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ABSTRACT

To understand the expression of ATP generation and cell division genes in
different carbon sources, we individually used acetate, glucose, glycerol or
succinate as a sole carbon for energy source. The results of this study showed
that the expression of ATP generating genes in metabolic pathway varied with
carbon sources and ATP concentration increased with cell growth rate.
Comparision with the wild-type strain and relA spoT double mutant, the growth
rate and ATP yields were changed, but ATP/ADP ratio remained at the same
level. DNA supercoiling was dependent on ATP/ADP ratio. Whereas ppGpp did
not change DNA supercoiling:

Under various growth conditions, fast-growing E. coli cells were larger than
slowly growing ones. Starvationof the-cells resulted in flamentous morphology.
In addition, the results clearly showed that relA spoT double mutant had more
filamentous than wild-type cells regardless acetate or glucose as carbon
substrates. It was also notable that the filamentous features provided the
phenotypic clues for ppGpp function. However, the morphology raised the
possibility of indirect, rather than direct, effects of ppGpp. It indicated that a link
between the levels of ppGpp and cell division, which ppGpp could act as a
positive regulator of the expression of ftsZ gene. Deficiency of ppGpp (relA
spoT double mutant) drastically reduced the expression of minC and minD.
These results also suggested that ppGpp was important factor involved in the

regulation of cell cycle of E. coli under starvation condition.
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mEFA REARES R AT AR F B PR XDRE
@z iv g 53 432 5 (Rothfield, 1996 ) » 24 i 7 - K3 BT § wie 2 £ B
AN FE PR e A EELS KRG F2ZRRERER A &
AEEREER w2 B3 P F2 TR o2 wREY RS CBER 2
FEBHKR - ZEBRIT I RIHEL S £ 2 4 1@ %L (Bloch et al., 1980;
Epstein and Schultz, 1965; Herendeen et al.; 1979, Felle et al., 1980 ): @ * ‘w¥
4 £ F et%ﬂsg%fgﬂzmé nE &+ (4 DNA ~RNA) s = (Rothfield, 1996 ) -

()

AT E % 24 Rk Rl (growth rate-dependent regulation ) 5 4

T

hpant

4 K i F 40 B-pF > glucose-6-phosphate dehydrogenase - enolase - DNA
methyltransferase % A F|e & g § 52 2 (Rasmussen et al., 1995; Rowley
et al., 1991 ) » m» fumarase ‘reductase ¥ TCA cycle ¥ succinate
dehydrogenase - malate dehadrogenase % fumarate dehydrogenase % # #]en
ZIArHEEF 2 KR FAcfedm TR o
perhmied BB LA ZRGFER D AP FERE T mE N BRAET S

AR o B F AT 7 1 ATP/ADP W 6] 1% 5 fc £ ¥ imre 4 38k w2 fgim#ﬂ%
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W AR LE PR LN N S TS S TRV I R S B S T EC )
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Fl* 3 & A & R gl e AN 6B F MR
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( glucose-6-phosphate dehydrogenase) #7% % & 435X oliwre 4 £ 5973

o TEFP R EEIOI LR G L F e gird A a2 4 LR
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T B F P < F (Salmonella typhimurium) ® &5 L &P mre p B A+ g4

£ 2@ 44 (Dormanetal, 1988) ¥ 3 m# M~ %% 7 BIr FAtx

S

v % 2 & 5 d 0.6 doubling/hr 3 4-3 2.5 doubling/hr p% > RNA z & 2 4%

£ (ribosome) #+riT 10 & > » DNA Z £# 41T 2 & (Ingraham, 1987) -

B A L@ RN e hE A F el g0 e L) FA R I

= o 4o RNA R & fis
A EFA R A A e 0 2 K F Aol L AT e iR
( translational frequency ) 3 4 > A W F Z 4 QA4 € £ 7 % X i)
(Ingraham, 1987; Wold et al., 1994 ) » d »t it 2 f F] 3+ 5% 4 £ & F 903 8

Flitmre 4 £ FEAFILAR 2 R- 2 XTI EAR o

213 % % £ FHAFEROLD

GEMY G BTG LS EEF o Sl AT B SR A

[ AR - K b

1. %53 Eig S b 4o
2. WEFEA L L T A H 4 o

w4 zwf  (glucose-6-phosphate dehydrogenase ) ~ ompA (out membrane
protein Il ) % 3 ]t % (Rowley et al., 1991; Georgellis et al., 1992) > @ rmf
(ribosome modulation factor) ~ frdABCD (fumarate reductase) ™ %2 lacZ #
IR 18 ‘34 (Yamagish et al., 1993; Tseng et al., 1994a; 2001b ) - Mr‘ Pz
NTERENBBRL LR FARDAT)IZFE O 5

“ TCA cycle ¢ » #gmpiigde 23 % i& (fumarate) enyimape 2 3 fis



( succinate dehydrogenase, sdhCDAB ) £ it # % & (malate ) ﬂfriﬂiﬁ i
(oxaloacetate ) 2z [ &% <1y % k2 @ f= (malate dehydrogenase, mdh) p* =

2

BEF Awmi: 3§ £33 BETAFAREHEX A L@ R (Parketal, 19953;
1998b) « 28 T 2 " HF MG § BB T BRI U FRAFFRER OUY R
A(fumA) 2 w# 25 C (fumC) 2 2B~ H2EREF 4 L@ F 4P "5 1K o

DNA methyl-transferase (dam) £ A Fl4 W f § 7 At GATC R 72 &
e st (mismatch) B4 pFene F A% o P a0 @ BF dam A F]¢ i & frd
+ P2 &3 2 &£ 57 37 B & S (transcriptional frequency )
(Rasmussen et al., 1995) - @ A fifit T A& F ik /S (pentose phosphate
pathway ) ¥ » #-5'4& (lactose) # 4% = ik fa-5-#4p4 (ribulose-5-phosphate )
2. 6-phosphogluconate dehydrogenase (gnd) - %= % & & K12 Ftk? 2 R 12
AL ARPT > gnd A FIAIE LR S RURPT N3 B Flt 4 K@ 5O 4
P> gnd A Fend mE e (Wolfetal, 1979) -

214 2 £ 3 FAFZWHdF %

fofe 4 KR Fftwie 4 B 5 P EURBAE R 0 Flet 2 R FRA TSR
— BRI OFRE PR Y R F R AT £
AFE ML T AGER AP T RATF
2 HAE R ST o A e B8 B AL 73 3 (transcription level
£ post-transcription level ) - #]4- : 2 42 pentose phosphate pathway # i it
- B IR o ozwf AT 4 i%%\iﬁ,w&:%p‘%»?;ﬁé &0 2% %31 37 (Rowley
etal, 1991); @ &2 « B4 Fd-9 F o ompA AFIREF 2 L@ F /B 0 H
BRI EFE AL T FEET ompA AT mRNA 4 @4 (Nilsson



et al., 1984; Georgellis et al., 1992) -

32 REFALATNI N - TRFHF T F R PR A
PR 4T a0 FI AR d 32 PR H mE 2 mard S 2 g1t %ﬁ
LI BRI RRART S st h o B NSRSl S E o UE
DNA 42 & 2 % 4§ 2 % ¥ w2 R X 0 N E S Hue MR ( guanosine
tetraphosphate, ppGpp) it & i & 2 f Fl4 Mic ¥ & FRA LR 1L > &5 B

Jodnre A R oo

215 sm¥% p L& %k ATP

M A REE AR ALY R > 1 ATP A58 5 At poo ipat
ATP SETrAg i 4238 % 203 R ~ HRL (HPE - Py - ep) &< 23 (&
B s B8 s SPEED) AR E LT EF B o i £ il N
Fleg R E 40 L RBeFRAET S HE L L T ks ot £ 2
ATP § 2 42M % -

mEAMpN & ATP 413 - (Gottschalk, 1988) :

1. § itgipa it & & (oxidative phosphorylation) : 1% & 3 j&% * R R T =it

X

S KA TIT RO SRR X g ADP 2 m AR (P B8 A
4 ATP o ig- $UR R i 5 8 2 N e Ak & AR 0 o
2. % F-kTgips it F & (substrate level phosphorylation) : &7 # % Fat » f2

A F P B EE s Al en® s Erpadd ADP 2 &4 4 2 ATP o



216 RN AHAE L R ERE2ZBE

PRBRBETHRALDEHA R RIT TR SRR I PR TS
wfs2 24 NADH - £ 5d e b quinone pool @4 ¢ F %% » @y it
BEfe F kA ATP B4 £9F o F AT > 20— A3 FEHL 6]
d Fig 7 &3 icv aof 5 d #fzier (glycolysis) 2 =7 » 3 75 bk
(pyruvate ) 427 > & {8 & W] d Bifk 4 % j%cfF (phosphoglycerate kinase, pgk)
& 7 fir phcpe (pyruvate kinase, pyk) #Lit > ¥ 5 d £ FOR TR F AL 2 B
ATP - # % pyruvate 12 ¢ figif fix A (acetyl-CoA) 5 1 B s RN FHA & » &
7o TCAcycle {63 it == 5 it g > Byt iE42? > o FL7a ks s (succinyl
thiokinase, sucCD) #-z:zafigss A (succinyl-CoA) i = g1 & (succinate)
H A T 42— g e ATP 205 F g, § + @ iE4a(electron transfer chain)
Lrgie (T Cppe it (v o 4 ATP &2 A% (ATP synthase, atp) # # 38 i ATP
B F AR RT PRR T L 0§ R E e
(fermentation ) & R ¥ w# g4 ATP UG 42 ¢ < 5 4% B A0 i ph e e
(acetate kinase, ackA) #-% 3 % i g1 che gt (acetyl-phosphate ) # %
mfrpe > X EE - B ATP 2~ 3 22 o

FEM it > ALt ATP B2 & a2 53 T /6 ~ S A
BifiH W s (phosphoglycerate kinase, pgk) ~ [ A péicfi= (pyruvate kinase,
pyk) ~ 3518 figfr g fiF (succinyl thiokinase, sucCD ) ~ ATP & = ¥ (ATP synthase,
atp) £ fis e jicpis (acetate kinase, ackA) e &5 Z #4534 7 PR 3 2 & AT o

3% pgk »pyk »ackA sucCD ¥ atp % A Flh@ B £ L § sa 525 o



2.1.7 ATP/ADP +t i

ATP E.4 4 ki siae 87 &A% )58 > 185 pd o chE g m 28% k&
Bt pd it o ATP 4% 5 (turnoverrate) fiw® @ & 5 i > — & 5 ATP
B d s~ AR AR AL vE G S ADP 2 Pi R LR 4 ATP A i 4 Eiw
P2 Z ehgy £ (Stryer, 1995) 0 Tt & st ALt chk B3 $TR TR T F 0 @ F mre
PATP £ ADP = B ek vt b8 fmoe h 2 S8R G5 B o Blde 0 At e ¢
ATP/ADP 't v 3@ f29vds 3-v (actin) i®* (Carlieretal.,, 1993); & 2z » 3%
wmre poevuig s (MM creatine kinase ) ¥ 3 3 ATP/ADP 1+ ] (Korge et al.,
1993)- p#v e v §F BB T > X Sk FHwe p ATP/ADP t blfed £ @ §
= ™ (Hsiehetal., 1991) - 3F % E 88 ¢t E% 5% 7 ATP/ADP 't &8 5 DNA 42
WS o BB A £ F &% K ATP/ADP v 513t % > DNA Agdfeig2
*;'j]é‘ B - B R A B LR @ (NaCl) &8 ™ > ATP/ADP ’x;njg hat
2342 DNA AZLR e8> Siffe s T? (Hsieh etal., 1991) - fa# 2 (7% %
ATP/ADP - 5] #2587 gyrase' B ihEjd e @ F2 8 mee DNA A28l a5 o £
¥+ #I ATP/ADP &) ¢ %25 RNA hf& % {+ - pipi s (phosphorylate kinase,
PPK) ¥ J§d Bt cng 4 kit iy mRNA &2t - § RNA jee s Bk ™ o
PPK ¢ #- ATP -kjzr »t RNA ¢ 5 & 3’ =335 § gifik4é (polyphosphorylate
chain)- p* i£% 7 54 RNA g4+ » ADP pF- PPK | ¢ #i- ATP &
Nm AR TR R i o d B 7 v ATP/ADP &% BF RNA #4g< > * 2 R
# 3 &2 (Blum et al., 1997) - Rohwer # & ¥ 7 3 Iﬂ,%ﬁ“@ # % atp #HHS
(H+-ATPase) # & 17 @ :c% ATP/ADP + GipF > & B35~ %5 45 s §
% #& e PTS ( phosphoenolpyruvate phosphotransferase system ) #1+ > %
ATP/ADP 1t 6] i p ¢ ' i€ PTS i+ 0 & 2 Rli¢ PTS hiE i< 3 (Rohwe et al.,
1996 ). d it G| 7 F 7 ATP/ADP 3| dus ™ F Bimie f ead 78 k0w, Fpt



ATP/ADP 1+ bje & G ApMF T @ hF 57 datk

2.1.8 DNA 4zt %254 (DNA supercoiling) # topoisomerase

d T MMERZT DNA 23 25 R R ik DB SEIL %0 1 f8 DNA
AR R ( supercoiling ) - #7 A% DNA 12 p d i ] e
negatively supercoiling ;* # i3 & (Worcel and Burgi, 1972; Sinden and Pettijohn,
1981)> ® & negative &k i ™ > § I3 % DNA g @l ~ € 22 @ ens 4 o
7 f24 DNA L 745 Wi = engE R 232 _(untwining ) ¥74a% (catention)
Hh o AHERPAE P me? g R pEE T ,pﬁd :z% DNA linking number
KfgA gt WAL - m g fE2 0% @ DNA A= L aip R 54 > L“ﬁ*u ST
P& e B Hps (topoisomerases) e
P P73 IR0 topoisomerases LT T * AN s R P F A LA L type
| topoisomerase | * *» %7 DNA o= i¢ 2 5 ¥ - % > £ 12 ligase #-H
Wi ;gsi #-3 DNA % 27 %r> EA 4p 3 BB R % & Rl type |l

topoisomerase (Wang, 1985) - p = &+~ % & ¢ = 4 3 topoisomerase | ~ Il ~

N~V = 23538 5 2 ¢ topoisomerase | ~ Il 3t type |l > @ topoisomerase Il
IV B> type Il - ¢ 5= DNA topoisomerase lll (topB) #im® ¥ 254 K »

* DNA topoisomerase Ill % % tk#f DNA AQUR g @125 FORF - 1%
DNA topoisomerase IV P # & & % 5 cip A7 7 > Waept 24 © A topA R %1k
* 4 ¢5d parC 2 parE & Fl# 4k (Drlica, 1992) - F)t 2 #4380 DNA Az i
L iEs 1 & &4 DNA topoisomerase | & |l kgddy» #r 5 d pt - pER (7

WML - NTHREE ALES BERDFEE o
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1. DNA topoisomerase |

& 1971 & #7% 3.7 DNA topoisomerase | £ d topA 2 Flarig - & ) -
EHRAL w k9 F o i 110 kDa + ] ehH - % *x4é (Gellert, 1981) - DNA
topoisomerase | 7 #-g9% DNA 2 #5738 ¢ — 5 plpx 2 € 474 cn DNA 252 &
B FY o EFY - RRESE U ligase 4% - DNA topoisomerase | # it #
%+ negatively supercoiling DNA - ¥t positively supercoliling DNA T & ig#* » @
DNA topoisomerase | & % iv % DNA il g5 = 2P - #3875 DNA
topoisomerase | i+ tp¥ > %4 » DNAgyrase :aprd|# > DNA Agif ¥ S 4B

AP Flpt ek DNA topoisomerase | ehx i i & § 5 7 3

J.,:L

it

DNAgyrase i£%* - @ & DNA Az3% %6 & %% (Wang, 1985) -

2. DNA topoisomerase Il ( DNA gyrase)

1976 # &~ 4% F7 Agdi w BLTe 4 DNA B3 4247 %22 5% ¢ DNA
gyrase > ¥ i % T e DNA &5 B p d i o #7021 & DNA gyrase i£% prg & -k
2 ATP k#E&F BT Z & coig £ o DNA gyrase 3 & =X H = (subunit) :
gyrase A (gyrA) ¥ gyrase B (gyrB): & — 4~ 3 DNAgyrase ¢ -  gyrase A
2= fF gyrase B St H At pwmie po o F W R A (dimer) 697550
B ® R Fies BRHE AR EA S e B (tetramer) - 4= v % p¥ > DNA gyrase
1F RETEE . B3 J\,T DNA # i ch8_gyrase B> @ gyrase A R|F it
DNA z_ %1+ (Cozzarelli, 1980) - DNAgyrase ¥ -kf% ATP 3% DNA %
T > 2B S DNA B 5 k€ et gyrase A o R H A d g &

T4 v ¥EE Y - BLDNA (S > £ 4 udx & (Woldetal, 1994) -

timre p gyrase A 2 gyrase B & B HE AT I A > K FHF mre p
DNA Az il gt ez 2ok i F ?B%‘J 4 DNA topoisomerase | i& 7 £t4geha
Fod > gyrase B Hme prir— £ F 4 DNA &g e S s 51 0 7)

11



LimRz N F @ = 202 F gyrase B ihiE 1+ (Gellert, 1981) -

2.1.9 e i £ F15 33 DNA &g #

p % 3 . DNA gyrase L jF#® ri- &} Ji?‘ DNA Az 8“5 g H 7 i 2 fi%
T

FoEBF e fUEF ATP KB ERRE > P R4 5T me

p ATP/ADP ¢ 5] £ 258 DNA AU e S HahE & 73 o § e p ATP &4 L
DNA 4281224 € % (7 147 & ATP/ADP b b3 4c - T8 DNA ALl 7r

g2 ifjf (Workum et al., 1996 )yt “t#8 ¢t F 2% ¢ = = FF & it {5 7 DNA gyrase
=X ATP/ADP v G 5> #r02 p o 4g 3 ATP/ADP v {%‘gr} ;x5 DNA
gyrase Fttm 4] DNA A2 - MY BB 71 23 P A L RB T ¥
DNA Az i3 gt ents 1

1. 32 RS RARARRNG T A ER N EF 18> ATP/ADP v i) i& by ¢
A2 AR e B RS B 0 B DNA AR R IR G R G

#3. 4 (Hsieh et al., 1991) -
2. RA B 3TC HEP . < FTHDNA £ #ALA R 17C By A fiE
RE_30C #{4r3 424547 & 507C » gzl DNA Azl seqe i + bt

—n\ﬁ

W g2 BFensg it r g ¥ ATP/ADP t &m + 2 (Goldstein and Drlica,
1984; Camacho et al., 1995 ) -
3. BB 0.5MNaCl B 5™~ 54 72 ATP/ADP ' bl % - ¢ 54 DNA

7

L R PR gk i (Hsieh, etal, 1991) -
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22 fF4ix% (starvation) & ppGpp #+ % AL 22 PF
2.2.1 #* F & (stringent response) & ppGpp #+ % F2 2 ZA

¥ g 7 BFZDr ELa <14y PR

(stress) > F]&t wmF € FIRHE S 7 A 4 7 I 0 global regulator % 3 & A %] £
oo v o f A5 global regulator & ppGpp & cAMP &4 B - S G BSR4
(alarmone) ¥ F i ddr+ Ree R 2 MRIRKF R BB - § * % Fie
WAL AR B P MP € A2 - k5 F k (stringent responses) 14
3 IR - F e Ad ppGpp TR £ ppGpp Frfl ik frH
BALFERETREF B FT FEIRARERT TS L PR EORARE
P B ek B ST Bed KRR 5 LSRN B N R A B -

PR AR L FORARPE SR BN & 2 5 H I B (guanosine
pentaphosphate, pppGpp ) & 5 &= Z:fk( guanosine tetraphosphate, ppGpp ) -
T TR A LY R IR € kPt relA A Tl ppGpp & = - ppGpp
LS ARt A R R E R 0 ¢ B #EE (antibiotic
resistance ) £ i & #| ( biocide resistance ) i it » &2 ppGpp 7 B (Greenway
and England, 1999; Xu et al., 2002) -

% ppGpp & = eip b A FIF 0 relA & F]¢h > 75 spoT % - Spol &
7 synthase £ hydrolase = f&% & (domain) ¥ § % ppGpp & =& 4 fz o
WOF A LR S BIEAPE € 51 spoT A F]> i {7 relA-independent 3%k £ =

ppGpp B SpoT ~ £ 3 #- ppGpp 4 f#:# it (Murray and Bremer, 1996 )-

13



2.2.2 ppGpp £% #4182 Him 2 BFF

B Lz ? 5 65~90% tRNA & 3¢5 mefipleh o § "R plad £
P 2 f Uik pleh tRNA B 5 > o fd 3 f VR A R e IRNA £ & 4 38
PFERZEEGE . DR EPREE ATRE o AL ¥ Dk T AERY o KR
fop etz tRNAEET D pr f cnd vt & GTP - o 2 5 skglichip b
WL g GTP 4L* i(v& & ppGpp i A o

ap 1979 & Gallant %‘i’ir'f;c HmFE 2 F 2484 ¢ oy AR P LR A
fireiipien tRNA (& PiEd A ¢ S0 g | - L3 440 tRNA &
MRNA %3 5% 4a ¢ 0k 39 T4 = 5l relA & Flagedom &2 87 f
#] ¥+ (stringent factor, f§ 8 5 SF) SF 5 {2igt4p i 0 %> ¢ iz GTP &
GDP & ATP F J& » i@ & = pppGpp & ppGpp (Gallant, 1979) - m» ppGpp
B4k € #-4 RNA A7) () P1 e 3 ks > 56 ppGpp & 0° F+ % &
g % RNA R &psyr P1 fadnrintil & 4 ’i’é” "% < rRNA ehggdrod 7 5>
ppGpp ¢ £ RNA R &pe &grd| Bt > @ A Fenig s % > 2 47 i B
RNA F & pr g s+ 2 & ek — M A se 1 A TS > a4 do
g =5 4 (Gallant, 1979; Hernandez and Bremer, 1990 ) -

BmpFL ¥ A EDRE ppGpp 7 EHEM 0§ i~ Hik2 9 pF > ppGpp 7 £

L
e

%
# 5

A

grE2 R F TR LA i At g

3 42 w0 RNA(TRNA 2 rRNA)
B Fe0g fiht v LR (2354 ppGpp #7443 (Neidhardt et al., 1990) -
FOORAR P L § 3 ppGpp & S MURBBIRL L L R A R F T
E;%ﬂ];rz g i1 ppGpp A2 > 1% MATHF-0 FE A v ARG fE T RNA o
hr F) 2 L fEPE R A E ~ B2F T % (Joseleau-Petit et al., 1999 )- % ppGpp
AR FA R E - BABSBRAT > ARB-dr U rF oAk R (1)
ot Aedrd] A 308 Fd F ~ rRNA ~ tRNA 7w s BARL S P H R E £ 2 5 (2)

14



Bk 4oifsE lac~ara~his~trp 2 arg #4455 B 3c o Fi Fd Fokf# b s
# R
23 ABEEZ %S H AT
2.3.1 m* &£ %] (cell division)
ABEFHN AR NEERa s HA NI AR 50 R

i 'Ernb % e B LS B3 wie (daughter cell) > 4 & %4F @& wie & B 2 B4 B

iﬁﬁ&oﬁ#i%#@T’%%3@ﬁ@%%$Wm%$Zﬁ9%’ﬁ@’

2R TR B2 BERF A ERFLI MRS A
e sl PRS2 R BT - L WA o AL R R4

AT - W RS A ALSBILd WX Bn dreaai o RS R
WHPER < 5 e s Tt kel AR R+ 5> (Donachie, 1993) -
BAIATHEEEZAY DG Rk K FREY ERPSLFRAFT &
e p g %o g e RNASDNAS 3=v P2 g 8 4 4 3 5 1 w7 53 <
FAI M ARSI L TEFAHEL - FLINPF ARSI 2 4 MBLL 4 F
primfe P oo il e (septum) 4 BAsHALE w P st £ R4S WBE R L
fe | kas R o M F e e P W A i Pk BB A L REd 2 B e

v

AL o PmENLS LA EE AR LI me me e PR S A S Ak

BRIV AL AR e TR R E Y 2 B R 2R 0 A B

e A B =A% - = &~ 4 (Romberg and Levin, 2003 ) -
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2.3.2 ¥ l5 952 (septum formation)

BB EFHY 0 F L2 MANE AR AR g e B SR
(septum): ¥ & & & % B+ s (Donachie, 1993a; 2001b ). I5# ¥ ¢ FtsZ 3~

2l

Frevi = a3 Rk (Zring)> Zring &0 2 3 5 5 4 fad-d F 480 2N
5 FtsZ ~ FtsA ~ FtsQ ~ FtsL - Ftsl ~ FtsW ~ FtsK + FtsN £ ZipA % 3-v % > #
¢ FtsZ 5 % % 39 > B>t actin/hsp70/sugar kinase family » # -k 2 ATP 12 ig_
RIEFA > > @ ZIpA E- 82 FtsZ 23 (7% ehfde - & ¢ iise Zring R
EoHptrwmie M M2 39 Fd &3 12° - % membrane domain - ¥ £ w
PR AR (TR IR R B e R A S o

FtsZ (filamenting temperature sensitive ) F_i&_~ % % [#F & 5 4 % ¥4
AT P T 2 A TS < g m e i o Ap B o f 1980 & B S SR
¢ Z7 (clone) 7% 4 7lis (Lutkenhausetal., 1980) » ~ p£4 & % &4 4 ¢ %
BT fSZ AT G b G FF R FISZ Fv L hPme it e o @ F b
fmre e B BER A — B Zwing o Em 8 T I R dm e o B4 FtsZ
Rt lp AR b E R g B0 H 9 TS E P4 b ik 39 (tubulin)
Fiho FiEF GTPase it ¥-kf2 GTP migi7 Zring ehH £ 1% o 4
Fenme AR g P fisZ AFFILFF 7 HFRehitr > hok e fisZ & Fleh
FREF ORI § ERwre s MR x5 % &R e Sk (filamentous) e (Bi
and Lutkenhaus, 1991; Addinall et al., 1996 ) -

% FtsZ B2 E¢REEIcn Zring > @ iwie sz VR ER
minicell 24 > % FtsZ z 2 £ { s @Rl ¢ = 2Frdliwie & B> 28 F 5 FtsZ &
FtsA 2 B et G| i A HEFE B T F2 B G658~ BRI ER e IR

#2387 wde & 4 (Dewaretal., 1992) -
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2.3.3 W i )% 2 FrdlF

Rt £d FtsZ J-v forfpaear Zring > A3z p %4831 > F 5 s
#10 - RS (nucleoid occlusion ) 4 4 ¢ MAF = 215 » #5 B3 44 48
dme? L ouBE DAtk P g Bd Zring A5 eniz B > Ft 4]0 Zring
Aydehim§ ¥ - 3 MIinCD 4 £ 4 > MIinCD 4f & #+ & Zring #r414 -4 MinC
2 MinD & fE 39 Feoried » A F 3 imiechd s 0 g g FisZ gt AR L o @
# Zring ¥ friwiz P LA o MInC (7 C =3¢ MinD %4 > N p&
FtsZ % & muyrd| Zring &= 5 MinD &3 ATPase #{+ > ¥ & 2 ATP i
WA RS EERRA S > T2 MInC %2 4] FtsZ %t % & (Rothfield
and Garcia-Lara, 1996; Pichoff and Lutkenhaus, 2001; Hu et al., 2003; Lackner
et al., 2003) -

behthe @ oo gE ATP/ADP W Bt A5 A4 £ if 5 & DNA Aziles
W2 e i 02 @RINSREEt & ATP & 4 A s F 2 AFaw" 7 > » H—

HIENARE 5 AT Hawre s H AT (ftsZ, minC, minD ) g2 58 -

17



R EN T

3.1 #+ =2 % (batch culture) 2z w¥e 2 £ #;5\

PR R ""»#ﬂ Y e HEE R EARY A ﬁo] b E P ATERE AR W R T

B A iine 2 B97g od Winte 4 JRIR L B KR e K A 2 ot (S HA b
L Y ST SURTIEY 5 SR N LI S Y

4 £ B - T e

L& h AT wE el BB TS B (Lee, 1992)

1. &% ¥ (lag phase) :
e $ B AT FMEE E EH 0 Liwe R AT R
2. *uvit 4 £ ¥ (accelerated growth phase) ;

FIMR e B dnve B p B4R e 0 2 A K AR b e 0 @ Bl

3. ¥#t#c4 & ¥ (exponential growth phase) ;
CLRTCE £ FNEY BERTR 0 5 Wy B R U B
P g AEPE R R R 4o o

4. it 24 £ 3 (decelerated growth phase ) ;

)
g

HA 4 £ 2 A BiE S0 b E i

5. # .t ¥ (stationary phase )

e AR K R R AR o i) - o

18



6. 7= # (death phase)

FlRg Y kA iR A NHAF AR ANAL $ 2
P A SR e e P B AR L o
ottt A R0 R BREHY 0 - B wmRAT
B gt £ PRI SRS 4 LR e
3.1.2 HHEHpEE
FIMEA e & 0 PIRBREAFES N F 7T 2047
N = N % 2" memb— (31)
#9 N EREFEk
N, © 424 B e
n: AR & R Sk
3 3-1 39 F PRt
|Og1oN= Iog10No+n |Og102
!
n= (lOg1oN_|Og10No)/ |Og102 ---------- (3-2)

|Og102:0301 Ror 32 58

19

L



n= (lOg1oN_|Og10No)/ 0.301

l
n =3.3 (log1oN —log1oNg)---------- (3-3)

Ad e g P G RA BT TN

HYog B AR

t: 84 n R AT R

Nofr N % 24> pl7d 3355FF nig> #2 & » 34 #5 g i@

T R i H PR -

32 @Y nA2d FHN

2% &R A e s £ ¥ (log phase )

|

AT &L E

FI" @F N RRTERN P e BN R UTHIRTE Y R AR

Pl RPN S R > NAaEE RN B

S

iR A e P
WA o B FS R AT U REHR R N A A XA BN o — EE A
TANFF (pump) EREIFAUSEATOE > B EEF R f%“,f#ﬁl’ﬁ%ﬁﬁﬁv
B o AE R WL B R o i AT A ok AR K S
et Kb B g e E AF (limited nutrient) @ 0L L3 2 & el & 7

Tk i (steady state) T w3 A ] o LB N2 B EHL W F

FpAl e

20



5 2 (chemostat) e § ;435 & (chemostat &dp 5 f& Tk i a3 & A p it
BwdadF- g )o - f87 VA5 R 22 (turbidostat) 2 fs 2 & > B2
Fipz B AT E R SRAETEF T URSBENRES B ow kR
R G R RN P R RAGER LR g R g F N kiR
fe g - T kR (Wang etal, 1981)  hihv @ 3R ¥ (v H 45 T i

FN AR ke 2 R o

BFAB A2 F 4 FH N eT (Wangetal, 1981) :

FRAFARAEEER > HF B we FREFE TG

cell in - cell out + cell growth - cell death = cell accumlation

FXo/V—FX/V + uX= aX=dX/dt--------- (3-5)

HP Xoo gpFenimre 8
X e FTE

a: 7= @EF (hr-)
F:osmAgRind (hr)
Vi B2xu8H (L)

t: R (hr)

@*ﬁﬂ%%ﬁgﬂﬁ’wuﬂ#ﬁ#h(%XWM’ﬁfi@?ﬂ# »
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(p-FIV) X = dX/dt-----mmmm- (3-6)
PFRNERUREF O H R AMTERCSE T
dX/dt=0
“rrd (3-6) 0¥ # p= F/V----—m- (3-7)

x (37) X¢ FN 7 %% 5 FN =D - (3-8) r D=1T

T 32 % 7 im L Al ch T SO0 P

- fm‘i’\+ chemostat fud §IL % ¥ - B T 7 F AT RO
B (F) &4p@% (D) {7 u¥hlimre ants L3 % o o000 A ISR 5pr > 4p
RN T2 Y F LA RR TR e d B RN AR SRR

EHEHEN T RS ERBRF o el R K Ao
3.3 R épv:id 4 ¥ & (Polymerase chain reaction » PCR) 2

Reprua F RE A > A T2 DNA § i (template) » #-% £ 4%
TR EHEFH I IR JIR&REFTAH7 -PCR RIL {1 * 3 8 BH%
A 7% DNA 4 < ¥z (denature) ¥ 117 L H i eh3l 3 (primer) 20 8 % 2 7

® DNA = # 4 £ (primerannealing) » 5 d @t#4+ % - Tag DNA polymerase

22



AAREF 5o (7313 TEHA &4 (extention) s T oL - BEY o 2

sEaTieT DNA A H - ZARE S BEY - §F n BRHE (44

"iEE AR DNA F RN S B ARSI G

23



A A LT

41 R =R

411 ARFHaEEE

1. Atk

Escherichia coli K12 (W3110) : ~ % & @7 % 2 Rtk

Escherichia coli K12 (W3110) ArelA AspoT @ = % % & ppGpp R %tk -
2. TR

pBR322 (Amp'Tet’) 4.3 kb
3. vz R

P1 vis lysate

1. Sigma Chemical Co.
ethylenediaminetetraacetic acid (EDTA) , rifampin, deoxyribonucleic acid,
pyruvate kinase, adenylate kinase, sodium dodecyl sulfate (SDS) ,
chloroquine, ampicillin, tetracyclin, ethidium bromide ( EtBr ) , diethyl
pyrocarbonate (DEPC) , dextran sulfate

2. E. Merck.
N,N-methylformamide, ethanol, phenol, isoamyl alcohol, chloroform,

phosphoenopyruvate, glacial acid, formamide, formaldehyde, ammonium

24



acetate, 3-N-Morpholino propanesulfonic acid (MOPS) , sodium acetate,
potassium citrate, Denhardt's solution

3. Promega Biotec.
EcoR |

4. Difco Laboratories
yeast extract, tryptone, agar, casamino acid

5. J. T. Baker
HCI, NaOH, glacial acid, MgCl, « H,O, NaCl, H,SO,4, (NH4),SO,4, CaCl,,
CaCl, * 2H,0, MgSO, * 7H,O, FeSO,* 7H,O, Ky;HPO,, KH,PO,,
NaH,PO, * H,0, Na,HPQO, * 7H,0, dextrose (glucose) , 2-propanol, Tris
(Base), glycerol, dimethyl sulfoxide (DMSO ), potassium acetate, sodium
acetate, citric acid + H,O, NaNH,HPO, + H,0, boric acid

6. Riedel-de Haen
C4HsNa,0O, + 7H,0

7. Roche
anti-DIG-AP, positively charged nylon membrane, CSPD, PCR DIG Probe
Synthesis Kit, DIG Wash and Block Buffer set, ATP Bioluminescence Assay
Kit HSII

8. MRC
TRI reagent

9. Amresco
agarose, ammonia persulfate

10. Becton Drive
BBL™ gram stain kit ( crystal violet solution ~ iodine solution gram

decolorizer solution and safranin solution )

25



4.1.3 ¥tk

0.

. TAE buffer

40 mM Tris acetate, 1 mM EDTA

. TBE buffer

45 mM Tris borate, 1 mM EDTA

10X formaldehyde gel running buffer: 0.2 M MOPS, 80 mM sodium acetate,
10 mM EDTA (pH 7.0)

RNA gel loading dye ( Ambion cat#8552 )

20X SSC, pH 7.0 © 3 M NaCl, 300 mM sodium citrate

20X SSPE, pH 7.0 : 3 M NaCl, 0.2 M NaH,PO,-H,0, 0.02 mM EDTA (pH
74)

Hybridization buffer : 5X-Denhardt's-solution, 33% formamide, 6.6X SSPE,
1% SDS, 50% dextran sulfate, sterilized by filter

Tris-glycine electrophoresis buffer : 25 mM Tris-base, 250 mM glycine (pH
8.3) ,0.1% SDS

Rifampicin solution : 1 g rifampicin in 10 ml DMSO, sterilized by filter

10. DEPC treated water : 1 ml DEPC in 1 L ddH,0, reacted 10 hrs, sterilized

by autoclave

11. ATP assay reagent : 75 mM potassium phosphate buffer, 15 mM MgCl,

12. ATP+ADP assay reagent : 75 mM potassium phosphate buffer, 15 mM

MgCl,, 0.5 mM phosphoenopyruvate (PEP) , 4U pyruvate kinase
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414 A RERER

1. A# 3 %% (minimal medium) (/L) : # == solution | 4 » 1 ml solution Il
Solution | : KH,PO,45.44g, K,HPO,4 10.49 g, (NH,),SO,4 2 g, casamino acid

05¢g

Solution Il : MgSO, * 7H,0 50 g, MnSO, * H,O 5 g, FeSO, * 7H,0 0.125 g,

CaCl, * 2H,00.735g (7 0.2N H,SOy4 5 i3 &)
2. LB (Luria-Bertani) 3= % %
1% tryptone, 0.5% yeast extract, 1% NaCl pH 7.0
3. LB —ampicillin 3 % j%
1% trpytone, 0.5% yeast extract; 1% NaCl pH 7.0, 80 pg/ml ampicillin
4. LB & %
1% tryptone, 0.5% yeast extract, 1%NaCl pH 7.0, 1.5% agar
5. LB —ampicillin = % &
1% tryptone, 0.5% yeast extract, 1% NaCl pH 7.0, 80 pg/ml ampicillin, 1.5%
agar
6. LB — ampicillin — tetracyclin #: % /%
1% tryptone, 0.5% yeast extract, 1% NaCl pH 7.0, 80 ug/ml ampicillin,
tetracyclin 20 mg/mi
7. LB (ampicillin ( tetracyclin 3 % 2
1% tryptone, 0.5% yeast extract, 1% NaCl pH 7.0, 80 ug/ml ampicillin,
tetracyclin 20 mg/ml, 1.5% agar
Mk () FRF AR L R S pm MY FA21C B RS R FS 44

I 55TCHE 4 r o
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415 T AR

1. DNA gel
1.0 % agarose %>+ 1 X TAE buffer *#
2. RNA gel
1.2 % agarose, 1 X formaldehyde gel running buffer, 2.2 M formaldehyde

4.2 F%> %

421 A BB FIEGEEEE S 2

1. BB %
$- RERE LB i BApo P E- FiisAd ot dRr & 37TC ERE
FHrggid 200 rpm 3B & o AR SEFHER LB TR s ESFsE A, 1

R ARBEA TR S A & 37C RS ATIEY <) hEE R

W 4C g e
2. P E

AR FME L ERE > TR AT Mg R T 2 AP
% AT EIER o

Fo kg I FHEREDI S5mILB AR O RE 6~8 PR E
RE o
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5= A& B 50pl FiRAEFAT] 5 ml A#3 & A (minimal medium)
FUEHER 225mM 2 40mM F EABIELBRR > RiE 37TC BRER
BEE P DR wEf BT R RE -

FIARZ IPREARI I PARADAARA LY RER L > BAFIT
‘e E & ODgop + = # B4 41>t 0.02~0.025 2 B o & S #7i * ik 5
ir it (acetate) ~ § § # (glucose) ~ 4 i (glycerol) £ 3tz e (succinate) °
216 37°C 200 rpm 3% & 3 ODggg > * & 5 0.4~0.45 pF > 3kt 10 »
&ts > 1 5,000 rpm s 10 A &8P A 0 P i BE ST HES £
27 RNA 5322 ATP &2 ADP 7 &~ 47 °

3. @A g

AP iR N A AR VR E i N8 & (chemostat continuous
culture) # B~ cnifgh & 3uR F ARG 5 (D) {7 M iF R 2 E#EF (p)
(3£ 3.2) A 5 d 73R SNFEE I A & FI T g e et 4 K i

>‘ﬂ\
_L;L

(1) 3% AHWHR

CHERE TR AR 2B R AN IR ARAERASLSR o rER
HEng e o & 22 225 mM > et 2 carbon limitation kU FA A & o d 20
BENBLENAECERBL R AP L 20 22 gikk-k 4 (Nalgene Cat. No.
2250-0050) = H x> *H X 17 22 AAHARFA > RUEFNENFEZRT
F1 90 ~45 WRAEERARERTHEL REME A R

(2) S A L kY
HENRAIRLET A G e BICG M RERTE BRR RN

B o B g o
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a. gz wik

LR R E R AL S RS AT
ARE AT RRF UL 022 pm REE - & DT 2 RIS BEHPE LY
Che? FARTHA o T FIFRRENMAT RS TR EFAEI R 2P
AP AR F R AR RARE N Pk R AR A g o

b. kR EE
RFTEEMUPTEAL e LEBA - FLELTORIZFEE LR
tEBpa s aa B BY - BEHHEAAL V- BRIZEF KT A

U s PARTAM 0 Z JREFIET M AP o

C. BRRERN :
PEF 17 AR RIRS AT OE TG B 0 - 5 f TR ¥
- MBI B P ET T APR RS FiE R F 0 T T JREE

TG HP R G E T A bR AR S S

d. BRIk :

020 AR ITL TR AR o ESF L G B 0 - BEFREE
ﬁ%ﬁﬁuﬁ%%ﬁ,F—%&ﬁﬁ%?ﬁﬁi&%?ﬁ?ﬁwﬁ’UEwﬁi
PR SERT 0 N X RIS BAHF L A kel FEERR G D
ERER A
WA R R R BRI B Z T R R 121C 01 < § BT E 60

ik

Eﬂ

AR BRRE A RBRERAMNG 121C 1 2 FRTRE 90 440 F 5
I 7 Rt FR T R AR 0 AT R TTEAR Y F A kA T VR Y
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(3) # FiH i 2 S

X8 ?%wﬁﬁwﬁﬁ%$@’ﬂﬂiﬁﬁﬁ@ﬁﬁiy%ﬁaawﬁ

PhfgpFloA g AR R T EREFERDE VTR ENRE
ENAKRGTAEE L S5mILB 2% 37C ERFETRZIHED ST
FEEN  EAFFEF AR gl R R e FAR R -

(4) R FrHnd £iEe
*F %A BIOFLO # p%t 2 4741 % k414 £ i 2 (New Brunswick
Scientific Co.)- AR 5 15724 - Blgas s 1 22 2 %28 5 37C

WA & 5 500 rpm F & 4% 2 L/min> pH ER24F A 6.9(0.1-

T8 F Ak
FI* A ER AR PR e B AR IR AR S

p}:

Wﬂ'—

(5) w4 £k K2

IURARNE 6 BF i % F R (reactor residence time, T) o riFE _FH 02 L

Pl RTefE ) (steadystate) - § A2 R ER TR LS A7 k4 o

4.2.2 v i B PR eip) 2

AFBRZAEIFEERI L EHERIBEEAE > REFIE 0.5~1 Y & kK

Btk & 600 nm TR LA KE R R o d R E R R L LT K etk

B St g A A kKR Fme kR kAR T M ARl W R0 B d ok B
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Sk R BT RFmEd LW R d FAMad £ AV o Hikd £EY Y el

Pt & 2 AN E N1 & N2 >d 3-35:4% n=33(logN2-N1)> & km

e R PEERRd 3-4 508 g=t/n KEF-H?P ¢ ﬂﬁ]ﬁ"iﬁfﬂ’:m’ t 582 n

,

—A

R R o

4.2.3 w7 &3 (transformation)

(1) R

WS~ e B AL ) o P B A PR CaCl, ¥ § 7 0 L 1

heat-shock =17 ;% H-FR8:% » o

(2) F S im AT

a. &%z (competent cell)
Az i P H SRR s A0 37C 14~18 LS o RERAFRE
» 2 ODgoo =k i % 0.4~0.6 pF12 6,000 rpm &

A
‘B'E %’?/J(’_'f 1 /J\

1720 2 37LB &% B %
s 10 4802 e iRt o 5ml4C 0.1 M CaCl, R s e
=R VR SR ﬁw’»«il‘,fj ik 4er 0.5ml4C 0.1 M CaCly & i F
JPEERS > A (KRR 30%) 4 i -80°C ke e

gkt

b. % = im e chid 4
B2 E e Btk o R B fR1E 4~ 01 ~ 1.0 pg A pBR322 DNA

(FResife 3 (B8 10ul)> BAz7 75 $HRle o f 3 o A sk o
A2°C kgt e 2 Agm 0 E Rk 5 4

dis4er 02mILB &% > 2 37C EEE R -

¥kt 40~60 A4
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C. &wif &) mre

B AR KI2 W2 R A2 L7 FHREZDELSA X FH
pBR322 DNA 7 7 #¢ ampicillin % tetracyclin 2 & % » %] g 1
LB-ampicillin-tetracyclin 3% % 8 & ¥ pBR322 #& 4] w¥ » 5 5 # 4| & 5 i

1AL HReDwEREEA TR ELL -

424 « EH#HZwEF'FH (Sambrook et al., 2001)

(1) R

1 * alkaline lysis 7= ;%\ #-'w%2 +=2L » 12 phenol-chlorofrom #- % & 3-v

4

CE s B P - DNA LR E KRR

+

(2) 7% ke i

a. Solution | :
z 50mM 5 #-25mMTriCl (pH8.0) 2 10 mM EDTA (pH8.0) >
BIE BB FEE 4C -

b. Solution Il :
z 02NNaOH (4 10N zizffFf#) 2 1% SDS - & * wpe § st i3 i -

c. Solution 11l :
z 5 M potassium acetate 60 ml ~ glacial acid 11.5 ml 2 dH,O 28.5
ml > B8 B F s et 4T o

d. phenol : chlorofrom : isoamyl alcohol (25:24 : 1) & &%
#-¢ Jris enps 22 chlorofrom ~ isoamyl alcohol 25 :24 : 1t R &

¥R 4ChEI - B P oo
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(3) 44 B~

feB2 E AL 2 FM > = T rifampin (#3E & 50 pg/ml) 5 okis 10
/48 11 6,000 rpm g 15 4 ghic b M 4F 4~ i £ 40 solution | -
¥4 T4CiE 5D 50ml g F ¢ oo 4o 2 BAEFEZ solution I fedbape F

¥

RAAARE X B FERT 5 A4 FEMABREFEE~ 15 BHHL

~

solution Il » Zsid 4o ? fe B3k 10 & 4aie 02 12,000 rpm 3ge 20 4480 F
Bt Fik o 4~ 2 B8 2 phenol : chloroform : isoamyl alcohol (25:24 : 1)
AR EHE AR LR E > 1 12,000 rpm des 5 4480 B4R dp R DA
gt (Ckip) B HIEAES L2 G SRR B o s BB iR
2 BHf2 95% ¢ B vk 1 o] pERTEs AR > 2 12,000 rpm dt
w20 AABRE R E L R e r 5mIT0% ¢ fREx pellet {2 12,000 rpm gt
= 5 & dw o 7R pellet 12 if 343 RNase A B kiz 2Lk B i > > 37C F
B 30 &~ 4fs B3 —20C & * e

4.2.5 DNA IR BT AL 17

i DNA gl %4+ {1* 7 chloroquine agarose gel & i 4c 4
+5 o #l# 20 x 20 cm® 19 agarose gel ( z 3 25 pg/ml chloroquine) - # *
¥z 7 25 pg/mlchloroquine 2. TBE % it 2 F &g BT T AL T o B
8 DNA ;R & 0.2 B84 2 loading buffer {52 » 2 P45 well p > i T
50V & DNA jc#s 45 ] & o = = (S #0f g st e B v g3 ok 1 ] R
Y K,f—i chloroquine » £ 12 0.5 pg/ml ethidium bromide % ¢ 30 & 4& o >t % ¢tk
TRET RApsesk o
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4.3.6 Mm% p 5 £k &0 2 (Chapmanetal., 1971)

(1) R
*§ %7 r1 ATP/ADP 1t 5] 1% 5 tmee i £ ehdp i 7 45 iRl mse p ATP
22 ADP 1z £ £48 - luciferase ¢ {I* ATP #- luciferin § i & # % 5 fi >
¥R peg s 3w RIAER 0 IR #u sk (photon) 3% U o FiE
AP LB E S N a0 R o (SR dUA R o d 3t ADP g 2
E #%R]19 > Tl 02 pyruvate kinase #- ADP ## % ATP &> £ 3otz ATP 7 £

Fedl o B iideT o

luciferase
ATP + luciferin + O, oxyluciferin + AMP + Pi + CO, + light

pyruvate
ADP + PEP > - ATP + pyruvate
kinase

(3) 7 = 2

% * Roche =« @12 2 ATP Bioluminescence Assay Kit HSIl - 5
ALAgeP~ 0.5ml FlEREH 2 FR 2T 2 EEOFFHARHBIRLFE AL -
4w B~ 200 pl 7% gk 4 ~ ATP assay reagent # ATP+ADP assay reagent
(2 200l A ER R 2 HRRE ) I 37C kig 16 AsE o R EEE A
FOR o BN ARE EFPRIE - 04 R IKRE & luciferin ~ luciferase mix reagent £ &

Bl A > FR10 - G E 10 §) > R RH T RIES o

35



437 RRBORAL HE

1. P1lysate
PeE H - % (single colony) i 1 5mILB &% ? o fFiwmewe
R %A FhERE (7 donor cell - Tl * P1 phage #-v #r# $ o 24
TR ALY - & recipient cell o #-awme £ 37TC ERET
BE 4 14~18 s -3 50 ul |tz 02 % # 5 4% M CaCl, z
LB%%ﬁﬂ(&ﬁﬁ%§(bﬂzﬁ%ﬁ%%ﬁ%ﬁ?%%i@%%ﬁbﬂié
b BE R A e ol B M P 4rap S & P1 phage ki A dmre pEATL T

g F ) B2 37C ERATE R R 30 24818 0 1T AP B4 x P1 ovir

lysate -

S AR (WD)
] 0 ()
5 5
3 10
4 30
5 50

4e » P1virlysate {214 40 rpm gt & 2~3 /] ¥ o P AR g A

ez {sk-AE DNA # »~Fiwm%ep o P1 phage &% i wm% ) F >t

lysogenic state F ¢ Tk BRI E F A A mie p s @ § F A % DNA 4F

-

WA BEgFwme s AP EAMOTHT 20 GHE BT w%p > @ % do- &
A AK-A L5 DNA 4~ 2 w2 4 ¢ MY o P1phage & i me p ]
lytic cycle P ¢ #-75 4 fwPe il ¢ 48 DNA & =] ¥ B> T 82 Fpe T F-d B¢t
Heooptmge » g ? HDNA T e e Fp R DNA - A E R e R A
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¥ N DNA - 2 P1phage @3 » H 39 Fa48v ¢ 2 915 Kb + |
DNA > - % P1phage ¥ % i 2.4 % ~ % F2 % ¢ 1 DNA o Flpt A F 5%
¢ i * P1phage #- relA 2 spoT X% DNA ®* Eix 3 <~ 55 K12 AHEp -
% P1 phage i& {7 lytic cycle B j=pF >t #4r » P1 phage & ¥R ez 7
Ao A 3~A R TT PG I E A wie Aok R (lysis) @ B RSP K -
e \ﬂzﬂ@;]*mvé? ? 4v » 0.1 ml chloroform ZF R &3=23 1 > 12 5,000
Hro 10 24 P PERCORIEE APOK RN Bl KT R o B Sk Py
P1 phage lysate it ii% > %% 1 ml Fi g 2ml 2k musg? o £ 4

»~ 0.1 ml chloroform ;& £323 5% ¥ 3~ 4°C k5 EF o

2. P1 transduction

#1523 e i 5 recipientcell (K12 &k ) 4% % P1 phage #7454+ 2 7t &
DNA - recipientcell *+ 37C ER 2T % 14~18 /| pF > B-Ff g 10 »
g 150 2.5 ml 10 mM MgSO, . (2 5 mM CaCly) & i FH o 11T 7 b2

P1 phage (¥ it ArelA % AspoTl ) #c » & s g P

L wre s (Pl SEAMEAE (D
1 100 O ($tpe )
2 100 10
3 100 30
4 100 50
5 100 100
6 0 10 (¥Hpeie)

RE¥3 34 37C 4% 3044515 0 4c» 0.1 ml 1 M sodium citrate »

4 A+ - phage =Mt A dmie it F o> @ citrate x ?Eﬂ%ﬁ;—rﬁf BEL
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# sodium citrate 4 » ¥ & P1 phage # £ =t A mie o 3 F 37C M
100 rpm B#E2 % 1 | pF - % P1 phage 22 DNA &5 wmie 4 d ge 7 &
& > P phage fjf‘u? Bt 3 FETATFIFRET L L 8 DNA + o 5]
ArelA % AspoT A ¥4 %]z 3 $£ kanamycin £ chloramphenicol 35 < 5 =
1 ) pFis ¥ -2 % 3k & 2 kanamycin ¥ chloramphenicol 32 % £ ¢ 2 5

ArelA AspoT #% %1k

438 <% A% RNA f{lg3 3

fcf 5ml Fig (ODgpo=0.4~0.45) % >tdps g p > Lig &3 -80°CEWH
ks 10 frdate LB R > T 2% 4°C 6,000 rpm s 10 4481 2
"4k o 4o 0.75 ml TRI reagent sefgi g F i3 i3 o LT3 R 2 i B0
MR 0 65 °C B RIS 10 A 4s (B 2.5 AdaE 35 VR
il 5 ) B EFF IR T 40 » 2004l chloroform » r2g frE 452 N L iz R g 54
B R T A5 44 £ 12 4°C 12,000 rpm e 156 2480 B T KR 0 B
RGP~ Y - G EMEMR S F N > 4o~ 600 pl 2-propanol 2 40 pyl 3 M
sodium acetate (pH 5.2) % »* -20°C skfap 30 & 452 §24 RNA 4741 - 2%
62 4°C 12,000 rpm g 10 2480 3 E R T T RNA Sy - 4o r
75% ¢ g1 ml k- =t > £ 4°C 12,000 rpm #re 10 ~ 48 > = 2540 iF
efs ek, RNA B7E 250% 10 A48 Bk L3 EREFH > &
DEPC + ddH,0 » ]2 D 260 % OD g0kt B FE T RNAER 2 ¥ & - 48
2. RNA # AR 2% %% -80°C rkiap iz o
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439 # = guLigi# 4172 (Northern blotting analysis)

1. RNA T A& 47
(1)1.2 9% %% (agarose gel) fe#l

BL ¥ 055 g 4~ 29.4 ml DEPC « ddH,0 » 4e#473 258 £ 305 » &

b dris 4 0 5 Bk R 2. formaldehyde gel running buffer 9 ml z = gg
(formaldehyde) 7.4 ml» £ =tiRfc¥o 3 = i5) » A HR ¢ 04 904 o

(2) & H
Pe T SR A w e e e g A TR 3593 D8UgRNAC 2l 25
iz Jk & formaldehyde gel running buffer » 3.5 yl formadehyde (379% ) 10 pl

formamid -

(3) # &%+ (denature) % § i jea®
Btk 2B 65°C kg 10 24ais B3k > 4er 56X RNAdye - %
PRFENERT N 60 kEFTREFT RNA T4 25 ) FF o

(4) B¢

TR A {S 0 B E 23 150 ml ethidium bromide %% (0.5 pg/mi
ethidium bromide ;2 ** 0.1 M ammonium acetate) % ¢ 8 445 > & F !
DEPC - ddH,O & i7i9% (destain) 3 /] s > 1% UV B rv mzi
rRNA » 2. 138 7 B4R o

2. RNA i3
JHEE RILGA T BB A S hl Tl g o 51 20X SSC R Find
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a3 e Y o RNA S48 » =3t nylon membrane -
W tsiei RNA 3 - FH£ 2% a k2 8 x 7 cm® nylon
membrane - &% % % % membrane 11 20 X SSC 3 ipi2i% o Bom 3 AR B

Hpcl- 25 T8 2~dom A h> 290 £ 303 Bp )~ i £ 20 X SSC

[RH
F}-
‘r\%

P EF a4 - %k 8x22 cm? £ = 2, Whatman 3MM 4 i A= =52
&% 20 X SSC 3ig ¥ « RismAt B L4 - %E%Mipk <~ -] 2 Whatman
3MM g » % 20 X SSC ;3% i HER - BB HWE # (R KT APF T a-
P ) B REBag At > B ¥ RE S nylon membrane ® vEAg L o
£ *z- 3% 8 x 7 cm? Whatman 3MM & >t nylon membrane F = » fjf i -
48 ~ nylon membrane £2jpiAip 3 2 B i e = 2480 > @4 RNA #33
FEY B i pEiE B~TomAEEA (£ 55 8x7cm?) B, B
Wbk E- L rr 500 £ el RUR o

wFEAREF 12 ~ 162/ {3 5 B4 nylon membrane % »* %5 fé -3 H 2
®® o A1* UV £ (254 nm) it 2 %~ 482 | RNA # 2% nylon membrane

IVECECE N

3. IS AR
AP % R & v 4l & & (Polymerase Chain Reaction, PCR) #3# 4 <_
%3]+ 323 DIG-11-dUTP (Roche PCR DIG Probe Synthesis Kit Cat. No. 1

)

636 090 ) 2. DNA > r2pt &L DNA f s #2474 o H 2 sxidt4o™ 1 63 pl =
7= =3 %3% -k > 10 yl 10X PCR reaction buffer » 10 pl DIG-labeling mixture -
8 ul (25 ng/ul) DNAtemplate » 4 ul (20 uM) primer 1 ¥ primer 2 > 5 units
Taq DNA polymerase » iz 2 » 0.5 ml jicd gpo g p - &%+ 5 100 dl -
MEPFR A REFERBARPBEFF K -
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PCR % Zg A 4r7T
Wt MR A F R ER A 95C Kk 5 A4 A rd DNA K o E
BT R R BRI

1. 95C 1 ~45 . &3 % DNA i~ B o

2. 58C 1 »4 513 %2 DNA 28 -

3. 72°C 1 %~ 45 : DNA polymerase & = 373 DNA -

ERIIERBEER 30 w0 21887 7T2C F 10 A48 RBfs- X £
A% 2 PCR A 422 BB EHERRTL 4C
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MR IR PRRIEA 2 HE 40T & AT

AT 813 AL 3132 B *jf*

ftsZ ftsZ411 5-TGAAGGCAAGAAGCGTATGGCA- 3 282 bp
ftsZ691 5-TCGCCACGCCAGAACCCA-3

mnC  minC279 5-GGGGCTGCCTATCCTGACGG- 3 18 by
minC596 5-CCTGCGATGGACACCAGTTCC-3

minD  minD553 5-CCAGGCCGCGYAAGCAGA- 3 253 by
minD805 5-CGAACAAGCGTTTGAGGAAGC- 3’

pgk pgk1 5-TTACTTCTTAGCGCGCTCTTCGAG- 3’ 401 bp
pgk2 5-CTGATGTTCGCGTAGCAACCGAGT- 3’

pyk pyk1 5-ATGTCCAGAAGGCTTCGCAGAACA- 3’ 401 bp
pyk2 5-ACGCGACCATCGTCCAGCAGCA-3

ackA ackA1 5-ATGTCGAGTAAGTTAGTACTGGTTC- 3 401 bp
ackA2 5-GECTTCTTCGATACCGATCAGGTG- 3’

sucCD sucCD1 5-CGCAGGTCTGGCGATGGG- 3’ 365 bp
sucCD2 5-CCTCCACTGCGGCAACAACCT-3

atpl atpl1 5-TTACCCTTTGTTGTTAATTACAGCCG-3’ 401 bp
atpl2 5-GTGAAAAACGTGATGTCTGTGTCG-3’

gyrA  gyrA1 5-TTATTCTTCTTCTGGCTCGTCGTC- 3’ 401 bp
gyrA2  5-CAATCCTCACCGCAACGCAAAAC- 3

gyrB  gyrB1 5-TTAAATATGGATATTCGCCGCTTTCA- 3’ 401 bp
gyrB2  5-ATACTGACTATCCGCTGGATCACG- 3’

topA topA1 5-ATGGGTAAAGCTCTTGTCATCGTT- 3 401 bp

topA2

5-TAGCGCGCATCATCACCCCCAAT- 3’
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4. 322 ¥ & (hybridization)

#-¢ F % RNA z nylon membrane ¥ » LIz < ? rooode 15 mi
hybridization buffer » *+ 48°C:pizer i *aig s & 30 ~» 48 > #H# X w5 30
rom -t iEARFE 5 pre-hybridization o 2 12 4 » 150 ng ¥i e FF & (PRERIF 44 F
L2 100C #* 10 #4508 » B30k 10 #48) #¥ieF 48 C e
R F R F RPER L 14~18 | P o F % & 14 % nylon membrane p 3%
B g B TN R R FE BEPR 04 r 7 2XSSCr 0.1 % SDS %
A 50mly AR T TG R0 Nk b A RTER S 25 rpm >
HEEg - @#* 50ml z 0.1XSSC £ 0.1 % SDS sk ijie 15 &~

o S HBEH 2 %

5. ¢ # @ p (immunological detection)

A5 %+ * Roche = 2#12 & 53 DIG Wash and Block Buffer Set- pr 7 7
10 X buffer 1 ~2 3 {r 4% # ‘nylon membrane * &gk ez &8 5 4er
30 ml 1X buffer 1 iF% & 4~ 4 g 1Xbuffer 1 {5 - 4 » 30 ml 1X buffer 2
2 1Xbuffer3 BAcik > > 3BT > TG BiF a7 R 40 A BT WS
% 25rpm - p ep i@ buffer 3 ¢ & Brovine Serium Albumin (BSA) 53
i# 5% B 5% nylon membrane # & - ¥ ¢ anti-DIG-AP E # £ nylon membran
BE O PEV RS K22 - B2 2% (non-specific binding ) TR AL
blocking - ¥ &% & {64 3 pl anti-DIG-AP 4 ~ 30 ml 1X buffer 2 & 1X
buffer 3 JR24ri% > >+ 3B T ## 40 » 4> @ anti-DIG-AP £ {1 pid5 4+ e DIG
Apd B - M2 g2 (53 FRT % 30ml 1X buffer 1 ks = &= 15 &
4 o 34 1X buffer1 7 > 4~ 15 ml 1X buffer 4 -;%-%t 5 &4 » & F % nylon
membrane TP R F Lk p oo & 10 yl CSPD 3 1 ml 1X buffer 4 p

A

230> membrane oo FFEFE o 2R ERRS AP N FRTREH
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KF R 10 #2480 F s m 5 pou Kodak XAR-5 X k& # g7 R T - g X3

FRREFRPERKYT o

6. ME A 37
F1% T B 4F R R R BITRT 2 W RF — B 22 38 (hybridization signal) &0

55 % » 12 1 8] MRNA thi LE o
4310% S é 2

bl A ETAEARY T kB A SR A WS R R <152 (gram-positive )
ri fF A5 (gram-negative) e G faim Ak iz B 7 chim e R A R B
FARSF . B EFABERI I AR RS o B R A SR g
(E%d ) & B Ed S FoRd >t E B SRR (2d )o

(2) %4 %3

BH g PR E S L% (crystal violet) 3% 0 ¥ 60 581 — =k
bk o EF AR (lodine) i S ARk s o R RER S RE 60 §5i8 o
PEAER - SRR UFHF R TR B TR R R RS H 0L o R PR kg
TP OER D T - SRR E S paniFp o B0 § & (safranin) R E
B ooy 30 fs 0 - SRR S AR g 0 BdE P BITE B TR

BAG AR o
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51 “BEFLLEFHR BRI LMY G

TR PARURT < A R R BT 0 AR Y A R A WR
v 225 MM BEpE - F R HR 2 Rmp L R T & o §F ODeoo
i# 0.4~045 P w2 > 12 luciferase F 2 » Bp|iE me p ATP 3 & o T
f1# pyruvate kinase #- ADP ## & ATP (& » B £ #7§ .%%a‘ru,!rt}b— A2
ATP z £ #3 ADP 3z & (Table1)-
LREER A AR ERnpke A FRURT < 1k Fw e e Bk
fo > %M1 A3 PRAT SN ATP-ADP 7z £ 2 ATP/ADP 6%
57k (Table 1) ¢ v § 500 - sRpE AR ¢ ATP 3 % 5 53 (65 pmol/10’
cell)» @ 1z ﬁiﬁ'ﬁﬁéﬁéiﬁﬁ ATP" z £ % £ (724 pmol/10” cell) - F R
HEmemep ATP 7 8 A6 ERIEFQ 15 7 a1+ L@ Frme p ATP
FREELGARMEM G TR FHWENTATP g 54 £ F 2@ H4e o
*b»d Table 17 sl § § 4% 5 RBP4 ¢ ADP 3 £ 5.3 (17 pmol/107 cell) -
A OES L S PIA i S RURPE ADP § B 8 (355 3.1 pmo|/107 cell)- d == ATP
2 ADP z 272k @@t fi7 bRz £ 2 A3 7 B ATP/ADP 2t 5 >
HO gk SR ATP/ADP - 653 > MAS L 5 BRURPF B 14 918 5 % &
Wa 738 24 BRI ARRAEHAWM AR LAZPERE -

52 #43z% (starvation) £ ppGpp -+ B FHix 2% 2 B

ppGpp * mFH P £ & H#F1+ (global regulator) > tg & § L pF g 518
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¥ - g g i F o ¢ 3=Frd] DNA ~ tRNA &2 rRNA 98 & 5 385 3o
g imgauk - ppGpp ZEACFHFAMPEL L EF T L A
(Casheletal.,, 1996) > % 7 #3 ppGpp A% ¢ BT wmrwefip s B4 % > 7
AR ArelA AspoT FEREHh > £ 272 0 W pFsg %50 225 MM s
FEBLARZ A# %57 ¢ ODgyp Flig 0.4~0.45 pF>12 5000 rpm i
B 10 A& wre > 3 1 Fikts R EFRIR G L (starvation) 3 &
Rt 5ml 2 g ez A#ERAEA T 37TC R 30 4 0 £
luciferase * iz p|i¥ w2 p ATP &2 ADP 3z # (Ohlsen and Gralla, 1992) -

d Table 2 ¢ wprpher i 454 B 5 AR PE - gk R I 4 R ArelA
ASpOT R FHRwme N i B2 % B5 BT A —'F,'z wm?e ) ATP/ADP + 5
FEMEALE AT FELAARM ATP/ADP s ul i 54 2 535 & 1
fis i & sk 5 ATP/ADP - bl ass] s 3.5 3.8 » %7 4aik] ppGpp # =~ %
% ] ATP/ADP 1 6 & & B B2 58 o ptloh 5 4 k¢ ATP 7 € i AR
Ly AP URRE T F AR ATP £ 4% 5 7.1 & 68.3 pmol/10
cell-4p£% 10 B>t 2% Table 1 » 2 RUBRETFHEL 2L AT AR
AR E LB A Pt fp i o B AR A ArelA AspoT X%+ Bfig e
FERLIARRE ATP $ £4 w4 47.3 2 49.3 pmol/10” cell > & % & 7%

Z ppGpp & ATP/ADP sz p kg ic » v ¢ 17 ATP & ADP 3 £
o Ao R LIRS ppGpp HEAMA & F B2 BTG B -

5.3 DNA AZ#lseiif2 T A 4

PRI A5 HAMM 44 8 DNA &2 78 DNA gl et 5 5 -
Ko < HEFEPM A5 4 DNA i’gﬁl*’iéﬁ&&%%‘ HET EETI T DNA
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AV R &é’%T Bk 2 F XS ERFMN L 4 DNA A28 S RHTR
%3548 DNA Az %w\pﬁ&,i ‘4z (Miller et al., 1993) - 748 pBR322 & % 4 &

%> DNA 4747 fﬁcz 787 7 (Goldstein et al., 1984 ; Hsieh et al., 1991) »
Flt AR R A pBR322 ki AUR Y DNA QU e gt i - o=
BRAEEIRLARYIIPE AR AY Z ¥ ¢4~ ampicillin (40 pg/ml)
" AR pBR322 himr ¢ hfE M 0 AR B-FM ok BFL 2 Wl
rafampicin 4 "% < a4 DNA A28 e o3 LI o

& DNA i’gﬂ*&;ﬁéﬁﬁv& > w » d * chloroquine = T m EKit &H 7 ﬁ‘x

» DNA SHEd de 2 & > 2@ gt~ chle 5 g @4 3 3k DNA A1
(positive ) = ® gdr > & ptiEf T 7 B2 5 DNA 4287 gt LK (linking
number) #c o F]pt & k& chloroquine % A%+ > DNA chip# £ 44 5
negative form > @ #.F )k & chloroquine .4 % + > DNA sjpiE 8 ﬁ&#v’v Py &
positive form (Mizushima etal., 1997 ) s & < ¢ 5 B DNA Al s 8
Ao 7 B H fr i@ * en chloroquine z-# 25 pg/ml @ Az i F 4 pBR322
negative form =g k& o Fpt @ F AT A B} frAe F o, ﬂg& % positive
supercoiling form (Ogata et al., 1994 ) 4. % A B * ¥ B3| £47 (relax) . TH
Zz_ DNA # # 1% ¥ ﬁi?ii? % (negative) % % £ (Mizushima etal., 1997) > ‘5d
PLSHART A4 B EET FH Y DNA QL e i chs # 57 -

5.3.1 7 BAURE A %% 7 DNA AQi e S 2 B 5
"‘}‘ﬁ ﬁg‘ ngf% ﬁ/E"Z‘ fiqﬁ'ié’\‘;" Ei“'\/)ilfli: Ti% OD600 ij‘i 0.4~0.45 Eﬁ
fcB~ AR P o pBR322 - HAgl e s Fk v d LAWY @4 (Fig

2)c BEFRAPABET > UPLIAE L AR T DNA ip i B RS

47



Hib T2 s FEMLE AL D UL S EURPE T DNA chip R 4 A S
5 P DNA 42Ul ¢ S AR c % o $R e 0 ATP/ADP 1t & % it
(Table 1)+ ¥ % & ATP/ADP t &+ = g DNA 4¢3 %’ﬁ%f#*ﬁf FALRE A
% gk pe s SRS ATPIADP v Glgd o 1 DNA AU s 95 F %
@ B 5 AR R PE ATP/ADP 1t Gid i > DNA Al s 45+ s fidc o » B %
- HER FRRCRwN R EREF 0w g DNA LS -

532 g4 % (starvation) £ ppGpp ¥+ %1% 7 DNA LI B2 B F

R B SR I A ke ArelA AspoT BR Hik AR RS 5Bk
TEAIHEIELEDE > N2 FERRRDAFR A AT R I I RRIE LA
AU E AR R L% 3044505 0 H ey DNA i&- HiFE AR T L8
PPGpp ¥ DNA Az 81 3 55 e e

d Fig3 7 & ArelA AspoT R BHRE A S EAF A R AR P LPF > 3
% 2 DNA AZSE e 2 AR UERUR 3 P @ 20 0 0 F F A% 5 BURPF DNA 423
:s;;ﬁ@;; ﬁé? ) LR L 5 BB PR RIS BT BT ppGpp & 7 2wz b DNA
AZUP S - HB Table 2 ¥ ArelA AspoT B % %tk &k f £ 5 ATP/ADP
e 05 4 g2, DNA

Ak

IR A R ARG 0 d i B PR

REPELHCERR I AR DX R ERETEE LSRR o

ATP/ADP +* 5] 288 DNA A4 e o0E & F]5 o § ATP/ADP ¢ b3 4 >
P DNA erig il ot 7 iE2 0 2R 3 L AR L& ppGpp #2585 -
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54 2 £ FBRABHFF F topoisomerase & Fl& R2

4 ** topoisomerase (gyrA - gyrB ~topA) ¢ :x% DNA AUl e %
THE-HHFEFERENRAET 2 R ALEFERABE S Y1 F topoisomerase
AR d FigdA# > E 3 2552 8 A 78cE - ¥ Fig4B - ¢ Fig4
Voarh A R FREPE . USRS R G AR PE gyrA ~gyrB & topA A Fin
% Ipuilgrsm;g P FEP 2 i FP-¢ ¢ topoisomerase A FlEA R A o gk
FEERENRAT AL FREF 5 KF 5 ATP/ADP 1+ 5 t’ﬁh?ﬁ %D
DNA Azif et (3R 8L, 1998) - d Tl G5k VHGARIAE 4 L& 5 ¢ 5
topoisomerase # F]s4 I 0 F] topoisomerase i i DNA 4z 47 %&;f%f#*—’%

7 1 DNA AQER AT FeplihE 2 R 572 59748 o

5.5 7 kAt ATP 2 6 R AFEL B2 B8

BA T A FRERG R A3 R ORET A F Y RS
RA RIS G AT K B AR (B T 5B B B p)
ARAR CHFHASEHAWE 225mM £ 4A0mM 7 RRURER T SRS
Fer ATP 2 S 4pRips 22 A4 d Figh*3 23 8552 HMAe T
et @ Fig6 > ¥ AT iREFH S Table 3> #

FRAFUPH LR ERE BRGS0

Hoe ruige ZRF 47

*m\t

i

W B M RER G ABEART FH (4A0mM) ZERT o BRI
Fig5* pgk-pyk £ ackA %A FE 5 *% f24 28 (catabolic repression) IR
Booo b PFs BLERI|EEITT Y pgk 22 pyk A F 1 FaEivr ¢ ackA A7)0 H
EARBE AN SRRPERS o MRS 2L AT sucCD AT 2 AR H
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Rl pEpe SR £ d TCAcycle &2+ Bifsai drigfom K18 ATP izt
AR L ARPE > MERRE A T sucCD ATFIARPIEF B EAL £ - BB
ERYLIEL € drd] TCA cycle p Al R AT R B AR BRI DERT
A ATP Smrggfaie® 23 > 7 d Fig 5 ¢ pgk £ pyk f F1& R4 0k
BREMEEE T 7 MERILMPEIIZ Z R T sucCD £ R4 X Frd] > daip|
pFATP 0 & ks €5 d TCAcycle &2 7 &+ Bif4aiE (8 -

5.6 #mE ppGpp i » A A Fl2 B

P RBEEZRYARERB A CSRE T AWM LE ST TR 0 T
AL WL e s 2 Bt 4 Rhimre g0 fad 4 R e e RS B AR
L Zring o ¥ Aiwmie ? oL EARFEFE o i dn e i HP T dm e A B e o ik 2
fnwmiey bk e 4 B AGMMAEEARERS 2 6L BT - Bl s 4 o A
RS TR S AR e s T 2 me & 2 4 %)( fisZ + minC -
mMiND ) th4 Mdcim LA RNAE > Fig8A 5 H a3 LA 2 2% » @ Fig8B 5 H #k

BETEZ % od L RBETIANIRRAEGAEATE i3 = e o H AT
LAMFPRAE B UFFRLARP > fSZ AFIARE IR G AR R
#F > mnD A% NHFFHIAAFEE om mnC A TR ﬁﬁﬁééﬁﬂiﬁ
PIRE > B d PRRITL 2 EATHE Ree 2 HAFhin 4 344 &
RF AR

#0534 pRgr ArelA AspoT BER R1A4 B3 %50 40 mM SRS F 5 5 AL
2 AAEEA AWML L
EPphz AHERZREER i/z‘]‘ﬁﬁi‘wﬁl? B AR 37CTi 30 4 &R

ﬁi * PE%(ODeoo 04""045)’ 7 5ml 7 2

\‘-:4

LA T uM EFE LT s AT (ftsZ >minC »minD) 2 % 7 >
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FigOA &2 FigO9B 4~ & 2 Bt > EF e~ 7t 2 %% - d Fig9 7 4 ppGpp
§REA g Hme s WAF LR A2 Y d R LA 514 ppGpp
Ad o #E fisZ AFERE LA > AP uF B LARERP > AREYE
ArelA AspoT R %+kz2 2 2 ;@ mnC & minD £ X740 E A4 $k7
Rl > B9 minC AF & prpeer § 5 48 5 sRME T P A< ppGpp ] (1
BEfe 5 AR mnC AFIZRENTE 13 8 NF FHMRAFYTE 7
% ) minD AFIRIR R RRPFLARETEY 2 B (FigoB)- d *wak 4

relA ¥ spoT 2 %%tk i &2 ppGpp "7 #HP &% 4 kv %% ppGpp &

LeE g B P AR AT AR o

5.7 #RE ppGpp #+ HHFmAMIAIGLEE

%R AR I 4 R ArelA ASpPOT FERE A Bl £t A AR o ha
FEAe § B M F A BUR (B8 RR: 40mMM) > § mifd £ 2 g 2 R pF >
EfFL 44 x (gramstain) kEEFFMAE - & Fig 10 LR399 2 $a&r ArelA
AspoT HRBRATFHEARET o P BREAREL > F k-4
BURERT o » F IR ArelA AspoT R ®fkmrefit > ¢ Table2 # v i
Fr A EE T ArelA AsSpoT HR ®thenime 3 pF PRI 4 K 7R
(MRS 5 M RURPF SR PFF A B 5 57 52 46 Adh) st g% & L
TR AR > Y A LR FE wre AR F 2 Bl o
peeb s Ay FEpERR T LA 0 3 ppGpp HEAM A LB - §
WAL EIREA R A B PRRPAHER R AR R A R B
AR ORFEF 30 AERAPLBAL > NEFNAIZRFAM N - J

Fig 11 ¢ s ¥ 2 g2 ArelA AspoT FF R FHpF A & % 48 & SR
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(filamentous) > %= # 12 ArelA AspoT FREH*>F R 2 LATHELP
¥ (Fig11D) -
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ERE

6.1 BRELEEFHGHEFwT N L L2 MG

6.1.1 7 PRAE L EFFHIGE AP R R EDPE
HeA ot A BREMERZA?P DXL > A4 B8 ATP 90558 3 4
Wt N c APFERIFRAEAE ST R s B TF R mie P

ATP 3 8 582 L F4cfm 2 2 (Fig 12 Table 1) ATP £33 scfim 4

EdFhomeid LR Fhame i REnd o A2 EEF T ome d

o

AR FRE F e N R CHE 03 R LS T
F o % (Gottschalk, 1988 yo d »t @& - chimie 22 K 4 £ g F e p ATP
FZEFPREAIR 2 EFREL LERDARWES B2 F B iE T A
¥IRGT Minre FE (biomass) BRI A Flut pe et L E ik R
2V ‘fém’?é'jaf_ﬁi\‘gﬁ%c 0

Vi e e 1 R S %‘rijg?’wb TR RIRBT <G pf]'f * R R A
R TR AR R R e A RAURA TR BERT 5 B
= BURPE > < 54 F € 1% phosphoenopyruvate phosphotransferase system
(PTS) #-mre ¢t § 5B » 2P > Sd $f217% 12 acetyl-CoA %
AR AEANHAP 27 TCAcycle (63 it == § it ¥ E® & £ (Furano,
1975) « § M40 2 BURPF » * 5% A7 1% 4L ﬁ%] % %L (passive diffusion)
e~ mied o i se? dgd glycerol facilitator 7 5 i i% 38 i 14 i i e
Woo L5 d H b ' (glycerol kinase ) #-H b BEEE R G oH e -3-mEEE
(glycerol-3-phosphate ) :& » fm?e p R 3f> F|ptmfe P ¥ 72 3 A p d Gy b A

+ (Voegele et al.,, 1993) - B2 784 b ¥cfizs & FP 745 PTS & % 4%-1,6-- Fifik
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(fructose 1,6-bisphosphate ) #7# ¥ (De Boer etal., 1986 ) - e 174 4 & &
TP e R R 2 R BT Pl e BT VR o MIERIARE A RURPEF
% 1% F A2 f]* C4-dicarboxylate transporter #-y.34 fei@ & » fmie p > ¥ 2
#ig» TCA cycle &7 F B4l im v * > ppra Eeng 4 § 5403 it
mifs i F 5 (Boogerd et al., 1998) o ¥ 1 fipfik 5 Bl S G PF > BEEET S5 1 #5
@ﬁ%lﬁléi e P “i?i?'r’%ﬁ“é ¢ felf i A & == (acetyl-CoA synthetase ) #-
irfafg ik = acetyl-CoA - acetyl-CoA if #i& » TCAcycle ¥ A it - %X 5
A E S E R B METEL S BRSO B < 4R FTE R (7 glyoxylate cycle
% it 28 acetyl-CoA (Furano, 1975)- d *tigit4F feend 4] (4] * 7 Fpd
A RPN R RS F AR o

d Fig 1% Table 1 5% 7 7 j2F% ittt £ pF > iz p ATP &2 ADP

FEFPELR A NI BERERE G B i Hfi4E adenylate it &
(ATP 2 ADP) 173 ATPIADP riikgzeces » F|pt ATP 22 ADP z ¥ g
A LA Pa R LRIk o PR AT G 2K 1 - “iﬂi*ii/%'ﬁ?@ﬁ%]i%%“ E-2
Bood 2 F F G ki ATP-dependent > ¥ PTS i %is 7 & 3% & PEP
fT% > FIP EST R BR A TG B e Y R ER c BT B
& FETH @ e ag it i (chemotaxis) % energy-dependent (Zhulin et al.,
1997 ) @ &+ % 4% 7 atp (H'-ATPase ) % %+ 7 %4 £ C4-dicarboxylate

transportor

-

2w rIyIapk s R SRER T 2 £ (Boogerd etal., 1998) ¢ ]
PR E RV IG AP A T o F ATP/ADP 2t bld g B 4 F i3 4 0
AR 32 P p il 2 JHY B AR R s o

BRI AT UEBETER - H P ERne B FRRITS <G FL
LR e 4 B F O B AR SR B B ik R
éﬁ%%ﬂﬁﬁﬁﬁ%%%?ﬁﬁmﬁiéﬁﬁﬁQWa%‘%§@@mKW£ﬁ
ADP g £ >4 #4507 ATP/ADP et 6 o d Fig 1 ¥ 5 212 Kig 5 g Poplm
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1 ApE s fmre o ADP dEde & ATP g & e pozr § o

d BATHT Y S FRAEFR TR e x2td ATP/ADP ot pl#iid o @ 2.8 £
% ATP 3 24748 & H-ATP £ &prafr 2 #m ATP 3 B354
f21* »c% % % 70% (Koebmannetal, 2002) 2\ P s BB I 5 4 2 AR
po ATP 2B Rd FRA A KERE 7 ATP 7 £
A RHHEA TR T F A A LT FAG A 4 BN

BEA L EXRERPEAT e B2 R E KL F R G

6.1.2 gL % (starvation) & ppGpp $#= % FHwre p it ERE2LBFE

AP BRETUNAAERSAG hBER S A L BREE > T ArelA AspoT
ERBHRINT 7 AR 2 B DNA AZS R fhaec 0 b Pt et
19T 4 PR BAUR P LIRALT A8 pRGPR-E P > 475 ppGpp 4 1 I
R NP o T TR L

d Table 1 & Table 2 % % 45 ! < % 4% g7 2 R fmlif i £ p5> ATP/ADP
GlE L ¥ AR PR R E PR REon I 2 RN ppGpp $HH A 2K
gy ap gl ot ArelA AspoT X #ik& 2 & = ppGpp - # R4 fE
faz § 5 SRR R ¥Rz N ATP 2 2% P g% d > d 3t ppGpp & = 7
& ATP % (Cashel et al.,, 1996) - #&ip] ArelA AspoT HZX %ikd >vak £
RelA ¢ SpoT % %-v ¥ » Ty ;4 41* ATP &2 GDP % & & ppGpp @ i =

mizg p ATP &2 ADP 2 & Z & o JL R B £ ¥t Am 3 A4~ i 5 0 ArelA
ASpoT HERZIR? &% & = ppGpp - ¥RFAME 2 F 5 0° LA @@ meep
AL RRIT Y 2 30 TEPEER X EE TR F & (Cashel etal., 1996) > P
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ATP ¢z ADP 7 &+ Fllmie N izt 4 &3 F Rz 7m § #wrecs > & ATP &

ADP z 2 W BB air2 2 B8 o

BwApd LY R B AR AR IRFEL L4 e RiEaE - e AT
%mgﬁuamwmﬁ#?m@$iiﬁ{g Florztagyd -4

R 2 S ATP Ko ¥ - 2 g 0 LA A Lo fad #rA)chd

2

P AP (intermediates) % 5 & & H ¢

[

ERA AT PRE @I E PR
Br s PR E AR E o T A e R SRR R R R B
PREFRRIRTS 2 & AT R RURGSE T wie P 2 0 R g 2 4 R
F2 B ¥ jer b i
VIR s A R A TR TR RRAE D e (S % S acetyl-Co A - ¥
glyoxylate shunt 22 TCA cycle & i #:4/c (Cozzone, 1998) 5 A F ZH B & T
sucCD # M E & pspe 5 AR % (Figb & Table 3) - ¥ fv i fig ik 5 Bk P&
£02 TCAcycle 5 i & Aivz “Pfg/L - BRREEHT MaOATIEF §X§ 5§
%%ﬂ’é{ﬂéﬁﬁﬁﬁﬁﬁﬁﬁ&%géﬁ%Fﬁ@%&ﬁ’@@zk@ﬁ
BT gk FIARGE 10 o ] L g R L AR M e AR ] Sp AL TR R AR PR L
&t 2§ #EFrF] (Cozzone, 1998; Holms, 1996) - & 2 g2 4 it & 55 B 2
BT Gl AR P ph & S AP A FI AR AR R P B
#~ DNA 7l - a2 %2 A %] s L sURPE £ R E K (Oh et al,
2002) » FlFEpkss R P AL 2 R FE K o AR Sy g R L RURPE
g e ATP &= Bps% 2 A% pgk » pyk ~sucCD % atpl ¥ &
FlEmE g g F SRS (Fig 5% Table 3) - g FHF5 2 & AR
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P BT pgk ~ pyk 22 ackA A FF G EfRS B g o X H AR ER
I FABEREET 0 pyk £ ackA FA TR T HFBIAERE RS o § 7
“T5 1AL f2 40 R B S B A% PR K0 w2 P cCAMP 2 £ » CAMP %18
2 CRP(cAMP receptor protein ) % & 25 cAMP-CRP 4§ & 4 > i@ B2 RNA
F L& pras e b 3 Fendg 4 (Ishizuka et al., 1994 ) -
ﬁM%ﬂﬁﬂ*é@ﬁm%ﬁgiﬁgﬂ,égﬁﬁww@ﬁgﬂﬁwi$
e ® oo F MH W SR 1t glycerol facilitator 5 d glycerol kinase #-4
Bips v @ 3% 5 glycerol-3-phosphate & » %z p % 3{g 3 (Voegele et al.,
1993 ) 0 % 4 i k& H MpPE > e € PP b Pl B iE Efy 7 e 2 K
(Richey and Lin, 1972) - L RETZ T 0 5 ¢4 glycerol facilitator
(Sanno et al., 1968) - glycerol-3-phosphate & » fm?2 {5 » ¥ % 5 B35 4F & =
z_w g4 0 & 4752 glyceraldehyde-3-phosphate & » #Ejzit%* o d Fig6 ¥ v
pgk & pyk A Flhi R A48 32 L RAFTFAREES P HFHBERAR
BREARL 5 A7 H A GARIRME » Mot (s ¢ BITHEFITY o SR FE
TCAcycle & ¢+ bifea » FINFRED] il Kb /ct A4 ATP A F3RP &
A peby IR a7 ackA A FARY MY SAREARERS
BlE_F1H 9 L RURPEE ~ fEFRIE® 12 5 § 4 & pyruvate - i$ & pyruvate %
% > @ ¥ pyruvate % T g% = acetyl-CoA iz » TCAcycle et » ¥ ¢k g2
7R & % %2 ( mixed acid fermentation ) - #- acetyl-CoA # % =
acetyl-phosphate - ¥ % ¢ acetate kinase (ackA) 2 = [k » 76 = chfip ik &
7 ERRT LR S acetyl-CoA i& » TCAcycle » #3 r3#f> F]pt ackA
AT e SAmpFLILE 2 (Casheletal, 1996) -
MIPLIAER S BURPE > < %% 71 *  Cd-dicarboxylate transporter #-f 14 ik
FixErme p 0 ¥ #ie» TCAcycle &7 &#4]* » @ TCAcycle &7

F ¢ % acetyl-CoA ¥ oxaloacetate % & &2 4 citrate * % FRET A ﬁ;jrg
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acetyl-CoA ¢ oxaloacetate )k & ¢ # 5 TCA cycle i 5 ( Cozzone,
1998) - % BER I IAM 5 AR > sucCD AR X3 FFH 2P 2mE 2 > F
Mo Pldrgla RIRT > Jap|girapiie » & TCA cycle & > i3 = oxaloacetate
A0 81 TCA cycle i&f7:# 5 7 * > @m i 7 ¢ oxaloacetate ¢ 4 PEP
carboxylase # 3= PEP - 4% d pyruvate kinase (pyk) # % % pyruvate -
Flot R AFEET pyk AFAR YA > RE AR ERAS MK DERT AN
ATP = mgfaics 5 kih @ a K EREWMMIE £ BT SUCCD £ A3 < ¥
#1905 7 €%+ 5 oxaloacetate % fF# % m = PEP» Tt ¥ /2 5 %] pyk
AT LB A JaptpF ATP 01 & XRS5 d TCAcycle &2 7 + @ ifsanm &
# oo

d B2 5vy o2 Fihiva 2 £ A R L -y BiNSna gy e R
WAL > A2 ATP 43 20 K ¢ \LHFHRBE Y 7 FRURD 0% 0 Tt R A
AR gl A LR DR EFS o

AT %Y U FELARBEGOATP 5 BB o d W AT {2
e T hoP-iE o B AR S ARPEE G (Ohetal, 2002) » i £ P E%
Pl hgfaien b ATP & ps2 2 4 A %) pgk & pyk 2 mEr 8§ 54
R RBPER o d gt ATP £ 2 A FEEE i ME kgwiep ATP R R
AR TR E MO & ATP &2 ADP z 2ir¢ X AhE 2 L@ FBE
(Table 1) 42ip] ATP &2 ADP kR @ %545 B4 7 B 7 £ N3
Pereegr e BB B EAFTEFG FEL &5 gl b d @ik o
+ 3 7 % s (kinase) 12 2 2 gipifF (phosphatase) ¢nie* iz & ATP > 3
IRARI R RS ¢ B ATP & 224 faehF Jio ¥ ¢4 NADH & NAD' % 4
+4 ¢ R ATP 173 £ (Koebmann et al.,, 2002) o * § S8 A FE '  #2 [T
b ATP & pbpEd AFehi merme? ATP $ 83 8BB4 MG

Wfﬁ;i%'y‘}%ﬁﬁiﬂl R XA B g £ TR 3530
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6.2 BURE D EEFH LG F DNA LIS M
6.2.1 AR~ 2 KiEF g ATP/ADP 5% DNA i35 B F

LHEFARL S 4 T DNA 7 A F B4 ¢ 41 DNA s i o 4 54
B 4 ¢ 48 DNA & 5748 DNA sigifl 5415 - R 2 d 3 pBR322
W E A EE R g AR e R TR Ao ¢ % TR pBR322 A 4+
4 £ 54 DNA A2l g5 58 (Sindenetal, 1981) -

FEIFELCEP AR O D ER BB FF EE AT A
ATP/ADP 1t bjzcsgdr DNA AZUR g cn® it $4p 3 #5gm 4 o ippt2 vt §
uncoupler i & 4 4c » {3 mPe . ATP/ADP +* 53l i T "% » & pF DNA 4 8% %

Gt

H LK @%@ 3 @i (Workum etal, 1996) - &L+ 5% 4% % ¢ 754
B o kA R ARREE NS EFR TSt AL R R T AR
ATP/ADP G2 v = > popr DNA AZi3 e SR M 2 B Rapk it > &2 &
W# 5 g pE ATP/ADP vt 5] "% #pgt o5 DNA A2 8T S 1 & R 5 RATTUR -
m gt R FE(U=1.20/n) 121 7 b PR R T T P g 3 L ATP/ADP b

1

PlBF 5 BEPL  JLIORE 2~ F FAEL T2~ i A0 & DNA Agilai s
%fiﬁﬂﬁ;’ﬁrﬁéﬁ@ﬁ%&?ﬁ BNTEIARE T2 B AER Sz om H h B B BT (R
TEL,1998) AT - HIFHP AR AT i PR T BLE L 4R RAZLT
BHAFRE T 5 0t ATP/ADP ot )% p » pBR322 il chiptt B it
> g ATP/ADP v 6] ps ] pBR322 F# endp i & 54 RIS (Fig1): d iz
W AT T Avimie )i BR RS e se g DNA A2l ik

dF %% Ty starvation s £ 18 > 2R T RS LA TR
ArelA AspoT g% %tkz. ATP/ADP & 52285 4 3k4p £ % =< > @ DNA 4249 %

AL EPELR S ELEREDE MA G A AT > F ATP/ADP &) % pF
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DNA Az 47 5% i 5 T B F e TR DNA ARl RS R G R
(Table2 &2 Fig3)- &2 7 B rRNA A% (rmB) P1 fad+ 587 340 0 § 7
WA S AR A BRI § e P1 fod = s @ ppGpp R § #r
#1 P1 g e > 4534 DNA Agil e8¢ ppGpp 2 B % > 4aip] ppGpp *

L5 B DNA A% Lt Fl1F (Ohlsen and Gralla, 1992) &2 g % ¥ +
#5 ppGpp * 7 ¢ #i7 DNA A8

6.2.2 ke 4 Lk FHEA topoisomerases £ Fl& B2

%7 Ir <9 topoiosmerases * > gyrase B % £ -kjz ATP k& F i & ¥
Z P g DNA gl e g 45 % 17 5 5 R4t (Cozzarelli,

Bf DNA > & ATP
b sk e gyrase B s k¢ 2 ATP/ADP 5% 58 (Drlica,
L

1980 )- # ¢
1992) %% 4

e

Bk &0 gyrase koS & lacZ B4 7] (pgyr-lacZ)

PRI @ N AP 0 2 Rk g P gyrase fobs+ aE it g F (R e,
1997)> m d Fig 4 7 5w 2 £ # F 4c -pF topoisomerase % L F|4 B E + 2 > 7]
PR 4 K iE TR 4cpF ATP/ADP 1 6]# gyrase £ JRE X Tl e b2 iR
& DNA 4gif et £ i Mﬁﬁﬂf% :

d *+ topoisomerases ¢ <% DNA Azdf et > £ @ 3 i H50

%7 o 2 R FAERRE S 55 7 topoisomerases A FlhR o d Fig 4 ®
et R FRP-pE o gyrA o~ gyrB 2 topA A Fd RN A i F gk
Bt RREAT L d AR AT 2 DNA ARSI R HEA - R BLETIE L@ F
Fop-pr DNA AZ 815 g e & Bf$ » F]H % topoisomerases # F|4 BE A
mA WA Y 2 A poyr-lacZ A F A £ XD

La
A
o
"
b
S
(%It
\F‘kﬂ
=
h
B
<l

FERFREES AP BEEE T RGBS L E TR
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topoisomerases # F|z_jx#+ A 4 7 autoregulation 3R % o F]pt 3+ DNA
AL 5 0 ARG M K F P wie ) s 0 thermodynamic
control - @ %% ATP/ADP ' &P » homeostatic control + = ¢ j 33 73
thermodynamic control x> % = 24 £ i 5 -pF gyrA ~gyrB £ topA 2 7]
4 ILE B 0 FE P topoisomerase # F]x% growth rate—dependent 3 i3 i (¥
DNA 4282 S "@mih e 2 L@ 57 b a 22 o

Fas o A kd Ed 3 ed dcgime b DNA AR A B

& Flehd R @ iz o ATP/ADP ¢ 5] R A58 452 DNA A28 e g eh e & 7]+ o
wiz \ ATP 4% Z p5 DNA A281 a4 ¢ % T8 s 24T % ATP/ADP - ]34 4c

P DNA A2 8158 55~ "2 % T (Workum et al., 1996 ) =2 &2 & 7 ik
FERME A P S MBI R TLF a3 S ATPIADP » bl e % 0 f§
ATP/ADP - 33 37 DNAgyrase =12 &m 474 DNA dHgil s %4 @ DNA
AR T A # A Fleni B (Monzel ‘and Gellert, 1987; Dorman et al.,

oo

1988) > i X p 4 5 A 4 B Y R B £

(=i
La

63 4 EiEFE PP Eme AR MG

6.3.1 RIRH* 5 FHwree A HAF (ftsZ, minC, minD ) 2 5

d Fig8 v #mad=t2 g™ fisZ AFLAR I F B EAAFRE »d 3
FtsZ £+ GTPase i&f%: ¢ -kjs GTP 2+ GDP # Pi # FtsZ H A% & &
Z ring > v‘},%# i FtsZ ¢ < i £ %34 (Rueda et al., 2003) -
Table1 7 4ot § § 4k 5 AR i k. ATP 5 #57 ATPIADP b b 3n g e &
©3  kr ftisZ A¥4RAL ATP-dependent 2347 0 F)pt 0 ¥ 5 4 5 LR pF
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ftsZ 2R ERF > LA HER S 27 FHBARFS HipP > rIR &
fisZ AF 2B BH- Ko mnD AFhZ2 RS T 5B LARPERE - o
* MinD £ 4 ATPase /Bt ¢ kjz ATP 2) % R A 3 (322w i |5

<

& uprd] Zring 352 > F]P MinD » % 5t £ 8258 (Lackner et al,, 2003 ) ; ¢

i

2

5

i
“J

Rl § AR SRR < S FMR fiSZ & minD ¥ w4 R AT
%"ﬁ‘_—%?gﬁ;% @ ATP 7z & ATP/ADP 1t &]» b J‘zﬁ R L BLREE k9

&

>

-

%
ftsZ & minD £ AFhL ML E97 ¥ » BF we s g X 274

>~
30
Sad

G

:m.
»L
L

ke

= ’

‘EZ%& o ] minC ér_]ikuﬁlgﬁ’;;ﬁ/)ﬁlf%z\m ﬁ&rﬁ » & ded -E

3

BhE S~ ] ¢ & v 54 (Frederick et al, 1996 ) > ¢+ ¢b Lackner m%‘;‘iﬂ”;xu
P minC A Flehi ¢ 2wz + | B (Lackneretal., 2003) > &4~ % ¥ B
BRI UpEFE S BRSO S L A S AR K] (Fig 10) 0 2 PRl E
fmie A SN IR g S 0 ApEomInG AR R E R0 0 Flh g F 4R
JFE mnC A F & RE K-

6.3.2 ppGpp # + % & Fiwre » A A F (ftsZ, minC, minD) & /A &2 B L

FEABRAARE A E L GldRAR - BURS B L AN §
%% b3 5 RNA chifdr > L5 2 ki &) ppGpp ¢ # Fiwe & 2 3R] FH e
4 £ ¥ (stationary growth phase) pF > ppGpp € f1j rpoS A Fl# 4
v 34 0° (sigma factor) & & 5 0° iga &1t fiSQAZ %S 0 ftsQ1p kads
F o RGEH E Tt A FE 2 R ppGpp € F e & 4
(Joseleau-Petit et al., 1999 ) -

BRI R 4R ppGpp $iwe A M A Fl2 AT g BB
LW AR 2 TR ERIR P LB R G A AT o P RTIAT Y RO
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2. %% » # R ppGpp ¢ wse ftisZz A F14 m (Fig 9) (Joseleau-Petit et al.,
1999 ) iz 4d 3t fisQAZ %S cn} P53 = BAcH 3+ > &~ B 5 ftsQ1p-~ftsQ2p ~
ftsAp ~ ftsZ2p -~ ftsZ3p & ftsZ4p > Tk fxd+ BRI X F| 7 b F]F+ B> 2 ¢

g

ftsQ2p kxd+ ¥ EHPFLE LR a ftsQlp fed+ Bl 4 £ 8 <
PR VAR EEFYEEI peagrdF AR a R EF fisZ KT 2 B
# & (Navarro et al., 1998 ) L F#iE TR L 8B & FFAME T4 % ppGpp
&2 ppGpp ¢ iFit ftsQlp ke + s 4e fisZ AFILR > ¥ ¥ & Zring
25 el B 4o @ £ SR PE ) A4 $ % Zring o FR A P g Fig 11
FEHA G FRUR R LR R AW E A SOk 2 - Jim e Khattar 5 5 #f
# AR SR me Zring A5 & § g - 5k (Khattar et al.,, 1997 ) » # &
PpGpp # § Frdlim®e lpir ha) = » 4p & 3 € B 4e e fF 035 2 (Schreiber et
al.,, 1995) -

Porhs F G AR 24 L ppGpp FE ¢ minC & minD %A FARE
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Table 1. Effect of carbon source on energy state of E. coli in batch

culture.
carbon source generation time ATP ADP ATP/ADP
(2.25 mM) (min) (pmol/ 107 cell) (pmol/ 107 cell) ratio
acetate 72+3 7.4+1.1 3.1+1.1 24+0.3
glucose 50+ 2 64.8 +1.7 171 +£1.7 3.8+£0.6
glycerol 60 +4 31.7+14 51+14 6.2+04

succinate 65+3 22:5+0.9 3.1+0.9 7.3+20.7
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Table 2. Effect of starvation and ppGpp on energy state of E. coli in batch

culture.
strains carbon source  generation ATP?® ADP?® ATP/ADP
(2.25 mM) time (min)  (pmol/ 107 cell) (pmol/ 107 cell)  ratio?
K12 acetate 72+3 7.1+0.5 20+0.5 3.5+04
glucose 50+ 2 68.3+0.8 12.6 £ 0.8 54+0.6
K12 ArelA acetate 57 +5 47.3+1.1 124 +1.1 3.8+0.7
/\sSpoT glucose 46+ 3 49.3+0.9 9.3+0.9 53+0.6

a. Wild-type K12 and relA spoT-double‘mutant separately incubated in acetate
or glucose minimal medium at 37:¢ to,OD600 0.4~0.45, then starvation for 30

mins to collect cell pellets for detection of ATP and ADP concentrations.
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Table 3. The changes of ATP generating gene expression in various

carbon medium.

carbon source Acetate Glucose Glycerol Succinate
concentration 5 55 40 225 40 225 40 225 40
(mM)

pgk 3 25 1 3 20 50 6 15
pyk 15 6 9 1 37 94 11 65
ackKA 21 3 31 1 78 92 22 48
sucCD 122 140 23 92 33 63 114 22
atpl 43 69 55 45 60 77 40 48

The boldface indicated the lower or higher expression of ATP generating

genes. pgk: phosphoglycerate kinase, pyk: pyruvate kinase, ackA:

acetate kinase, sucCD: succinate thiokinase, atpl: ATPase
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Fig 1. Effect of carbon sourceronintracellular ATP of E. coli in batch
culture. The E. coli. cells were cultured in 2.25 mM minimal medium with
different carbon sources at 37°C. ace: acetate. glc: glucose. gly: glycerol. suc:

succinate.
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carbon : Ace Glc Gly Suc
sources

ATP/ADP: 24 38 6.2 73

Fig 2. Effect of carbon source on DNA superocoiling of E. coli in batch
culture. Chloroquin-agarose gel electrophoresis showing differences in DNA
supercoiling of pBR322 from strains grown in different carbon sources. The
wild-type K12 strain were cultured in 2.25mM acetate ( lane 1), glucose ( lane

2), glycerol ( lane 3 ) and succinate ( lane 4 ) minimal medium.
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Strain : K12 ArelA K12
AspoT

carbon : Glc Ace Glc Ace
ATP/ADP : 53 38 54 35

Fig 3. Effect of starvation and ppGpp on DNA superocoiling at different
carbon sources in E. coli in batch culture. The relA spoT double deletion
mutant ( lane1 and 2 ) and wild-type K12 strain ( lane 3 and 4 ) were cultured

in 2.25mM glucose or acetate minimal medium, then starvation for 30 mins.
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Fig 4. Effect of carbon source and growth rate on the expressions of
topoisomerase genes ( gyrA, gyrB, topA ) in E. coli. The wild-type K12
strain was cultured in carbon-limited chemostates at 37°C and specific growth
rates were 0.24/h or 0.96/h. ( A)Northern blot analysis of gyrA, gyrB and topA.
(B) The quantitative northern blot analysis of gyrA, gyrB and topA. Indicated
are calculated mMRNA profiles as determined by three independent

experiments with different preparation of total RNA.
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__ atpl
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Fig 5. Effect of carbon source on the expressions of ATP generating

genes ( pgk, pyk, ackA, sucCD, atpl ) in E. coli. (A) Northern blot analysis

of pgk, pyk, ackA, sucCD and atpl. (B)The internal controls of total RNA. The

upper bands were 23S rRNA, and the under bands were 16S rRNA. (1) pgk,
(1) pyk, (lI) ackA, (IV) sucCD, (V) atpl.
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Fig 6. The quantitative northern blot analysis of pgk, pyk, ackA, sucCD and
atpl. The carbon sources were used in acetate, glucose, glycerol and succinate
minimal medium at 37°C. The different carbon concentrations were used in 2.25
mM (A) or 40 mM (B). Indicated were calculated mRNA profiles as determined by
three independent experiments with different preparation of total RNA.
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Fig 7. The metabolic pathways of glycolysis, tricarboxylic acid cycle and
electron transfer chain. The green arrows and letters represented glycerol as
carbon source entry into glycolysis. The abbreviations were shown. aceyl-P:
acetyl-phosphate, BPG: bisphosphoglycerate, DHAP: dihydroxyacetone phosphate,
G3P: glycerate-3-phosphate, OAA: oxaloacetate. 3PG: 3-phosphoglycerate, PEP:
phosphoenolpyruvate, a-KG: a-ketoglutarate, pgk: phosphoglycerate kinase. The
ATP generating genes were shown pyk: pyruvate kinase, ackA: acetate kinase,
sucCD: succinate thiokinase, atpl: ATPase
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Fig 8. Effect of carbon source on the expressions of cell division genes (ftsZ,
minC, minD) of E. coli. The wild-type K12 strain were cultured in 40 mM glucose
or acetate minimal medium. (A )Northern blot analysis of ftsZ, minC and minD. (B)
The quantitative northern blot analysis of ftsZ, minC and minD.
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Fig 9. Effect of starvation and ppGpp on the expressions of cell division genes (ftsZ,
minC, minD) at different carbon sources in E. coli. The relA spoT double deletion
mutant ( lane1 and 2 ) and wild-type K12 strain ( lane 3 and 4 ) were cultured in 40 mM
glucose or acetate minimal medium, then starvation for 30 mins. ( A )Northern blot analysis

of ftsZ, minC and minD. (B) The quantitative northern blot analysis of ftsZ, minC and

minD.
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Fig 10. Morphology of wild-type K12 and ppGpp mutant under different
carbon sources in minimal medium. Cells were stained with gram’s stain and
observed by light microscopy using an oil immersion objective. Wild-type K12 and
relA spoT mutant were grown in acetate minimal medium (A) (B), and grown in
glucose minimal medium (C) (D). The bar represented 20 um.
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Fig 11. Morphology of wild-type K12 and relA spoT mutant in carbon-starved
minimal medium. Cells were stained with gram’s stain and observed by light
microscopy using an oil immersion objective. Wild-type K12 and relA spoT mutant
were starved in acetate minimal medium (A) (B), and starved in glucose minimal
medium (C) (D). The bar represented 20 um.
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