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Corynebacterium glutamicum=>- Gm F’§T0]|™ glutamic acid
9} lysine¥} T2 ol :=2bE-S AAEE o g g gEA 9l
TH2, 4, 12, 22, 24). opv|i=qt B Saka} 2 thabkae] At
of AN C glutamicum®] FRAR] FLANE E8kar F-3
A2 5AE wol BreAARE 1 fraAptds 2=
Elol] gk FH = oPA7MAE WERE o], dubEl
Bl 7o AFAY TEREHEE AE T FyHo] A
B2 ZdEfoltt. webA opr|it AR flste] AR EEAA
g SEkL o FAAE Edshs FAEE 7les o8-St
o] transcriptional leveldl X EXFAAES BAI5H] fl8l-=
e TRREHC] gRe T S4o] e olok sk Aol A
AzA o}

Ao T2 REE (10, -35 1T UP 99 5 9] 842
TFAES] kT, 20, 21). &4 -107} -355 RNA polymerase
holoenzyme?] o subunitol] 23|41 S1R|FH (7, 20), UP Q4=
core enzyme2] & subunit®] C-terminal Gl 254 QXA T}
(11, 21). E. coli®] -10%} -35 G2 712} TATAATS} TTGACA
9] REMES 7HAaL 1oH(7, 20), UP 4+ 2709] AT rich
region®. 24 407} -60 Alelol]l Y JTH(1, 21). 84 -102]
7ol TG motifs= EAH&FH, -107} 35 Atole] A= 1741
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C. glutamicumd| XS] -4 H@T} 248 93] dA7A 9
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=7t 3 24 7Vss 22 RER P, PP T, 5°] Utk
(3, 8, 16). &Y °o|5 ZTERE= C glutamicumNE =QA]
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Fohe=
probe vectorS ©]-83} C. glutamicum chromosome¥} phage=
BH 33709 Z2RHE F3 L 48} -359] ttGeeadt -102]
TanaaTE REMEZE FH3IATH(16). ©]5 motifs T2 Gm %
AT Gm SAT(E. coli, Bacillus, Lactobacillus, Streptococcus)Oll
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£ AFNXE C glutamicumol| Y] EE£H 02 o] §E F =
ZewE 3 $40) 4¢ ZEREE dds ol o A=)
£ 2AE Ytk 53 MAey A3el 3 B
SR meny §0AE o ZEEo] WAF 1 £84S Bl
S, E Ao WA 2 Akl HlAke Gk 245,

T

ASEF R HiX|

DGR A I AR 22 8| Corynebacterium
glutamicum ASO019E12, Escherichia coli DH50F'& o] &3}t
(Table 1). C. glutamicume Q’FA Q1 7350l FLIA0 MB )
A@3)lA v et o, BaAele A=A MCGC #iA]
(5, 2DE AREEE 30°ColA wiFst e Aol wEkA
kanamycing 15 ug/ml 2 chloramphenicol 10-50 pg/ml F=Z
A7rste] ARkt HAmiA o] vk AREE B 1%
glucose = °]-&3}JIL, E coli®] A% FdiA 2= LB #jA S
AREBIA o™ H oAl M9 HAlA|(23)E o83t uj sttt

DNA =X}
71822 DNAZZE Molecular Cloningdll 7]1A4]¥ WHo =

FABATH23). C. glutamicum®] FAHZL Follettie®] WS

Table 1. Bacterial strains, plasmids, and primers
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o] &3ATH5). C. glutamicumC-ZFE]2] plasmid DNAS] #-2]&
Yoshihama(27) S WHith €7] AE 2AL 71x2948Ad
ATA ()l oJFlste] AAsiAT @714 E A= Zatol
A} B (Table )5 ©]-&3lth. 24E A7I4E 2 79 A
< AR = NCBI (http://www.ncbi.nlm.nih.gov)E- ©]-8-3}5 0.

E2ta0|=2| M

Fe}2P|E pSKIP, -metX= T} 2o] AZtE|Qdct. Sk
= pSL759] metX F-AAE ZetolH €} D (Table NE ©]&
3 FZaHaL, TFH 12 kb WAL EcoRIF PsAo 2 Aot
3 & e 528 Fud pkK223-3 HEo) A Sekar=
pSL3145 A&t P -metXs 3= Sek2P|= pSL314
°] 1.4 kb BamHI-Psil S-S F2jal o5 2 Agtasrs A
¥ pSK1Cat #E o) A8t vhAHo g2 Sekan| = 1.5
kb cat FHAE Kpnld PsAS.2 AHs| A|ASIH I HEE T4
DNA polymeraseZ *2]|g+ & 2 AFAIA P -metX FES 3
Skt

F2P|E pSKIP, metXi= T3} 72o] A&ttt Sk
W= pSKICatP ] P9 Z2HEQ] oF 180 bp P Z}o]
™ ES} FE o83l SH3aL, °1S BamHIF PsA o2 gt
e 547 AuH pSKiCao] 4FAE pSKICatP, o
28It ZAHE pSL759] metX HRAE ZElolw G} H

Strains

Genotypes or phenotypes*

Source or references

E. coli DH5aF' ®80d/acZAMI15, recAl, endAl, gyrA96, thi-1, hsdR17(tk-,mk+), supE44, relA1, deoR,

A(lacZ¥A-argF)U169,

C. glutamicum  Restriction-deficient variant of AS019
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
pSK1CatP,, ~ pSKI1Cat with 267 bp insert carryiing P, 20
pSK1CatP, pSK1Cat with 2.8 kb insert carrying a corynebacterial promoter 20
pSL360 pSK1Cat with 180 bp insert carrying promoter region subcloned from pSK1Cat19 This study
pKK223-3 E. coli expression vector carrying P, Km® Pharmacia Biotech.
pMT1 C. glutamicum-E. coli shuttle vector; Km®, ApR, 6.6 kb 7
pSL365 pSK1Cat carrying 1.4 kb BamHI-Psfl fragment of pSL314, P, -metX, Km®, 6.2 kb This study
pSL366 pSK1Cat carrying 1.2 kb PCR fragment of mefX P,g-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- GTCGAAGCTCGGCGGATTTG -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.

®Underlined sequences indicate recognition sites for restriction enzymes as shown in parentheses.
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£ o] 83l FE3IA L, °)E PsAd KpnlC.2 Adst & 2o g
22 HAA) cat FHA7E AAE pSKICatP o o A3t Py
metX 25 35T

Fol

2840 &1

Crude extracte= Jetten¥} Sinskey (8)2] WPHol 2J3] A<=
31, chloramphenicol acetyltransferase (CAT) &2 Shaw 59
(25) el 23] ZA3tt) Wk 100 mM Tris - Cl pH7.8,
I mM DTNB, 0.1 mM acetyl-CoA, 0.25 mM chloramphenicol,
agjal AEgE o] 84 P FEES] Hske 412
nmol| A A3}, Homoserine acetyltransferase (metX)2] 24
< Park 5o o3l 71eH Wl wel S5 h(14). ©A
AL 7" WHE Tsith).

wes=
BEAL Jsh= TFS 2% glucose?t A CGIN G|

(12) 4 miol| 4] e LsFA T, 771 stationary phasedll X Ysh=
Al (eF 20A17Ho A 15 ml CGIT FFHIAE E3FSE 250 ml
baffled flaskel] 1/100 (vv)S] HIEZ HF st F 204171 #)
&F 5 w77 BA AYshks Al7lel| #AE Sgested, 7]
A F= 0D, 1A 10] H=Z 60 mle] CGX fermentation 3|
2u) A2, 24y F-H3F 500 ml baffled flaskoll FE3ke] flask
scale®] fermentations A3} T} 30°C, 250 rpm-°4 Z 7994
HiFBPHA A 7] $9k APEY] 28R AR A S T
I il 1 ml A ISRt S5g s dEE FA) <]
QS Q18 T U A= 15,000 pmolA] 187F 94 Ba)s)
of #Ae} FeHE Fel, FASKAT ARPEE AT dsde
HPLC ¥4 93t F=AI8lE 317] Z%71A] -20°Cel Bst4d
o}

oto|=itel 244

Micro tubedll oA FHISE wjF o] 35 A (unknown
sample)@} 7} opv|i=qbe] Ak A 4S5 913F] Amino Acid
Standard H (PIERCE, USAYE 242} 25 wi¥ 7ksisieh. 1+
Z}ztol| A g Fo] Sdolu WA 55 FAY F Ae 2
A7} =& internal standard2 10 mM |, -norleucineS 5 7}t
SRk EG ol B ool BF BH LA Ak
7} opieks TR (18 mM)E Azt U §
A4S AZXZF, standard curveE THEO] E2A151H T Rotary
vacuum ovens ©]-8-38}] hA3] HUFRAIZ &, ZHhe] AR
re-dry solutionS 7}3F 3 sonicatorZ ©]-8-3) £+43] &35}
o]Z UYA| rotary vacuum ovens- ©]-83l] 3] =S TH
A8 A A o) phenylisothiocyanate (PITC)E -3+ derivatizing
solution & W= ¥ Zb tubed] 20u¥-S 7}t 1083
sonicationol] 2]3] &-3l3}4 T} Rotary vacuum ovenol| A 1A]3F
B UEAIA HPLCE ©]83 24 Fx71A] -20°C oA 37
o] 7 Apdste] ARSI FEAST B 242 Als
58 diluent solution® 2 3]233}a] Nova-pak C18 Column
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(Waters Corporation, Massachusetts, USA)S- 53f 2] L &4
ST T 71e7 = Z1EASAL A4 opneat BAE
S Tz 3t o5 W¥3l A TE HPLC pumpet UV
detectori= 212} d917]7](Kyong-ki, Korea)?] 3¥1 SP930D &1
o]z} 2L 3|Ake] ¥ UVT30D AEVIE AT

Zn 3 1@

ZZDEH CHE P ol EY

Promoter-probe vector®] pSK1CatS EZTE]7} Q1= chloram-
phenicol acetyltransferase (caf) F-AF 2 o] F-Hx}] g3to] Z
A Algtas AEE 2l Qlo] ZERE 848 Zl+= DNA
o] Fejol] o]8F 4 Uk(15). Park 5-2(15) ©] HEIE ©]
83l dHe] =2 RE A48 72te GHES C glutamicumO-
ZHE Esidet, 2 dFelMe BEE 2EE T =
< &4E B p, FES A9 ol Wi AxdE A4S
Tyt

P oF 2.8 kbe] T ®A ofof tigh HAVIMDEA A
Y& 5 Zo= dihydrolipoamide dehydrogenase/glutathione oxido-
reductaseZ W3 gord FAAY C-TE FE] 36970 9]
baseE el ZoE A EUCKFig 1). P, FES 2EX
3" H-5-L& hypothetical membrane protein®] TZTEZ A7HAR|=
o] shrEle] vk AVIMES wA% A -107 359 7}
Z} TAGACT®} TTTCCAZ} A=Y= o5 7ML
ALl H]S=0] hypothetical membrane protein®] X T X E] Z A
288 Ao oAUt 22, o] Ado] AAE ZEw
HE 2838 200+ B} A=E A7 93] SHE ook
< Zlo|th.

A
Chromosome === > Y] 3
gorA 422bp Hypothetical membrane protein
p | 369bp 229bp 193bp |
19 r 1
180 bp
P1 80
BamHI Pstl
B

AAGCTTACGCAGCCGTAAGTTTTGAGTATCGAAAAATTTCCACGTCAAGTTAACTGCGTTAATAAAGGTGGAGAATAAGT 80

TGTTTCCAAGATCAATTCAAGGAAAGTTGCAJ'TT'I’CGCAGGTCAGTGTTACCCCCTAAGATACCCC‘ TCCArTGeATAC 160
AAAGGAAATACAT. [rAGACTITTGGECATTAGATT ACCTCGATAAAAGTT TAGGGAATCTAAATTCATTGATCAAGACTT 240

GCTGTCGCCTAGCT CTAATT CACT TGAGCCCGGCT GCT ARAGGT CAAGAT CATTGAATGCACTACT TGCTAGCAGTCATC 320

TGAARAAACGACGT TGGTTTCGTAGT CGCTGGAAAT TT AAT AAT TCCT CCGTCCCCT TCAACT AGGGGGTGGARACCCGA 400

CTATTTCCGARGGACTATTCT CATGCGTTCTT T CCGTACCGCEECAGT TGCAGGCCT TACTGCAGTT
Start for hypothetical membrane protein

Fig. 1. Map of the P, clone and its subclone P, 4, (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,g. 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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POl ek H& @910 2o v &4 2995 247 st
& subcloningS AAISFI ). Subcloning A3}, TZHE S48
2 FAE EE e pSKiCatP19 2 U Q37 oF
=S FE0 CAT 84S YEl= 06 kb AHS ke
FE2S B89, Al%E subcloningS £3l 3 TETE
3E Hol= 180 bpe] AW P F53IATHFIg. 1).

P, 0l 28t merx2| Z=FaHH|

HAGHE AE P B8 78S C glutamicum®] W)
2 Al HASlE merX +HAE o8-8t FR131] ).
C.  glutamicum®] metX FAAE XU AYL2HE Zof A
homoserineS-  acetylhomoserine 2 A ZA| A= homoserine
acetyltransferase (HAT)E Fd3te FHALE, Alx|2dl <]
73} repressions Wkl Q= AL E HAE O] ATk, 9, 14). C.
glutamicum metX AL T2 RE BE P O F WA H,
HAT &4 8448 SA31A metX F3A1] 24712 SIAIE &
915}3TH(Table 2).

Z2RE Jgo] WAH meX FHAZS pSKI(pSK1Catoll A
cat gene©] deletion® vector)dll R3] C  glutamicum
ASO19E120014 merX 72k} @dol] o3k HAT 2448 =43}
ATE. MB @A Place #+7F pSL365 clone®] 737 °F
240 wnit®] EAZAS YESA, P& FSH= pSL366<]
7350l ]9 oF 2ujol] SFEhH= 440 unite] EATAS LERR
ATHTable 2). MCGC HAHANE Be)o] meX TETEY
73~ repressing =713} derepressing 7104 <F 208 2] &4
2}o]Z Yehd vk, p, 3} P, TEREES SR merk
AR 2w =0 &4 Ao|vks UERNIT o= ¢
metX Z2HEZ} WX 5o olw|icito] o 2 FhA-H uj
A\ A 73S repressions W= WHH, P ZE2HEQL P T2
EHe vX e 59 opniite] tEFo g ShE w4
repressionS BEA] FAY &2 HA 59 repressionT =T
AMS HoFEH, w3 P ZEREHE JH merx F80
MCGC FHAHA9} MB GG Aol A 25 2= 3 7338 HAT
LS 7RO EA Py, ZEREZE A SN LA s &
7 AETE A A Ul Bo® AN 3 E
colidl X 7383 =2 e Fo] sz L&zl p KT} v =

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

Homoserine acetyltransferase, nmol min'' mg’!

Strain Plasmids MCGC
-Methionine + Methionine®
C olutami pSK1Cat 18 370 18
. glutamicum
ASOI9E]2 pSL365 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 medium.

Corynebacterium glutamicum metX X2 2434 303

100 r 1o

r 80 ros8

ey
S

Glucose (g/1)
=
=

ODgog
Methionine (g/1)

&
S
T
N
S

r20 o2

0 20 40 60 80 100 120
Time (h)

Fig. 2. Fermentation analysis. All strains were grown in CGX
medium (3). Bars indicate methionine concentration. Triangle indicate

residual glucose concentration in medium. Symbols: @ - A | C
glutamicum MH20-22B; O+ A, C. glutamicum MH20-22B/pSL.366;
open bar, C. glutamicum MH20-22B; filled bar, C. glutamicum
MH20-22B/pSL366.

A3 HAT 274< vehli= Aoz 2l =3l

ol87Fs S SUNA F= ZoE Adtdn. o] HEE
ol Aol ool wjA] ol opvieihs B Shretal
Qe Z2ANN FHHER v} 2] 3 repressionS HHA]
&= PigmetX clone op|=At AARS: 913 WA FAHAA
78] S5l -85 o8 2 Ao ATt

P2 234 24

ol =2t gtolal Aikre g & C glutamicum MH20-
22BE o83t EEE P, ZERE T F-84S 2153
k. C glutamicum MH20-22B+= 19923 Schrumpf 5(24)°] <]
s NE glolal AT O Z | aspartateZHF-E]  B-aspartate
phosphate2 9] Z3-S ©F3Sli= aspartate kinase®] feedback
inhibition®] SJA1E 22 oF 200 mMe] o|2lS Aiksh= o
2 gEA Ath24). PyymetXs C. glutamicum MH20-22B0]
PAHg 3 x| d ALk Wsks #EAsITHFIg. 2). C.
glutamicum MH20-22B 1 AA= WX 2dS A2 AYiIsiA e
AR P mery® SR A9 WX eue] Akl Hr) of
0.8 g/loll &¥hs ER1T = AT WX ] AYake] Hofj o
T2 & FAT AT dojubsd ol Hxedoe] AFF
2 4 S YA} T3 methionine AJ4HS Bl 4]
b AT BATE USS AT ol2lst A= P, TE
2H 9] 5844E g AAFH A0 P& o83 5
metabolite®] A4+ B AT FH2ke] SFe gk ALY &
Soll o] o] {88t o842 U vtk

2 o

INEIRET

B ATe B8)ER 21C ZEE Y] vAERFHAAZ-E7]E7)
HAMASH@AIHE MG05-0302-2-0)F &+ HEAE (F)o] 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, *Department
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 ,) responsible for the activity was determined. Tran-
scriptional fusion of the C. glutamicum metX gene to P,q (P 4-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 P ¢, 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 -metX into a lysine-producing C. glutamicum resulted in the production of
methionine to 0.8 g/l



