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Abstract

To understand the intracellular energy state and gene expression in different
carbon sources, we used acetate, glucose, glycerol or succinate as carbons for energy
source. The results of this study showed that the energy state ( ATP/ADP ratio )varied
with carbon sources and ATP concentration increased with cell growth rate.
Furthermore, DNA supercoiling was regulated by ATP/ADP ratio.

Because the degradation of bulk mRNA in E. coli is initiated by RNase E cleavage,
we examed the rne gene expression under different conditions in order to understand
the gene expression. The results suggested that the expressions of rne-lacZ were
varied by oxygen and carbon sources, and it was also regulated by pH value,
osmolarity and temperature. Moreover, we constructed cya, Crp, arcA, fnr mutants to
show that rne-lacZ expression was increased in cya and Crp mutant strains, but was
not in fnr and arcA mutants. Therefore, cAMP and CRP were involved in regulation
of rne expression in different environmental conditions.

Thus, in this study we demonstrated that the energy state, DNA supercoiling
related genes and RNase E gene expression were changed at different growth
conditions. It provides a useful information to understand the role of energy state on

gene expression.
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1. AFRAET > % AATP-ADP #AMP 3 £ %1 112 % P energy
chargez #

‘\rr“néwé?@‘“%é/} f4:2.25 mM FEpe ~ F B M~ i 2 ok it
AREE AR W AT % 0 )j—_OD 600 1]:£0.4~0.45 PFiz & ‘w9 > 1 luciferase &
fix Bt mPz P ATPZ £ o & 41 * pyruvate kinase #-ADP 2 AMP & 3% = ATP
fe » BlEATEE %a‘r“fﬂ?— A2 ATP 2 &7 #IADP 32 £

FRATE S (blel) b REERE -~ F M 4B 2RI B kAR
TR e po B R R AT A7 FARURT X %4 FT N ATP ~ ADP
5 2 ATP/ADP 1t 68 %E2 s o U F 54k 5 AURPE Y ATP 5 £ 5 5
(64.8 pmol/107 cell) » & v/ AEfic 5 R IRBFATP ¢ £ 5 % 1< (7.4 pmol/107cell) -

2. J1* % PR > e R ATP/ADP W bl 4 £ F2 B i
?%‘ﬁﬁWmP%%Wﬁmme?gﬁgaﬁﬁwﬁ%ﬂc

4k
m P S ATPA_EL B 4 ]vjtrﬁg % (ﬁg 1) » B Ak u;ﬁ Pﬂfﬁl’\ ATP mgi g'&ii



S b2 e o b B S MURPE ALY ADP 5 £ 5% (17.1 pmol/107
cell) » @ ™ ASFL & FE3A e 5 ARPFADP 3 £ dk i< (3.1pmol/107 cell) © ATP £
ADP 3 7 k& iz 67 FARRT 74 £ 2 FH8} 7 I ATP/ADP * 6 >
BT S AR PFATP/ADP b GldF o MU SRR BCIS S 0 ST % A
573 2124 o BERA NG FAREHFN DR EREAIPHERE -

3. RURHDNA A2 B F
CUREEEC H R b 2 I A ul e r A A AT (T D EUR S R 2 EH

;‘J%)i £225mM > 20D 600 F|i£0.4~0.45 PFici P (T HpBR322 » H 4z

PR Es FRET I TAR (fig2) ¢ Wi e AP AR RET R B
/;;;,y‘; AREA S AR A TR TARF R L AR
HDNA E’v"’#[ﬂ;fiaqi’f?i;'ﬁi") CH k2 AR R A U RURPE TR
DNA chip it B Hidr 4043 5+ P DNA AU § £ Emma PR i
#2 ) ATP/ADP ' ] % i » 7 4 JATP/ADP +* ] + = pFDNA Agi% > 1‘;&*”9‘*
FERS f % 0 MIZRIARE S MURPFATP/ADP ¢ b#e§ o HDNA 4gi] *’Hﬁh m
% ?? ;@ IFE L G AR PFATP/ADP vt G B i DNA AZUR S d 3 B -
B e o Bk GRS oo § P DNAIL S -

(11') RNA *% 2 fic5¢
1. HBEFF (BKARSFREZER) HrnelacZ £ B2 B
AL F‘%’ ¢ {257 (neutrophilic bacteria) - ¥ 2 & 7 pH & F /5 5

~92 BB ¥ ihpH E S 6~8 QE!FF < FHEFHNZERFELTERT
PEAMP o8B 30 R 2 e A7 fe phak BRF L A A4 0.1
M potassium phosphate buffer (Sambrook and Russell, 1989) #-fL #32 % % chfbdk
EART S8TE 8> £0140 mM F H 4B S AR - &% (figd) A ot § %
B Y OB & AR ik B R pF AR ¥ B-galactosidase E M F AR 0 TP rnelacZ eh&
FELF F FapFr AR Ecga TR o L ARE B Y o rnelacZ eh
FIREEFRiE A AT pHS8FF rne AFILRE &M pHT7 FF 2 >
M pH A E BB » ¥ W4 ) 1.8 B » #rIU ke B e ARE B ™ ¥ rne
A F G PP R i e

Fobo A 40 mM FEBEAR At F 2R AFBERPN > ¥3
rne-lacZ operon fusion 1+ % 4% g4 W32 £ 3 30°C ~37°C2 42 CHhmBE " - %
SRR I EARIBET omelacZ ¥ EEFEAL A AR ARE
(ﬁg.5)”"‘“’§i30 CRAREEM  HXLZ37TC BB L V2CHEHRF ¥ ¢
B FEBY CRR30CH crmelacZ 2B 37T CREPH 138 AL
A3 42CH  melacZ 2 E R 37 CH4e 178 - @ 2R BB > FR 30
CrF o ormelacZ 23 E W 37 CRH13 R ER 42 TR P 145 -4
BER R ER T mme AFIPLAR o



BAEERFH G AP 1% ~ 5% NaClBEAAR R RDOZER
F1* 40 mM F a 5 M 5 BUR X #-7 rne-lacZ operon fusion 71+ 5 % A W[5 & A
TEFEREERRY e R Bgalactos1dase E %S RS rne A F)
P2 WF - FM (figd) BF F%kE Y 5 H R &%+ NaCl fF - rnelacZ
miﬁ@:%%%é@&ﬁﬁh’mmmz$mﬁgf&aﬁ’gy % ¥ NaCl
ERES % PFornelacZ 2B BB R4 2.1 B o AR RBA 7 NNEE
T &k @4 NaCl p5 o nedlacZ £ R 2 #.1S > ¥ rne 2 F17 ¥ % 5 B
e HAHEARE -2 F FRBEPE L rmelacZ A RE NaCl kR 5 3 % B
BB W28 FNaClLERARE3 % " HAREF & 7% LHME L
F2AY EW o 2RF AT 5 B NaCl #rd 4 £ #73g S enlg & o

2. rnelacZ #tcya Zcorp R %tk¥ dr4 B catabolicrepressionZ. 4p B 4

d AF % F ALY ¥ ornelacZ eh& ME F catabolic repression IR % o T
Hed Pt A B3 P RURIRE T o v g A RS 1Y X T RIE S R
@ e ¥ - X Fef|* o d 2 4rcatabolic repression & B H #7342 cAMP
g A2 & 39 H CRP (CAMP receptor protein) )= 4F & 4= » 1 %’ﬁ“ d U AF &Pk
FoA e AR Flehd oo Fpt AP L 6] 1‘#3@ cyasr crp Rtk 33§ 2 RF RE
MEER A0mMM F FOBEE BR 0 PIE R %R B-galactosidase & 1417 7 rne £ F)
AT R ER T AKAET I ARIFEE T ocyaR¥ A op R ¥ (S rnelacZ
AREFVIARE o 7 FEB T ocya R rnelacZ £ v I A 3 4o
2R OCPRFRMNH A 143 I RIFBE T YAREHRH 1S E A ap iR ¥
BBIH 4 14 2 (fig6) - r*‘wig;;?' ¥ cAMP 2 CRP ﬁ»ﬁ % tpE € 4] rne s 7]
LI L cAMP 2 CRP &3 o) ¥ & & F kB Y T4 #0415 (repressor)
gk d oo

3. rnelacZ ffnr 2arcA Rk A REF FrZ BM

ARERFADFRMEAFNEIRERLF F B 7 Fir & ArcA %~ 5 7
P S e R @eF T PRARETF F L@ wiepi2a AT B A
BERATFZ AR L E&?ﬁi e f FIE 3 £ P - Fed Febddn o A A wE A
arcA &2 fir REHR > hF §F 2 RE I%f‘*'w,}a&; 40 mM § § 85 AR KL%
B-galactosidase 7% {4 1% z“ ° gl 2% ’? BN = e BERF BB T oarcA ¥ for
R#1te rnelacZ £ R E T & Flpt B e & (ﬁg6) mATARE G AR AR
> F|pt Fnr 2 ArcA &5 ei4FTF)S T2 %5—%5.’ AErne A FNRE BB FZ 4
IR, o



T~
OELIYS T3
1. 2 FARRT > e N ATP - ADP ZAMP 3 £ %1 122 $im } energy

chargez. # 5
é%?94#%ﬁ*£édndfiw@usﬁ$4éﬂ«waﬁﬁbﬁ&ﬁiéﬁﬁ
AEELY RS o A4 N E S UATP 5558 5 A mie N o AL

e -‘5 % kiFdime 4 R FamyFR o A% BFRERIAGT 0 e chATP 2
BEuEA B Fopen b2 o ATP HicBir 4 £ 5 Pochim®e it £ i o
e R i B RS R AR ST e 2O B ool Fpt AL A
RN RN i1 I A R HE ¢ ‘%ﬁéi L Z gk B MA R Fehme LS
(Gottschalk, 1988) ° d *t % 4 ¥
FPELAR A VR EL T Ff@:m R IR R e R SRR R SN S
T lmte R AR A Tl A2 L E Renle PEFR g ST e E e e o
A 741 2 e FREP N T 3 BaRET < 5 F{ Y RRSD
RHA R TR o AP AT ITR Y 2w A7 B RURH ATk P B
oo ¥ UE B OB AURPF - < % 4% 71 * hosphoenopyruvate
phosphotransferase system (PTS) #-‘m?e ¢t § F AR (64 ~ fmre @ > 5 d 4
f21e* rlacetyl-CoA 5 1L & A2 BtA 27 2 B TCAcycle 63 it = - 3%
TLE#{*" E @i (Furano, 1975) - § M4 i SR » 54 A7 I * L E &
% %u(passive diffusion )& » fm¥e ¥ » & By auk sz 7 %ﬁ d glycerol facilitator ¥
7% AP iR e i > L5 d glycerol kinased#-+ 4 Baps i 3 5
glycerol-3-phosphatei& » sm%e p 33Tk > Flptwre ¥ ¥ 2 3 p d L@ A
%+ (Voegele etal., 1993) - & #Rglycerol kinase ® ZF P ¥ 4 PTS £ % fructose
1,6-bisphosphate #72% 4= (De Boeret al., 1986) » i 4 b 5 BURPF - fwie 4
H b Al B R BT R PR F S TR o Tk S EB{;‘E?B?% EALLIES
1 * C4-dicarboxylate transporter #-3L 74 feifix & » Pz b » ¥ B 4538 » TCA
cycle 2% F Bif4d:e (7 NI * > R EAA L QBT PR R
(Boogerd etal., 1998) « F 1 ffk 5 ik il 0 2 PRRF AT 09 1 618y 18
FImre? o & ?'F’%g d acetyl-CoA synthetase#-fif fix 4% 4 = acetyl-CoA s i ¥
TCAcycle “3#fA i « #2a 57 21 E3HF & > LR S BRRGDRR 25
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#] K F3F wre ) pH £ 12 % (Ingraham, 1987):i& 4 *% invitro 7%= 7 % 3L RNase E
tpH 372 ~ 9053 & 8¢ A pH R 476 ~ 80P b+ (Misa
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gEFpHE a4 B 2ARE LRV A LT AP AHP fik el &
4] Na’' /H' antiporter *> k¥ F B ¢ (7% it 4 T % (Trchounian and Kobayashi,
1999) » AP R 2 ARG EE T > REFAHEM AFIABE LIRS P
B P AT rne b F g dxac 4 & RNase E 27 2] 5 19738 = o
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2B cAMP & CRP ¥ iv & 4R 8 rnelacZ sh# > e w43 FE-
e

5.%% < fle

Berg, O.G., and von Hippel, P.H. (1988) Selection of DNA binding sites by regulatory
proteins. II. The binding specificity of cyclic AMP receptor protein to
recognition sites. J Mol Biol 200: 709-723.

Boogerd, F. C., L. Boe, O. Michelsen and P. R. Jensen. (1998) atp mutants of
Escherichia coli fail to grow on succinate due to a transport deficiency.J
Bacteriol 180: 5855-5859.

Botsford, J.L., and Harman, J.G. (1992) Cyclic AMP in prokaryotes. Microbiol Rev 56:

100-122.

De Boer, M., C. P. Brodkhuizen and P. W. Postma. (1986) Regulation of glycerol
kinase by enzyme IIIGlIc of the phosphoenopyruvate carbohydrate
phosphotransferase system. J Bacteriol 167: 393-395.

Furano, A. V. (1975) Content of elongation factor Tu in Escherichia coli. Proc Nalt
Acad Sci 72: 4780-4784.

Gottschalk, G. (1988) Bacterial metabolism. New York. 2nd. Springer-Verlag.

Gowrishankar, J. (1985) Identification of osmoresponsive genes in Escherichia coli:
evidence for participation of potassium and proline transport systems in
osmoregulation. J Bacteriol 164: 434-445.

Ingraham, J. (1987) Effect of temperature, pH, water activity, and pressure on growth.
In Escherichia coli and Salmonella typhimurium: cellular and molecular
biology. Vol. 2. In F. C. Neidhardt, J.L.I., K. B. Low, B. Magasanik, M.
Schaechter, and H. E. Umbarger (ed). American Society for Microbiology:
Washington D. C., pp. 1543-1554.

Koebmann BJ, Westerhoff HV, Snoep JL, Nilsson D, Jensen PR. (2002) The
glycolytic flux in Escherichia coli is controlled by the demand for ATP. J
Bacteriol 184: 3909-3916.



Misra, T.K., and Apirion, D. (1979) RNase E, an RNA processing enzyme from
Escherichia coli. J Biol Chem254: 11154-11159.

Roy, M.K., and Apirion, D. (1983) Purification and properties of ribonuclease E, an
RNA-processing enzyme from Escherichia coli. Biochim Biophys Acta 747:

200-208.

Sambrook, J., E. Fritsch, and T. Maniatis. 1989. Molecular Cloning : a laboratory

manual. Cold Spring Harbor, Cold Spring Harbor Laboratory Press, N. Y.
Trchounian, A., and Kobayashi, H. (1999) Fermenting Escherichia coli is able to

grow in media of high osmolarity, but is sensitive to the presence of sodium

ion. Curr Microbiol 39: 109-114.

Voegele, R. T., G. D. Sweet and W. Boos. (1993) Glycerol kinase of Escherichia coli
is a activated by interaction with the glycerol facilitator. J Bacteriol

175:1087-1094.

Workum, M., S. J. M. Dooren, N. Oldenburg, D. Molenuar, P. R. Jesen, J. L. Snoep
and H. V. Westerhoff. (1996) DNA supercoiling depends on the
phosphorylation potential in Escherichia coli. Mol Mocrobiol 20: 351-360.

Zhulin, I. B., E. H. rowsell, M. S. Johnson and B. L. Taylor. (1997) Glyceol elicits
energy taxis of Escherichia coli and Salmonella typhimurium. J Bacteriol 179:

3196-3201.

6.5 Bl %

Tahie 1. Efes of carban soieces o Eeergy =2ir n £ ool s batch

citiure

Caten WOUTE JERETTRN BT WIF ALF ATFIALY
25l mri iprok 91" ooy jpu 10w Ll
e s TA:11 1 A
e T | T i
HI [ | 4 q L]
uiike EE. 508 A
Lasiue AR DI Gy Sl

ATEIADE ad 3B &F T

Fig £ EWSON O CAT0=0 S0irii-i on OMa& SUDSrlomng N B S0d W BREn
culure. Chorcqun-sgeoss g secdmphcrssa shosing dfsrences in DfA,
Espeniing of FORIZT frem sbsine geosn in dfferenl cardon scurcem. Tha
wolkd-tppe K12 whien e osbured n 2 25mM scotaie | ara 1 ) glecose | lars
21, giveed | lams 2 | ard oo et | Bne 4 ) msEm H medem

Pegadacta sl dane aetivity (Wler uiE)

Fig |, FPlsi ol sarten smarms oe ek TP i ol b baiv

s 1k . - £ i Bl pld
TR ra wrbin @
5
a
T
M
158
L1 ]
L]
[ ]
pH 5.8 pH 7 pH 8
Frg. 3 Tt of pH oo i il T g igpenisiimn, fh ibdeag 0] M ik
pherpad bl s mede b oy pH i, ed plbmeg, cillr ansandly (LU e e



g § & & °

{miLin diiiiag AaAnse esepiEogeRb-q

2]
r o -
[
F -r
-
-
g
- B
TR
=
o
=
=
Ty
C |
= B
=
. . r
'
[
=

g

= % §8 8 B B ~

[Hean sEpag) Apangoe sEEE | EojERB-o

—
—
I
E—

E 8 & B

L el AguenoT s e e el-g

-]

i
-j.
=K
bzt
= ..r
=
i
H
B :
= o=
oy
.ﬂv -
o
%
£ .
=] 1
= :
= ]
= ol
=2F B

10



