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Corynebacterium glutamicumOl|A| 22|E8 ZEZESE
O[5t HiX|Y Metd FHXIe] =HafX|

Bf~E - Hlolf - H[E - ZYA! - ZKS| - o|FAP*
TP{CHEND MHZERI B BASF 72014, MHOistm Siejnichst shelstnt,

DS fechst MHEE T

Corynebacterium glutamicum®) 4] promoter-probe vectorgl pSK1Cat& o] 4-3] ¥2|d X2 98] & ¥f-3l=aH
¥ 3P 52 94 v Py, 2 A3 AE e 4 9890 Subdoning & A A 3t T2 RE
A& Ad DNA 99 £ 180 bpE 4F T 5 AN Py, ©1 & C. glutamicum®] T5NF Fh M 2 384
£ EA 85t C glutamicums] A w1 X 24 A o] Fed 3= merX §-AA 2] o2 22 o) & 3 repressiond )
A 7171 $18t merx - A9] promoter & P,,, promoterZ A 849 2P g -metX), Pg-metX-E C. glutamicum
of] =415} 14 =] = homoserine acetyltransferase 84 & vHoF&t A4 A o A SA 31% v MB & vl x| o) 4
vl o} 8 A% P metXE s FFE wild typed o} ¢ 244 -2 homoserine acetyliransferase $/3 & veh]
At Tac ZE R o] QA 8= A§ P, merX), oF 13619] B4 F71ate] FA=H G o oA ol M wjFat F
FA % A, PgrmerXol] A 9] B8 F3-L v A o] A7}E methionines] ]3] 3 EA] 458 HA3}g =, o]
EP,, o] A FAAE] derepressiond]] &) 8 ofw| A JALF 9] Ao e o] 4H S S Y
v 8. PymetAE BolAl YAte] =481 A5 A o 08219 v|X.edo] A4S A}
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Corynebacterium glutamicum2 Gm F4T 1™ glutamic acid
9} lysined} & oMARES Aakshe o g g dEA 3l
TH2, 4, 12, 22, 24). oW =4t B St} 28 djARHEe] Aak
Al X C. glutamicum®] HFHQ) FL2AANE Bk F-d
Ad 42 To)] WA A, L FAATEE 23 22w
el tist Jre oA R nES o, duball =2
He 728} APAQ] TR REHE AE E3 IYE A
%2 et kA opn|it ALAhE flEte] AR EX A
A2 FFsa oY fFHAE =Y f3EE Vles 0183}
o] transcriptional leveloll 4] EX-FAAE-S A3l Aside
e ZERES] Rl 11 BAo] FrREojof ke Aol A
AxA ot}

Aol Z2REJE -10, -35 12|12 UP 99 5 39 843
FAH ol UrhT, 20, 21). &4 -103} 355 RNA polymerase
holoenzyme®] ¢ subunitel] 234 AXHH (7, 20), UP L4=
core enzyme2] ¢ subunit®] C-terminal FHol| &4 <Ix]H}
(1, 21). E. coli®] -103} 35 9S-2 2}Z} TATAATS} TTGACA
o] HEMES 7T 9ov(7, 20), UP 24+ 29 AT rich
region® EA 403} -60 Alololl YXFATHLL, 21). L4 -109]
Aol TG motif= =43, -103} -35 Alo]e] Azl 1741
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bp A= EE= UATHD).

C. glutamicum| X 9] 34 F@A7 2H& 93] A7
g ol gHI Y= TEWEHE E colidlM IS 2ERA TE
Aert =1 24 JpPsd =2wE9l P, PP T, 5°] Atk
(3, 8, 16). 28} o1& ZEREE C gluamicumNE TYA]
o] AA8) FadpAY B wE s Bolr|x &
o B ool whdle] W Agele 1 d8E SES| 538
A Bale Aoz E#A Ut Phteks& pEKpICm promoter-
probe vector® ©]-83}d C. glutamicum chromosome¥} phage®
BE 3379 ZRRES 53 B BA8 -359] aGecast -109]
Tanaa TS RENIDE F51HrH16). ©1E motifs THE Gm
AT} Gm ST(E. coli, Bacillus, Lactobacillus, Streptococcus)ll
A aAE 359 109X 9] Z2RE AR vaste 359 A
Fol -109] MEHT} e HEAS RojA|R oligt AiE C.
glutamicumo| X TS FE3 ofte] 2ol Hole= Z2YVEH 1
ENGY FATFEAEE EAAAF JTH1T, 18, 19). °O1F=
GC geko] =2 C glutamicum®] promoters> AT TEo] &
Gm YATRT} 35, -104Fe] HEA O] Yrhs AR o] &
#AA rk1s, 19). ©)123 C glutamicum®) promoterl] e+ &
& AFARIY C glutamicum®] promoter?] T-Zo #AZF UF
AR Agsrie stgAT 18] B4 A3 ARAPR T
3 71%9] promoter®] AR E|T T HEAG i FHE
A AR E AT Il oFF o]2X] 3L st
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B AFNHE C glwamicumdll ) E&F R o]8E & e
E2RE F @Ao] A3 T wEE M) old gk Axg)
T B4e s 53] dxed A A 9AE v
S meX FAAE o] ZRRH AAE) O 848 B
R, FAl] mIX] 2 Akl M= Fge B

e W
AE2TF H x|

AAEQl AAAE 9 FAA 2258 9)s) Corynebacterium
glutamicum ASO19E12, Escherichia coli DH50FE ©|-&3}3th
(Table 1). C. glutamicume A’F=<] 74 FFa)=x]2] MB =l
AGPIA B} SHHom, DAl Haw|A2H MCGC HIA
(5, 2NE AH83te] 30°CellA] wjeFstlom el wibAl
kanamycing 15 g/ml -2 chloramphenicol 10-50 ug/ml %2
A7kste ARgEtET HamjAe) wicke] AMEE BAade 1%
glucose & ©)83IAL, E coli®] 7% FMIAZE LB WA S

AMEBIGR o™ A M9 HAaElX|(23)F o83t widsl st
DNA =%t
7182 ¢) DNAZZHS Molecular Cloning®ll 71A4]% Wo s

o
FHBAT23). C gluamicun®) FAASLS. Follettie?] S

Table 1. Bacterial strains, plasmids, and primers

Corynebacterium glutamicum metX AR el 2 A 301

o) 8-813TH5). C. glutamicum© ZFE19] plasmid DNA®S) 28] &
Yoshihama(27) W& Wit 47 Mg 22 7|2A4AY
ATl oFsted AAsATh G7IME A= 2o
H A%} B (Table DS ©1438k5th 24| A7 IME 2 54 A
4 A B¥E NCBI (htp://www.ncbinlm.nih.gov)E ©]-83}3T}).

EetAaD| =0 MFH

Ze}Au] = pSKIP, -metX= TRt o] ALE AT, ek
1= pSL759) merX FAAE ZEo]H €9} D (Table NE ©]&-
B} X3P, EEF 12 kb GRS EcoRIF} PsloF Atk
g & e §48 AthE pKK223-3 WE AYs] Egiar=
pSL3145 A3}, P, -metxE T3k ETHP|= pSL314
2} 14 kb BamHI-Psfl RS EE3| ol& & Atair=z 4
o pSK1Cat HWE o)l Ayttt vARto R ek =9 15
kb cat FAANE Kpnld} Psao = A AASIG WHE T4
DNA polymerase® 213t F- A AFAHA P, -meX FES 44
3ttt

ZHANE pSKIP o -meXs Thaah o] Alatvh Soks
U= pSKiCatP 2} P o) T2 EER] oF 180 bp F-& xe}o]
v E9} B2 o] 83 £E381911, ©|F BamHIF Pyl 2 AT
& o F47 A pSKiCael AFUE pSKICatP & 2
Atk Zekamle pSL75Y merX FAAE ZElolw G} H

Strains

Genotypes or phenotypes®

Source or references

E. coli DH50F' ®80dlacZAMI135, recAl, endAl, gyrA96, thi-1, hsdR17(rk-,mk+), supE44, relA1, deoR,

AlacZYA-argF)U169,

C. glutamicum  Restriction-deficient variant of ASO19
ASO19E12

Bethesda Research
Laboratory

8

C. glutamicum  Lysine producing mutant, feedback inhibition resistant aspartate kinase, isopropyl-malate dehydratase 15

MH20-22B negative
Plasmids
pSK1Cat Corynebacterial promoterless cat fusion vector; Km®, 6.3 kb 20
pSKICatP,,  pSKI1Cat with 267 bp insert carryiing P,,, 20
pSKICatP,,  pSKI1Cat with 2.8 kb insert carrying a corynebacterial promoter 20
pSL360 pSK1Cat with 180 bp insert carrying promoter region subcloned from pSK1Cat19 This study
pKK?223-3 E. coli expression vector carrying P, Km® Pharmacia Biotech.
pMT1 C. glutamicum-E. coli shuttle vector; Km®, Ap, 6.6 kb 7
pSL365 pSKiCat carrying 1.4 kb BamHI-Psi fragment of pSL314, P, -merX, Km®, 6.2 kb This study
pSL366 pSK1Cat carrying 1.2 kb PCR fragment of mefX P, -metX, Km®, 6.2 kb This study
Primers
A 5- GGAAGATCTTTCAAGAATTCCCAGGCA -3 (BglIl) This study
B 5- GGGGTACCTACCGTATCTGTGGGGGG -3 (Kpnl) This study
C 5- TAGAATTCATGCCCACCCTCG -3 (start codon for metA) This study
D 5- TACTGCAGGAGATCCCTGICT -3 This study
E 5- GCGGATCCTAATAAAGGTGGAGAA3-3 (BamHI) This study
F 5- GICGAAGCTCGGCGGATTTG -3 This study
G 5- GCCTGCAGAGGATTTTCATGCCC3-3 (Pstl, italics indicate RBS and start codon for This study
metA, respectively)
H 5- GGGGTACCCTGTCTATTTGICGT3-3 (Kpnl) This study

“R superscripts indicate resistance. Ap, ampicillin Km, kanamycin.

PUnderlined sequences indicate recognition sites for restriction enzymes as shown in parentheses.
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£ o] 83l SE39AL, o2 Pl KpnlCE Y3 & 2o &
A28 HGH car FAATE AAH pSKICatP,, o 445t P,
metX S22 HA33IHT)

ANl &£H

Crude extracte= Jetten?} Sinskey (8)2] Wl o3 A=
i1, chloramphenicol acetyltransferase (CAT) &43-L Shaw 59
25 "ol o3 Z4s . vhe-82 100 mM Tiis « CI pH7.8,
1mM DTNB, 0.1 mM acetyl-CoA, 0.25 mM chloramphenicol,
g HE gl aAE FAENY. FFES s 412
nmol A 743814}, Homoserine acetyltransferase (metX)2] 24
& Park 5l 9J3] 71&E Wgol we} SAsATh14). TR
A 7led WHE asith).

48 Asks dFE5 2% glucose?} $HFHE CGIT o Wl =]
(12) 4 miellA] Fuj ket 757} stationary phaseoll Q3=
Al (@F 20~1Zhol A 15 ml CGIT GRS T3 250 ml
baffled flaskell 1/100 (viv)9] HIEE HF 3lGich oF 204130 o)
& F T BAT JAY3he Al71o FAE S8, 271
TA F%E 0D, 014 10] HE= 60ml] CGX fermentation 3
2HIAQ, 24yS FH3 500 ml baffled flaskoll HE3}e] flask
scale®] fermentations A} T} 30°C, 250 rpme) Z719) A
HiFePEA AA 7] S5k, AP 7] 20k7hR] dAAIZEY] 1HA S F
T oafdd 1 ml 2 3t F4% i AR 7AH 9
RS FR1g F A= 15,000 rpmoll A 1827 94 B3}
of TA %} FeAE B, FASAL ARPER AT e
HPLC £4& 913 R=ASE 817] A7k 20°ce] 23819
=3

otoji=ttel &4

Micro tubedll oA FHIE ufokee] A% (unknown
sample)?t 7} ojn|=ite) A HA B8 918l Amino Acid
Standard H (PIERCE, USA)E 717} 25 Hrlalsih. 1 &
Zzholl Ae] # o] &40y WA 58 FAS e 2
A7} H< internal standard® 10 mM DL-norleucine—% =5 37
STt B ojw) 57 ohudtel A, A EAE SN
7t o edbs FEE (18 mME AZsle] YT H=A 3
A& AZF-, standard curveZ TEO] B39 T Rotary
vacuum ovens ©]-83to] s AZAIZ F, ZHzhe] Ao
re-dry solutions 7}$F 5, sonicator ©]-8-3] 13| &35},
olZ THA| rotary vacuum ovend ©]&3}l RS AZSGL).
AHE- Z1H 9| phenylisothiocyanate (PITC)S $Hi-3h derivatizing
solution & YHE F 7 wbeo] 200 JFET 1057
sonication®l] 213l £33} T} Rotary vacuum ovenoll Al 1X]7}
B UEAIA HPLCE o83 ¥4 2702 20°C <A F7)
o 7RI Apdste] AL fEAsT B¢ 7hzke] AR
E% dilvent solution®F 3]21&ke] Nova-pak CI8 Column

Kor. J. Microbiol

(Waters Corporation, Massachusetts, UsAS 53 #e € &4
Sk, = 71871 VEASARDTLE) ofpledt BH2
2 =Yg 3o o|& W] LAY HPLC pumps} UV
detectore= 242 977171 (Kyong-ki, Korea)?] 4%l SP930D -&-of
o4y e} -2 3ate] Y& UVTID AEV|E AHE3HATH

23 o OF

ZEQF B P o 24

Promoter-probe vector®] pSK1Cate =2 RE7} gl chloram-
phenicol acetyltransferase (caf) A2} 2 o] F-HA}e] Ah5ol 2
A Aas AE Zta Qlo] ZERE B4S Z= DNA
wHe] Zeld] o828 4 ATH1S). Park T2(15) ©] HMEF ©]
f3lo] dHe] 22 RE F48 2k GHES C glutamicum®-
2RE ZEeElged], £ dydide Eeld FRE T M =
2 @448 B3 p, 2L Y] old g AElE £4S
st

P,= 9F 2.8 kbe] THOZA] oo gt FV|MEEY dt
912 5 Zol= dihydrolipoamide dehydrogenase/glutathione oxido-
reductaseS 'LHIE gord FAAY LT BE 369749
baseZ FA3HE Ao WYHTHEE 1. P, FES) SEZ
3" BB hypothetical membrane protein®] TEEEE AR
Fro) FFE ok A7IMES B4% AH -103) 3590 7}
7} TAGACTS} TTTCCAZ} BHAE A= ol A7IAE89 +#
AMAdof| H]3=0] hypothetical membrane protein®] 3ZZ 5 E SA|
L AR A4 22, o Aol AR Ze R
HZ F88 20A= 2o 4=Ue I7d 93] "= ook
@ Aot

Cl asm P ssalp
gorA 422bp Hypothetical mermbrane protein
p _ 369bp  _ 229bp 198bp
19 F T 1
! 180bp
P? 80
BamHI Psti
AAGCT T ACGCAG O TAAGT T T 6 AR T AT C G ARAA ATTT CCACGTCAAGT T AACTECOTTAAT AMACCT GEAGAATAAGT B0
TETITCCAACATCAATTCAAGGARACTTECAT GeaceTCasTy crasgaracced Arrecarac 160

AAAGGAAATACAT' (TG ACT T T T GG AT TAGATT ACCTCCATAAAAGTT TAGGCAATCTAAATT CATT GATCAAGACTT 240

GCTGTCECTTAGCT CTAATTCACT TGAGCCCERT GCT AAAGGT CARGAT CAT TGAATGCACT ACT TECTAGCAGTCATC 320
TGARAARACGACGT TGGTTTCGTAGTCGCT GGARRT TTAAPAAT TCCTOCGTCCCCTTCAACT AGGREGTGGARRCCCGA 400

CTATTTCCGARGEACTATTCTCATGCETT CTTT COGTACCGECGECAGT TGCAGGCCT TACTECAGTT
RBS Start for hypotheticsd membrang protein

Fig. 1. Map of the P,  clone and its subclone P4, (Panel A). Sequence
information near the cloned fragments was from the C. glutamicum
ATCC13032 genome sequence. The sequences in italics (Panel B)
represent the 229 bp sequence in P,,. The underlined sequences
represent the 180 bp sequence in P, 4. Additional sequences are from
C. glutamicum ATCC13032 genome sequence. The ribosome binding
site (RBS) and the start site for the hypothetical membrane protein are
shown. The boxes indicate the putative -10 and -35 regions.
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Pl THIE H& wele) mawg 44 198 245y 913
& subcloning® AA15}540}. Subcloning 23, TERE A&
IR fAE e 5 2 pSKICaP19 & HUE 238 of
L 22 FF9] CAT @& Uehl= 06 kb RS FH3le
8L AL, A& subcloningS Z3) g 22 RE
42 Holi= 180 bpe] A P2 HE3ATHFg. 1),

P o0l 218t merx2| =X 3HA|

HAH=Z A2 P o 8 7FsE C glutamicum] ™)
X oad Aol Bl merx RS ol&-5te] gt
C. glutamicum® merX FAAE wxod AAAHZ A
homoserine2- acetylhomoserine ©. % HAZA| #HFE  homoserine
acetyltransferase (HAT)S &3l F3ALE, vz o))
73 repressions Wil = Ao® HaiEo] glivhe, 9, 14). C
glutamicum metX TRAL] X2 TE| HE P O T WAG H,
HAT B4 848 E431Y merX F21e] 28712 siAE 8
13FHTH(Table 2).

228 Fd9go] wAH meX FARE pSK1(pSK1Catol A
cat gene®| deletion® vector)dll FEWEA C  glutamicum
ASO19E12904] merX -§3Ae] adol o]k HAT #4& 5743t
Aot MB Ful R4 PlacS: $High pSL365 clone®] 739~ oF
240 unit®] EA8S eI, P& $H73E pSL3662]
735l e 019 ok 2njo] B e 440 unit®] EABAL ER)
ATh(Table 2). MCGC HAMR|o e E2ho] merX L2 EQ
73-%- repressing =713 derepressing ZANA oF 20012 &A
ZpolE Yebd Wb, P 3 P ZEVEE TSI metX F
Aabe 2 F=o] &4 Aolwks vehinh ol ¢
metX EZEREZ} WX T ofn|i=ite] ThFo 2 Fh-A Wi
Aol A 7St repressions 8= W, P, EZHEQ} P ZE
EHE WX oW F9 oinliito] thFo s Fhid iAol
repression® WA FAY EL AL 559 repression =TT
AME BelFEn, B3 Py ZEEHE 71 meX FE0
MCGC H2)#$+ MB @FHA NN 25 LRE I 3 HAT
29E 7o 2 A P, TERE} A dAloA 4 &hA &
it AME I JElE 20 R oAARITE B3 E
colid| A ZFEd T2 WE Fof shtR &zl p Rk 20 A=

Table 2. Derepression of homoserine acetyltransferase by the P,
clone®

Homoserine acetyltransferase, nmol min’ mg’1

Swain  Plasmids MCGC
-Methionine + Methionine®
T pSKiCat 18 370 i
Cfsh(‘)’f;”éigmpSL%s 240 522 206
pSL366 440 1,090 567

*Cells were grown in MB or MCGC minimal media to the stationary

phase. Cell extracts were prepared as described in the Materials and
Methods.

"Methionine of 10 mM was added to the growth mediuni.
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Fig. 2. Fermentation analysis. All strains were grown in CGX
medium (3). Bars indicate methionine concentration. Triangle indicate
residual glucose concentration in medium. Symbols: @ - & | C.
glutamicum MH20-22B; O - A, C. glutamicum MH20-22B/pS1.366;
open bar, C. glutamicum MH20-22B; filled bar, C. glutamicum
MH20-22B/pSL366.

7438 HAT 42 el 2o 2l
ol 7S SUMA T AR ftt 5
Ao] Tkl &Jated wjx] djef ofrl=4ke v
9= 27 A FHEHEE wx ] 23} repressiond WA
&= P gg-metX clone o}wi=ik AARS 93t LEZY A f
AR e} ZFo| F-83H) ol% 2 Ao ATUHA

P,ol E84 2N

M
ol =2t gho)al Ak o R LT C glutamicum MH20-
2BE o] &3l 2|9 P, TEYE Y {848 g8l
o} C glutamicum MH20-22BE 19923 Schrumpf 5-(24)°l 9
& AwmE glolal AATFOE aspartateZHE]  B-aspartate
phosphate =2} A%H-S HIF8= aspartate kinase®] feedback
inhibition®] S|A B o= A ¢k 200 mMe] EtolAlg Bikslke To
2 deiA UTH24). P metXE C. glutamicum MH20-22Bo|
sk & o)X o Aakee] WskE BE3TEg. 2). C
glutamicum MH20-22B o AHE wX|9dS Aol Aikslr|ek
ARk P meXs AR AS wX2de) gkl Huf of
0.8 g/loll &Ehe BRI = Tk WX ede} k] Hurfj kol
T2 3 FA3 vt dojulsd ole WA doe] AT
H 2= g)e-8 AAFT} 3 methionine AARS BRAU Q] A4H)
ok g BAE Ae-& SAlgTh olFg dd= Py, LE
YE @] 5848 B AAFT FAl Py ol8F 5
metabolite®] B2F 2 ATHA AR FFof| o ik 3
Sol o) vHo] 453814 o828 F AT AW Fth

o2l

O

2l g

B A #er)es 21C ZEEo] HAERFHAEE7e)
BAATEANE MG05-0302-2-0)3 @ BRI (9] At
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ABSTRACT : Derepression of a Methionine Biosynthetic Gene by Utilizing a Promoter Isolated from
Corynebacterium glutamicum
Soo-Dong Park, Ik-Hyun Park, Jong-Soo Choi', II'Kwon Kim!, Younhee Kim’ and
Heung-Shick Lee® (Graduate School of Biotechnology, Korea University, Anam-Dong, Sung-
buk-Ku, Seoul 136-701, Korea, 'BASF Research Center, Kunsan 573-400, Korea, 2Depanment
of Oriental Medicine, Semyung University, Checheon, 390-230, Korea, and *Department of
Biotechnology, Korea University, Jochiwon, 339-700, Korea)

A transcriptionally active fragment (P,,) isolated by utilizing the promoter-probe shuttle vector pSK1Cat was
analyzed. By subcloning analysis, the 180 bp region (P,4,) responsible for the activity was determined. Tran-
scriptional fusion of the C. glutamicum metX gene to P g, (P,metX) resulted in a 24-fold increase in MetX
activity in a complex medium, while a 13-fold increase was observed with the P__promoter. Additionally, the
expression conferred by P4, was not affected by methionine added to the growth medium, suggesting that tthe
P4, clone is useful for the deregulated expression of biosynthetic genes in C. glutamicum during amino acid fer-
mentation. Introduction of P -merX into a lysine-producing C. glutamicum resulted in the production of
methionine to 0.8 g/l.



