LM ¢ DNA BB REHEHRGFAwETRELXRN (cyodBODE,
cydAB, narGHIJ, dmsABC ) ¥z %

HE 43k ¢ NSC 87-2311-B-009-001

EHF A GEFEHEK

A5 AR ¢ B SL R K2 A MFH AR AT

M o4 F ¢ KBAEHA > DNA BERLEHE - R4 AR

TR

RBpAE @ (Escherichia coli) AFkMBRKAmE » £F ARRET e THH
¥ glycolysis pathway & TCA cycle KR#tn a2 35 E 469 NADH &4
A+ 428 % cytochrome o oxidase (cyodBCDE) ¥1 cytochrome d oxidase
(cydABC) BB EFHREBRFAMAELLE - BABET > RATREEEA
8,35 nitrate reductase (narGHJI) > DMSO/TMAO reductase (dmsABC) A
fumarate reductase (frdABCD) &#% &AL » M L3l 4F & <+ %A BRI A& dp4] -
ArcA-ArcB ¥ Fnr ZBATC A KGR BB AR A EZEERAET - e
FATAH AN S EN N mAEFE LA R ey &I AT 895 B AR A B B3R
BT B RAFREELARNG LR For F16 2R % ArcA-ArcB pr3Ed -
B ArcA $2 Fnr A8 R BHE T T AL ERATREZTHARLAR 2ok
ARAEBIBETREREFRASREETARNZ ZRNAarcd B Nfor B8k ¥inE
2~5 fEey £IE > hbTT 4o ArcA #1 Fnr AR C R FE20F AT REEE
AREARGAE - RARESARBEOET X% DNA BE k&4 0 AT AR
WA DNA BEREE TR SEALERATRARG KRR - KBAZEHAN DNA &
i E X b @3 i k) negative supercoils #) DNA gyrase #Fu
topoisomerase | @ & &b F A8 A LAE S| — 18 topology &9-F#r o KRR+ &K
FF) B R ) &9 gyrase Hphl# 0 BAESE topoisomerase | #2 gyrase B subunit
RG> A AR DNA BERGSHEGFZHRAETL > UBERATRA
B nvivo ¥ 2 HBEIERER > ERERLEEARIETE DNA BEREHER
B miE R KR AR FHE > ££ topoisomerase | E 4 k¥ % DNA A28
Wi TR wEAR 2 Jac/fusion 89 R BH M FIL B bRk sR K F % DNA
REREHEAG I B ELARARETARA AR TAE > MY Narcd 1 A
fnr REHZBAFTERARIDEXRTF A AHBEE - BbHMRA ArcA 2
Fnr fe4afe F T s /88 % DNA AB3E i S LB R MR Eéa i £ 7w £ FF A
Bife o DNA RBBREEHWRETREARERZIPE > LTHELZACHPE
Fnr % ArcA % BEHAEZAR 2RI - KRR T I DNA BIEREHEL o
vivo PREE R T ArcA-ArcB #2 Fnr 4 > & bR X RN AR/ B —FHIE R
F o



Abstract

Escherichia coli exhibits diverse respiratory abilities. It syntheszzes at
least two distinctive cytochrome oxidases (cyotochrome o oxidase and
cyotochrome d oxidase) during aerobic growth and can produce an additional
terminal oxidoreductase, nitrate reductase (nar GHJI), DMSO/TMAOQO reductase
(dmsABC), and fumarate reductase (ffdABCD), for anaerobic respiration with the
alternatve electron acceptors. Although the respiratory genes are activated by
the Fnr and ArcA-ArcB, they still have two to five folds mduction during
anaerobic growth in Afir and AarcA mutants. Hence Fnr and ArcA-ArcB
might not be the sole requirement for the anaerobic induction of anaerobic gene.
A topologocal state of the bacterial chromosome is important for transcription,

replication and recombination. To deterrune how the respiratory gene are

regulated in response to a variety of DNA supercoiling, including inhibitors of

gyrase and topoisomerase mutants, we examined their expression by using

lacZ repoter fusions in wild-type, Afir * AarcA and Afir AarcA mutant
strains. The effect of DNA supercoiling on expression of respiratory genes was
more conspicuous when cells were growth under in aerobic conditionandin = A
fir AarcA mutants. These results infer that Fnr and ArcA-ArcB may be a
factor for the balance of DNA superhelicity. When DNA supercoiling was
relaxed, expression of dmsAd-lacZ, narG-lacZ, cyo-lacZ and cyd-lacZ fusions
were repressed under anaerobic growth. In contrast, the expression of all

resplratory genes increased when DNA supercolling became more negative.
These findings suggest that mn addition to Fnr and ArcA-ArcB, DNA

supercoiling is another factor for the regulation of respiratory genes expression.
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K2 ® (Escherichia coli) % — MR &% @ ( facultative
anaerobe) ° f£ A RIRIE T ta J0 7T 45 &) B 42 42 AR 1A (glycolysis) Fo
TCA cyclefR#t o #% > 4% & A 69 NADH &4 R+ R428 % cytochrome o
oxidase(d cyodBCDE operon % 3,) # cytochrome d oxidase(d cydAB
operon (%) BB T FLRLELHF AME L Z - SLBL OiF T
BB P &K BTG > I E) BB R AP R A BRI R A P &K
Rz i3 L£EABRETRCAYORATRELZAR > &fEnitrate
reductase ( narGHJI )> TMAOreductase ( tord ) > DMSO/TMAO reductase
( damsABC ) * fumarate reductase ( frddBCD ) #%i&E4Lsh » Eik &4
for R AR R A H (6)  ArcA-ArcB #2 Fnr A B AT S KB AN
W F ZaskiAr F+ (global transcriptional regulators) @ &AM & 4%
SRAT A A NE RN N mAE LRSI EARGRR (7)o

AEGRA P T REBELFZEAARELARETARRIRAGARLKR -
HUAATHIFAR T A2 £ ABIKET RASREBEIARGRASH For s
b {EFR4% ArcA-ArcBAriiE (2, 3) < b REE AR €% For
# ArcA-ArcB Ar3E4E (1, 9, 11) - 2R Fnr #2 ArcA-ArcBE & 838
BT A gskepon BE AR 8 &3 (transcriptional level)» {2
f for Re#%k (Afnr) 91 arcd Re#% (Adarcd) BwmEFSR% (Afnr
Aarcd) BHERT > £RARA ARRFE LT RSB TARNGRANA
2-0 /By £ - Wb 40> 2T Fnr $iArcA-ArcB &34 BAH
B F LS REBEFRARNG LRI -

— xR A DNA REREHE A -—REZMNAERF - FealEiT
replication ~ recombination #» transcription B » DNA #2335 4458
RUBREhEERABEMEZNALE (D) BEVERBHEEN DNA A2
et E & &b DNA gyrase #v topoisomerase [ 4~ 3| 3% juo Fo ik b
negative supercoils > Kb Z A8 WA AE—18 topology &-F4# (10) -

F A H 3 DNA 4% RE& linking number 35 » DNAACSE We &4 T
BH#% topoisomerase #9% ok » TTT;%‘E,@?:%J%I?‘ 4B 0 RIR
FE - BERKDN (4) AR ESMBEMEYE (8) - £ RRARE
T DNA RSO RERELA RIBIRT ?‘)4 (8) o #HARH BT
DNA BB EHBLEA A RBEANBETATLeREELEF A TREEFT A
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Gl A=y

WA AR T Mt BB F A RAEA AR ERKET RARALRF
4% 4e > dm i N R EHIEH BB H F (regulator) - £+ For R £
BEGBET > H THERAEBEFAR (yodBCD B cyddB) &% B
EALZBR BB E R R (frdABCD ~ dwsABC B narGHII) # %3 ; % —
18 ArcA-ArcB> & & 3pH] T cyodBCD 7 & 203835 T 89 R 3> 2% 4k cydAB
EHFERBRKRETOHERR - EXHEIHMEFIEAREL > FREARE
HERBEKETRRAINA 2-0 £ - BHWEERRMAALRE
A B EREFLE M oBRASERE G DNA ARF &R E
S BEARRR - FFIAKRAIR S DNA ABIR M L5457 A5 4 L3RI o5 R 4k
AR ER - RERAA gyrase ¥4 %], topoisomerase | E4 kR %
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B &R

1. DNA AR SE i AR MR B TR BT » BReBAR cyodBCDE &7 A&
ST RIMEIE > B0 Aarcd BRAEAfarAarcd 8 B s+ H %
%P ABARE 0 B85 DNAARSE W 4 e G M . cyodBCDE 69% 3\ s
Ho B8 58 @ 3% e cyoABCDE 694 3, - (Table 1.)

2. DNARE RSB AERRRERTR > HW cyddB ERABRTHERRA
BAEWRE it B mB iR DNA BB M8 R 1% cydAB R 38 m -
JEArcA £tk 0 BE T DNARERLEH > E gddB £ F {883 %
TaykREERD (Table 2.)

3. & DNA ABSE e 4 A F4 0518 narGHIT F» dusABC 7 8.8 23R T &)
RBRERER) - AmwBREYE DNA L E k&M% - & narchl Fo
dmsABC 43 &k ¥ hm o B 6F > DNA BB EEAEK AR R THEE S &R
BFATHBE HAfmr REHR2BEXRF L %A (Table 3.)
(Table 4.)

4. 8% DNAARE e A0 B R AT WHEIRT rddBC DR » £
ARETEABEE 2L ARATHRRLEMARGAL - B DNA
RPN LAY frdABOD Y% E R i m B Y frdABCD R R E LR —
o BTTRA LAY BERTF4L - (Table 5.)

Table 1. Effect of DNA supercoiling on cyo-lacZ expression
in minimal medium



osidase acivity(unif)

-02 fold
6*1 24
4+1 12
3+1 21
711 23
012 20
2243 Q7

osidase acivity(unit)

-02 fold
3944 35
19112 53
26+1 17
2182 70
49+4 35
5714 37

osidage acivity(unit)

-02 fold
7114 20
6117 12

NG*
04+17 12
29812 06
240+1 08
psidase acivity(unit)

-02 fold
8613 16
5413 19

NG*

12945 11
38445 06
2801 07

ncyd-lacZ expression



osidase acivity(unit)

+02 fold
210120 45
137121 60
13317 66
385+25 55
231+11 72
725185 47
osidase actvity(unit)
+02 fold
198+12 70
16515 30
13616 64
385125 0
227131 12
7351105 37
osidase acivity(unif)
+02 fold
5619 30
9745 16
NG*
205+%13 28
110+14 26
120+10 36
osidase actvity(unit)
+02 fold
5247 27
9517 12
: NG*
a 191£16 11
aCl 9816 18
eyd-lac) 149411 22

*NG me?

Table 3. EfA narG-lacZ expression




osidase acivity(unif)

+0O2 fold
1843 65
18+1 51
1814 27
137%13 13
107£18 15
4115 61

idase acivity(unit)

+02 fold
1742 16
1241 12
1141 12
3142 14
2142 15
2314 13

Table 4. Effect of DNA suptrcoiling on dmsA-lacZ expression
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osidase acivity(unit)

+02 fold
15+1 50
16%1 35
1241 27
2513 37
1941 73
4113 29

sidase acivity(unit)

+02 fold
1711 18
1612 13
1914 14
2212 18
1912 20
2512 16

Table 5. Effect of DNA supelcoiling on frdA-lacZ expression
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osidase acivity(unif)

+02 fold
4213 35
4916 15
4112 18
1361 10
9419 15
7816 0
1dase acivity(unit)
+02 fold
4914 50
4614 42
2915 64
0817 32
5612 55
7313 33

=21 2A

@y am
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HAERERFI > TREBFARNAEAALABRETHERIAR
B > & Fnr fo ArcA-ArcB % 44t - DNA BBk AT & — F LA
E-F oM DNA BB G H TR R B E LA LR T DMBE - X
% 7 DNABEREMOKEREIL  cyo-lacZ~cyd-lacZ> narG-lacZ
B dmsA-lacZ £ KRR AL DBIETORRAEZESAABNTHE -
&£ Fnr Fo ArcA-ArcB LA B 2 4 DNA A2 320k 44844 > cyo—lacZ 42
SR BT R ho o MRAKRE L DNAARE e S F a9 8% >
BEREIRIE T HRA 8RB TR > copd-lacZ ) & BTN A BUIER
FEHAMr REMANZBREARG B EXRFAKRTED HAH -
L&A A Fnr  Fv ArcA-ArcB 42 % e b =T 4535 /% 8% %, DNA A8 825k &
HEIALBAMPBE P ETAENEGOAE - ¥ DNARBEREHY
narG-lacZ B dmsA-lac7 AR AR 2B E A THALECHEE Fur 1
BEREEZARG LR - BR frd-lacZ hERBRPHEED > BT For
Fo DNA RSB R EHEOBENS THEEAI —ETLALERFFL -
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