterns of the restriction fragments of type A (lane A) or
B (lane B) configuration of the plasmid molecules of pSRT306 (indicated as
306), pSRT309 (309), pSRT326 {(326), and pSRT327 (327) as illustrated in
panel B. pSRT327 has an additional Aval site indicated by an arrowhead with
(A). The a, a’, b, ¢, ¢, and d bands shown in panel A correspond to the DNA

fragments of the plasmid molecules as shown in panel B.



Z. BBERNTOHBIIZL->TELREEIXSON S, TOER. pSRT326 Tk, AR T
FAIFIU—~VIFETABDYPFTH- =0 (35 ; Fig. 2-3A LPFNRz70—2DHB
O27u—v O VEE%RL ). pSRT306. pSRT308. pSRT309. pSRT321. pSRT322.
pSRT327 Tk, AR T L BESFHRIERAM T >HE SN (Fig. 2-3A H LU Table
2-2), U7J=#8-> T, pSRT326 LINAD T 5 A X K Clk. S. cerevisiae XMW TR FHMMR
AR EEIORZ. CHhOoORKRDL S, pSRT326 77 2 I K BREL T3
bpD ALK (IR1 D416 ERHST26 BE) S FHRMBAL L > THEZEBRBBEETAT
Y., hoSall) Y AH—HAZRT P FHMABRACELE*REII LV EBREINT.
F /=, pSRT32T T, FHANEZABRDFBLUBESFLUAD IO - LB SN,
Zhoo7u—oBRHERE. RO T2 FRHABICHEIEETERI OHTHRRS,

Table 2-2. Frequencies of gene conversion associated
with intramolecular recombination

No. of plasmid clones

Host RAD52
Plasmid genotype Gene convertant
Total Recombinant®
Total® Sall/Sall® +/+¢

pSRT308 + 36 11 3(1) 2 1
pSRT322 + 33 18 10(9) 2 8
pSRT321 + 25 13 12 (4) 8 4
pSRT306 + 38 21 5(1) 3 2
pSRT327 + 62 24 18(11) 10 8
pSRT309 + 33 18 1(1) 0 1
pSRT327 (R} + 13 0 0 0 0
pSRT2709 + 50 34 19 (5) 3 16
pSRT0627 + 35 0 1(1) 0 1
pSRT0609 + 38 1 0 0
pSRT327 radb2-1 33 17 5(2) 4 1

0 0

pSRT327 (R") radb2-1 42 0 0

*Recombinant class of plasmid clones, discriminated by the relative
orientation of two unique regions, which involves both the gene-convertant and

nonconvertant clones.

"Numbers in parentheses indicate the number of plasmid clones showing the
original configuration of two unique regions among the plasmid clones showing
the gene conversion.

°Sall/Sall represents the plasmid clones having the Sall site on both copies
of the inverted repeats.

“+/+ represents the plasmid clones having the wild type or without the Sall
site for both copies of the inverted repeats

2 2



Kz, BAOERTS5RAI ROMASalIBAH LT, EAEBOMTHBADBE >
AR, HBARNESSHMIRELL. BRIABUORELFig. 2-4zRUE
HETiTote. 28 xiE. Fig. 2-4B IZRL B DSall) VA—HAERTSAIF %
S. cerevisiae I CHM X H=4%. S. cerevisiae MIFPSEIRLAT I XI F£K
BRI AL, S. cerevisiae MIMIFELRBLADTIXRI K7 u—Y 228753, &
00— HFBRBEEMuILSalIT BRI 5. LG, Sall®fik n bEM (Fis
2-4BIZBWTLTCRLUARNME) THEBRABEZ - RZ6E. 75AIFFFREB-1 2O
& (Fig. 2-4M) &bl AR T LR UDNA WA SHEU 3. MBI HSallfffidn b
£ (Fig. 2-4B WBWTRTRULAME) TEZ-R24Z6. B-IIROME (Fie.
2-4C) WWEAL. AR TFELELZN HEBEULZ, 75XIF2u—r 2 HlR8R
Mlult SallIC_EBiZYIH&k. 7Hu— A LERKHI TN - 2REXBZ L&
D, BASAIBNOEGE S SR THEBABEZ >R PERDZIEBTE S,

Fig. 2-3DERDAvalYIINSY — 6, M AR (BR) tRE-ZT52IFI0
— A HIREBEREMuI L Sall T &Y%, 70— X VERKEICH T = (Fig. 2-5).
OB, SallBMiPEAOIROHEN T AMBIZFELLD., RPSHEERLTWSE 70—
VHLHEEINEDS, COLIRTFEAOIO—VIIBRALTCEAR. TOL D RTFEAD
70— IZOoNWTR., FrdRs, B2OERT7S5AI KOS 5B, pSRT308 (21 70—
VERANEDS, EOH>BOII7u0—r &R L) pSRT32T (247 0—vDH5B5 su—
ZRUR) T, AN 20— VR R2TARSFERUYHBNY -2 %R0L. B-1 85
FTH-d5. pSRT06 (20 Ju—rdH>HB122 00— %RL 1K), pSRT32I ( 22 0—
Vo RERAE). pSRT322 (b 7 u—  MREW) Tk, RTARSFLRUINY -V
AU, B-IIBGFTH-> . Ll -> T, pSRTI09, pSRTI2TO i ASall#ifii & 0 b &
fl¢. pSRT306, pSRT321, pSRT322 o)ﬁ}\ggll%ﬁﬁzck NLERATHBIBEI k. 20
ZEpo. M AN IZpSRT306 MSalldfifii & pSRT327T @SallBiOBICH 2L WVWR 3,
pSRT306 & pSRT322 O ASall&fifiiid IR WCHMOEET 5 X I FO# ASalIBAIid IRI T
ﬁET%@T\ﬁMMStﬁmﬂ7®&ﬂuyﬂ—%ﬁwﬁﬁm6\ﬁ&i%ﬁﬁ\ml
L0497 EE» 6554 1EE DM, IR2 13,624 EEDS3,681 EEDM D58 bp EFIN
(Fig. 2204 %Y v 2 XFTAHRLULER) CBEXNf. 58 bp BEHIRIZIE3 bpd AN
— AW EHETI4 bp OB EREEINGBEFEETS. £z CHhIZHEWT4EORLU 14 bp
REBEFIBFEET 2. THh o658 bp BIWEET AT RN,
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2-4. Strategy for determination of the recombination site on the pSRT

Fig.

plasmids by examination of the Sall-Mlul fragments. Symbols are described in
the legend to Fig. 2-1.



PSRT309 PSRT327
}\124567891’11 AA1234

pSRT306 PSRT2606
}\A123456789101112 ?\A2345

Fig. 2-5. Restriction analyses of pSRT309, pSRT327, pSRT306, and pSRT2606.
Several type B (recombinant) molecules of each mutant plasmid discriminated by
Aval digestion (Fig. 2-3) were double digested with Sall and Mlul and
electrophoresed on an agarose gel according to the strategy shown in Fig. 2-4
Each original type A molecule of the mutant plasmids was electrophoresed on
lane A of each panel, and lane A contained the A phage DNA restricted with
HindIII. Arrowheads on the left margin of each panel indicate the migration
sites of the original type A plasmid, while those indicated by arrows are the

bands of type B plasmid molecules



RiZ. PFHRAEACHALERERET S22 521>k, 2ORDIZ, Sally v h—
BAZERETIXI FO/PMZIWEFE S OMul-Sall B &, QY VA —BAZERTIAI K
DREWES OMLul-Sall Wi & 2 E& L. Fig. 2-6IRIHA2OREKERTSAI R %
ER L. ThOREKERT I A3 R%S. cerevisiae NAST-11A-DERICTE ERBRETEA
L. COREGBREZRAW TSl Y A—BAZERT7 I AIFOBEGLAROHETSH
FHREBAOEEL RNz, OB, Fig. 2-6IZRT & 51258 bp B #SGHEEER
% U 72pSRT2627, pSRT06273 & UFpSRT0609TId. BB FiE v 0 BB X h =45, 58 bp
RHIOABDEBRDH % RK L 72pSRT260635 & *pSRT2709Tit. FEFRBOBERSTF LM
BABSTFHBEBINE, ULEHF->T, 58 bvp BEFIOAHIOEBROAEREKLET S R 3
FTRASFRMBEAEZ 25, 58 bp I FCHEBRAERKLETIAI KTHEFHA
MBzEEZSZW. COZERPS, RICHBMITME UTHREL 258 bp BEFIPADDNA
B FRMBRACE > THHTHS. REEFAERIBULDpSRTII0 B L1568 bp EF| %K
KU TepSRTO609TIE. &4 | AOMBARS THEBINLY, Cho0RFRETOR
DERMMMBARIZEL>THELREELON S,

2) 2 FRMB I CEIBETFER

HITHE TN fa &k 1. S. cerevisiae #» &6 EU L 2pSRT327 75 R I KA KBET 1
DFITOEFHMU. AvalTHIHik., 7Ho0—- A LERKTEITOE. ABSFLBES
FRHESETZ22HEHEOUMNY - BSEBxh2 L FRaINHB. Fig. 2-TA O LB R
UVISBEHEOVIBINSY -8B ahiz. al—YONRI—2EDbL—VDNRY—
E. BL2ARRT (220—VAFARRLIBD2T7u—r) LBRSF (6229—rD>
BUI70—2) T—BI28. DTS5 RAI KORITYIMNS—V iz o FHRMAERZ LT T
FEBEBTE 20, pSRT327T 79 X I RTiESall) ¥ h— DA & O H L < Aval#hHi o35
MERTWS (Fig. 2-2) . AvalYlIN Y — o S, BIZFERIZ K 0 IRI FoAval3Rii
o5, IRZ LOHMT BB HBD . @AHOIRIZAValBE BRI TVWEEE (cb—
62209 —20HB5107u—>) £, IRl LOAvalBRPEIHHEKRLT, BAOIRED S
AvaliI BRI =8E (dV—rBLUel—Y 1 6220—rDH587u—r) b
Exo6n3 (Fig. 2-TB), ZhO DL EZBET 2 HASaAlIBATHLD S DI, &L
—YDTIRAIRZO0O— U AEFIRBELSaITYIH L TSally v —HE 0L A AN
(Fig. 2-7TA THIOBH) . OB, al—~rBLUTbL—YyDT 523 KT 1 DR
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Plasmid Total
18
pPSRT309 33
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pSRT310(R ) 33
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pSRT0627 L ] 36
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Fig. 2-6. Effect of the deletion in the inverted repeats on the
intramolecular recombination of pSRT plasmids. The deletion plasmids were
constructed by ligation of the appropriate Sall-Mlul fragments originating
from the mutant plasmids. pSRT2606 was constructed from those fragments of
pSRT326 and pSRT306, pSRT2627 from pSRT326 and pSRT327, pSRT0627 from pSRT306
and pSRT327, pSRT0609 from pSRT306 and pSRT309, and pSRT2709 from pSRT327 and
pSRT308. The hatched box on the scale represents the 58 bp region, and the
boxes with numbers indicate the approximate insertion sites of the Sall linker
in each mutant plasmid. Verification of intramolecular recombination was
carried out by using the same procedure as described in the legend to

Fig. 2-3.



Sall cut

Fig. 2-7. Occurrence of variant molecules from pSRT327. Plasmid DNA of
pSRT327 was prepared from the S. cerevisiae host. This DNA was used for the
transformation of E. coli to the Amp™ phenotype. (A) Several independent
samples of pSRT327 DNA prepared from the E. coli transformants were examined
for their structure on agarose gel after restriction with Aval and Sall. DNA
samples showing five different classes of migration patterns (lanes a through
e) are illustrated in these panels. The molecular sizes of the DNA fragments
were estimated by comparison with the A phage DNA digested with HindIII.

(B) Structures of the pSRT327 variant molecules, assuming that gene conversion

took place at the Aval-Sall (A-S) site.



TYIMixh, SallBhlic Bk AP o, cL—VOT7IRAIRF2HAICYIFiEN. &
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CBLEAB. LEOBEKA DB L. pSRTI2T 75 X I K DAval-Sall A Ciki#ER
FEEBEZZEE. Aval-Sall/+ BOIRRE L D75 X3 K S, Aval-Sall/Aval-Sall
BOIRERE+/+ BORESLDT I X I KNEU S (Fig. 2-TB), F /=, +/Aval-Sall B
DTISXAIFFECEDP- 2,

Kic, BroSallY v A—BAZERTSAIRBLURKERTIAI KT, BIETFE
MBPEZ BTz, S. cerevisiae PSEIRULEERT I A I &, KIBEAER
LTlRcDZza—2izaBlLi®k. SIBEESaITYIHL., 7HX¥a— XS VESKH£T
>z VIKINY —2h 6, BRIZTEROEES L CHEE (+/+ B % fz(dSall/Sall #) %
L. ZOKE. REEFEZXKMALUpSRT32T(R™) & & U598 bp AL % K £ pSRT0609
L pSRT062TC REEFERIZIE L AL BBES R A D> f bt MOT IR I KT, +/+ B
Bk Ursall/Sall HOREZEFERMSHECEZ I N (Table 2-2) . pSRT0627C kAR
FEBREAEBCULRZ0-—UN I HEExhRYS,. ChEIBFOEEMMBARICE-> TE
ChetExohsds. £, KEWRK (pSRT2709TIE153 bpBRELTWAB) TH. 58
bp BEFzxt UARS Al%] (B@BERAN) &0 EWVWHAL (pSRT308) T . EHE Tiltis
FERBBEIN. LEBS->T., BEFEREIZFHHEBRICE> TIRREHETEZI- T
W3, THOOERBEIMADQIRICEREREZD, AADOIRGPSHERLEZDTEH. 1
DEBRRPSGHELT. FQIRCEEBEHTIZ LR D - 12,
BEFERIAKBENTCHZI > LaiESE LD S5, S. cerevisiae PSHINL =
pSRT327 % EEAvalTHIMIL. 7H O — XX L BERKkBE1T-> 1%, °*P THHEHES XL
LzpSRI75RAI R 70 —~TELTH Y UBRIEZTOL. BETFERBTIAIFON
YELHBINhRZE (EREK) 6. BREFERIKBEATEZ>OTIRAZL.
S. cerevisiae HBENTEI -zt WA 3.

LEDERD» S, S. cerevisiae BERIZBEWTIRNOZERRM TR O TFARMEBAK
ko TIREBTEZFERBE S LHBDD o 2.
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(Table 2-2) . TOZEHS. CHhSOBERIZITRAD? BEREFOMXIHSBETEVWEEX
3,

@
pBR322

4.4 kb
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Fig. 2-8



Fig. 2-8. Construction and intramolecular recombination of pTAC327 plasmid.
Plasmid pHN1 was constructed by ligation of a small HindIII-BamHI fragment of
pDR540 (68) containing tac promoter and a large HindIII-BamHI fragment of
pBR322 (6). Xhol linker was inserted at a BamHl site of pHNl after fill-in
reaction. To clone R gene, plasmid pSRT303:(40) was restricted partially with
Pvull and linearized at 152 bp upstream from ATG of the R gene and digested
with BAL3] exonuclease and was ligated with Xhol linker. Consequently, Xhol
linker was positioned at 16 bp upstream from the ATG of R gene on pSRT303. The
Xhol-Sall fragment containing R gene was inserted into the Xhol site of pHN2
to generate pHM39. A small Pvull-EcoRV fragment of pHN39 was deleted and the
small BamHI-Styl fragment was replaced with a BamHI-Styl 24 bp synthetic
duplex DNA fragment to generate plHN4. A large PstI-BglIl fragment of pHN4 was
replaced with a large PstI-BglII fragment of pHM39 to generate pHN5. Plasmid
pTAC327 was constfucted by connecting a large Mlul-Nsil fragment of pSRT327
with a small Pstl- Mlul fragment of pHN5. pTAC327 recombines to isomer as
illustrated by thick arrow. Open boxes with GalK indicates the Galk gene of

E. coli. The approximate position of Aval-Sall site generated by the Sall

linker insertion is indicated by an arrowhead. The tac promoter is indicated
with a closed triangle. Abbreviations for the restriction sites are; A, Aval;
B, BamHI; EV, EcoRV: G, BglIl: H, HindIII; M, Mlul; N, Nsil; P, Pstl:

Pv, Pvull; S, Sall; St, Styl: and X, Xhol.



3. 2 KBEIZBITApSRITIZXAIROFHHEBER

1) pSRIZ7I X I RO FHRMEANOBEBEEEFORE ‘
PSRIZSAI RO FHHMEACHBEEIRNFHAEEL TVWLELZHRHNZLHIC. KiE
BN TREBZFERBA T I L 2AI . E1IHTRLULLDIZ. pSRTI2T &
S. cerevisiae BEMNTH FHMM A %175 45, pSRT326 FMP A MBEARKL TS 1=
®»iz. pSRT327T(R™) W REEFHBREBELTWVAEHiIZ. 2 FRMBAZITDRZV. 2hoS
DTSAIRBFRKBHEATHBE I A3 T&2. UL L. pSRTI2T R KBENTIES T
NP AETOT. REGEFTUE—FI—DBRBEATREL TWIZWOTEZWLLE
Abhiz. #2TC. RAGZFTOE—I—%[PTGOFHIZ L D KIBEN TREATEE /L tac
TOE—9—(26)ICEXMH| A . Fig. 2-8IZ/R" ¥ & 54T, pSRT327. pSRT326.
pSRT327(R™) 72 X X K ®Nsil-Styl Wify (543 bp) Atac JOE—F—%F
PstI-BamHIWT )} (877 bp) & 24 bp DBamHI-Styl& Rk 2 A$HDNA Ti& X # X T. pTAC327.
pTAC326. pTAC32T(R™) (WTHGLARHTFTHB) HER U (Fig. 2-8 TIiLpTAC32T @
YERFGERRALU . pTAC326. pTAC327(R™) X % i€ N pSRT327 % pSRT326. pSRT327(R7)
WEHEEBRATHERLE) . 26T ITAIF TR, tac 70E—F —OSDERS & RERT
DATC DREIBITAKBETCORBICRBEEINST bpTH B, KIBEIMI03 ¥ % pTAC327,
pTAC326. pTAC32T(R™) CHE&GRL. Bohfz7 v VINtEEEKKE %] oM IPTG
BLUTFUEY) Y AQLBREIEMTIICT2HMER L. KBEH,PSTITIXIK
DNA #EIR L. HindIl CHIWiE. 7H0— XX LBREIZTV. ABRSFONYRE L
UBESFONY K%#BEU = (Fig. 2-9). TOHERE. pTAC32T TR EFFRUCEBETAR
BFONRYREBERISFONY RPBEI Oz, pTAC326. pTAC32T(R™) TiIRABRSGT
DONY RBEBBExh (Fig. 2-9; 9 L—Y. 3 L—Y,. 5 b—Y) . Lkd>T.
AKBENTSH. RYUNIOBEToSRIT 7RI RO FREBEABRZS. IPTI6GEE X
TWIBHEE I TR L = KIBE P ©pTAC32T 2#EIL. S FHMBRIOEELRARS &
ABSTFLBRAFONY FFRBIA. FTHMBRAPEI TR 8 =) . &
hid. IPTCEESE L WM TERL TLRBETFSFHRBL. ThTH7HBAHBEDL
rmeEx6NBE, THhopZ eSS, pSRIT7IAI RO FRABRACEIEBEER T
BELTWaEWEWZ 3,
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Fig. 2-9. Intramolecular recombination mediated by R protein in E. coli.

Plasmids pTAC326 and pTAC327{(R™) have the same structure of pTAC327, expect

for having a short deletion at the recombination site or the disrupted R gene,
respectively. pTAC326, pTAC327(R")., and pTAC327 plasmids were used for
transformation of E. coli JMI03 (recA*; + on RecA line) or JMI109 (recA™; - on
RecA line) strains to the Amp® phenotype. Plasmid DNAs prepared from the

E. coli transformants cultivated in nutrient medium with (+) or without (-)
supplement of IPTG were examined for their molecular configuration of type A
or type B on an agarose gel after restriction with HindIII. The possible ’
migration patterns of restriction fragments of type A (lane A) or B (lane B)
configuration of the plasmid molecules are shown on the left margin. The
smallist restriction fragment of type A configuration of pTAC326 molecule run
faster than those of other plasmid molecules. Lane ! contained the A phage

DNA restricted with HindIII, as size marker.
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KIBE Q=N 2 128 < recAilifzF. recBC BEIZF Q) BRBAEANTEI25FH
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BRSFONY KBBEXNREZ. ULEB->T. pSRITIAI RO FHHMA (Trech™ ¥
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AIFOnFREBZIICE. AKBHEOEENMBACHEST2EETFOI B2 LD
recAififn ¥ & recBC MIZFOBMEIARALETHELELON S,

3.3 RAYVYNRZIDODINA "ORLE

PSRIZSAI RS FHRMBIICRIYNIBHBATHEI LS. RIVNZOMMB
A EBAIDNA NDEBSBTRIEINE. 22T, RIUI NI D58 bp BLFI#FLINA NS
ARFATSHLHIZDNase | 7y b TV UT 4 VI ERBREITo .

FV. RIUNIBERABILHDIZABENATCRY NI EEREZE., COKBEDS
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EFEBWVWET I X I FpNNLLS (Fig. 2-10 % DO KBEIMI03 (k&7 LYY VA28
2XYTIEMI T3TC ThAeso=0.5 F THHEK. IPTC (BKBEE 1 aM) #MX. X5 2K
EEUR. B2 BEEE. MEBEADEAEELO— XA 54 (GEBES) . Bio-Rex 704 5
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DINRINY FPRHoh,. BIBRRERTH- 2 (BREK) .

HOBBERI NI D58 bp BHIZ#STGINA NDfEA%DNase | 7y b TYTF 427
ETHNT=. 58 bp BEHIA#EBT T X I KpNN225% Hindll THIW . 3 K%
[a—3*2P]dCTPCTHSHBES XL L1z. T ODNA Wi & Xbal CEINIE. KUY 72 YAT IR
FIBREHZITV. MHEES XL XN, 58 bp EEH % & 225 bpd HindIl -Xbal DNA MY
Fe#EL 2 (Fig. 2-11BTik. Haell 267 ASHind I 8F 37 17 Tag IBR £37 45 Xho IERATIZ FH 4 ¥
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3) . ZODNA BiF& RS U NIMAKEREBERK L30T, 300 KiE#%. DNase | TREL
7. DNA Wi & —AGcEH®. EMRYV 72 ULT7 I X LVERKB£ITo . DNA B
KoY 4 Xk, B U225 bp DNAWT F % Maxam-Gilbert 3k T2 LU TH S hi=DNA WK
OBEBELHEEL TRD = (Fig. 2-11ADGHA L— U BLUT+HC L—r) . TORR. 58
bp BAINICEFEETZ—XD14 bp OFEERELINE TORIHEVWTEET 2 4HOR
U 14 bp Bi%|H5DNase I 2Lk 2 VI SR#E SN (Fig. 2-11). RFE NI 414 bp O
NEUENICHEETZ2 I LHRBEINTE.

renB
terminator

tac
promoter

SD ORF
1 |

ACAGGATCCAATTATGCAGCTGACCAAGGATA

TGTCCTAGGTTAATACGTCGACTGGTTCCTAT
| S | I

BamHI Styl

Fig. 2-10. Structure of plasmid pNNI115. Plasmid pNN115 was used for
production of R protein in E. coli. pNN115 was constructed with the DNAs of

tac promoter-R fused-gene (Fig. 2-8) and rrnB ribosomal RNA transcription

terminators (12).
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Site (58 bp) >

GHGATGMAGMTACGT!‘A‘ITCTTTCATCMATCG'ITCTI'TCAT!'AA'I'I‘CGTI‘CTTTCATCMATCGTI‘C’I'I'!‘CATCAAGTCGTX‘CTT!‘Q\TCAAC
CMCTAﬁTTCPTATGCAATMGMAGTAGmAGCMGAMGTMﬂMGCAAGAAAGTAGTTTAGCMGMAGTAGMGCAAGMAGTAGTTJG

R protein binding region Taql
677 (3501)

CCGTACCGCGCAGMGGGAGCCTGCGCAGGCGGTTGCK‘ACAGAAATX‘AMCCATTACX‘CTATC
GGQ\TGGCGCG'I‘C'l'l'CCCTCGGl\CGCGTCCGCCMCGATGTC’I'I‘TMTTTGGTMTGAGATAG -5'

Fig. 2-11
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Fig. 2-11. DNase I footprints of R prétein on the 225 bp DNA fragment
containing recombination site. (A) 3'-End-labeled fragments corresponnding to
the bottom strand of 225 bp fragment (B) containining recombination site were
incubated with 1, 2, 5, or 10 ug of partially purified R protein preparation
or without it (0). Samples were then treated with 10, 20, 40 ng of DNase I or
without it (0) and electrophoresed on 8% denaturing acrylamide gel. Lanes G+A
and T+C contain DNA sequence markers, G+A and T+C, respectively, prepared by
the method of Maxiam and Gilbert (49). Protected regions are indicated qg
bracket, and dashed lines of bracket indicate a region of partial proted%io@
Arrows indicate the 14 bp repeated sequences. (B) Binding region of R &
protein. The DNA sequence of 225 bp DNA fragment containing recombination site
is indeicated. For DNase [ footprinting experiment, the DNA fragment, in which.
Haelll and Taql site are converted to HindIII and‘lggl site, respectively, was

used.

3. 1 TpSRITIRAIFDORFHRMMAICHAMLMERRA. S. cerevisiae FBEHNTRE
Ui, MR IT AR BAIZIR] D497 |E, S554 HEE THD. IR2 03,624 HFE
753,681 WHEETH58 bp BIIKTRESN. Z D58 bp BIIOAMOHERERKELT
LAFRMBAOHEIIEEBI AL, ULHPL. —FOIRZE L RERBL TR IREE
THFHHMBACE> TEERFERBEZZZ2EHS. pSRITITIAI ROFFRMELD
BRIz o D58 bp BEHIBHBETHE2B, KXZOLDIE. REFTREIZLERLOGN
3. COLIZIRAOERBLUTE A BEFEBRIZ2 umDNA BV THHESHTW
% {51), 58 bp MMM APIBMBATH 2. EHE L, HBAMULEERZLIZT S.

58 bp BLHIZIE. 3 bpDAR—REBWNW TR TONKI4 bp OHFFE ERERINBEFET
3. ¥, PMERERNOFFOBEMICEHEL 4BOFR U 14 bp OREAES 58 bp EFI
KEEhLh ok, 2umDNA BV THREBICIRICTIES bpD AR~ ZFEWTI3 bp O



W RERS S XK TCR O3 bp BRI 1@'&7)13 bp DEFIBFEETS(8). 2L
T. MBAREIES bpD AR— AL 14 bp: DM & RERIIOPREBEZTL28 bo R
EEhTWE (T8, T, 7y b TV VT4 v F7EBROKR. RIV NI BLUFLP 52
RZ(NEF. shrhoRERIICEEGTI e BbProfz. ThoDI L6, 58 bp
FFIND14 bp DX RERTIHB. 5 FHHARAMBREOZBREHN L L THHTHS:
tEz2o5h35, 7. rouxii . S. cerevisiae PIAD 4 EHE OB}, Zygosaccharomyces

bailii(89). Zygosaccharomyces bisporus(91). Zygosaccharomyces fermentati (92).

Kluyveromyces drosophilarum(19) » S & RIKTIAI FBROP>TWVWBE. ZTho6DT
523 RFERRINAEREEZCLHPDST. WFRb—HOREHSE. REAL
THFHHMBARECT. ChODT TR I KOIRKIZIEWT N &3 bp 725 bpd XX
~ 4L BT o4 bp B 629 bp O XKERFMBEET S (19,91,92), zOT &
PELAEZ—HOMEEREMIIMNICSH 2 Z OEVEE =X RERIEENS. 5T AR
AMMOBERIIELTHNWTWE EEDNR S,

14 bp O REWIIZH <14 bp OBRDEUVEFNICORIY N IBKEETIZ LD
S, ChSDBVBRLENLGSTFARAMBRAZHSPOBREEAE>DEELZOhSE, LD
L. 2hooH 0B LEMN AR pSRT26067 5 X I KTHRDT I R I k L ARICHFN
Mz (Fig. 2-6) BLUPBEEFER (152 u—r0>5632u0—>) BEZBZLD
S, HRABIUEETFERIZIChSOBRDBUERAGHERZ V. £z HERIEIRLT
WiWH, ZORDBELUEFAZRNEZIRZELDpSRIT S5 X I KOMB X % in vitro TS
EL A —JHBOFMIRI I, REREEzOLZVWIELS, COBROKELUEYHH
BARKBOAEEERELTWSOTRAZW, HELEZB., chooB D ELEFN OB
BFbHPoixn, COMBRTIT-oRHBRIAORIBAFETR. MBEAMEOMYZELXRIT
XRVHREELH) . BOBUEREFSHBAHEECRTTLEY, 5K o ITHMICHAN
EHERDD.

ABENCRBEFERBAIEIL. —NOREGOTIXI K TR FRMRA R
TIPS, ATFHHMBACIMBEIRFOBXILEZVLEXAOIS. /2. S.
cerevisiaeff E THHMRSRBOEBNHMMB A B LK iz FERIZHEALRADS BiETF
(36,47, 65) # REAL T LR FRHRHMBADBECS 2L, XKBEBEITEENMBR I I®<
recAiifRF % /2 ldrecBC BIZF Q) ARBLUTOLRFHMBAMSRI B M6, pSRIT
FZAIRDHFHMBAR. BEOHMBARLIBERCTDOhIEELONE, 256
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. WMABEBURERY NI bin vitroTHFHRMEBA%XITH. LEB-> T, pSRIT 5 X

—

-

FORFARMBIE. B26<KRIVNRIDHTIADLDNBEEASNS. £fz. KBE
WdH2Widin vitroTH R FHRMBAMBRIZZ e » 6, MR AN TEREYICH
HOX I VAV —LBEEMILEBEIRZVWEEZIOSN S,

2um DNAOSFARMERIE. FLP Y U R 22 & > THibnb (9. FLP 2 U "o %
in vitro#H# A iEME (54, 70,93) 2B E L THRELU (4. HBRARIEB LUFLP ¥ 1
JOMABREARSCKTWVWS., TOHR. 2 um DNAOHBE X MELIZIRAD28 bp IZRE X
hiz(74). ZOMFEBRIE. 8 bpO AR—ZAFEBEWTFET 513 bp O & KEEFID P

1t

RBETHS (8, FLP N7 313 bp DR OB UBFNZEAL (1), 8 bpAXR— D
Mz 1 AEHOHZ2WE 2EFOVIF AT o> R% (1,74, 3’ RKRIZ, oo R AKF U ILESR
AUTHRAEEATZ (30), HBXIE,. FLP 9 X2 DB TRIZZEePE. FLP I N2
M IRFI TFLP 9 Y NI REEMHBOINA EHARHTZLEZLSHRTWVWS (51). pSRIT I 2
IR THRHEEBATL, B AKKBMEIEL4 bp OFREKEBRINLEL58 bp HICE
EENfze RIVNIHFI4bp OBVBLEINICHEETS. 2O&SIZ. pSRIOS TR
Bxe2um DNAOD FREBATEULTWVWEIEPS, RIIYNIEFFLP U N ¢
FAHRoOBM T2 FREBRIETO EEAZSGNS. bbb, RYUNAZIE. 13 bp DM
ERBEINCHEA L&, ARV —FIOMET 1 AL L2 AHDOINA 2#VIH L.
DNA BT 2LEXONS,

FIZBANXFe &2, pPSRITSAI FOBEFERISTHABRI > TEZ S, Lk
BoT, BERERFEREIPTRUBALEE T2, 2FHAMB AL THEBEZNZ L E
AGN%. 2um DNATHLZOBRZREFATIEABNOAZTERBEEIATNS
(51)c %fz. Jayaram 2 um DNAD/N2=— JHHBICKBE NS Y ARV U Tnd 2H/A

/

¥ % &S. cerevisiae MIANTIL. Tns OKEAEM L 2 um DNADIRE THENLFHEOD
BIETFEBRSEIZCEABELE(38,38) . COBEERTFERICE. FLP U RZ2 L
RADS2 B FOBEBLUHBARUBHLETHS. pSRITI R I ROBEEZRFERITIE.
RADS2 BIZFOBMEPLBTHVAEADLS. Che 2 0EEFEROBBIELZ LE 2
Shad. ChETRAXRTERILPS, BRTFERAES S THRMABIOBELL T2
DDEFABEZSNS (Fig. 2-12), 1 DiFSzostak ST & DB ahi=EZHVNE
BTN BN TH5 (Fig. 2-124). RV NIZFFLP 2 v N2 L A#IZ—H OIRDSES bp
BLSIPCDNA % ZE§VIMi 5 (Fig. 2-12A, bRAF v 7) . YIFEBMBSIFYI L
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(c) gap jformation

(d) 3'end | invasion
Y

(e) gap 'repair

(t)

singte
(b) ~strand

cut

(c) strand 'exchange
(d) branchlmigration
(e) l resolution

DNA repllcatlon

@@-@%

(9) resolution

@@@@

Fig. 2-12. Possible models for explaining gene conversion in the pSRI
molecule. The parallel regions of the pSRl molecules are the inverted repeats,
and the arrowheads illustrated inside the unique sequences distinguish the
type A and B configurations of the plasmid molecules.
inverted repeats represent the approximate position of the sequences necessary
for the autonomous replication of pSRI.
repeats indicate the marker site (i.e.,
and without hatching represent each individual R protein which binds to the

recombination initiation sites. A detailed explanation is presented in the

text.
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inserted Sall linker).
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- T#Ebash, VRBBIREEUEFvyy T7H2EL3 (c AT v 7)) . 3 RHBDNA #3
LI —HEOIROHEBING BRI 7 =—J 27 F5 (dXTvT) . TOIRKEETIA
Z2—eLT. ¥ 5—FHDIREHR L LTINA AlBEZ S (e XT v 7). 1 203
RKETHLRAURBSTONS (fRAFv 7)., TOLITLT. Fry TS EERINZH
B O2@0RY TF-BENERENG. RYTF—BERITIVFIATLAYa itk
BE#L-%. DNA B0V - BEAKCKIRExIIS (gX7v7) . 2HOKYT—H
EHBFEICDIN BTRHEXINATH, 2FRMABIAGECS WS, B2 20N FTRESHQ
ZENFREBAVEZ S, EERMBEEAHNOEBCEETIE. ZERNTRER
FEBRBELBZ, TO_ABTIHMEEET T T, S. cerevisiae MRADS2 EIrFDE =
AEZHDTEZOGNTVWS ., pSRIOS THMEBA B KT BRIETFERIZITRADS EIZTFOH
XFMETHEV, TOETTFLIZESE. RYVNIHPRADSE BzTFEMELEUCRELRE->
TWah, OB IEFHRADS BRTFEPOLDONOBHEELTWLI02HLNLN,

HLILOPDEFNE. EMEHBEESVWTRELVLE—XFHYHIZL-> THEEh S €
Fh (—AHYIHZBRETI) TH5 (Fig. 2-12B) . RZIVNIMBFLP NI L AR
A DIRD 58 bp BAIANT—AFYIM£ITS (Fig. 2-12B. bR 7 v 7) . RUERERE
FlEEODNA —ABBBEVWCRRxh, A T—RENERZNS (cRXTv7) . 7
FUFRAT VAV a iR ) T HESBHLUERRU BRI S . BRABPHT
HEATFUFa—T Ly 2 ABERENS (e AT v7) . IRNOER TR, KREFEELE
RPSHELTHAFDIRCEBTZEL (+/- Bpo-/+ BADOE() E@BDSIhAZP-
OT. ATOTa—T Uy 2 ABERENATL IATy FEBERITODOhZWVWEEI SN

5. ARS DOFBMBEBINREATOT2a—T Ly 2 ABREINEH. ATFTTF 2 —
TVy 7 ABRBEINLBRERSTOLZ L. MAORPERBIT > P FE LTS
OIRBFERICH>RFFHLISFIF2HELS (T RTv7) . Y TF—BENRAIZY
Wixhf-DNA CTHREIATH. FTREBRRIECSZVH. YIFiEhiad,-> DA &
TRESQZEDTHREBRABEZSZ. 7IVF AT VA Y a YBERBIITEL 2V
LEITRBERTFERIEZISOZN,

“EHUHEEETLTYL, $h—ARYNKREFALCL. ZRBLIHS58 bp BH»
SELABIFCEARTEROEEZEL LI mERTFHEIN S, Table 2-2 OHER
TpSRT306 DSallPRi#BRNTEXBR L., ZOESABEOFEENREINS.

i, —ABHYHRBRETALTE. —HOBRETFERTH/+ BoFe-/- BaT+8145
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FEOEL. “EHYVIMEBEETAOTE. +/+ BT OHsERiE-/- B2FO0HBELS
EZxo5h 3. Table 2-2 OERTRE., +/+ B TFOHRE-/- BATOHBFLVWES
L, Z0HABE/VADONZ. THEBRELETIAIF7u0—YoRBL2L, BiE
BBENHB L, +/+ BIRFTI5RAIFRL-/- RIBGFTI5AI FOBFBERLEHICE
Bhrzze. _EHVHEBETTIVICBVWTIYIHIN3IRCEOBHE L. ZEHBER
Shap6. E560EFAHBELVLIR. BETIHETELW., A7 7—YDInt ¥
N2 (45,61) BEUPLT 7 — U Dere-1loxPy 27 A (34) O ERAI S RMMIE A Tl in
vitro AR THY T—PEEHEEIA. BUBEWHBRITTS Vv FIA LA
YavPRIBILBREIATWA I &iZMA. ZEHYINEET T TIERADS? #ix
FOMEELRLETDHI PO, EETEREESI S FRABIA T —FHAVIBRBET L
TEI>TWA2DTRAZWLEEDA S,

PSRIZS XA I RO FHRMEBE R IZ58 bp BEFSINTHEBEIh I MAFENHBITHS.
¥ f. :@%ﬂ?ﬁib:tiﬁ#ﬂfﬁi@?@@%ci'L/\Ett<\. MBAIEFTOEEMNMB I I
HBERICEZIS. ChoOR#EL S, pSRITI X I ROMB AN A REHEK FOMBEIE
B HAS. BIOTIXAIFICRERREETFLPORIUINIDEERETCLIZL
D, REELITEBEOHBRAET O LNBTERZLEXIONS,

BEOoH EW

PSRIZZXAIRDZFRHMBAOBBEBRIT T 2010, MBI BHEORE LMk
HBLEATORERTo>. £9. S. cerevisiae BENT—FODIRIZSally v H—OH
ABBZVWERREZOLODERTSAIFOHBMALEERBUOBH X # AN, 5 FHMEHBEIC
IR TR PRI % 58 bp BFINICREL . MUBERNMEBR LY. IREBTEERMOE
EFERBESZ. coZeh s, HBA . 58 bp BEFRNTHEEBEXNZ B, KRS
BTRIZeBbPol. £, TOSTFRMRX B L URIZTFEBIZIZRADS? BEF
DEEBSBEIPo, KiIZ. KBEATtac 7TuE—9—%#AWVWTRBEZFARRxE
5. RETHBAZEC I LSS, HIBRACIMBEIRFRISLELL. RN
DHTHETH2 L Bbhi. £, recAB K UrecBC FEEFIRABHENTOSFHRMIE
ARNBBEEZP> 2. 651, KBETHEEL. BOERULAERI Y AIE2HNT,. RY

4 2



CUNRZDODNA ADEAAEDNase | 7y MTY VT 4 Y IERIZEDEAN. TO%KR. R
ZN7iE. 58 bp BEFINIZFEAET 514 bp O REET & THIZHLSFEL 14 bp O
BORBUEFIHEALR. LLoER»S., B FERAESI>SFHRMBRAOBHBEL
T. 58 bp BEFINCTHBADBRMBEINRE, 750F 347 VMYaviz&dNTOTa
—TVy 2 R%EERTE2H. IRy FEEAZEDI 2. DNA BRIZLYANTOT 2
— TV I APBREXhIBBSREIN. £/, 2{ED58 bp BF & REKDNA (TH
AB. RIVNRIOEERWHATIZEICLVREBEOMBAEABNICBRIETEZLE
x6hk.



w3 pSRITIRAIRDOIMNEBED
WHEEZ ZFIFH U/MS. cerevisiae
DEERDRE

Bl1EH #HES

i

TIXIREREIANAREDR 7 ¥ — % EHTBBEOHMMIDNA BTk, BE
AIEEZDNA DY A Xig/hE <. BUVEWI0 kbx TTHD . KHEREBR T 22 H0EE
FREFEYOERBEF(29.44) 2 BATACLIERETHS. LU REREEZIPITX
WIREETR, X2~ EBICRETS. ChoORBEEMRTA2AEL LT, BESA
HMEFAREERCHAGD., REEKO—HEZINSEKDIN TEEXRAZZLREBER
bhd., £, COLIUREBEAEAEAT I LT, AR L OB BEH 2
E43ZLBTELEZTHAI. ThoD=HIid. REEUVARLT, Lrd, HHOME
T, HDELBCHFERHMBRAETOEN. $abb. REKAEEASLEL LS., &
GBEOREE. IARTE. BEHHBIICE->-TREID. LOLHMNBENHRATR
EDYUNIO@HETINA OBEORUETRIZZ LS., COLIUREEKNERHIC
MUBERNERAREGHA T EBELONSB, T T. S. cerevisiae #EFARE
L. BRURENHBRAAAHLU TREREUETIRPORREZIT> 2. S. cerevisiae
Ml i, BARERAREC THRMEFENHMRA (62,81) . 2 umDNA DM E REEF
TOMMBENMB/Z (8). I FaYKY 7PINA KHFEETEA Y buroRBOBREER
WHBEZ G BHB. LHLL. ThoDHBARIES. cerevisiae MlAIZARED> TV
ZHIiZ. MXo>T. S. cerevisiae BT A REHRTIRIIRHATZILEIARABEETH
3. TZ Tk, S. cerevisiae ¢ 2K BRU AR TIRVUBENMRAREMNATIHL
BHHB., TORDIIE. BROBEMBOTNS4HAT 2 LHBZA6N5,

BEE}Z. rouxii HIRIRIK 75 X I KpSRIiE. —HoOoMmERERST (IR) 25, 20
REMAUTHFREBAETS(2), TOHBRABEROBEETHSLZ. rouwxii OH4S
9. S. cerevisiae FETCHLEIZ. F2ETpSRIT IR I FOSFHRMKI BB LB
VR, COHBIARETIAIRICI—RENRTWABRY Y RZi2&D. pSRIOIRD 58



bp AN TCHBXhI2EUERNHABRI TH- . Lrd, CTOHBIICE. BEEE
HFOBERELERZL, COMBARBTOMBARLIERARIECLZZ LD
f2. E1=. pSRIIE. S. cerevisiae ITIXFHER Y. T DODNA BEEF X, S. cerevisiae
kB L2 um DNADDNA HEEES| L MR 2V (2,31,90) . choepzedo.
pSRIO A B EWMB A REZNHLU THRKEELELRITI & 2< . S. cerevisiae @
REEERETHIENTEILEELONS, |

S. cerevisiae REEDOHEXRITIICE. KOBREBEILONZ. 3. pSRIOHKRR
Wik, Yip BRI 95— (MRABRRIS—) #HVWTHA—-b L ERZREHK D2
OFTCHRAG, K, ZOMRE. #AHOELZTO0E Y — %2 A ULRREREFELDT
FSRAIRKEBAT S, Tuts—9—e LTk, PIAEH T b —RIEEA2EEKTE BG6ALL
BiEZzFho7uot—9—RBRHATE:. CORAMBEAT S 7 b —~ABHMTEREITHL
. REERFHRBETE. TOERECRRYIUNIB2OORSE CHRA ZREC L., B
@ﬁb‘&;&%n& ZOHEEHWRE, HIBRARMOBAMB L FEIZB LT, Rtatk
EToREPHENDZVEIFHRAREKRETOMELERRE. 7z dRKINA OREEADR
ArxBEBZTCLBAETHA (Fig. 3-1) . 2ROHBA R AR —REEK LICEFRIZ
BATAE, HIRABNMICKENZHEBERR IS LV TES. HECEABIIZHEAT
BLED2WORSECTHMAERI T LN TES. 2ADIMHAREBERICHAGCEHER
BEEZ T bixad. £, KEZRKINA L REARCFAThIBT >HEBRAEMNE
FATAE, KELRKINA 2 FOREHFIHATIILHBTE S,

AETH. COLI R REERERFOTEEERFA L. TOHER. 2HOHMERIR
PrAEREdIzHADL. GALITOE—9—O THRIZRERFE2ERK LRETIAIFE2ANVT
RIUNIEEABEEEZ L. REARALOAREZREEBUS L UEHRALEABOMBRL
ArEEETECT LB TER,

F2H ERHBLERFE
2. 1 #HEAFKETIXIF
ABETREBEOKEDDIZHEA U S, cerevisiae E#kiL. NBWS (— 1%k MATa

ade2°°PT® leu2-3,112 ura3-1,2 his3-532 trpl-289 pho3-1: 4~ DREFEE ).
NA8T-11A (—f%4k MATa leu2-3,112 his3 trpl phob-1: 2 DEREFEEK[2]) BLUT
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Fig. 3-1. Various modification of chromosomes by using a site-specific
recombination system of pSR1. Two recombination sites (RS; arrowheads) of pSRI
are integrated into a single or two different chromosomes. Recombination
between two RSs yields deletion (when two RSs are integrated in the same
direction relative to each other on a single chromosome), inversion {(in the
opposite direction), or reciprocal translocation {two different chromosomes}.
When one RS is integrated on chromosome and another one is integrated on
circular DNA, recombination between these two RSs yields insertion of the

circular DNA into chromosome.



SHI86 ( —{&fk MATa ade2-201°°"7° leu2-3,112 ura3-52 trpAl hisA3: R DEHE

Btk )CH2. 79AIFOHAMICBRBEIAZ BREERALL. ZOREFREIE2E
DE2HTRL =,

KEOWRIHEALRT IR I K%Fig. 3-2B K UTable 3-1 TR ¥ . p286i
S. cerevisiae MGALIMIZF 7 OE€—4%9 —% b D685 bpDEcoRI-BamHI WiFy (42) 2 BT

5 ZIKTHYO. A G. Hinnebush (National Institutes of Health, U.S.A.) &0 53
#%(F72. pRAS] 75 R I K (Fig. 3-2) [S. cerevisiae MRASLEIZETF QN %2 bHO TS
ZIRTHN. WAERE (RRERK¥E. ERNEHRER) £02FA2 Tk, p237 (Fig.
3-2)it. S. cerevisiae MURA3HEIETF (66) £ SUPIl EEFA2 DT IXIEKTHN. P

Hieter (Johns Hopkins University, School of Medicine) & D9 &HE4#ZT/=., HE X

MOREEANOHAHDLDIZHEHLURLT I X I F#Table 3-2 TR T,

2. 2 {HHEM

BEEF OB (YPAD). HAEHM (SGlu). KIBEOMMAIEMH (LB) B LUK
(M) BE2EDE2H8HTRULURE. LEZIBUT. &MULE7I/ B, FrEVY
E2BOBE2HTRLUEZ. REGRTE2RBEIEILDOMBOT I 7 b — EME LT,
SGluBiiz I N a—ZADPb iz, 1 liter 7020 gDH I b — A& MAREA{E
HBUk, 77=0RBABEZRANDI LDIZE. 77202 MATWiIWRBEER [YPD: 1
literd /= D Yeast Extract (Difco) 10 g, RYXRT b (KAXKE) 20 g, FNLa—2

20 g] #H W,

2. 3 BEERENFZE

BEBOEAICLI2ME_HBGHEOER: EACAVI 2h0EK2EETERY D2 nlo
YPADISHIIZREA LU THEL. 30CT—MBEEEL -, EXEE2ZEL28 (3,000 rpm, 5
5 ARHE. Model KN-80) L. FEHBx. 0.2 nlOEEKICEEH L TEINEMmIZERL
7=
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Fig. 3-2. Structure of pSRl and the principal plasmids used. (a) Structure
of pSRI and of 2.1-kb RS fragment. The linear portions of pSRIl represent
inverted repeats, the thick lines marked P, R, and S indicate the open reading
frames and the tapered ends indicate the 3° ends of the frame (2). Open boxes
with ARS represent autonomously replicating sequences. A cross connecting the
inverted repeats shows the approximate position of the specific recombination
site (RS) which is localized within a 58-bp sequence (chapter 2). Numbers at
the restriction sites represent their positions with respect to G of the EcoRI
site as position 1. The 2.1-kb Sall fragment extending from nucleotide
position 3469 to ca. 5520 (exact position is not determined) was used as the
RS fragment and the arrowhead in the fragment indicates the specific RS site.
Both the Sall ends of the RS fragment were created by linker insertion (40).
(b) Structure of the principal plasmids used. Plasmid pRAS] was used as the
source of the RAS1 DNA. Plasmid pUS] was constructed by ligation of the
shorter Pstl fragments of p237 and YIp5. pHM153 was constructed with the DNAs
from YIp32, YEp5l, p286, and pSRl (details not shown) and used for generation
of R protein. An arrowhead in parentheses on the pHM153 molecule represents
the site of the R gene disruption made by restriction of a Bglll site, filling
in with Klenow fragment and ligation. pHM149 was constructed from pUS! and the
other DNA fragments as described in the legend of Fig. 3-3 and used for
integration of the RS-URA3::SUP11-RS fragment at the his3 locus. The thin
lines with a box marked Ap® and a circle marked ori are the DNA fragments of
pBR322, except for that of pBR327 of pRAS]. Double lines with closed boxes

marked HIS3, LEU2, RAS1., SUP11, URA3. and GALl-promoter are the DNAs from S.

cerevisiae, R from pSR1, and REP3 and ARS from 2u m DNA. An open box with a
closed triangle marked RS is the 2.1-kb RS fragment. Those marked Y'a::Y'b and
CEN4 are chromosomal fragments of S. cerevisiae bearing, respectively,
telomere and centromere. Abbreviations for restriction endonuclease sites are:

B. BamHI: E, EcoRI; H, HindIII; P, PstI: S, Sall: St, Stul: and X, Xhol.



Table 3-1. Principal plasmids used in this

study

Plasmid® Characteristics Source or reference
YIpl HIS3, 9.8 kb Struhl et al. (83)
Yiph URA3. 5.4 kb Struhl et al. (83)
YIp32 LEU2, 6.7 kb Botstein et al. ( 7)
YEp51 LEUZ, GAL10-promoter, Broach et al. (10)

2 um DNA replicon, 7.3 kb
YRp7 TRP1, ARSI, 5.7 kb Botstein et al. (83)
p286 GAL1-GAL10-divergent-promoter, URA3, A. G. Hinnebusch
CEN4, ARSI, 8.3 kb
pRASL* RAS1, 5.8 kb M. Yamamoto
p237* URA3-SUP11, CEN4, telomere, 9.6 kb P. Hieter

*Gross structures of the plasmids with an astrisk are illustrated in

Fig. 3-2.
Table 3-2. Plasmids used for integration of RS fragment
into chromosomes
Plasmid Integration Relative direction of gene®
locous
pHMT1-1 his3 Amp* (+=) RS (&) H183 (=)
pHM71-3 his3 Amp* (=) RS (=) 3 (=)
pHM162 his3 Amp® (=) RS (=) H 3 (=)
pHM163 his3 Ampr (=) RS (&) 3 (=)
pHM172 RAS] Amp* (+) RS (*=) R 1 (=)
pHM173 RAS] Amp* (=) RS (=) RAS! (=)
pHM147 ura3 Amp™ (=) RS (&=} URA3 (&)
2Relative direction of gene represents the relative direction
of trnanscripts of ampicillin-resistant gene, HIS3 gene, RASI

4

ene, and URA3 gene and that of RS site on these plasmids.
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DNA OFE% - KBEJA221 % & D DCsCI-EB FHEBE AR B LD HEBLXCET DY
EMECLDZTI5XAININ OFRBIBE2EOFE2HTARLR. 77X I FDN 2T
JA221 ¥ o AR Uz, BBOLSOREEKINA OB L. Herefordd D H H (32) 128 -
f2o 8 mIDYPADIEHET30C, —HEiE B L BBl % £ E (3,000 rom. 543 ARH.
Model KN-80)%#&. 0.5 ml®D0.2 M P YR (ERTFIAFILT I/ ASY) IBE (pHIZREK
HE) CBEL. 2o RV EFLIBLBEIZBLRE. 250l OB~-ANAT IS ) —0L%
Mz, 305 HEERTHEBEL &, &L2% (3,000 rpn. 54 : Tomy. Microfuge
MC-154) L. 0.5 mld¥ A €Y 2 — X [1.25 mg/ml Zymolyase 100T (E(LZETXE) .
LOMYILER—J, 0.04 M ) UEESEHK (pH6.8)] CHMEEBE L. 30CTI] KK
BUR. Fi28 (3,000 rpm. 5% ; Microfuge) L. /SEE®# 0.2 M NaCl, 0.1 M
EDTA. 5% (w/v) SDS. 50 mM b ) R —iERE&EMH& (pH8.5)] WCHRE L. 5 ul 0T 0
—E(72FF—FE ; HFREHRRASH) 2#MX TOCTINBKBL. BEIE R,
COBEEBRIC. TEEEHR (pH3. ) THMULE7 =/~ L—20arVaBA® (01, v/v)
0.5 mlix. W UK. EL28 (12,000 rpm. 1043 ; Microfuge ) #%. LE#%3 o
yRYENVTIRBLBECBL, 9UNRI7E2B VR, bO)—EBERUBIONIBEZBOER
U, LEBRC2REEDII%R Y ) —LEMA. BeLHEBRLLE., EBBEEEBT. DNA
ZMBIRU /2, DNA 270% 2% /) — LT —EHkEF%K. BETFTTELEL/~. DNA%300 nl @
TEEBBIZEPLLURRE, 30u]l Dribonuclease AKEFH (1 mg/ml; Sigma Chemical
Company, St. Louise, U.S.A )% JMA. 3TCT30RMKER. 26123 ul o7t —+¢
(1 mg/ml) & MAT3ICTIFHEAE L. 7=/ LB TRY NI £iTo%. 2
BEDIN% LY ) — L &MA. KT 2DNA Z#EINL /2. DNA 270% % ) — L T—Ek
Fk. BETCT%BIUR. DNA 2 BYBOTEEFHRICHE» L. 4 CTRELL.

BERE: KBESIUCEBOREAERZEIBE2EOE2H TRU. DNA OGS
BN DMIAH (L0rr-Weaver S M 5 # (63) & 7z (X Rothstein D H ik (67) iz fE, EAYDNA
EERICLUTRERRET- 2.

NWVAT 4 —=VESFLVERKII L 2BBLEHRIN O28# 0 XUV T7 4+—LEFL
BREKY (13) TREGEZTHT 22ODINA KBOPFABIT. Carle L 0lson OH & (17)iz
>/ 5 nlOYPADIEHI CHER U - BB MIE A %EE (3,000 rom, 552 ; XA{FH. Model
KN-80) L. TEZE®# [50 nM EDTA, 10 mM by 2 — 5B H B (pH7.5) 1T 2 ML,



150 ] OTEEHBICHBL., Ty RXVEL7BLBERCBLUR. 5 ul OB —-ANHATH
157/—11'/&2 wl OF A4 EY 2 — REBW (20 mg/ml Zymolyase 100T. 0.01 M V) V&
SE® pH 7.5 ] #MA . CHhIZ3TCTREBLR20 vl © 1% EMI7 VO —RBEH
(SeaPlaque Agarose ; FMC BioProducts, Rockland, ME. U.S.A.) %MA. FNERKSE
WWHRURABKETHNVIEL 2. LB 2/PRBREICHE L. 400 p1 OLET A% [0.5 M
EDTA, 0.01 Mb Y X —EREEHME (pH 7.5) 130l DB —ANAT Y/ — %M
Z.31CT—MB L. LB#i%8 ngtd> proteinase K ( Boehringer Mannheim GmbH,
W. Germany) % & %400 w1l ONDS ¥ [0.5 M EDTA. 1% (w/v) N-I9YL#Lay
>~ (Sarkosyl NL-97. ICN Biomedicals, Inc., Plainview, N.Y., U.S.A.) . 0.01 Mk VY
2 -EBEHB (o 9.5)] LB L. SOCT2HBMEL 2. LERAET. 0.2n1 OTE
BHECIBBAILICABERVE. 2L EZE2CYIHL TDNA B UTHERL
fz. ER k3 E L Pulsaphor System (Model 2015 Pulsaphor System, LKB-Produkter
AB. Bromma, Sweden) #{EH L. k#REAFHBOLE L —BHREL Tiro . ¥4 X
10 x 10 x 0.5 cm® 1 % 7 H 10— A (Seakem LE Agarose; FMC BioProducts) /L % {#EH
U. 0.5 fZB8BED MY X — KRy B4EMM (45 oMb Y R, 45 mM K78, 1.25 nM EDTA (pH
8.3)] AL, HAZBEOREXS CIZHEL ., KkHITEBEASN. NLRXF A AL55
BTIhETo /=, kEIk. YL %205 neg/nlOEBKBHIZI0FEL TREL., KEK
TRPDEBEHENK L%, P T2 XA NI X—%— (Ultra Violet C62) TDNA NV K
ERBELUR, BEEIZUT ¢+ LY — (Kenko SL-39) B X UHKRE T 4+ LY — (Kenko R-60) %
HWEISOaAL KH AT (MP-4) T74 hTTPB300 74046 (EXEEY 4 VoL
#) ko> THELUR.

32D THSRNLENEIN ORBMBLUEY Y INASATYT AP~y 300 2P IRV
X N /=DNA D FHE! it Anersham (Amersham International plc, UK) @< )IVF 73 4 ADNA
BRATo%2AWR. AYHBUTOHETT> 2. RIGEER (MeCle . B—ANHT
FZZ )= M) X -8 (pH 7.8)1%5 ul EXOLFAF K BEHHE [5 aMb ) 2 —
IEME®EA (pd 8.0). 0.5 mM EDTA. N FHOMWPIZIATP, dGTP. dTTPEZATW
2,1 B84 ul ET7IA BB (TVFLANFYRIIUAFR.BA] ETFIRIEK
DNA (25 ng ; 100CTSHSMBER. Kb o3 TEMEIER) 22201 LHEHBHR
[1 unit/ w1 Klenowli B, 50 mM KH,PO. (pH 6.5). 10 mM B—A )BT hTH ) —i.
50% ZY+tu—i]lx2ul & [a—22PIdCTP (10 mCi/ml)% 4 ul LEEALT. 25
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CT3H. Ribx8., 7u—F& UL THWR. .

FAU—R LODNA %7 « S — BT T 5l idSouthernD H ik (T6) ik & > 7z 7
Hao— XX VERKKkHE. 0.25 M HCLTIIRER Ty L ELBURE. ZO%. 1.5M
NaC1-0.5 M NaOH 7 MiZ305 M. ¥ LEMBEL. 7UAH ) EEEfTWV. 0.5 M bY 2~
B (pH 7.8)-1.5 M NaCLIEBP T30 VAR L THMXE . I AKR%E20 x
SSC #B# (1 SSC [£0.15 M NaCl, 0.015 M ZxVBFFYDA) EANTNy FIZHE
L. 20 x SSCHE#IZE UL 7= 54 (3 mm chr, Whatman Ltd.., England) 4% 5 2A® LiZ 2
BEWT, WiEo520 x SSCEHBMICEL B &H L. 22V EBE, BmIZ. 7270
REBWE. HBoPL®. KICBLREFA a2 AT (Pall Biodyne Transfer
Membranes, Pall BioSupport Division, Glen Cove, N.Y., U.S.A.) &)L LIZ@EW.
ZTOMBIZKIZBULAIEEBNVWT I 4 MY — %R, 74 M9 —LIZEEAUKEX
DBMEAKED. K—K—FF LA cnE L RATH 6N T XA DO, K50 ¢ OF
LEBWT., COREBT—KRBKELR. TOH%. 714 05— %30CT28MExHIT .

TANI—ENATYTA¥—2a 8 0.9 MNaCL, 0.05 MY Y EEF b Y LBMEK
(pH 8.3). 5 mM EDTA, 0.1 % (w/v) Ficoll ( 43 F£400,000; Pharmacia Fine
Chemicals AB Uppsal, Sweden). 0.1 % (w/v) Polyvinylpyrolidone (% F 360,000,
PVP; FI3). 0.1% (w/v) BSA (Sigma). 0.2 % (w/v) SDS. 100 ug/ml CT DNA 53
(0.02 M MY R—EREE®H (o 8.0)-1 mM EDTAIZEE S L 721 mg/ml O F4 D BafE DDNA
Z3I0PBI 6 EBEEHLEL., 100 TTS 2MMBLELOER/RLUTHER) ] KBLUT.
65C SBFHBRIBMU Iz TR, EZ— IRy TORPIZTANI—ENL TNV TAE~Y
a VB ESP TIRNMULETO—T7DNA (100 CTH5 SRMMAE. KbPTaBLTEMX
Bz) LEAN. SCT—MKBELT. 7409 —LODNA &7 u—7DNA flONA T Y
A4 —YarvkiTol. FDHk. 74y —%2WMOBL. RBERAEEHIDG oM )V B
FYU YD AEER (pH 7.0). 1 mM EDTA, 0.2 % (w/v) SDS] TABEEFL. Y5597
WEAREE., Sty MZEEU. X#87 1 LA (Kodak Diagnostic Film X-Omat AR,
Eastman Kodak Company, Rochester, N.Y., U.S.A.) LAY~V % A, -80 TT
B, BBLEBRIXB 7+ Va7 aty 4 — (Model FPM60; E+EEHT 4L A
BALH) 2EAL .

ETOMODDINA BIE: TI5XAIFDNA ORBRBRICL2VIM LA, Klenowli HiZ &k 3
BB RBOFEL. EREAHOSFHRRIE2EDOE2H TR 2.
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3.1 pSRIZ72XIFORMNBENHEABRI RORAEKLITOHE

PSRIZS 2 I KOBMIUBENMMA R, REKCHAEIhRRETTDAZPIFAN
SHhTWVRV, i, COMBAREZREERORECAATZILDITE. T0@x%
ON-OFFHI T 2 L BEHBHB. T, RIUYNIZON-0FFEET AT I X I REMERL.
CHhZRWTREE FICHRAARHBABNB TERICHBRASEZ 3 2L 2R/,
Fig. 3-3a W/”R¥ & 51z, BamHl YIMHIZ & 0 8IKIZ U 72 pHMI49TNBWSHE ( MATa
ade2°°"7° ura3 leu2-3,112 his3) #FHEEH L. URAISB L USUPLI BEiEFOAEAREIIZ
WHABIZZ 2 & ICHBE MM A S GRSHT A (Fig. 3-2a TRHEAZbDAR) 2 2EHE
#6 U 7=DNA Bty (RS-URA3:SUP11-RS) % XVFHEH itk Dhis3ME (57) i 54 A 75 YHM20 18k % 1
WUz, YHM201BK Tid. ade2°°" s ZRISUPIl BIEFIz Lo THEXHN 3 (33). COH
T RIUNRIOBET2HOBARSE THBASE 5 L. #HADNA B SURA3E
S USPLL BIEFZIBT.6 kbOHEBESYIOHIh3., ZOHBIZRIRE%» 13 2WVWIRE
 TREREANGZELZVOTHABE» SREL. MKdAde Ura- ORBEERT. Lz
BoT. RIYNIILHBMBAIZ. ChoMBEOT7TTF= S Y LOERELXHANS
EDPB, KT, RIVNRIEMANTH-B TS0, 52 P —ATHREASFEFEXH
SGALIF 2 I3GALI0 BEFOTUE—Y—TRICRBEEFERVWEYED TS5 XA IR
pHM153 (Fig. 3-2b) & & UFpHMIS2%A fEBRI U /= YHM201#k % pHM153 3 7= i pHM152 T 12 B #5 #6
L. Lew BETZNGET I3 KARAT 2 HART. 0l vy EEHOSCalFRE I
MH\w@?45@%§bkoEﬁbk%nnz—%ﬂ49)3;U7?:>%§iﬁm

SGluFRIEME 2k, U YU BRUD I YA E ZVWSCLuERIEICL 7Y AL T,
TTZ2EO9I Y VOBEREEZFAN. 2ORR. 3BHEOIu=—BELR. TiED
5. 00— %BKT 5B, £TAde” Ura- TH2a3u0=— (2521 au=—) ¢
VTV ALEMRO—WBEE T2 30 —>% 0, Ade” Ura™ O & Ade* Ura* D4
HPBRETZ230=— (521130 =—) | BLAde* Ura® OfA»SRZ 20—
(27 A1 au=—) BPEU. ULHL. Ade* Ura~ % /zifAde” Ura® DML S S
20— FELAEDS .

791 au==t 751100~ QMK TREHKRD S URAS-SUPL EE FREBEHSYI0
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Fig. 3-3. Excision of a short DNA fragment from a chromosome. (a) The
construction procedure of strain YHM201 used for the excision experiment.
Plasmid pHM149 bearing two copies of the 2.1-kb RS fragment (Fig. 3-2a} in the
same direction and two HIS3 DNA fragments, derived from a 1.7-kb S. cerevisiae
DNA bearing a single complete HIS3 gene prepared from YIpl, but ligated at the
BamHI ends to form the head to tail arrangement after cutting at the Xhol site
in the gene, was constructed by the following procedure. The 1.7-kb BamHI HIS3
fragment prepared from YIpl was split at the Xhol site in the his3 locus and
each fragment was connected with the 2. 1-kb RS fragment by Xhol/Sall ligation.
Thus the 5'-HIS3-RS and RS-HIS3-3" chimeric DNA fragments were obtained. Both
the chimeric fragments have the same relative nucleotide directions of the RS
fragment as that of HIS3, and have the BamHI end at the HIS3 side and the Sall
end at the RS side. These two fragments were inserted into the modified pUSI
{ Fig. 3-2b: the HindIIl site was converted to a Xhol site by restriction with
HindITI, filling in with Klenow fragment and ligation with the Xhol linker);
the 5°-HIS3-RS fragment was inserted at the Sall-BamHI gap of the modified
pUSI, and the RS-HIS3-3" fragment at the Xhol-BamHI gap. The resultant
plasmid, pHM149, has a structure in which the URA3 and SUP1l genes of S.
cerevisiae derived from p237 are located between the direct repeats of two RS
fragments and the head to tail configuration of the HIS3 gene is located on
the other side of the RS direct repeats. Thus, the BamHI (B) resriction of
pHM149 results in a linear DNA molecule having the 5' terminal region of the
HIS3 DNA at one end and the 3' terminal end of HIS3 at the other end. This
configuration is favorable for single-copy insertion of pHM149 at the his3
locus in chromosome XV. The linearized pHM149 molecule was integrated at the
his3 locus of strain NBW5 as described in the text. The resultant strain,
YHM201, having the Ade® Ura® phenotype was then transformed with pHM153 (Fig.
3-2b) and cultivated in SGal medium to excise the 7.6-kb fragment between the
two RSs. (b) Genomic DNAs prepared from four class I clones showing the
Ade” Ura” phenotype and seven class I[I clones having the mixed population of
Ade® Ura+ and Ade” Ura~ cells were restricted with BamHI, electrophoresed,
blotted on a nylon membrane and hybridized with the 3?P-labeled 1.7-kb HIS3

fragment.



HENTWRZLABELDLEDIT. 2T A0 30— Ohis3fE AT REBEER
METok. 8292002 0=—0Q%EMKDNA %BanlH] THIW%. 7H O — XA ¥ LERK
ATl DNA IR %27 4+ VY —IZH L. °2P THMHES XIL L UIS3 DNAE T O—7
EUTNATYITAY¥—YariiTok (Fig. 3-3b). 25 R] au=—¢ 235 R1lau
Z—TiE. fdXFaU=— (400=—B&LUT7a3u=—) ETIZBNTIL. 4 kb DN
FOBHEEALTLS KONV RPELZELS, ChofMBTIE. 2/ORSIZE > THK
EFniz7.6 kbOURASEIZFH L USSPl BET2ECHEBISEAEKILGTINHEIHTH
3. 271l 20=—TRLT. 11.4 kb ODXYEHBEL., IVBLIEEZ>TWED
Sl (620=— ¥REK) . LEkB->T, 2u—0XRBEBIRSHOMHBRI 2 RKEL
TW3BEERD.

Table 3-3. Recombination between RSs on chromosome

No. of colonies showing the Frequency

following class: of

Plasmid Medium recombination
I Il [1I Total (%)
pHM153 SGlu 112 0 6 118 5
SGal 2 38 81 121 98
pHM160 SGlu 123 0 0 123 0
SGal 122 0 0 122 0
pHM152 SGlu 65 2 52 119 45
SGal 0 13 103 116 100
pHM161 : SGlu 4 131 0 0 131 0
SGal 128 0 0 128 0

Cells of Strains YHM201 transformed with each plasmid were spread on SGal or
SGlu plates supplemented with necessary nutrients but not leucine from the
SGlu plates with the same nutrients after appropriate dilution. After 4 days’
incubation at 30°C, colonies were examined for their growth by replicating on
SGlu plates lacking leucine and adenine or leucine and uracil. Class I colony
represents the colony showing the Ade™ Ura~ phenotype, class II colony
represents one having the mixed population of Ade* Ura* and Ade~ Ura~ cells,
and class III colony represents one showing the Ade* Ura® phenotype. We judged
class T and class II colonies as recombinant colonies. pHM153 and pHM160 carry
the R gene or disrupted R gene on downstream of the GALl-promoter (Fig. 3-2b),
respectively, but pHMI52 and pHMI6]1 carry each one on downstream of the
GAL10-promoter in stead of GALl-promoter, respectively (details not shown).



SGaltZ THE BT 5 L. pHMIS3T HLPHIMIS2T L% L@ o o= —# 2 I X1 aa=—
Fhid7 5 RIIau=—T&dh-/z (Table 3-3). LizdS»> T. LEEICHAZTNERSET
LMBRHBAPIEZ 3. YHM201#k % pHM153F 72 I3 pHMIS2 THRERIBR L TE Shizleu®
BMHEREREZSCIuERIEMICHT. AHRBE T2 LSGallEb kL 0 LIEREERS., 75
21 au=z—t 2735 211a0=—#H% Uk (pHMIS3TIES %0 3 0=—%5. pHMISZTiL45
%NIV=—N752] ou=—%kiEsI5R130=2-ThHo%) . LrL. RBEEF
ZHR L fopHMI53% /2 iZpHMI52 (B 79 X I F DA RTIXpHMI6038 & U pHMIG1) TYHM2018k
eRERBL. BEGERELSGlFRIZEMTIHMEELTHLHIIR] 20—BLU”
FJANNa0=—@GHEUEP-> 7= (pEMI60TIX122 20 =—% ., pHMI6ITIF128 cu=_—%
FANT) o Ured®> T, URAS-SUPIIEEFRABOYI O L id, pMIS3 T 9 2 I RH 2 Wik
PHMIB2T S ZI FTHEINRRIUNRIOBE TEHEE TR 2 5. SClulETd
pEMIS3T 5 2 I KH 23 W IikpiMI627 5 2 I R EQREEFRBLLBBEL TR EELON
Tzo PHMI53L pHMIS2IZ & HIZRER I TEHHEE CTHBRAAEC T DI +2 2T I X IFK
TH2H. 9%. RIVNIDEREIZIE. ON-OFFHIBMB & 0 B < %W\ TV 3 pHMIS3% {
TAHZ LR,

3.2 REHRLILOXKEURKEFEMOFR

PSRIZIZ2I FOMBAARER L THRR<BO I L HBTARTHE I b o 12
DT, COMBARZAVWTREER LI KSR REEBEEEZ L RPR. £7.
70— {tHIS3 DNAER D XhoIERAI CHIWT L . BEARIK & L 72 pHM71-1, pHMT1-3, pHMI62%
Tz idpHM16375 2 I K (HIS3 DNALRSHTH %#&DYIp B 735 X3 K ; Table 3-2 ) T
ADE2* —f{&{k¥RNA87-11A ( MATa leu2-3,112 his3 trpl pho5-1) *FH &%, BEE
@%%é%m\7U—>k&ﬁDMW%@&Q%&TW%L&MMU&EMMWH(Mﬁ
DNA LRSHiFr % &DVIp B 75 23 K ; Table 3-2 ) THERERL. WEREKOisIE

CRASIFEIZ & 2 1 A~ DRSHIH & #AA 72 (Fig. 3-4a). RASIFE & his3fE & (L4160 oM
(57) 9 7cdbbB. #180 kb (56) BN THN. Z OMEIICADE2® BEHSTFET 5. RSEE O#A
BILVERENRABEOK (MRAENETI5RAIFOESDE IZpHMTI-1 & pHMIT2,
pHM71-3 & pHMIT73, pHM162 % pHM1T2, pHMI63& pHMI73 T3 2) A RI VYNNI EET I R I
FpHMI53% NTEY % ade2Z B — &tk ¥k SH986 (MATa ade? leu2-3,112 his3 trpl) &334 L
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Fig. 3-4. Deletion and inversion of a chromosomal segment. (a) Strategies
to delete or invert the RAS1-HIS3 region of chromosome XV. The RS fragments
were inserted at the RAS1 and HIS3 loci of chromosome XV by using pBR32Z2-based
Yip plasmids. For insertion of the RS fragment at the RASI locus, a YIp
plasmid was constructed by insertion of a 2.9-kb EcoRI-BamHI fragment bearing
the RAS! gene (27) derived from pRAS! (Fig. 3-2b) at the short EcoRI-BamHI
gap of pBR322. Then the chimeric plasmid was ligated with a 1.6-kb Pstl
fragment of YRp7" (i.e.., the l.4-kb EcoRI fragment bearing ARS! and TRPl from
S. cerevisiae of YRp7 was inverted)} bearing the TRPl gene at the Pstl site as
selection marker, and the RS fragment at the Sall site of the pBR322 moiety.
For insertion of the RS fragment at the HIS3 locus, another YIp plasmid was
constructed by ligation of a l.7-kb BamHI fragment bearing the HIS3 gene
prepared from YIpl and the RS fragment, respectively, at BamHI and Sall sites
of pBR322. Two types of plasmids were constructed for RASl plasmid and four
types of plasmids for the HIS3 plasmid with the different relative
orientations of RS to the RASI or HIS3 DNA. DNAs of these chimeric plasmids
were prepared in E. coli and linearized by restriction at the Stul site of the
RAS1 DNA and at the Xhol site of the HIS3 DNA of the respective plasmids.
These Stul and Xhol sites are, respectively, unique in these chimeric
plasmids. (b) PFGE patterns of chromosomes. One clone each showing the red
{Ade”) or white (Ade*) phenotype was isolated at random from YRN-A (having two
RSs in the same direction) and YRN-C (having two RSs inverted). Slots were
added with DNA prepared from equivalent amounts of cells. The chromosomal
bands (left) were hybridized with the %2P-labeled 1.7-kb HIS3 fragment (82)
after blotting onto a nylon membrane (right). The arrowhead on the 1efﬁ margin

indicates the site of a new chromosomal band.



foo ERIZ N ARBHEOME 5K IZADE2  /ade2” BEFREZ DD T, YPD FiRiZM L
TRHEBE Ade)a0=—%KKT 5. 4EEOKD S HYRN-A (pHMT1-1& piM1T72) B LT
YRN-B (pHM71-3% pHMI73) #kCid 2 {6 O # ARSHI St th LIt E A AR ATV 3
e, SGallEMi TR TALRIVNIZOBEIZTELD. 2HDORSETHBASEID.
RASIFE» & his3 OMERBRET S, COI7u— YV IHERAELERTE2KDIDT.
YPD FEARIEM FTHRE (AdeT) au=—%HKRT 5., /2. YRN-C (pHMI62Z & pHM172) B &
ZFYRN-D (pHM163 & pHMI73) #kTik. 2O ARSH A BSREE L THEHBICHRAEN T
WBHIZ, TNhOORSE THBABEI 3 & RASIEE-his3 BEOMHERTHEMHSEL
3, ZO70—YEEFRICEMASZVWO TYPD FikRiEM EtHABI O — %KY
3, Cho4BHEO¥EOAL YU 2GR WVWSGLuE 2 (X SGaldi ki T30°C 2 HREI G &
. YPD FIRESMUCEBAL. 2612, 4HEEBELTan—0@2HAN L. TOHER.
SGallEiCHER T 5 LYRN-A B XUYRN-B ¥k CIIEHBE (K80%) T. YRN-C B KU
YRN-D #R CIHEHE (¥W5%) THRETO=—MBECR. L L., SClufi TR T 2 L

Table 3-4. Appearance of red and white colonies in cells having
the RS insertion at the RAS! and HIS3 loci of chromosome XV

Relative direction )
of RS No. of colonies Red

Strain Medium
RASI 1S3 _ Red White Total (%)
YRN-A - - SGlu 2 280 282 0.7
SGal 318 53 371 85.7
YRN-B - - SGlu 1 312 313 0.3
SGal 259 34 293 88.4
YRN-C - - SGlu 0 296 296 0
SGal 12 279 291 4.1
YRN-D - - SGlu 0 267 267 0
SGal 16 294 310 5.2

Cells of each strain were inoculated from SGlu medium supplemented with
necessary nutrients but not leucine to the SGlu or SGal broth supplemented
with the same nutrients and cultivated at 30°C for 2 days. The cells were then
spread on YPD plates after appropriate dilution and all the colonies that
appeared on three plates were scored for their red (Ade”) and white (Ade*)
phenotypes after 4 days’' incubation at 30 °C.
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WThoBkLIBEDBHEIO = —TH o>z (Table 3-4). D &H» S, YRN-A BT
YRN-B R CIH RI U NI O &Iz & DRASIEE-his3 BEQHEBTREKBEIZEEXSH
2, RBIRRBEZ>TWE AR T 2720I1T. YRN-A BB &K T'YRN-C #REIR DR
Br/u—YErHABRIOU—VORBENI—VUE, ALAT 41— L EFXLELSKRSE

(PFGE) T#HNfR. LHL. Bk bREFEKIZD SN P> (Fig. 3-4b &
W) . RARREEVSMEOREERLELZ> TV A AENESH SO T, HIS3 DNAKIHF 27 u—
TeUTHY VBT &iT>7z. PFGECHBEL IR REHKRDINA 25 LS5 T s L —TBLE
. *P THEEIRLVULNISI DNAEFO—TELTNSAT YT A —VaviiTs
feo TOXR. Fig. 3-4b (HM) AT &S, YRN-A kP64 U FiBIO—2T
. WEREBKENVERAALIOOLELLBH T3 REEICT 0—TINA BEA LR,
Dr7O—YTRNEREEIZOBBEALR. UikdS>T. YRN-A HHROFE IO~ T
BWERBRIRESEL, RARBEINEREKLERZ->TWA L EZX 5Nk, YRN-
CHREROFEZO0—-VTRRRIZBODONT. 2X5H30WEREKD S 5. BFERADE2
BEFAEOLOREBENMEEI S KDY, BIEFERICLDAIE2/ade2 BEFE,S
ade?/ade? BEFRIZERINTNELEEZERSNS,

YRN-C £k & YRN-D #k % SGaliZh 5% 35 & . RASIME — his3ER D 8EIR THMBE T 3
tEZOND, ULHU. BHBSELTH, VERBEKOY A ZRFELLLEZVDT. AALX
74—VESVERKBETER T2 LRI TERZV. £IT. SGaliEiTHEE L /2 YRN-
CHROZ7O—VOREEIZHAXNLRSH A 2 SUGHERO R IREBEBRIT ATV, FsE
UCTWBZ BRI UL . Fig. 3-%a TRT & 5 IZRSHT T AHE Tl Mlul#BHiIZRSE A
MNERIZ 1 DFTEET 255, Xhol#Bfi. &)_al‘c’x'”l&fﬁliRSHrH@ﬂtﬂM:@J}ﬁE'féo 2 5 DRS
BOMMAIZ K ORASIFE-his3 B OHEBRORKSEIZ L. 2MOMBARSICL > THE
hrc@l-ml Wi & & U'Mlul-Xbal Wi iZiH%k ¥ 2 45, Wi ARSO A MIZ & 2 Mlul-
Xhol¥i /5 & & U'Mlul-Xbal Wi iz MM A % bHE 3. /. Xholli 5. XbalWiFrix 1 B &
49 %. RASIFE-his3 HERIDFAB TR AT 5 £ . Mlul-Xhol Wi F & &k TMlul-Xbal M
FEETEZH. Xholli & L U Xbal i FITMIMA OETIHELT 3. SClulSti s 20t
SGaltfth THE# U /2 YRN-A B L FYRN-C (kD 2 11— > DR EKDNA % Mlul & Xhold Z&EY)

WiT. $2WVIEXhol BT, £Xbal BB TYIMK., 7V o0-X ¥ LESKkFH ATV, RS
DNAT % 70— 7 L LTINS TV YL ¥—2 a3 v xiT-7 (Fig. 3-5b). & DR,
YRN-C HR%ZSGalif i CHEB L 20— Do izid. Mlul-Xhol MK 12 Z 4k iE 72\ 45,
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FomoSmmmemoomomem - -l-u—J-ch-——L——L
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Fig. 3-5. Restriction analysis of modified chromosome XV. {a) Restriction

maps of Mlul, Xbal and Xhol sites flanking the RS fragment inserted at the
RAS] and HIS3 loci of chromosome XV, and of the modified chromosomes
resulting from the recombination between two RSs. [€] represents the 2.1-kb RS
fragment. Abbreviations for restriction sites are: M, Miul; X, Xhol; Xb, Xbal.
(b) Results of restriction analysis of the region flanking the RS insertion
sites of chromosome XV. The genomic DNAs were prepared from cells showing the
original chromosomal pattern (0) and the clone showing the recombinant
chromosome (R) determined by preliminary experiments of strains YRN-A and
YRN-C, respectively. The DNA samples were double digested with Mlul and Xhol
{M/X), or singly with Xhol (X} or Xbal (Xb), electrophoresed on an agarose
gel, blotted. and hybridized with the ®*2P-labeled RS fragment as probe. The
molecular sizes of the DNA fragments were estimated with A phage DNA

digested with HindIIIJ.



Xho M 35 & U Xballi K S &L Lz 2 u—Y B8 SNz, &/, YRN-A ¥ % SGalkih 8%
BThid. RERTFRSARAREERRERT 70— VBB ohi, LitisT. YRN-
C BiASGallEITIE R T2 . 2fD2.1 kbDRSHIF OB CTHB{ X 2 U T, RASIEE-
his3MEARIBK DRI A 0. YRN-A BR & SCGaliZ i THER T 5 L 2 B ORSH ORI TH M X
A Z U CRASIME-his3 BEIO MK TREANEZS. LDULOEEPS. pSRIOLRFR
MHBRARERANT, REKLORITRREEMEERT S EHFARTH S,

3. 3 FHERGCEBOHEERE

PSRIZ S5 X I FOMMUFENMBRAREAMALULEHAREEB TOMBADOTRELE %
REAT2RDIC, VERAEROurad@ L XVEREKROhIsIE L OFTHEBX 21TV, Ch
SOBREFETRAINZIEAHEBEZEEVWCRBE TS LIcLY. HEEEREZT L
ZikHlz. £9. 20— {LURAS DNAOERIZ 1| HFFTETE T 2 Nco[BRAL T YIM L AR &
L 7=pHM147 (RSHH & URA3-SUP11l DNA% & >YIp B 75 X I K ; Table 3-2) T—{f%{ANBWS
Bk ( MATa leu2-3,112 ura3-1.2 his3-532) % BE&M UL . uradfEIZRSEIH 2 AL .
X6z, COREERRIKSY 70— {LHIS3 DNANSRIC 1 ATIEE T 2 Xho B THIRL T
BAIKE UfepHMTI-1 F/=ldpHMT1-3 (RSHiH L HIS3 DNAZ &OYIp BT/ IR I K ;
Table 3-2 ) THEGKEL. REKOIsIEIT 1 T ¢ —ORS DNABTF 5541 £ £ 7= YRN-1
¥k (pHM147 & pHMT1-1 SHIAENTWVWS) & L CYRN-2 #k (pHM14T& pHMT1-3 BSHIAE h
TW3) ZfERU T (Fig. 3-6) . REKLETOEY PuA TR T 2IRABIEFE LT
HISHBZFOBREAFMIZBEMTSH 0 (41). YRN-1 RT3 2 H D ARS DNABE 7 O Rk
Otryrax7HUEIZEAECHERAEZNA, YRN-2 RTEEWIREABICHRATHATY
5. Lld->T. 2HEORSHTHBRAMBEZS &, YRN-1 RCE VEREBR ENVELRERK
POEEYFUATEIEFO>HLVHRARORER 2EXSB6NELEELSNS. L
L. YRN-2 #kClik. HIBAOBE, o rui72 28F itk oy bux7%22
KEBRTWERBEEBONZIEEZONS, ZOHE. YRN-2 % TiEMHBR 2 BRAERNEK
bhPTVied., MEMESEAEXNSS. RN-1 KBTI MBRBERICHEESSZELERS
ha, £, REEMRLOREEKOYWHNZY A XE2HET 2 &£ (56,57) . VERERE
X710 kbTXVERBEKIEL1130kbTH B, YRN-1 BkD K HICHBAPEI 3 LHLWERE
wmmomamommtét$ﬁéna,mwlﬁsxvmwzﬁtRyym7$§7é
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Fig. 3-6. Recombination between non-homologous chromosomes. (a) strategy
of recombination between chromosomes V and XV. For insertion of the RS
fragment at the ura3 locus on chromosome V, a YIp type chimeric plasmid was
constructed with a modified pUSl, which the HindIII site was converted to Xhol
in the preparation of pHM149 (Fig. 3-3a). The RS fragment was connected at the
Xhol site of the modified pUS1. Two HIS3 plasmids constructed in the deletion
and inversion experiments (Fig. 3-4) were used for integration of the RS site
on chromosome XV. Since these two HIS3 plasmids have the RS fragment in
opposite direction to each other, one of the transformants. YRN-1, has two RS
fragments at URA3 and HIS3 in the same direction relative to the respective
centromeres; and the other, YRN-2, has them in the opposite directions. The
plasmid DNAs were linearlized by restriction before transformation at the
unique Ncol site in the URA3 DNA for the URA3 plasmid and at the Xhol site in
the HIS3 DNA as described (Fig. 3-4a). {b) Detection of recombinant
chromosomes by PFGE and Southern hybridization with a ®?P-labeled 0.85-kb
PstI-Nsil fragment (66) of YIp5 (83) bearing URA3, a 1.8-kb HindIII fragment
of pRAS! bearing RAS1, the 1.7-kb BamHI fragment of YIpl bearing HIS3, and the
RS fragment as probes. Four sets of the same PFGE gels as for chromosome
separation were prepared. Each slot on the gels was charged with a DNA sample
prepared from the cells having the original configuration of chromosomes V and
XV (0), or from the galactose-grown cells having the recombinant chromosomes
and cured for pHM153 (R). These gels were blotted and hybridized with the four
individual probes as indicated. The arrowhead on the left margin indicates the

site of a new chromosomal band.



23 FpHMIS3 A ERBTH AL, SGluFiRiE L TH S hizlev BHEERE (&4
YRN-1[pHM153], YRN-2[pHMI53] & & {1} 3) & uA ¥ 2 EEE OSGalF fz (T SCGluik k1% i
T—HEEEK., oA YV IEFHOSCIuERBEMIIER L. EHELTER2U=—0 O
BUIERULLIOU-VOREBERNI—VENRVZAT A —VEFLVERKBTHRAAN .
YRN-1[pHM153] # % SGaliZHiCIEHR ¢ 3 L HN20% D 7 u— (8527 u—rdllro—
:n6®7n->®55\17n—ym%éwﬂﬁ—vﬁﬁg3mb®Ru%yu%¢)
TIT0 kbiZHHUTAZHLWAY FHBBDSHhiz, LU, NBSKTIX, COFEEERT
6t\V%%éﬁtﬁmﬁ%%ﬁﬁ\W%%éﬁmuw%%éﬁﬁitofﬁﬂ?ék
., bEOVERBRLNEFROAEKDHEREZKGNI -V LPOELDI T LIETERN,
% T T. YRN-1[pHM153] #RDSGIuEMICHEEL LD 70— 2 B L UFSGaliS i THEEL T
BohtHFLWIO—VPSERIVNRIEET S R I KpiMIS3EBREL. $EEKDN &1
WAT 4 —WETFIVERKHTHEL %, DNM 27+ LY — 2B L. °P THHEIX
WU VERER FOURAGEIET. WEREXK FOHIS3, RASIEET % /2(ERS DNA%2 7 0
—TELTHFINALT )T A ¥ —2av%iTo 1z (Fig. 3-6b). HiLWo O~ Tldfi
NOTa—TTHEHULNWREBENY RIZBWEEGY S IVERL. RS DNMRAD 7 a—T
TELO VEREE, WEEREEREDONY FIZLHFLHKBALE (RLVL—V) , s 0—y
THANOTU—TTHLEOVEREEK, WEREHEAY KCOBBALR (0L —
V). ER RSDNMAETO~T LT REHLWIU—UOHLWREBENRY ROBXIE,
D7 U0—DVEREBENY FOBXENERBENY FOBX 2/ LLOITEFESH
LWe ULi®>T. HILWREENY RIZE VELREEOuradfE L VEREEKDOhisIEE
DEOHBATHELR2AOHLVWREKRBELZ>TWEEEX SNk, 6. YRN-1
(PHMIS3] #k & SGLulE I TR L 2B, HFLWI/u—YOoRBHEERE,P >z (542
U—f2s0—2) ., Lied>T. YRN-1 %k Tlk. VEREKE XVERAKITTHEED
(Fig. 3-6a) . RY U NI O % Tura3@ L his3 L ORI THBIAEIL., > boA
T 1BRHPHBABLREEK2ABELTNS,

Hlnrso—rThb, VERBEBIUNEREKRE Tu—~TDNA LORBAY T TS
BHOND. HEERI LV, pINI3ERE UK. B—00=—HEROEL L&
THUIRODEAY V7 FLERDON. Z QMM A PAMEM TREET 5 LAY FF s
SOEMTBIELS. RIUNIO@ME L TEBERIC. FLVWEBKLSTTORERK
BEHEXRZEEZIONS,



YRN-2 [pHM153] Bk&x O« ¥ & 3 F ZWSGLukE i ¥ /= (X SGallEMITHERL TH. HILL
M A RBEENY KB >70—YEBohkdoie (822u—Y2@NE) . £z,
YRN-2 [pHM153] Bk & SGlulEI TIER U COERWICHWM U 205, SCallEMITHR Y2 EL
WISFEESRE I > 72 (BEEMW) . US> T, YRN-2 %k T FHEED (Fig. 3-6a).
RIVNAZOBEIZEY., trbur7 R 2@ >Rk 2<{FrzvEEaHCHRD
SlheERSNI.

Wiz, YRN-1 #hpEpmafeaik T, BRI 2@ O AR DN CHEBABEZ - 12
CeEBERTAHIIZ. YRN-1 RORERIOZ - &, BERO7U—-YOREELED
RS DNAMFHfEAFTIE DRI REE R MK % F X7z, RS DNAK R IZ I MLuIEBAL 68 | FTEET S
(Fig. 3-2a)#3. BamHI Zffii. PstIFf{i7. SalIMAIGFEEL 2. Lizd-> T, MRS
RSBl cRE»z2oll. HBRAOH% TMLul-Mlul B $E LT Mlul-BanHl BrRIZZE
fEL 72z, Psti-Pstl Wi & L UfSall-Sall Wi i %&E{k¥ 3 (Fig. 3-7a). YRN-1 %®
EEfioo—-Y e EBiko s a— 2y O3RE4KDNA #Mlul & Banll & @ _E YW, Pstl#
MMYIWidh 3 Wik Sal Bk, 70— X VERKBHEITV. RS DNAFi R 2 7 a—7
EVINATYI AL —vargiTofz. TDHRE. Fig. 3-Tb WART LI ICHBRX OR]
% TMlul. BanHl Z“EVIH OB QY A XIZZEIL L2 H - =43, Pstllf B & UFSalllft i
DY A XiEELE. COZEPS, YRN-1 BTHEU REEBREEKRTIREEICHAAR 2
BEORSHFBOMBITTERLEEAS. ULOBRDPS. pSRIOBAuFANMHBMZ 25
AUTHHEARECEBE COMBACLIVHERR2GHECREC T I L HARTHS.

Fasi EFE

BIETR. SRITSRAIFOMAUKRNMMAZRAL T, S. cerevisiae MilADE
BURLZHERUETHIHELZER LR, COHFEERAVWTREBKRLETOHMEREB &
CHHEAREUREOMHMA #30%BLT2B L VWHIEHE TR T LB TERL, 2O
IZpSRIMD A X (FARIKDNA D MM A, FIKDNA OMME A . EAEICKE T 5 B X WALHE
OHMBA., FHFAMKET2HMBRARMBoMEBRA. 2 FREERA. 2 FH#ERIALE %
BIT S, COMBA TR, HHBRAMADN OFKRBE. 2HOM BRI BAEOHEN
MEMUBIL2HBADOHEFEIZVWEZTAONS. LSBT, ZOREAVWTISIRE
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Fig. 3-7. Restriction analysis of the recombinant chromosomes created by the
recombination between chromosome V and XV. (a) Restriction maps of the BamHI,
Miul, Pstl and Sall sites flanking the RS fragments inserted at the ura3 and

ul,
his3d loci on chromosome V and XV. The abbreviations for restriction sites are

as in Fig. 3-2 and Fig. 3-5. (b) DNA samples were prepared from the host
cells (strain YRN-1) without pHM153 (H); from the cells of YRN-1 harbouring
pHM153 but having the original configuration of chromosomes (0)}; and from
those having the recombinant chromosomes (R). The DNA samples were double
digested with BamHI and Mlul, or singly with Pstl and Sall, electrophoresed
on an agarose gel, blotted, and hybridized with the %?P-labeled RS fragment
as probe. The migration site of pHM153 (linear molecule) (P) is indicated on
the right-hand margin of the gels. The molecular sizes of the DNA fragments

were estimated with A phage DNA digested with HindIII.
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JRDNA 2 REBEKCHAB I L LR THAI, /. REACHEEIIIRESE LR
HHNAZIC—HAL. RIUNIEEEXEZ E2umIy EV T ) LRAKOEEBT
REELBHEXFZIILHTEZEEASNS. ZOLSIT. pSRIOFUBFRMHERX %
FMAULLRREARUERMIT. REEORERA, REAADIN OFA. BEOREHKD
HEREOBL2OREKBECIHRATE, REELRLTOEHOERE. HEXRDOD
DENLFRELZBTHAD. S. cerevisiae Tl. 70—V {LiBIEFS14 73 ) —%FH
MULT. £, PIAK. REKCHI 1 —FETSTYET O 6 KERS (14) 2FA L
T, REEOR LA ZNEBEICHEBIEMN (RS) 2#MAGT e STdRTHN. LROSEES
WAL ITHOZ L BOEETH S, BERTIE. pSRIE 2 umDNA LIAIcd . SHEEORKTS
AIRBRCHAONTEN (19,89,91,92) . ThEDTIAIFORFHO>FFRMEBL E2F
Ad¥azzedbTr35,

PSRIZS 23 KiZ, IMANTHARADFEBRYFHNEERAMEFEET S L5, pSRI
OB FERNEBAGAAERIETHS. US> T, BRHIIZERZZ L. COMBRI 2 LE
BoRECHATAL., BROICE. to2uo—rv ez kro—Y BRABGET S
BREBIZEL., 50% U LoMBIIO— U B3 L iIARTBETHE LTRSS, L
U REEPSOURAS-SPILEEFOTI N H L. RASIEE-his3 EEOHBKORKTIE.
FFREBABS TFRHBA LD OOBREIZ L. EREKDN CHEERENL
WZ e, ERERIN O XBAEMBATREETHLIEREDBED590%.
% DBRHEETHBRAK IOV ZERINREEZEAOIS., HOREERKERETL,
—EFRIhHBRIBESATILE A, MBARBBARATFEICZZBREOTRETSZ
ERED R U—VEHBABIERT AL BHBIIEEZTHAD.

ABFRTHERULRY UNIEETIAIREFEHTA LSV — BB TREEZFOD
RAEZMBLLRKETH, ¥I 7 b —2AEMTREETAFELKB L0 LEHER
2. RS THBANEID ., REZFUBHLRBAL WS LEASh, 7 La— ik
RETTOMBAZELLIMAZDIZE. SSEREASNFHINETI2I K2BETS
LEBHB. £fe. TV —AEMRHET T, pIMIS3EER LB A L. pHMIS2EEA L
LBEEDOHTROONHBRIBEEDEIZ., ThPhOGAL Tut—9—DHBREOEL
Zxohs,

URA3EE ERASIESF COME B REhAER Uzt 5, HEGEBREASEXOBED
REACRIRTVENIRESBEINAE, COBRR. RIVAIBEREINAZLT
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LEIN., RYYNRIDEBESZNESEROREEL S RBREKNSELZHEEL b
HEEBREEDSAROREBRIIRIEEOEIHSEN. ThoOHED S,

S. cerevisiae MIlIITIk. HENI BRI RAKLAROREKCEET 2 BBSHD >
TOBTARESER GNG, . AROREHE. HRADL 0. TEH. BEZLOD
HATHBNTVWAEIENREENE, ULHL. ROFEZIZ &0 < OHEEERAK (41,
64, 84) . REYf{k (56,85 HBIEHINTWEE, COBRUBERAZVERERIhEZRER
1oL HVWEY)., X612, COMETIH. WERGCHEOhisIE L XTHFLREKDORINIE
(rRNAB Iz FIE) L OB CTHEAAEI L., HEREBIZLD . rRNABIZFOE DR UES
B2ADEERERKICHEIN. FREALRMEETFOMAEEA L HRIICL0E
EBEC-oREEL. BAZBEBBEIZEA TV, AR THESLEZEERRE.
ura3fE ~ his3BMTOEEREAIBRNZLOPLLARNS, ZOBBEHET S
Lid. BEBSAN Y. AEREHOBBEXRCCHBTIROREETH S,

BoE EH

pSRIT 5 X I K OERAIHS RIOHIM X % FIRI L TS, cerevisiae Bfaika ABMIHET
BEROBRERS . TORKELTRDEI RAEAER L. BERCKOERD
2HFYIp BRI Y —%2HWTpSRIOMBAMA Z S CRSH A 2 MATB. COHMIZY
5o b ARBRBRETF7OE—9—OFHEREGFAEBELATIRI KEBALLR
. A5 —ARMTHELT. RYVAIAEESHE. 2 BORSECHEL£TD
. COFERRVCREK FORKEHH. FHAREKMOHEERE. EARKDNA
OREEADEAB B AL THS. T, REEICHIARRSHETHEL SR 20458
N B 1o sz F I IV e 2 B ORSO BT SPLL & & CURASRE T % B DNA % Rtk i
HAd, REGTFERBStR. KWIS%OMI TP & FIRMGEETF O 0 H Lo
Tolkzbtd o, REKITHAAGRSETOLDHBRABEZIZZ D>k, 2¥IZ. K
K, W, MEGEEECTCLARBR. SHGERO—FONEREHK ER180 kbl
A7 RASIFE & his3FE & 2 RSHT A 2 MR 3. REETFARBEEE 5 & RSHA 5 A 5
ASATN 3T IEH80% DRI T RES . BEHEICHAS QT2 M T>EEHE
Iofze —fEAHMBOVEREERDOuradfE & XWEREEOhis3ME & IZRSHH ##iAH. R
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BETERRASIEZILHN%OMRCHERERESEI >k, Lid->T. ZOHEKEEAL
TRK. . HEEBOLIBREBEAOUELXEITILBAETHI LD
fzo COBRWMBEYORBRE, FRCHATEZZ2ELEEXSNS,



]

FA4E RAEEZRLEN

12

-

ERXTE. £9. pSRITSAI RO FHREABAOBRBEZER T2 2010, HRX
WERBEBROMRE. HBRACHEFORE. MBEAMLLFEBKINAG ERINXIOHKEE%:
M, KIZ. pSRITF XA FORTRMBAZAWT., Rk FoXRK L HEA, FHEES
EERBOHMBALZEC TREKOUERNEZRHREL 2.

B2ETIE. pSRIZ77AIROZFHRMBRAOBEABIL 2. sSRIO—FDIRIZER
ZLOTIAIPODFHRMARA CERBMOEH » S H X BALILIRND 58 bo OEF]
WIZBREX Nz, TD58 bp BFAINITIE. 3 bpD AXR—APHEBWTRTSN/z14 bp @
—HOFBERBEENNBFEET . COMMBRNERIAE. BEOEENMBAR L
BERCECH BEEFRFOBSASLBELLZW, £, RIUNIF, HBAEA
WHFEETS4bp ORMEREBEABLITEHITEHELS 4@ORE U 14 bp O DEUEIIZ
HAETD2. ChoDBBRPSHEFEREESIS D THRAKRAOBB L LT, ZEHVIFE
BETNE—AHEVBHETRETAEFBRELUL. BABENMB XIS, cerevisiae D
AREROMM X (46,81) . S. cerevisiae I FA Y RY PIELETEA Y OV TOE
24,253 D& RKEROBEFEREEIBMBEMMB R GRIzTFEREMA
B2) EAT77—T0Int SUNIOMMER (94), P17 7 —IDcre-lox ROMMBER
(78) Mu7 7 —IDCin F Y NI & HMMBA (75). YL EXTFEOHIn N2k 3B
MBE 2 (75), 2 umDNA OB FHRHEEX ( NOBIIRIXATHMMBR (KXBHEBRR) »
FETZ. BETFERRHBIOBRE. BUEBFENT VRV 7—¥HDNA #2428
HUWH T2 L VBHBENZIETHB. T, BANEROHBRI TR EENHK
ABLVEBHIBSBEFOMEBLETHS (W), UL, ThooH#iE. pSRIOH
BMALERELZZ, £ KXBHEBRZOBRIE. 1) SBRABZHBI IR &-> TT
bh. MOBIRFOMEALBEL LAV L (Int ¥ Y A2k HMBMA RN THE
RFELEETS) . 2) BEOMBIA L IEBARTHS L. 3) HBRAMBOICHEmME
REBEIIBFEEL. CORIMNICHBA I ORI BEATE L. 2L THY (69). pSRIY
SAIFOHMBAL—HT 3., . RIUNRIEZhSGOHMBI IV NRI2DCEKBIZIE
SWHBEMBSEFEET S (2.3,31). &> T, pSRIODFHUEBAIXXBOMBIICE



L. TOMBAETLELT, —ABUBRBRETLVLBEYTHI EEAONS., T
Int NI OHMZ (45,61) B & Pcre-loxPO MM R (34) Clk. in vitrofiBRARIGT
KUY F—hEESBEEIN TR 50— FAHVBRBRETLOTRESTIRZN
2. pSRI7SZAIROHFBLABV T bin VitroRIETHR Y T -FRHEOEELXHANS
CWENHMBAETLVERIETEZTHS D,

BEIETIE., pSRIVIXAI FORPMNBEMHBALZFAL (REKL*RETIHEEZH
%bk.:@&ﬁ@k%t%ﬁu%ﬁ%i%ﬁ&z%A%%uﬁﬁbT%é%@&%%
TohtTHd. COTLIZED., BELALBLATEEL ,EHEOHE. HRRVK
. AEOON-OFFFI ISR EETH 2. AFRUMICH., REEANDTUATOHALED
BREEZ LB RAREROER (60). REK LORXZHEBAE/NINRT ¥ —DNA TEHRTZZ
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3. ChH5QAERIVWThG, EXBHFOHENHEKRL (EENHER) OBBYEEER
BEFATZ2LD, HRAK IOV ARBERNEOHMLZE TRERIZLENHS. &
z3#5. pSRIOBEHROMMA 2RI L H TR MR BBREERREAMAC
Rz, EHRREERNERAZAA YT 20, AEBRIHUBRANMRIATECTO
T, BELZRRTOLHEHBRAKIU—U 2B B+RTHTHE. ReAE. VELRE
ADuradfE & XWHEREEXROhisIE L OHERE 7 0— > OHBBEBE TR H R %R
THE1MBHRE0. 1HKRDHLD 121077 L {EWD (41), pSRIOMAFERMMBE X £ FA
TH2EHRI (BIFOHKERTIHREZ2BME L THELR) &<, Mxkis N
WAT 4 —NVERFNVERKITRIRTZZLBHEETHS. . FUBENHEA#E
T2 TE20T, MBABRCREKIIAS 2HOMKR A FHBRLETEC 5 MR
AZEBNMBAOHEITTIFA2LB8TE, AERCEKAREICHIT T2 2 L BAEE
THd. 60, AEXHMEATITV., EXDINA 2HRENTHRIETZLE2RITDZT L
BTEHDT, DNA BHEHANIHESEL . REEKORELBFBLITAS. £, BE
URBUETHEEURBHOMBIABEITILSTELSDT. 8F4EP0 L 510, FEEH
MAEEIZOZVHARTL, BVEBENOHRE. DN OREERDIEERGNOHAHPSAHET
H5.

CORBHRUEBRMAXSLERIZANBE T2 DICE. 28K LtoEEORKBICHIA
ARRHE TEHETHRADBEZIAZNENDHS. AWETIE. WEREADRASIE X his3
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R TOMBABLUCVERECEROura3B L VEREBAORSIEB TOMBRAIPECSZ
LEFRUL. CORIZ. pSRIT SRS KOBUBROEBRAEAVT, REEKLEORKL
W, FHARECEBOBEREXRBI T LBHETHIO T, MBI ITIE. RS DNAY
FET 2N PREAPBRP. £ 2FRAMBIADPSFRHBRALIREELZRETEZV
EE26NB. B2RIARULESRIOZFRHABABBIZE S . pSRIOZFRHEX
. 1) RIUNIRZLHZHMBPAMUOBH L T OMB A HEDINA NOREG. 2) 280
M X MAIDNA OXE. 3) RIUNZIZLZDNA SOt BES. O3BRBDAREY
BUTEZZ. 1) OBRBIZE. 7uF URBEDO LS REHROSKBEN. 2) OB
Bicik. REXKLEOSKBELENATOMBARMOREY. TOMRIIEELRITT
EEZONB. BRATR., chod, RELORECERETEBIZIDVWTERST. 4
BORTEBEET S,

PSRIZS XA I FOMAURKEMNHBALRAL T, RER L TCORK LW, FHARE
EEOHEEEARITIEBTER. CORBRREERLANT, REELREEX
e, BREKIZIINA ZHALRY, BEORGBEHABEEL T, ek EHICRIEL TH
EELVRLTOEYOGERR, BEEZITHOILBAETHS. CORBERAEHMLH
W3 &, ¥200 kb@ODNA OBABAREEZZSN 225, Y100 BOBRERFEEATES
Z&itB, Liklo> T, ZREEPKERBZEOHEBER I OB IBRORIE» S 2K
HR2BHEIAILPARTHS. HEREREKkad, cb (2ADHREHK%ab,cd TEHE
T3¢, HEREREEKITad,.cb 4 3) LARDLEKab, cd % &M " fEkab, cd/
ad,cb PEBPR%ZITD &, ab,cb. ab,cd. ad.cb. ad,cdz& D@k %E b OEBEFHBE
ahs (HEKTa HEED HRIZFETZLRELE) . LHPL. ThH5DI B,
ab,cb Yad,cd OREELZ L OEBTRIRERD—BERLL LDICEEFTEY., —BOK
BETREBEZICHATE., 5K 0REBREEEKAERT 3 tRt2cSIzBb ¢
BIELPTELZTHS). COLIRBEHEREAELREEUEEBMERNAL TEEY
ZLABEYEMERT I EHAETHS. pSRIOBHNBFROMBEAARAL XI5~
ZREEBIHEATEIILIZL, BRERCHBIRL T I RI F2BITIEAYEREBT
ZZEDBUETHD. £y TOEFERWT., etk 6. HEDODINA FHE % FRIKDNA
LT PIDHycehaguzcesrS. YInHaINLIN CEFOEBREREND LT
ABHEOBERESZELL T8, YUV Hah /DN WiTH DI E—BBHHEicm
U, EBEOIBELLHEEOINA 2 BEEZ-EABEAFIHLTCESCERTES., Ly
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b, TOHETE. KIE200 kbOYID HUBERETHH S, AR O MK & B B 1 VIE =
F (RIK180 kb) 29 FA 0¥ a v TYavyNTObithoraxBHAKBETF (¥320 kb)
WO R LOEFEYOEREREFRLUVEZEYOA RO Y 2R T 3 ERFEHE—FIT
BINTEZ3THA5, 5. pSRIOBHUBENHEBAZRAL T, REEK LITREPE
PEEBILULT, k. ThSOoREREEKA SEEIROWMMEKRTYIHL T, "VA7
A=NLEFLVERKIIPF IO REEBRELBN T2 L LAETHS.

£33

BE27. rouxii IRDIRIRT 7 X 2 FpSRIE. 959 bpp &4 3 — Xt ¥ % KEE S %
b, TOB2ENLTHFHRMBAZITI. COFFRMBAIACETIXAIFASND
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IFODTHMEABBLFB U -#BES. cerevisiase DRABERYERROBRIIO>NT
BRE=OBERITHS.

B2ETIE. SRIZVSAI RO THRMBAOBEEBII T2 2L 2iT-> k. 7 THM
BABMBUERET A0, pSRITI X I FO—ADIRIZSally) Y A—BHEAIh B4
DERTIAIRBLUREERT I XA I RAS. cerevisiae HEIZHAL. EET75 2
SROMBALERBUOT X 2R, HMBARALESS bp OEIINICWEL 2. ZDE
IRz~ D14 bp O E REEFIBEET 5. COBMBBOAKRLCHEV. RS
RTEERBNOBZTFERSEHETRIS, Cozed s, HAIE. 58 bp BHAINT
Biianas s, KXBREBTRIZI B>l e, FFRMBABLICBEETF
ERICIE BV A5 3RAD52 BRTOMERIARETH> 2. KBERTrac 7
QE—9—52HWVWTRBEFERERAIE . TRMHEBRAICHES T 2recABIEFE LU
recBC BIEFERBUTHIRE T FHRMABRABECZIZ PSS, S TFRABRICE. B
BEITRFIMEE T4, RIUYNRIDBTRIZEEEDOhE. X612, KBAET
REBEEL, BABEBURRIUNIZEHWT, RYUNIOHBAWOIDINA NOEE%
DNase I 79 7YY T 4 VIV RBRIZKOBXRREZ B, RY Y NZIi458 bp BICHFE
T35 D14 bp OFMERBENETNIEHETL24BOEC 14 bp OEDELUEFIZ
BAavTacetdbbol. COHRE. 2um DNATOBRLABRTHZ. chonZ L
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6. 58 bp BEIATHBABHREINE., 770 F AT VA YaviZidATuT
Aa—T Uy 7 ARERTEIE. IATyFEEAES L RZLAATUTa—T v 78
DNA BRI K DRI NI EBTREXh. COHBAGFELRUBFEENHBRATHS
EExS6NR, £z, 2@D58 bp BHIZDNA [HMRAAB. RN IDEEEFET 22
CWEDPSRIOHBAEABNICRETEZEZX N,
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S. cerevisiae DEERETF B L CHMAFHHEIA (RS) 2 FGRSH 2 EHE L /=YIp BIX S
5 — %AV THIRABMBE %S, cerevisiae REAKDERD 2 pHICHAL. & OMEA
WGALIBIRFTUE— Y — O TRICRBEFE*V/VWEYE BI7 5 XIREBALRE. ¥
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RN E 72 2 @ ORSHT A O BT SUPLL-URASE (= F % G DNA % emEKiICHAA. R
BIRFERBREIER. ¥ISHOMICSIPLI-RASEIEFORERBEI I S, R
HRIZHAARERSEHTOHBRABBIZZESbP oz, RKICRELFEMOTELELTEARS
iz, ZREAMBEO—-FOXNVERERK K180 kb#th /=RASIFE & his3FE & [ZRSET & #
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