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BFERMEO- ¢ T s LTRELTL
FEMPERTEE R AR L, BMETHEE oL h W B K
BikEEIc s 5. cholaFgaulERRFNCS
WTHk L RERREN B TRBERESHRAT 5.
SO &S HETFRENE, F9RIES BV EHIEIRE
kb sey s o DNA S TFREBELERLT 2
BEHSAZVEINEH LT ABBL LTERS
CENTED. Lizh- T OBRTFREFRIBRETE
EDiEETHS RNAGREMITT A&tk » T,
CHOEHRLD FVIRELVWEISAED KD BAFH
BRic k- TR bR P EPSHIT S5 ETHEIS
ERETHBEELOND.

FEREBTRENO RNA AR L T’, <&
Armstrong 5ick 3 biphasic pattern theory" 25%
2. moRkzo@MP (0~104) KBWTR
ribosomal RNA & soluble RNA #& K& h, %I
(15 ~ 45 %) ©iZ messenger RNA @ &R OHIE &
ha&el, BofiroBBi~oBiTR
chloramphenicol itk ~THE&s W 2 BERE L
#- . B & Rudner 513, *H—uridine T/ ¥V 21
# | 7= RNA 0 Bt 0T H 5, FFEH055 & 85 2
I ¥ — 7 %8 a wave rhythmic pattern theory?
A2BELAE. LhLIhboHE BV, ETHE
D18s, &5k RNA 5T o iRt i RN B 280 R O
Dy — v DBIck - THIFE TR, XBRE
OBE, REWOMPOREISBETHY ., TOHD
RNA 2R OBAAMECT AR EDDTRTHT
HBEEZ N, WENOHEMICERI TSI LPEL
ETh5.

—536%# 1T 35 T chromosome HiBEE 5%
AT EMBHESATVEY, IBEAFHO
chromosome I3 &l L THB L cRIBIC & 2

P8, BIERichciEM LT 5 & I ® chromosome i
BELCEEEEEST 5. N EE O8lpin o
tryptophane operon® i LH & LT, Wi2h o
5% T DNA gyrase HBI5 L CL A E B ME s 1
159 DNA gyrase & ATP IS{&7E L F IS T, ZAH
OMBIRDNA LB 1 VIEEZHBATS
topoisomeric W BEETH 3" BT RFHIcBT 5L
30 DNA O#EZER I 2 @ & 5 1 topoisomeric
HEEENSMSE T A2 E M S D, BItX D DNA O
topoisomeric 75 Z 2SR O IR B RETNIC AR S 5 E
WA RIFTEREENHEZLEEAOND.

EZFHBEOLY / 2 bl A RIGERAEHO D
OWESEKIES 3 VWIRRIBLTWSEEZ W BT
5, BEALEHLE N BE, EO KD B THER
ok »T. EEIEREBLS B VIRSERTFERVLD
BIRWEGEMNE & LT OB 2R L5Emd 3%
T3 2 L 2 BRILTABEETE 2.

T FHEREBTRED ICE T 5 RNA AREE,
DNA-RNA ~4 7Y » FAFEREZ DOEH, &K
RNA 78, RNA &5#ER 048 RNA 5Tk
RiETEHASRMERORE, DNA gyrase DHEA
<& 3 novobiocin® & nalidixic acid® ® RNA &
BRicRETIERSOBMBEART L. AFFRTRS
N0, S, REHICET EEENZHOHLL
HHEE T L - TS TV B &ERET 2R
A2BLOT, TIIKHRETS.

EBRWHRUAE

I AR
Bacillus subtilis 168 LMH : leucine, methi-
onine, histidine ZExk it

Transcription and its Regulation During Germination of the Bacillus Subtilis Spores
Motoo Matsuda, Division of Molecular Biology (Director ; Prof. T. Kameyama), Can-
cer Research Institute, Kanazawa University.
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1.Low phosphate Penassay (LP): ff BB D aij5s
%, HBEBRUORFHEMAE LTHLL. JoK
i 10 #ic IM Tris 100 ml , Bacto Beef Extract
1.5g, Bacto Yeast Extract 1.5g, Bacto Peptone
5.0g, NaCl 3.5g, K.HPO.140 mg , KH,PO.60 mg ,
Glucose 5.0g. K& L —leucine, L ~methinoine,
L-histidine, L-tryptophan % & 4 50 ng &% pH
7.2& L1,

9.Schaeffer @ Spore ' : MBI FHER O 1o
HERL/.

. BER

1.TM buffer : 20mM Tris,20mM MgCl,, pH7.4.

2. TMC-MS-KPVS : T™M buffer i< 10mM
KCN, 60mM B — mercaptoethanol, 15 % sucrose,
potassiumpolyviny! sulfate ( 20u¢g./nl ) ZMZ 7c
LDTH 5.

3.SSC : 0.15M NaCl, 0.015M NasCeHsO:

4.Saline buffer ( IM): NaH.PO..H,078g,
Na,HPO.61.8g % 11 0B KICAEMLHE.TTH 5.

5.TEB buffer : 1l ez Trizma Basel(8g,
Boric acidb5g, EDTA9.3g #&4#pH8.3 TH 5.

V. laF D FHHR: Schaeffer ® Spore HHE KA 2L
ERX (2%) Kb cHEE L. 37T°C 3 BoE®EK%,
EMET ClRFEUE - TLAEEHRALTRELE.
BUBOBERTKICHE L T lysozme— SDS L
0%, IMKRU0.14M NaCl T& < 3 L, BICZEEK
THESCERE LERETREKCBBLTLITCT
RrEi L 7.

V. %3 @RI 80 C 16 ABME L laFE L
-alanine (100ug/ml) & & LP ¥ 37 Cic
MEHMLVIRE DT CRERBEITE -2, BFHDO
turbidity ®%Z5{kiz Klett colorimeter,660filter %
BOTE L. EEESSTER ORISR I
Gt 6 7 ¢ % #2 # © uridine, thymidine, amino
acid mixture & ¢ methionine % i\ 7o EFER G &
FEEBD% 10 % TCA(H Y 2 o VEEBR) & MA TEIL
a4, EEEKB A5 % TCA T3 MEBES Lk, TCA
TR % Glass fibre filter (Whatman, GF./ C)
LS SEEEE L v PPO Y v FL -8 —
ERVWTRIEL 7.

VI, fEE R o'k RNA 0%l : DNA-RNA »
A7)y FIEBRICHVA H-E# RNA 2R T 3
2% *H-uridine ( 5,6—*H~uridine, 40Ci/mmol)
ERIEIHOEE 200nl, 55D & 150 ml, HETE
WG 50 nl @ LP Bicin A TEBETL - 1.

EREMERFN~0rTc0l0 M, FHF
55~60aETo5aME, HEBETR2AMTHD,
*H-uridine % % ©1Zh 10mCi, 3mCi, ImCi Nz 7.

EHshiRERFRUCHBERAEEZ AT
KPVS (20ig~ml), 10mM KCN 2 &L EREOFK
% 2xTM buffer LT B EEAARIE 2 E LS ®
2. 10.000rpm 20 3 4 COF Lz L DEE L TMC-
MS-KPVSick v 2@E#¥EAHE L, TMC-MS-
KPVS ic## L 7-. lysozyme-SDS ML H K U
active bentonite FETFTTO 7 =/ — VB DK% =
¥ ) — Wik A $T18 - 12 .DNasel JLEIc & NDA %
B L/ctk, 8 H-uridine ## RNA % DNA-
RNA ~A4 70 » FIER & Z OREHRERICH V2.

BRABIC L 2RO *H-RNA o 53
i, IRy~ VERBEER OIS LR OFRICED
T -7, XKREHBRNAOAYMS A S LEKD
FETITE - . BHRFHP 1 3 SH-RNA @&
EURE 80 BLILD b D AR L /.

VI. DNA OFEBIR O 7L ) 4 MR
i 5o DNA o FBIE Saito—Miura EicfE-> T
Tt -7z, DNAD 7/ A Y ZEHIR 0.1xSSC & o
DNA /A# ( 50ug/ml) i< 1/10 #&D IM NaOH
EMATCERCTISSUBL T Mo, 70h ) HLE
#% IM NaH,PO, ©Hfa L TpH 6.8 & L% 0.4M
Saline buffer c—%&&#H L 1:.

V. DNA-RNA 1 7} w FAFERE T OHER
KER: N4 7 )y FIERRE £ ORI Gillespie
—-Spiegelman @ Filter "&£ H W/,

X.®YT72 0073 FroB8RmkE:05%7 40
~R=2%E )T INVNLT I FESY VOER I
Peacock 5D H R -7 10%R) T2 )T 3
F (60 ml) OHBRIIIKROETHB.20% 72 VT3
F (acrylamide & N, N’-methylenebisacryl-
amide OE&LH 19:1) 30 ml, 6.4% 3~ (dime-
thylamino) propionitril3.75m., TEB bufferf ml,
AEK15.25ml, 1.2 %BWHETE=v,5n. B
S[UkBN A EE S VS 10 T, 100V, 1.5 B,
10 %45 voig& 20 C, 100V, 3 BRlTE -1, %8
# 7% Fluorography &' TiE# RNAOKH%
Tt -7,

B 1

1. REHORNAGREI DORGIBHMERT
ERETTS. ’

INETEL OHEN S BRI EREET ORI
EOTI, T RNA ARMSEBEN, T
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EHARK, DNA &FHteE 5 (Fig. D.

F 3 FEEDIEREE LT, RNA ABEE £ i# i
L7-. Fig. 2 ioRrd 4, *H-uridine 1 99 2 5
TRENn 3 RNA SR, RESH TS, 204
BUEEE L 150 ¢ CHEMEMN T 5 (Gml: 0~15
). COAREEREDR—EQOLNVICETHLE
IEC DL _UEHER L (Gm2: 15~40 4) .5 TEHK
1 EEHEMA R (Gm3: 40~60 43). Z OBICHSF
B0 RNA AR RE 2 REELTHESTOoN S =
OB, Gml, Gm2, Gm3 2&ETH#HITT 5. T O
RNA &8 ® pattern LRI LT, —HEAAKIE 15
ST s, TORAREEL—EMEICELINE
HerE L 7otk ERMBENERYT. T OBRBHBITY
RNA &EUEE O BENBTE BERALTVWA T &
LEREV., DNAARWERF H BN
(Fig.]).Fig.2 iwR & 5 RNA &RGHE O 3 HIVE
BRESRUOBNILALERT 2LEHDN30T,
IO LEEIFTAEEDDNA-RNANS 7Y o F
AFHREZOERERETE - 12 (Fig. 3).
Gml Gm2icF A28 (BF 10 ~204), Gm3
(55 ~6043) B LoshE (2 50) TERs

15 1
RNA

Protej
~10 A
~
=
*
£
S5

DNA ,

0 30 60 90 120

Time of Germination ( min.)

Fig. 1. Sequential synthesis of RNA, protein
and DNA during germination.
B. subtilis spores in LP medium supplemented
with L-alanine was counted.
*H-uridine, *H-amino acid mixture and sH-
thymidine were added at O min.

SH-RNA &7 nn ) EYEREE DNA L 0o 4
7Yy FAFERERTIR, ChSERRNA @z
F-DNA ™ 2.1%, 1.5%. 20 %T%h%hthfis,:
# L7 (Fig. 3a). - T Gml R GmZ Ol ci
DNAD L b FLREEESEEE NI T ELL
5%, Gm3 » SEWHEPABITT 2 K> W TERE RS
mLTwWw< . XFig. 3b icRTBHERTR. Litgs
E—-HLT, REMBIO~2050BIcEaREhs
RNA |3 0EAEE RNA o4 7Y o FEERBICR L
TEHICEET 2IcT EN L (Fig. 3b. (1)), &
—HaFEA M S B L /2 R # RNA i Gml
Gm2 Gm3& 3IWHicBLTAR S iz *SH-RNA
® DNA-RNA /~4 7Y o FERICS L TELIHES
4+ 2EEsEB SN (Fig. 3b. (3)). #-TZhs
DEBHTHRFICHRNTE RNA S TREIRE &4
EHBVWIRE - ARELTWRVEEI SN,
I. 8M&h3 RNASTFEICL > THRHHIHY
SFohd.
REHICBVTETRONCEEILShESESh 3
EFEAThsh. FLTOERVTEDL I UIEF
THRIETEENSETTIOLZELPICTE DI,

\
X
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Fig. 2. The rate of RNA and protein synthesis
during germination. Isotopes were added at

times indicated and a pulse incorporation forl
min was counted.
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gHicABE NS RNAD FROBIFETE -~ 72,

Fig. 4a IWREATWHA, Gml T EW 4~58
RNA BEREATVE, IOHTREHEZ S, K
935.16S ribosomal RNA DEREIMHEIShTWS,
935, 16S ribosomal RNA 1 Gm2 i8> TR LHT
amansd. Gml TARE h3aFHE3 4S, 5S, 6S
RNA &ftzD VK S h DIESTF RNA T % (Fig.4b).
§S RNA 13 Gm2 TH%¥ 5. Gm3 TR & RE—%
4%7 RNA, %5 < messenger RNA &b h 5 5
FHEOSHIBECRONBLDLNED. T3
OEH 245 1 5 RNA S FREOMBTER 3, RNA
ARERE OB & - TRHE LB RIFN 3 &
e LT, Gml Tid 4 ~ 6S {E53F RNA #izF 0
AL, 2\ T Gm2 T3 238, 16S ribosomal RNA
RETFOEERE & VS RETFEELCOEFRE S
ARESCENELE LTHHEOY NS I LERL
T3, XGm3lkBIFAAK RNAFFED
pattern B c SIS WO & hicllL LTK

a).
30

20

10

0 v
0 200 400

g 3H—RNA from log-phase cells

600

10 (2)

100 200
g 3H—RNA fram germination 60 min

$ DNA hybridized to RNA

O 4 T ¥ L} T
0 100 200

g 3H—RNA from germination 20 min
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B3I LHEERBOTEREERT Z260THSLS . C
@ Gm3 #ii12 DNA BB s 2B TH D 2D
RNA &R0 BHBENIEAKOERICE~T, HM LB
BT L C DNA dose effect EbEEE LT X 5
BOTHAD,

M. Gml s Gm2 NOBITEIEOSKRIBER ICL
S TIHIZN B,

faFREFPH BTN SRITH» 5RO ZEHH~
DBITICRMA S HORBAFAEEG LTV EOHN LS
MEE ST ZEHNTEAASREEH %RV T
BT - 1.

Fig. 5 Z/R9#% iz chloramphenicol (CM) % 3R]
B0 E 4 5 & .55 5D RNA ARBEE 20
AREED 50 TOERNENMEEAN c L8 %
ZFEwv, Lk LGm2 Gm3ic it 3 RNA ARIGE
S5, BBIOBCMESIC L -» TREFPICHFHD
3 turbidity O D IR HBE R T VA, 60 FLIRD
MR LN W. CM % 20 2 THRE LEBA& RS

b).

% hybrid remaining

100 (¢8]
50 4
0 L} b
0 3 6 12
unlabeled RNA/“H~-RMA fram log-phase cells
100 (2)
50 4
0 T J
0 3 6 12
unlabeled RNA/“H-RNA from germination
100 60 min
(3)
50
0 T 1
Q 3 6 12
unlabeled RMA/“H-RNA from germination
20 min

Fig. 3. Hybridization of pulse-labeled RNA with DNA (a) and competition (b ). Each annealing
mixture contained 1 gpg of alkali-denatured DNA immobilized on Millipore membrane
filters and increasing amounts of log phase

60 min
(a).
phase

sH-RNA (91,900 cpm/gg) or germination 20 min
Each annealing mixture contained denatured DNA as indicated in(a), 300 ug of log
sH-RNA, 200 g¢g of germination 60 min

s H-RNA (12,900 cpm/pg), germination
sH-RNA (38,080 cpom/ug)

sH-RNA or 180 mg of germination

20 min *H-RNA and increasing amounts of unlabeled bulk RNA as indicated in the

abscissa (b). Symbols :

(O, log phase unlabeled RNA ; A, germination 60 min unla-

beled RNA ; [, germination 20 min unlabeled RNA.
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BOoSREELE BB L THFLEMEZR AL, 40
BBLUE0 D THRSES L 1GE& L, 5% RNA SEE
BRI IRDT 5. T CM s & B RERICHEM
#7172 RNA &5k O pattern (&, VAT RTDE
BAEMEER lincomycin (100pg /nl), erythro-
mycin (10pg/ml), streptomycin (300pg/ml),
puromycin (200pg/ml) CTOHEARICAEDH LR
LY R Gml cBits RNA ARE
EoRMBIESARBERN L - T3 LA YRS
2R ny, Gm2 ¥ Gm3 icBIT 5 ARKE
OYMEFMFR L rbsFI s ERICL-T
MEIENBBEERL TV S, ft - THIBOARSFE
DR EBAT AU O, THSEH O Gm2
DI RNA & RETIHEEFEYRIZ, Gm2 28 5H
ICHBS 1 T B 23S, 16S ribosomal RNA @ & B
FEEIME T 2 BT 2O TRBLAE VI
BERRLTWA., ZCTRICCM %2 0 3 icik5 L1
HOSHWOSGHK RNA S FREEBIFLL.. TOHR%:
Fig. 6izsrL7:. Bo»ic Gm2 B LU Gm3 icBF3

151 "\::“ F3
Q> S
E R\ ~
Q@ 104 r2'o
© *
N £
> &
Z_'g
.51 F1
;?—_ 05
CM
addition

0 30 60 90
Time of Germination (min.)

Fig. 5. Effect of CM on the rate of RNA
synthesis during germination. Turbidity changes
are shown by broken lines. CM (100 g g/ml)
was added at 0, 20, 40 and 60 min as indicated.
sH-uridine pulse incorporation into RNA for 1
min was counted (solid lines).

O : without CM, @ : CM was added at 0

min, [J : at 20 min, A : at 40 min,
X : at 60 min.

23S,16S ribosomal RNA DA EFICHE s ¢
Tw3 (Fig.6a). X T O Gml iz £ D &L RN L
6S RNA 2 Gm2 Gm3 it BWT HEME N, Btz
SRE IHEMRNLEMERL 2 (Fig.-6b). CM % %3
BaTtEEsELEBAIKEBEVLTS, 23S, 168
ribosomal RNA oA HIlEhTWVW3H, Thp

BFEOSRABE STV B, 2 & 41 305

BELEZEAKR, CThooRTFREOARRBREE LT
VW3 (F— 7 EHK).

CHoDFERIGMI 25 Gm2 ~0BTT b
23S, 16S ribosomal RNA D&% B 45 i< i Gml i
LB 2 de novo DEABERSBETHLI2E 25 %
SMCTRETIHDTH 5.

IV. DNA gyrase DWFFHID RNA B ICBE LT
3.

HiEE TORER,Gml kBT 3EERENZ LY
o Gm2 8L Gm3 EELCRUIHAILL-T
VWAREAHOMhC L, 2O &iE Gml A5 Gml
OBTFCIEEFRXOENERNBES L, ok
»FERTIRFO 1 oML WEAKRTFTH 3BMR
Bahie, TITESRRAIABLABLRENYNO
DNA #&EZ#mBE 5 1 2OEBERE LTI DEEER
DEIBICEI VWHSBAEET AL IKDLTHITT 3L
b,

59" DNA gyrase © [iE#| T & % novobiocin
(NOV) & nalidixic acid (NAL) #Fiv»C RNAA KA
DEBE L 5~1, 5B h 53 DNA &R ORE
HlTbdd. NOV (5ug/nl) 2RFMBE 0SB LY
0D’ ET 5 L RFEMPBEED turbidity ®BD
BEEEZ LV, BRERNIECRSNS
turbidity O#EMIZEEI ALV (F— s 4. EE
SMETTIBE L LS, NOV, lug/nlXid
3pg/mlERFISHRET 2L RNAAGREER
ISHETE -1 BEEEZFLON, Z R LIBEED
Bsrobh S TENENNBRTTL %0HE
Shic. Spug/nl, 10pg/nlTRIBHTETTR
fREMEMNEDON B, ThdDEE& b Gml
RNA &3, Gm2 & Gm3 @ & Ll L ~XHEH I
insensitive T& 4. #0201 NAL 25 25
b, PREOGMITCOERICH LBAMI
insensitive 7 RNA &% 7R . X NOV (54 ¢g/nl)
235, 10, 15, 20, 26 A TERENRE L TRE
%0 RNA ARGEBEZRIE L 219, REERIDICERE
LiciBaicid, #5% 598 RNA ARGEE O H#M
BRLNBBEALUBORIMIEE CRDT 3. BHFR
A5 S B TORSTIE, BE5HORNA &K
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EEOEMIEE <D 5. NAL (100pg/nl) TH
E}f,ﬁm{?ﬁfﬁ]biiﬂw ¥ 0% o

choDERIKE-T, Gml i3 RNA &8sz n
LI DB Tt~ T DNA gyrase OHEHF X L T
A IC L D insensitive WA B FEES B A5,
Gm2 & Gm3 DZ iz & H ¥ T sensitive T©&H 5 C
LS EMN o, Lch» T Gml A5 Gm2 ~D
Bificid frozen DNA OE#(EBSLETHYD, TD
#Etkiz 3 DNA gyrase B EEGREER L TV 3
HEHMCTRBE NG, T OEREM o DNA & R
#£#| hydroxyurea, 6—( p—hydroxyphenylazo)
—uracil FAVWARRTHICIFINL. bRAK
- h 5O EHKZ topoisomeric 7% DNA OZEHR IS &
R EEFETHAEMHMONATL S, Th DX
RGml Gm2 D RNA &Ric k&< EEE 54 ¥,
DNA &RBE S N BB HICH 72 5 Gm3 © RNA &
FZfZ L 72. —7F mitomycin C Tiz NOV, NAL &
Fl#tic Gm2 ® RNA A~ DESE D S h iz, X
NOV, NAL ic & 5 RNA AR OBEEMR 1T, BHI OB
£ TCRNA GRS bIcERREET 20T, Al
WTH b, Bz NOV iHEERK' ST ia NOVEET
<, BFEHO RNAARBEFICET L, Lich-
7, NOV @ RNA & E 3D & & RNA &R & BY
ETAERRREOEZT LI b TRT V. KIS
NAL ZEF TAR & 1 5 RNA 5 F8 % #84#r L 7<Fr,
FHELA#ED Gm2 ¢H % & n 5 23S, 16S
ribosomal RNA o & bsilfils T vk (Fig.D. L
L Gml 2T DA SHHMIILES F RNA 578
BWNALEZET TS Gm2 BLU Gm3 TRbDoh i,

% ®

REBCBVT, 2051 744 7 LOREHICE
it A RBHE pattern O B0V, FHENA T TIC
ALV, BFEAREORITICLENTHRFHOKER
HiAEfe LR EEbpvTouw., REYICE
WC, B—F~ovDiBERbELD, 24/ L0k
BH bW ERREEICBIT 5 positive ST HI B O
BEMEY, ABEOA o VO RBEY » -
T, T, I ETRENTVE, —F, BFRFEH
KBLWTIR, CORICHMBDBRE, FabLLEEED
RIERED 5 STHEEBITT 281 TH 5 2K
i, Z0REFOFRRERICIE, &5/ L&A 1D
YO L NLTEEED positive IR A EE S BE %
RlTuwaiEiohnd. - TEERBTRFERD
MRIck - T, EEAGICETISHEFLVASTFY
fERMR2mRAT 5 C 2R L 7.

EEHVOHETRLUAERE, LR KL
BHLT, BEGmI L > Gm2 H~DBITICR
ribosomal RNA Q5 ICLELE QY D pos-
itive JHIEF & DNA B EERICEE T2 B bh
% topoisomeric enzyme (s) BBETHIEEHS
Mz L.

BHEIZL > THO M ER - - EERER % Table. 1
IcEk &, Thitk - TEEDBRBWERNILKER
BEHHFOBFHHEIMICERL, LhrbEb) THERLEH
HWEh-5->BITT B3I EMREALTVS,

T T~ &SI, Armstrong S iR EE W23
BIEFERBOT, BEFETH05 1045 % Tic °H TER
Shi: RNA * EREEAEEETHTL, BEFY
B (0~104) iHWT3 Tic ribosomal RNA &
soluble RNA ER ISR IN TV B &L LN,
BLEOBLERE, Ao IhEBU-TWE, &
DEIBELTESOERIIBVT, 0~THOEOE
B RNA 3 TFEMNEITH-1eh, ELEODIED
RBE IR LV HAENERT T RESMREN T 5.

EQAREER LA VAER (IFE)» S Gml T4
BANh3 I EBEINAEGMHD positive FHETH
FOERERAIL, TRTHEROBEL LTHEATYL
%. Fig. 2 oM &S, BEMICim L o887
I/ BObulk OBEHANDED AR RE I HH S
Bigah s, ->TGml TAKRSNIZEHR, —H
KEOLDTHBTHIM, H5VIEEBSIC L
HObDTHS S, BBV TE, EFMNHK
B A3RFHPEACRIBHBIC I 3T I/ BT -1 e
ORIEMNERBSNQFR STV THALS. LI D
positive FHRF OBt >V T REFEHICHTR
REERFRD SHBRRNGEERE~OERSHVES
EWHEBFRO L OMEICE VLT OB T B
HEHETHB.

FEIFH, FERAEN, HEP O RNA A RiEd
NOV &ENALDREMR % Fig.8ick &, Thic
LoTHOMHESI, BETIhSERCLIHR
135275 5 EH D pattern %/R 4 .NOV T RFHH» 5
HEEIAFEITS 2o RNA &Rt 2SR
DHERLTITL. MEETRNOVESER 15T
RNA &5 D 97T %HHES TV S,

Halvorson 5 i3, NOV i3k BB O MAEH D B,
BiodHEEE5A T, RFERFTOLZHERNICEE
TEEEHE LM £ OB NOV &K RNA 0 &#
KRETHENR L BRFPEWEPECRIL TS - .
UL LAEHRICE > TNOV O RNAARKICX T 5 [E
EPRE, REWLMENTERLIESHLHEL
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-t [ NOV iz W4 2 7R 4 RNA &A%
FHH (Gml) Kh RO ELTHEETBELD
FEMP L h LB -7, O NOV St 2R T 845
Ik, B Lo THERMELCED O, SBED
NOV (50 mg/ml) &% 8D *H-uridine (50uci)
EROI NV RERERTRREESSTT TIC NOV
OEENRDbN, EFHOKRET RNA GEPEE I
SELREET 20T, 20 NOV icfittE% R4 RNA
AREFEERTO NOV o4 2 REBHEICLZ D
TRIEWEEZLS, ERBEDO NOV o L THRF MM
KRBBTH A RERC BB EHRT L,
rifampicin, ethidium bromide (Z %1 & 3&H] & F& 3
0453457 Gml ® RNAAREZL NI L. #
— 7B iIct~T NOV (R U NAL) 0 & hRE @
THIBERMBRICERETAHRRESATHEL,
NAL Tz RFHIHO RNASEMS R b 8%

H

S AN, BN T IS % 152 TH 50 %0ME
EEE-TWE, o NOV, NAL o & 3 #5H o
RNA &EICRIETHEDRO B AV, —#i 1o
I SEHAIH DNA gyrase DENZN RS 3 ¥4 %
$- subunit B, A ##RMICAEST 2VHO K1 ¢
HdEELON DN, EEHR (B2 NAL*?) ORifER
EEBIANIFHSLETHS.

HIEPPICH T 5 HEF DO RNA SR e Rzl
pattern @530, BFERMO T ML TR
HoNtc(F— 5 EIE). 1 BRaFEMR T T, NAL
i2& 5 RNA &R0 R#E (5 10 %108 2509%),
NOV et 4 2 e eSS iz, choicn
WTRBREHFEMICKRE P TH 5. X ethidium
bromide (5pg/ml) TIIFEF, HEL, BEER
PoFhicsnwT b#E% 5 2LAIC *H - uridine
O bhAHRFELCHESNL (F- 7488).

Table 1. RNA synthesis during

germination of B. subtilis spore.

Phase Gm 1 Gm 2 Gm 3
Synth. of (0-15 min) (15-40 min) (40-60 min)
Rate: gradually reaches explosively
increases a definite level increases
Species: t-RNA (major) t~RNA t-RNA
55 RNA 58 RNA 55 RNA
6S RNA 6S RNA disappeares
smaller RNA
23S, 16S r-RNA 23S, 16S r-RNA
. starts continues
mRNA (a little?) mRNA starts mRNA increases
RNA CM: no inhibition to 40% inhibition remarkable in-
t-RNA, 5S RNA & no 235, 16S r-RNA hibition
6S RNA & mRNA no 238, 16S r—
RNA & mRNA
6S RNA 6S RNA
LM, SM, the same as above the same as above the same as above
PM, EM:
NOV, NAL: no inhibition to 60% inhibition 90% inhibition
t-RNA, 55 RNA.& no 23S, 16S r-RNA no 23S, 16S r-
6S RNA & mRNA ENA & mRNA
6S RNA 6S RNA .
6Hpu, HU: no inhibition no inhibition 15% inhibition
EtBr: complete inhibi- complete inhibi- complete inhibi-
tion tion tion
rotein only a limited starts & reaches linearly increases
P synthesis a definite level
DNA no synthesis no synthesis starts

CM: chloramphenicol, LM: lincomycin, SM: streptomycin, PM: puromycin,
EM: erythromycin, NOV: novobiocin, NAL: nalidixic acid, 6Hpu: 6-(p-hydroxyphenyl-
azo)-uracil, HU: hydroxyurea and EtBr: ethidium bromide.
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Fig. 8. Effect of NOV and NAL on the rate of
RNA synthesis during germination, outgrowth
and vegetative growth  3H.uridine pulse
incorporation into RNA for 1 min at times in-
dicated was counted. NOV (5 g g/ml)or NAL
(100 g g/ml) was added at 0 min of germi-
nation, O : at 5 min, A : at 10 min, [ :
at 15 min, ¥ : at 120 min of outgrowth,

B : at vegetative growth, @ :

MEREEICBOTIRDNASF2 20 @O /NE
KpElSh, ZOBOBONEOE T 4 LEEEE-
TLBEEZ OGN THAY. SEME L R 8T
e diffusive 7REEICH 5 DNA REFHics VW T
MAHIRSEL AT WL 8 5 condensed state ~
LT LTH A BN OB 0BRSS E4 5 BB TY
BhidB o w I EEHATVWS, 2LARAR
DNA BB R O RFRR B R R R BEIEH &
WTid chromosome DIEHEM 7S EIRHEGEERRIC & -
THEENKECEEEZY, BPERHcEVTE,
B2 % OBFREE R S 1 diffusive form Bl 5
RIBRBEIC IR T A C L2 bW TMT B3 6D TH
5.

#* %
HEEIETFRIEN O RNA &5 DNA & 5 # 1 o
EHORMEBEE L, poT LIIERIICRS 3
. BV5 408 (Gml: 0~1543), # (Gm2: 15~40
4, %4 (Gm3: 40~60 53) £ECHITT 2HHH S
mE -1

Gml Tld, #3FH 54T RNA Sl sBth s hz D
BARGEE RERICHNT . COBTARSN S
BFMIE 4~ 55,65 L0V D HDESTF RNA T
5. 6S RNABCofliciERINTH B, 23S, 16S
ribosomal RNA Q&R EIME s hTWa, XTI DK

TEHAVLLEEOBSREER T 1/ BOWMVAS S
SIFEEABIEBRHEE NV, Gm2 Tk RNA &50GE
Bl—EoBicELINEMHEE T 5. 23S, 16S
ribosomal RNA & Koshith S W X BEHARME £
5. Gm3 Cl32#s RNA AREEORMBR N,
messenger RNA &R bBIZEIC5 3.

Gml 26 Gm2 ~OHTIZCM 2 UHH LT
TOHEAABMAER L »THFS /. Gml D
RNA &z h s E# I L Tt cH 3. Gm2 ¢
12 CM DFEEIZ L » T, 235,168 ribosomal RNA @
SERAMEE ATV, Bic Gm2 XU Gmd TCM %
BE5T5L, BHEERNAABEERELVED E T
L.

faFREH BT % chromosome DHEEEWE & D
BE# %\ T, DNA gyrase OiEEHICRIF TR
EFLo~xB72%, IOBEOHEER tH 3 NOV, NAL
DEEAMRES L. Gml © RNA &3 ER It L
T insensitive T& » 7245, Gm2 IOz hixFEL L
[HEASF 7. X Gm2 LI D RNA &Ricxtd 3
NOV DRIE®R & NOV iHEERK Tl E » 2 (&
Hohtih, ThoEHick s Gm2 Gm3 iex+ 38
EPRIE, BHOREL L -» CTEECEE LRIFERR
Blo M OBELERES LD,

LlEo#ER:, REMWGml KB 3EEEE G
FFrho iz B Bl T 2 R TOMEBNEE(LD
AL ->THARBEENBH,Cm2 ~OFBITITIEF L
W positive KERFOEK E DNAOHEEHRE S 1
23 BEFE ( topoisomeric enzyme (s)) DBG %3 <
RETHELDTHB.

Megasicdion, AMEICKHL T, REMELEEDLY &
L7 BlBesdg, HpEs 0 LW AENEERCL» S
BHBLES. B ATsVE LAHEERMIcHESE
#LET.
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Transcription and its Regulation during Germination of the Bacillus Subtilis Spores —Motoo
Matsuda, Division of Molecular Biology, Cancer Research Institute, Kanazawa University, Kana-
zawa 920, Japan. J. Juzen. Med. Soc., 89, 154—165(1980).

Abstract  Transcription and its regulation during germination of the Bacillus subtilis spores
were investigated.

RNA synthesis proceeds stepwise during germination, increasing the region of transcription on
DNA through distinct three phases, namely, Gm 1, Gm 2 and Gm 3, with respect to the rate of
RNA synthesis and RNA molecular species synthesized.

RNA molecules having relatively low molecular weight, 4S, 5S, 6S and minors, were synthe-
sized at Gm 1. The synthesis of 16S and 23S ribosomal RNA was repressed at Gm 1, and then it
started when the phase proceeded to Gm 2. Larger RNA, probably, mRNA, could be detected as
heterogeneous products at Gm 3, when the rate of RNA synthesis also increased explosively.

The transition from Gm 1 to Gm 2 was inhibited by chloramphenicol and all other inhibitors
of protein synthesis used. This result indicates that the transcription at Gm 1 might take place
depending on only physical activation of factors in spore, and that the transcription should
require some protein factors synthesized de novo at Gm 1. This implies that positive regulation
involves the transcription during germination.

Antibiotics acting on DNA-gyrase, nalidixic acid and novobiocin, were relatively insensitive to
Gm 1 but sensitive to Gm 2 and Gm 3. Different inhibitors such as hydroxyurea and 6-(p-
hydroxyphenylazo)-uracil acting on other steps of DNA synthesis inhibited only the phase Gm 3
whithout any effect on Gm 2. Consequently, activation of frozen DNA, an alteration of DNA
conformation from diffusive state to condensed state, should be a prerequisite for attaining
Gm 2 and could be accomplished by DNA-gyrase as the most probable candidate among

topoisomerase.
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Fig. 4. Gelelectrophoresis of RNA synthesized during germination. a) 0.595 agarose-2 %
acrylamide (composite) gel. b) 10% acrylamide gel. sH-RNA were prepared at times
indicated. For each sample, labeled RNA about 10,000 cpm were subjected to electro-
phoresis in sltab gel. The method of fluorography was used for detection.
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Fig. 6. Gel-electrophoretic patterns of pulse-labled *H-RNA in the three phases
and log phase. In the presence of CM 2min pulse-labeled *H-RNA prepared
at germination 15min (Gm 1), 30min (Gm 2) and 45min (Gm 3) was subjected
to (&) composite and to (b) 10% acrylamide gel-electrophoresis. Log phase
$H-RNA was prepared in the absence of CM. The other methods were the

same as in Fig. 4.

(a) (b)

Fig. 7. Gelelectrophoretic patterns of pulse-
labeled *H-RNA in the presence of NAL
(100 g g/ml). Log phase *H-RNA was pre-
pared in the absence of NAL. The other
methods were the same as in Fig. 4.
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