Two-dimensional Polyacrylamide Gel Analysis of
Proteins Synthesized during Germination of
Bacillus Subtilis 168
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1. SRR

FMERESROIMEES L OHERICA . o8] |
FIZ1IM b YR 100ml, =% % 1.5g, BE=%R 1.5g, <~
7 rvbg, Wik PV YA 3.5g E-VVEEHY YL
140mg, #—V vE#H Y v 4 60mg, 7 FoES5g BEOL —
rAYY, L=AFtay, Lo AF UL S0mg &5
pH7 & L.

2. Schaeffer DT

HEERT2E2-DCAG. 0BT [ dhci=+
A 8g, Pilg~ kv v 4 250mg, HikHV v L lg, Hik<y
4w 1.96mg, BilEgk 0.28mg, MSEEH U ¥ 4 236mg, 7K v
BS5g RIUL—-F V7 75y, L—aAfvvg 50mg, &
K¥K 20g #&AK, pH7.2& L.

3. RIFEH

FEEEDORIFEIH & LT Spizizen DB/ MEH® 12, 2001 g/
ml Bt =4, 5004 g/ml A S B, 0.5%7 F B, 100
pg/m L=73=veme TR,

V. & & &

BEKA (100mM PV A, IME(LF Y 94, 10mM
k=% v A, pHT7.2) BEEB (100mM + U 2, 10mM #§
k=% vva (AE, KR, 1mM =51y 27 1 v o
(ethylenediamine tetraacetic acid, EDTA), 20% 7 v+« V v,
0.15M b+ + V& &)

V. BFOHR%R

Schaeffer DRI FREEBER L STER (2%) BHTEEL
7z. 37C, 3HOE®RE, ERETHRTFYHIALCEELL.
BUEOWHEBRBRKCHEBELTY VF— 2 BIVFF Y B

——
Abbreviations : EDTA, ethylenediamine tetraacetic acid : mRNA, messenger RNA : PBS, phosphate buffered
saline : SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis: TCA, trichloroacetic acid
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Fig. 1. Pulse-labelling of RNA, protein and DNA and the
effect of actinomycin D on the sequential synthesis of RNA
during germination and outgrowth of Bacillus subtilis 168
LMH spores. Incorporation for 1 min of *H-uridine (A),
%S.methionine () and *H-thymidine (W) in to RNA,
protein and DNA, respectively, was measured. Actinom-
yein D (50u g/ ml) and ‘H-uridine’ were added to the
suspension of spores at the start of germination, and the
incorporation of ‘H-uridine was measured at the indicated
time (A).
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Fig.2. SDS-polyacrylamide gel electrophoresis pattern of
proteins synthesized during germination. Labelling with
%S-methionine was performed from 0 to 5 min (1), 0 to 10
min (2), 10 to 20 min (3), and 20 to 30 min (4) during
germination.
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preAr-REEY T ey F v S HORERIC SEMBL, —
Witk s LTHABE RNA R 2 5 — ¥R MBECI04 R
i, ZREUGELE LTHREY 5 BB LB E (horseradish
peroxidase) BE# Ll v + FH E ¥ FH 4 (Bio Rad,
California, USA) T, MEHEE? CHELEH L~.
SeEIT 4Ebr 7 =L (Bio Rad) # A\ 7.
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v, H—% 3 2V HCRNA &8, BEHEAH, DNA &5
B1GAVABE TR (®1). RITRTIS5ERESH
T RNA GG E O, IS CEABARMBH® I, o8
DTG TDNABGHIMNILE AR, E7 29/ <4+ vD G0

s g/ml) & FEIFEBUA L RBAC LB &, H-% ) S VR YA
HEA bR, BEDRCRBIT BT 275/ <4 v VD OBEE
'L RNA SEEE LTS (K1),

I . SDS-PAGE (C & 38&IF
RFMCBCTETROCARINBEHBES FREDL S
TbDh, TLTZOBBOETL L AR INIEHLSH T
BB THRDI L TOEBRY B 7. SDS-PAGE @
BN CTREES HTHRLEL 3ODA Y Pz %S— 2 F 4 =
VORDALRHRINIS, 200 L BESFOA Y NEE &
CLh b DOERBOREI EARTS (K2).
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IO 1 2 EECII2608E (R 3D) DBAS TOARAEDR
Shic. TOLSEFRBOEFCL bR ->TCAREIBE
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Fig. 3. Two-dimensional gel (electrophoresis) pattern of proteins synthesized during germination and vegetative growth.
Labelling with *S-methionine was performed from 0 to 5 min (A), 0 to 10 min (B), and 10 to 20 min (C)during germination, and
for 1 min (D) during vegetative growth. Horizontal and vertical arrows indicate the direction of isoelectric focusing and
SDS-polyacrylamide gel electrophoresis respectively. Spots a, b and ¢ indicate proteins synthesized at early stage of
germination. The d, e and { indicate proteins synthesized at later stage of germination and disappeared at vegetative stage.

Spots g and h indicate proteins synthesized at vegetative stage.
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D3 LEEFSTARENBa, b, cD3BbIRIOHE
EHELTHBICARENBM 2 b c Xt OH05HWETOICL
STHNEE T (K30). ¥z 0BEAKa, bZ—EEK
SEIA RN G & RN, ML LHRELTARIhD A X
W ARAER Shisw. BFIFCRELKES DR
BAFEAEGRER $S— 25t = VEBRBEOCH VD TI0
BE, BEOCE-LOEED S LNGEOERSFOAY FH
HEEh (X 3B), “hbizZhLIBReE L TRE L7 R HA
ZbhB. ROFEFI0~205 2105 CRRRE LLEAS
FEOAAy b X VBRI D FRLEAS FEOERNA
Hh (X 3C) ZhbhOBEASFORBHIIMEE L TREAT
REFOHCDOLLZLNIBEAS T PR EFETD. £
NHEOELSTIIR 3C ©d, e, TRETHE (K 30).

BHEHOEELBEASFEARy P DZRIT-F — VIR205
HorhtBE—HT5. BEPCORAZALOhLEHFTOA
Ry PRE 3D Dg, hisEThbH. DX IRFTTFREDOEH
B0 FREOBMMRINFhO#EM & 7c 5 mRNA IWREFL
TnbEBbhsd. BCRFDHOBHFFOARNLEDLD
72 MRNA CHEKFELTWEREMMERTHZENDETHS.
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Jeng 5" KRR FIC LR X CRTFEEMO mRNA 25
AOARFERTIIEELWE LTS, ¥T727F /< vy
DEINz % &I mRNA OEEAEEINRS. Ll
RHEBEED L = AKERTFICEL Shi: RNA KRFLER
MRNA OEERD BN EINTERENRTWEEREL LAY
[N

N. 79F /<4 DOYE

R1RT L, REMRCBTET7 75/ =142 vDD
BFEIRSES RNA 2REEE LT A0, 72F /=4y
VDEETCEASRNRD LIS o biEFhRTR
ExbRTwi mMRNA L ADH, BDVWRT 75/ < v
VD ARFEMICIIRTFREIZER LTV OT, ZTOEKOY
BLIZTTICAERE N mRNA WRETEZLEHELLA
5. LEoBENrST 275/ =4 v DOEASRIKE LIET
BEL NI

FPRFMBEABICT 75/ 74 vy DE "S- AFt=
vk, 55 TAREABYERL, O Farrell D KT
KBIEI L - C2BEDPEAS T2, bOERAHREIAL
(R 4A). 04T 797 <A v vDEMx, 1053C *S— A%

Fig.4. Effects of actinomycin D on the protein synthesis during germination. (A) Actinomycin D and ¥*S-methionine were added
at 0 min of germination and the proteins synthesized over the next 15 min were analyzed. (B) Actinomycin D was added at 0
min of germination, *S-methionine was then added at 10 min, and the proteins were analyzed at 20 min after the start of
germination. (C) Actinomycin D and- %S-methionine were added at 10 min during germination and proteins were analyzed at 20
min. (D) Actinomycin D and #S-methionine were added at 20 min during germination and the proteins were analyzed at 30
min. Horizontal and vertical arrows indicate the direction of isoelectric focusing and SDS-polyacrylamide gel electrophoresis
respectively. Proteins a and b correspond to that of fig 3 respectively.
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FovEMx EHTI0FMERLAERL 2O 2BEOERS
FOEHRAARCHER Shic (R 4B). # L RZFBA1057 % (X
i), 205% (R AD) KERERT 75/ <4 v D& ¥S— 2
sA=vEMELTIONMERLBEL D 2BOEHSFO
SRAHRSh AT hESHC SRR AR Sh B EAS T
Holc.

7754 Y VYDEETCERIND Zhb 2BOERS
FizfaFhaRDO mRNA X HS D0, FRRT77F/ <1
YDOMEXFB LT OAR IR mMRNA IZ L2002
b, RFHBS S TIEARIN L IBOREST
(M 3AMDa, b, c)Ddba, bEALLDOTHY, HLEM
HHOH > mRNA IZ X W EREINTWDH I LR S bbby
Twb., ZO2BUNADEAS TFREFEFLLAKEAL
mRNA KX W EHRERT WA EELOND. FIFEMBE K
LREAREINBINL 2BOBEASFIE, HLVREFHRORE
BOAL » FEVHAEDRERFOMEEX LTCWBD TR
whLHERIERD.

V.RNA R AFS—EBDoH T2y FORE
Kobayashi'® (2B F23 %3 L ER, WHEI~NLEBEBRT S0
CVEY—L2FBABL RNA RV 25— REERREYEL
TwBELTWA™, Shaw 5™ L EFHHAK Y XV — L EA
BOSBMR b THE LTS, bhbhiEELE
REMP AN EINE, 2EOBEASTFELV RV - 2EBHED
BNMERNA RY A5 —ELDOBEEBEYRETHLDIZODOR
BEfT-7z.

FPTHEROHMBEN L RFRO™ANL ) RV - 2 BB EY
Eh, O Farrell DR ITERKEIETHOW B g » o d,
EESTDa, bEEMTHLORIEh o7, HEED RNA
RY) 2S5 ~EOATBIKBIC I 50 RYK 5A Wi
T. AKXy PO LIZRNA BV A S5 —HEDo* 47 2=y } T
B, ARy +D2iavTa=y FTHB® (K 5A).

R 4A L 5A OHEEBORE RNA £) 2AS5—€Do* +7
22y VIRADEAS T b EFEFTAEVMERD D (K 4A,
RSA)MERRA—SFETHHZ LB TE TS, ZOHY
BRT B, BFERN5HHBLEASHEEHEHO RNA
RV AS—¥REA LT, O Farrel® D kT BLXEETYH
BLith, BReEvF-700H 5B TH5. 5B DAK,
DI oA T2z, bC2May Ty FTHD. K
DRER, BAGFbDAKy Lot 47 a2=y bDAK, b
R—HL, BESFObILo* 47 2= } THLulEEM HF
REINARERY 2 70,

V. ERHER IS

SREMRTE D, ROERPT-7. HEEHD RNA £
VAF—¥Dg* 47T a=y b ERIBED RNA RV 25—+
DovTaz=y W27 3/ BEFORICH I b DR D
D, BEBEOD RNA HV A5 —EDo* 7=z, FHEE
UTYEB L e B KB D RNA U 2 5 — €D 0 RFHEH
Do* LRRIGT B A REEOMD o BT, RNA #Y 2 5 —
D 7RRCHEET <75 FLIERG LI, ¥7%, X
BELREED RNA £V 25— €0 o* BERIOEERFIC
AR K & AR D B2,

SHLOHMBI L ESWTREYKEE RNA R 25—+
TRELAME R L. ZOREEHCTHEEO RNA
RV 25— L+ 5 —ERBEHEBED I L »T o® OF

ExfT-t. TORNMBEIFHESE, KBERAIOR) 27 —F
EWBRIEE BT L (K 6A). 20 LIXFERAME & KIG
THRBEORENDHZEERLTVA., BRT 2F 7 =4 ¥
D% 05 INZ RFLSHOBEASE % O Farrell D ZRTHE
SKBETEF LS, LEFEONELYAVWTYy=R2 T
Fo7 4 v T %8sl V=RAZvrmy 7y vITHRESZH
B LEASF b OMBRALA—F LA (R 6B). K3,
R4, K5, R6OMRE»LEFOMCANEINAEASTT D
PEER RNA £V A5 —HDo* THAHUESEIR RS
ha. SHOFEEL LT o* fiBTRIGTHEEEIC ¥S 28
WDAENDNE SR LI,

% =

HEHFRTFORE, REVYI 20 3Ry 7 A 0EETF
() ORBIRE BETOBRKRERCET 25 TERELHRET S0
CHELEFLTHE. ZThETRTERBEOTRTIZEZ LD
BRIV ERINRTHBEMOS FERELHETIBNIEEL

Fig. 5. Positional correlation on the two-dimensional gel
profiles of proteins synthesized during germination to the
RNA polymerase proteins of Bacillus subtilis. (A)
Two-dimensional gel pattern of the RNA polymerase
fraction prepared from Bacillus subtilis. (B) The protein
prepared from cells at 20 min of germination was mixed
with the RNA polymerase fraction from Bacillus subtilis
and analysed on two-dimensional gel electrophoresis. The
proteins were visualized by silver-staining method.
Horizontal and vertical arrows indicate the direction of
isoelectric focusing and SDS-polyacrylamide gel electroph-
oresis respectively. Proteins 1 and 2 correspond to the
g* and a subunit of Bacillus subtilis RNA polymerase
respectively.
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DOH5. RTEEOEBMBALEL» S, BIciEsd
5% Do ATFHFAE R, B LEEFOETHENC B
BELT WA Z EREEI AT,

L LA b REERRTFORFHORBIILEHP <, £
DHTFHEBIZ OV TRAXEER V. HERERTFORFY
TRETOBETIRE S R 75 2 HEL, BB~ LT
HEBELTHEOLAIENTEA. COREERTFOREFE
BOEFEHECEE T 586 FEECHASRF O FRH T ERE
WEZATHA, M, BFHORFATER I LD mRNA
DRESTHEFERIID mRNA LRI CLKEFTH DD TEETF
RS e /7 ARBHEAR S e /T o kBT AIEICLY
HMBZENTED. f->TEBIESBED O Farrell DK
TESKBEYAVCTRTFEFROBHESR (& — V2O

A

Fig. 6. Immunological identification of proteins synthesized
during germination. (A) Ouchterlony double immunodiffu-
sion test using antiserum against Escherichia coli (E.
coli) RNA polymerase. The outer wells contained
phosphate-buffered saline (PBS) (1); RNA polymerase
from E. coli (2); and RNA polymerase from Bacillus
subtilis (3). The center well contaijned the antiserum from
a rabbit immunized with E. coli RNA polymerase. After
overnight incubation at room temperature, the slide made
of 1% agarose in PBS was washed with PBS and distilled
water and stained with 0.1%6 Coomassie Blue. (B) Western
blotting.  Actinomycin D was added at the start of
germination and proteins synthesized for the next 15 min
were fractionated by two-dimensional gel electrophoresis.
The . blotted membrane was allowed to react with
antiserum against E. coli RNA polymerase.

L, BEFAMCET 5 SR H LS TERRR 2@+,
BRI L.

EEPZORETTR LRI LEOHEL RSEK LR
FRFPORBERFCECTEBINIEASTTREDO 2~y
OFEbERTIERBD LicEBELDND . FHIEHE L i 3
BEOEAS TFOARAHEINI0S ¥ THESEE, 2053
ZHRIEEOBAD TOARIHRIN:. ZHhiXY ) ar
BB BRETOFEROEELIZREFRCE TRECERRR
b DTHAZ LEWE ST D, WHEICALALEER
BSFOE IR FBEADETRERALTVS. Z0z)
BRETEERAISEIZ205 F T TICEE OBEY 133
BT LT WALDERDZ ENTED. ZHITREHDORTL
RIS LA U ECHEO DA OREFEY LY
BELThIrieERTS.
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HREINIBEASTFOARLB- TV 5.

1. AR EFFRBEFERCHE Y, ERFREYEL S
BRIhH2EBESFH (N 3A Da - b)

2. BESHLUBEIODEF TIARINIBAS TR

3. REFBIDUBICERINAELS FH

4. BEOCEFEEOZZBESH, TALUMTITER LIV
BEHOTFE W3A D, H3CDd e f, 3D Dg -
h)

RFBEVEATHLBEEIN D EEFHIDLED, §
DECIZERURCRR LcEETHC L D AR ShEEAS
FOHENZEQCHMAYEFT T B LELDNE. ZOL5]
EEHHCEDL S EBbh 2BASTIL, RFFBLARCE
REANAEASFHIRIV2CETNS LORMERE LTE
z2bhb, R4 DERNWFRT IO W72+ <4V DOFE
bbb 2BOBRS TOERNHR SN, 028
DEEDFOARy MIK3A Qa - bERLLDTHA.
ho 2BOEALFORBROER & 78 -7 mRNA 2, RFH
KD mRNA 2% L A&7z mRNA IZ X 5 % Dhidbb
S, ThUBEERENLIBASFREF L AR IAL
MRNA X B5bD LB, TAETORYESTTNS.

RED L HBVGEETIE RNA A3 EREAREEATS
r7r7a7==a—-LTHEINRAZ LABERIAL. LI
o TREDPCARINSBEELSFO 2 - bz ZhE0OE
BHEC BB G Y E T A WEENATEELhS.
Kobayashi 535 #OBEEFRIHEIC RNA £ 27—+
VRV - LBERBEOEERYFRLTVS.
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DFHERGEBETHILISEOBRETHS.
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Abstract

In order to verify the regulatory program of gene expression in the process of Bacillus subtilis spore germination, pro-
teins synthesized successively were analysed by two-dimensional gel electrophoresis. The results demonstrated that at least
three species of soluble proteins during 0~ 5 min, around 65 during 0~ 10 min, and approximately 210 during 10~20 min,
were synthesized after the start of germination. As a reference, the vegetatively growing cells synthesized nearly 260 species
of proteins discernible by this technique. When actinomycin D was added at the onset of germination and the soluble protein
synthesized for the subsequent 15 min and then subjected to the analysis, two types of protein molecules were observed,
These two proteins had the same mobility as two of the three species of proteins which were synthesized during the first §
min of germination in the absence of actinomycin D. And furthermore, it seems possible that one of these two molecular
species, even when synthesized in the presence of actinomycin D, may correspond to the o factor of Bacillus subtilis RNA
polymerase, according to two-dimensional gel electrophoresis and an immunological blotting test.




