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AR lacZYA7} aceB FAAL] Z2RE] s AAE P, lacZ¥4) B XE] Egav|=E s
Escherichia coli'g o183} glyoxylate bypass & v 7] 3} = §-H A5 3111¢] aceBe] LHE A=A 02 AA
A= Corynebacterium glutamicum ZE25-5 M54 o8] L35 o] T & /2 SE& Al #A&H
3} o] EE-& §F8E. colit= 2] ¥ F2tAn| Sl A U H = B-galactosidase®] 84 o] ¢F 40% FHAdHH AL o
£ 89 U= DA o] aceBZ 2 RE]o] 2H-4-§e)] 7118 AL 2 ARHT. MDEA A3} ORF13}
ORF29] F 71 9] 213 8t ORF7} ‘2715 %l X o] F ORF27} reporter plasmid$] p-galactosidase] ¥4 ZHA o 2|3
Aoz 7|1 ¢S 4 4 AT ORF1-2 206017 x4k 2 F-A) g 23,218 Dalton®] D3 & 13 sl 702 o
AR, A F4 2 5 ECF-typed]] 8] 35 RNA polymerase®] sigma factorE ¢ 33}31= A2 2 R o sigH
2 sl o). $-A 2L sigH2) 7152 93] 7] $1#] gene disruption technique-S- o] 43t o] sigH-FA A7} 7] %% 3}
A Fahe EQW o] T& A Ael g 2 o] FFL ok F o] ¥ AR S =7} A 819 & BANH T =R el F
< oxidative stress & -§-431= pumbaginF-oll H #| 4 = 91714 & Vel e ol & A=, FAH EAH AT A
E B $ R ol sigHFARAI A EA A AR F 281 5= ZF: stress 5 58] oxidative stressol] o & < -85} %
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Corynebacterium glutamicum-> Gm+ V|ABE2 X Mycobacterium
o} Sweptomyces®t 7| Actinomycetes=ol] &34 3714
= 54 g7 (facultative anaerobic)?] ITE A4S HAt
Corynebacteriume G2 0. & ohu|keiba} SAg o] T4 ALt
o FFAQl Qs T2 AFVAE F shtelr] dFo
(13) Corynebacterium glutamicums VIE3F o2 Y3} dFEE
oz FUH 8490 =& AR Aitelut AAd&EE
9] HHE5E AP BAfE =90 N9 AITHO, 23, 30,
35). Corynebacterium®| 213+ UIAF A2 ATE 53] lysined}
threonines9] aspartateZ| 5 otv|cAte] AFYE FHo 2 BA}
A 8o gaksl Ao o]Fo] Asw(, 11, 16, 19,
21, 25, 26, 27, 29) ] aspartateZ] 5 oPWIAS 1 EA FZ
9] tjRHEo] TCA 3| Z(Tricarboxylic acid cycle)?] £+
oxaloacetate ZH-E] T3t} MW oxaloacetate?] =T U4
S F-A8H) 8 TCA 2 #FYle) BEnojopgt s,
MEZW glyoxylate bypassi= ©]9 22 JEE sl HEHZ
(anaplerotic pathway) & 3h}o]thFig. 1). Glyoxylate bypasse
isocitrate lyase (ICL)$} malate synthase (MS)E A& o]9om,
C. glutamicum®] 73-%- acetate, fatty acid, =2 ethanol?} 22
7)Ao 23] acetyl-CoA7} TAAZE A-UAlel BA3ATH1S).
Glyoxylate bypassi= & ZHollAX F8A4LS Holed o=
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Fig. 1. Central metabolism of C. glutamicum during growth on
glucose or acetate. Dotted arrows represent pathways consisting of
several reactions. Abbreviation: AK, acetate kinase; PTA, phospho-
transacetylase; ICDH, isocitrate dehydrogenase; ICL, isocitrate lyase;
MS, malate synthase.
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lysine, glutamic acid’s 2] A4H(11, 35), isocitrate EA]FANA
23 7%, glucosed] TS repression, acetateEA|A]9} stressih-S-
ZH 5oa a8 = ik 53] glyoxylate bypass®] 28-S
F 538k acetate$} -2 Folgh EAYL AIEUA oxidative
stressE e A= ¢EA Aok,

Axes 2 A3 F, Q3T 845 AN HeE 54
o] e} ZHE stressell =& A Hok(17, 34). AFH] AT
FAMZ A2Z7F ZA 714 o]2A] HWH FdR-9] rgo| A
B BAbE-Sol whE acidic stress, osmotic stress, carbon starvation
59 stressAtel] WA "k o4 MESL Ag 584
oA o7 E ZE stressUA &k FAAEY S =
Hale 9 AS ) )71 BE T T, 2, 10, 25).

£ AFoMe o)X A W AN Fast oS
F3aL Q= glyoxylate bypass’de] FAxte] wEo)| Ak
vxe 28 FAAES Egsr] A% H2E A=siaer,
transcriptional fusion® €19} C. glutamicum®) Alw lolLejdlE
o835t A4 2 F glyoxylate bypass’de] aceBf-AA}Y] T2
BE9} A¥sh= §94 = ORFES BEelglglew, ool hjgt

71e A BAE BAH FEIA Al=s B3

=] g
e

&

111

AMEaF R HiX|

B Aol A3 T5= Conpmebacterium glutamicum AS0O19E12
9} Escherichia coli DH5aF oItk -2} sigHe] EAWo] o
= Corynebacterium glutamicum ASO19E12E RAZ A2k =91
o HL10322 WHIY. C. glitamicum YAFZQ 742
Al AR MBEIA(5)I A vl st o, B A olle HAmlA]
2 MCGCHIAI (36 AH&-3F] 30°Cell Al wldaod o 73]
wW2lA kanamycing 15 pg/ml =2 Hriste] ARSEIATE
AR 9] vjeko] AMRH BERS 1% glucose -2 2% acetate
RO E coli®] A5 FENAZE LBHAE AHESEI e d
2A M9 AR (31)E o]8-3t g3t

P, z-lacZAY 2| ZE{ E2tA0|=o| XN&fnt ME

C glutamicum®] aceBHrAAY] TEREIREY A& 250
o|§ A= DAL Wikl FAAE Fefshr] ¢85t lac
operons ©|8-g B]XH ZTkav|=E AFEIg e 1 AL
e 2t WA aceBRAAS] TR HEIRR-S LS oF 25
kbe] DNATFH(P, & pSLO8Q0)S FHOZ PCRTES|N &
2k = pRS415(33)2] Smal--oll Adsted pSL130S A|&s}
Atk oWl forward primerEE SCTTAAGTGATTCGCAATGGG3,
T18] AL reverse primer=F S'GCGTGCTTAGTTTTTTGCTTTGA
ACTC3E AM&3lEt), TehAn= pRS415E TREE/ 29H
lacZAY S RAAE EH3L Q002 B-galactosidased] HHS
laczAY S-AA] upstreamZ:ol] $1X]3+ multiple cloning sitet] o]
A ¥ DNATHHS] B o il we} AA=A gt el =,
pSL130WR Y] aceB TERE7} lacZAY F-RAA dZA"E 2 (9.1
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kb, P, ,lacZ¥A)yS Y2} forward primer$] S'ACCAGTACTAA
TAGGCGTATCACGAGGCCC3'#} reverse primerQ) S'TGTAGT
ACTTGGTGTGTGTGGGTTAGGTCTGG3 S o]&3le] PCR &%
St Scalo. 2 HTE TpACYCI84 vector (New England
Biolabs, Beverly, U.S.A.)2] ScalA] 9ol 4sted &) L8] Zefxn)
=91 pSL1455 AZstarkis). ¥ SaArnEE 353 E
coli DH5aF' (E. coli DH5aF'-145)% LB plate (40 ug/m! X-gal,
20 pg/ml tetracycline, 40 ug/ml ampicillin}®l 4] blue T 2UE 3
AATCE. oWl C glutamicum®] ] BE1 (5% aceB TEF.
HERES 288 4 e Wil s daslshe FRES
lacZfrA7 ] ol JaFs HIAA =i AAFoE FZY 4
of ¥stE koA ot olof e UeE |83t E coli
DH5aF'-145 TFol C. glutamicum ARs eholBel8E FA#g
3 3 X-galo] EHHE LB plateol] E2Et FAH Zg]e] A
S BESIE. ool C glutamicum?] EtolH ] F&o] Soi7t
AA] B2 FHEIQ pMTI1(5)S T3t E coliZ HL2580]2}
WSO, aceBe] WHE oF 40%AAAT IS AORHIE
glolBggoA BEE oF 34 kb XS] DNA ©Ho] Sol7}
= ZEAPE pSL370S et E coliE HL2752F HHE)

Zel2u= pSL3709] 1,743 bp Sacll ©HE FH§3ka
ZZA0E pSLI152-490A sighH W32 321 bpQ) Bglll ©HE
AAB7] 18k BgllE A 2§t § ol Aloj st L o] wE]of
A E7 AER sighd RS 2837 98] Sacll Klenow
fragments A& A & O] sall A2Jste, Safl-Smal A2 S
7121 gene-disruption vector$] pK19mobsacB(32)l Zhe)Al0]) 235}
At o|FA FEE ZEAVEE C gluamicum ASO19E1207
T TN sigHO distuptionS AE3HETH32). AEE wold
5 PCROY| 913 ZE ] 5712 BRI

o fir

A28l £H

Glyoxylate bypass’d2] F &A%l isocitrate lyase (EC 4.1.3.1)
9} malate synthase (EC 4.1.32) 84 =38 27} Dixong <
HPH G Gublers el WH(8)yS ol &3t om, dxdPoz A}

83 isocitrate dehydrogenase (EC 1.1.1.42) 3Ae] =342

© Miller®] W (24)& o]-&515tth.

[N

L L

P, glacZ¥A 2| W0 &g n|Xls 2259 22|

P oslacZ¥A B EEIE BT E colis ©18-319 C. gluamicum
9] Al Fo)BHEE 245191 LB MR oA F2Ae) 22
g oz APYle 2RSS BSAT 24 2% 22
o] AWE Axlyl iz Te) xJolE Kol & 1579 E28& &
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RH3lgc) ol S8% & 3 F299] dark blue F2UE e}
walen ymx 14740 SR8 A9 Aol QAN BF
T HL258(pMT1EHHel Hlske grides g0 77t
& FEUE HAFAY. o5 285 45 FEY o4¥2 ¢

oli7] S5l AAHo AR AREAAYE B 22

Z9] AAAS) zr) L wdE FAsIE Adkak Aol 9
g gpFl A A o FEE FEES AYsa 32 F
25 & URTE 220 HL258E A3 UHA] g7)je] 250
3} B-galactosidase®] B3-& SA|E A7} HL275(pSL370 &
Y A 7ol vs) of 40%e BAETAS HAFUT
(Fig. 2). 018} 2-& AR & pSL370W 0] S2EE DNATHANA
aceB TRREJS] AR BAS AT & Qe wulFo] wrdg
S AREIFR Yok mep B A5 A= pSL370(3.4 kb insert)
7 FE¥E DNA ©¥ES It b= Fekiv|= pSLI52(3.9
kb)yE o183t fejd d= ORrRFel disl AEAR) £4& A
st

22| g 882 84

39 kbS] 4T} DNATH-S 71 pSLis2el disted At A=
& AAdg 3, old) 7zt MEERYS AdE At ABE
2yAste] 7|&a) Zekau= pSL1527F S8k QE 2.6 kb
9] Xhol-Kpnl DNA ©3H-& pBluescript SK (+) (Stratagene,
USA) ofl &30 & <k 71F DNAd g @7 IMEe A4t
23" G7IMEE EURE 7hsdF ORFE AR 23 iA1=
T ATGE NZ3le] 2AIE TAAR EUE 621 bp2] ORF
(ORF1) ¥ ATGE A&sl] TAAZ £ZH3}= 261 bpY) ORF
(ORF2y7} ¥HAE9lom 7} ORFE A2 Hit) ko2 gsln
Ve & AT MEEFRYd 23 B4 o) F
ORF £ ORF27} B-galacto-sidase®] B34l A H o2 7]
TS & 4 AJKASHAA). ORFIE Héte E8E5 C
glutamicum®] =3 glyoxylate bypass F-Ql malate synthase9}t
isocitrate lyase®] Ao v JgS F43 AgqAMx
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Fig. 2. B-galactosidase activity of the E. coli cells carrying the empty
vector (HL258; pMT1) or the isolated clone (HL275; pSL370).

Corynebacterium glutamicum®] sigh -+ 101

ORF19] EAlE ol 849 &4 JFE FA @< Re=
VERSTHAE A A, B AP M= glyoxylate bypass®] 287
© #Ho] gle AoF AAAA N Fa3 A AS Yy}
I ORF29| ETE Ado] 3L& Ao2 AAX= ORFI F
Z3l EAEH

ORF1 7AAZE2] 7 bpddele ribosome binding site® 57
& AAGGAHEo] EAlEt ler, JA d71$d G e
CY HI&L 50.9%2 UERSTE ORFIE 206719 opr|=ito®
FAE B2 23,218 Daltons®] polypeptideE SF& 35l Aot
At pIgre 5.001™, pH 70904 669 chargeE JERE
acidic proteing ¢E813tal UATH FEF8kIL = polypeptide
A Ee 25709 basic (+) ol =AHK, R), 32709 acidic (-) o}F
=2+ (D, E), 63702] hydrophobic ¢} =4KA, I, L, F, W, V),
83 52709 polar ol (N, C, Q, S, T, V)22 TAE]
UATE ORF1S codon usageD ZAMSIE A} 7)5=d Ru¥®
C. glitamicumQ ZFE1 9] FAA7} dukdo 2 YeEhE codon
preferances} A2 o2 AX|slar S8 & & AUUT) ORF29]
3%, MAZES 10 bp AHol= ribosome binding siteZ F73
7Fsd AGGAM B EAEI YRS, GC T 61.69%=
v A =4 UEeRdt ‘

=

Z} ORFell tgt BLAST softwareS o8-8 AL fdztef
3 FAFA T, ORF12] G271 E9-& Mycobacerium tuberculosis
H37Rvell i3t genome project A3 5% RNA polymerase
sigma factor HE W3 85k rpoH-2AH005843) B Strepromyces
coelicolor A3(2)2] sigRTHAHCAA090888), LE]3L Myxococcus
xanthus2) rpoE 1A AHACCI8488)S =& 753 eI
ofu| i ALS- o] 88 AEAS ZAE B Ad M wberculosis
RpoH9] olr|x=Ait Md# 54 68%, FAMS 82%, S
coelicolor SigR®] oFu|lAt MET AFA 61%, A 78%E
1831 M xanthus RpoE1] ofH|x=At MAs) AF2d 44%, FAF
4 63%S UERTE o5 Wulde BE FHAHOF Ax9] ¢
B 3 Hale)] ue} 7lso] AT = ECF familyd] E/F5o
alternative sigma factorZ ©]E T F 7]%o] ol= Hx
Ad#H 2 SigRe] 73, MEY] redox sl wlt} 7l5o] £AHE
Aoz dufAq ) o= B Av9AoA EElE ORFl9
DA A 23 oot FARRE 7S iRl vl JleAE
=3 4= 9IStk T opn|edt AEAdel 71238t ORF1 2
A W motifs FE A, N-terminal F-2o4 RNA
polymerase core-binding motifS, 18]35 C-terminal AT
helix-turn-helix DNA-binding motifE 4% ¢ JUATHFig. 3).
olde] ¥4 475 EUIR ORFl RAAE sigheh B3I
o}

i

]

o

FEXL sigH A& 2Fe| M ED MESE|e] 2HE
BLAST #4723 RNA polymerase®] o subunitd} =2 &
AE BoFE ORFI (sigh)e} FA7F Ao} Adejd, Ashshs &
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* 20 *

EigH : e
_SigH 'xd?i,.:vTGSAGLQpGPS 2 PLEEL—————-
SigR ; RGHTETLACTEECCAEGIRAEGTCAE ST EREGED

RNA polymerase core-binding motif

* 120
cG_sigH : FIRaauyy sﬁ 132
MT_SigH : peuddeldelenisy oof 143
SC_sigR : BJadeREOREaks i50
160 * 180 * 200
CG_SigH R & g PLGTVMSRLHRGRKQL RGNS
MT_sigh | TMN@ P I GTVMSRLHRGRROTL RCEEEK]
sc_sigr R 1MEd 01 TVMSRLERGRROLRGENIEELY
Helix-turn-helix DNA-binding motif
* 220
: BR=TE GLEHPDMKKNEEA-—-~ : 206
LIEAGR S QAHEGVE S~~~ : 218
MI PAGAGESNEAKGSGS~ : 226

Fig. 3. Multiple-sequence alignment of C. glutamicum SigH with
other homologous sequences. Putative SigH proteins from
Mycobacterium tuberculosis (MT-SigH) and SigR from Streptomyces
coelicolor (SC-SigR) are shown. Gaps are indicated by bars. The
conserved region in all amino acid sequences are shown on a black
background. Highly conserved RNA polymerase core binding and
helix-turn-helix DNA binding motifs are displayed below the
alignment. Multiple sequence alignments were performed using
Clustal W program.

go] mjXe G welglo i, kA0 O 715 A58
®7) 9519 C glutamicum®) G DNAOIA sigHe- RS
disruptionA]Z H.S}Tth RNA polymerase®] o subunitol] t3h a7
T Mycobacterium tuberculosis, Streptomyces coelicolor. Bacillus
subliluss2 HIZ& 2] eubacteriadl| ] ELsHA] 751 9.0
(1, 2, 22, 25) 53] sigh®] 3¢ Dolvt -E 59 215 9% stress
1zt hg3he FAAES] A WS Ado] Qvhs B
Eo} e QIthd, 12, 28). Preculture3r HLOM (C ghaamicum
ASO19E12)9} HL1032 (C. glutamicum ASO19E12/AsigH) <] 27}
A #5242 A% wAQ MBEIR|eF FH 4 v Q] MCGCH)
Ag olg3}e] oAl WAk Fig. 4). ABAT MB FopuyA)
2} MCGC #H4uiA] 25 Hls:gk o] AAuEs Re3els
o, FAA} sigh A @79 B9 B 7520 HL004o) Bls)] #
S71ol4e] A Azte] Aojhe & 4 2lgieh. o)k e Al
2 o] 28 WA gdEel 8l 43E A3l Enishs At
o] otk AL ofnlga} FAl sighe) A Az A
S/gdo) X ool Bla] 1 FEo] ZAathe IHEH R AAL
Ry

sigH BZE TF 2] oxidative stressOfl CHEH 2IZHA B4

sigh 327} stress T80l FAT=R] AR-Z Ho|F L o] &
3 A8tk Fig. 5ol Vebd 2X™ vl 22 gluamicum
ASOI9E12(HL004)S W18 C. glutamicum sigH A o}(HL1032)
T3F2] 75 redox cycling compoundoll £58R= plumbagin®] &
AslellA AdgAsel oa) ol Zr17E FUKES & ¢ AU
olo} & AMAL sigH ool oA HlE) AiFHoE
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Fig. 4. Growth of sigH mutant strain on MCGC (panel A) or MB

(panel B) medium. Symbols: @ , HL004 (C. ghutamicum AS019E12); O,
HL1032 (C. glutamicum sigH mutant)

oxidative stressoll IS AMAE AAMSE 3 ol sigH
FHA} oxidative stressol] FaJdhe F721e] W) A =
THLE JFE = F IS v Heldy A%
plumbagin®] | = menadione®} diamide 5] oxidative stressZ
frdshs B E Y1798 e AT AA).

B Al E, glyoxylate bypass¥e] 23 £33 2384
3171913 glyoxylate bypass’doll I aceBH-7AMY] TR RE B
& o183t P laczvd B|XE V=S FEIG oM,

A B

Fig. S. Effect of plumbagin on the growth of sigH mutant strain. Ten
ul of 0.1 M plumbagin was spotted on to the filter papers. Lawn cells:
A, C. glutamicum ASO19E12; B, C. ghutamicum sigH mutant.



Vol. 41, No. 2

A" FE o] M5 . galactosxdase«l 1‘—2r/‘ =48 Ealo 9
7K R ZEES RSN ol F ¥ 89 ORFE ¥
ASIE & RNA polymerase«] o subunit (ECF pe)y} =2 A
T4& HoF= ORFE #8E & o Aed A ELE
nigo g sngr’)rJ_l HstH et A} sighe] 7158 2AV817]
$18}] gene disruption techniqued ©1-8-3} sigh7} 7152 3}

2| 2o Bduo] #S ARSI, Py H T S| B
= WIE 2 HRe] Wa) Eaue] FF FE717)
Zoi)51 AT APE7)2 ABEE Al7)7E BBt A

As & F UAeH, tﬂoﬁ‘ oxidative stress agentQ! plumbagin

off 17434 "}E}L“ S & 5 AU olst 22 A= sighrh
AEo) AT F DA ZHE stress T34l BEo] S
T s %’\V‘Bﬁ%

ZIAle| ot

o] A S ASATe Y 2ATAUANY F FH7ZAY
(RO1-2004-000-10093-0, ©18-2))ll <]3] A=A em o]of 7A}
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ABSTRACT : Isolation and characterization of sigH from Corynebacterium glutamicum
Tae-Hyun Kim, Hyung-Joon Kim, Joon-Sung Park, Younhee Kim'!, Heung-Shick Lee®*
(Graduate School of Biotechnology, Korea University, Anam-dong, Sungbuk-ku, Seoul 136-701,
Korea, 'Department of Oriental Medicine, Semyung University, Checheon 390-230, Korea,
?Department of Biotechnology and Bioinformatics, Korea University, Jochiwon, Chungnam

339-700, Korea)

. Corynebacterial clones which exert regulatory effects on the expression of the glyoxylate bypass genes were iso-
lated using a reporter plasmid carrying the enteric lacZ fused to the aceB promoter of Corynebacterium
glutamicum. Some clones carried common fragments as turned out by DNA mapping technique. Subcloning
analysis followed by the measurement of P-galactosidase activity in Escherichia coli identified the region
responsible for the aceB-repressing activity. Sequence analysis of the DNA fragment identified two independent
ORFs of ORF1 and ORF2. Among them, ORF2 was turned out to be responsible for the aceB-repressing activ-
ity. ORF1 encoded a 23,216 Da protein composed of 206 amino acids. Sequence similarity search indicated that
the ORF may encode a ECF-type ¢ factor and designated sigH. To identify the function of sigH, C. glutamicum
sigH mutant was constructed by gene disruption technique and the sigHl mutant showed growth retardation as
compared to the wild type strain. In addition, the mutant strain showed sensitivity to oxidative-stress generating
agent plumbagin. This result imply that sigH is probably involved in the stress response occurring during normal

cell growth.



