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Corynebacterium ammoniagenes®) purF A A2 A& & purFo] T2 2 E] 34 §-9 o car FAAE §FAIA
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Corynebacterium ammoniagenes= 1HF] Ao 24 IMPL};
GMP 59| 35k 319125 Aikele=t] de] AR-drkd, 13). 1
2}, o] vAEL] A HQl FoAE Bslal, o] e dlik
Aol A5k A7 o PAEE Hls| 5] o] FolA]A]
ekttt Ul a8 vIAER] Escherichia colify 1%
A v AE-S Bacillus subtilise] AF AgHAde] A9 HEZF Q) =
2oz 98 BN ATY AT 2 21 18 FHo
H A B A7) o] Fo A Th(15, 23). PurineAl k] 7
72221 PRPP (5'-phosphoribosyl 1-pyrophosphate)Z5-E] E.
coli®] 735 1WA, B. subrilis®] 735 102A1¢] A ¥-&-3
AA IMPE F/d3kiL(Fig. 1A), o] & 747 F TA Y W-g-&
A AMPS} GMPE- A/dsHAl dtt. ol& F PIAIES] purine
TP AE W FARHAIR, AT SRR AL AR
S AolS WL}, £ coli®] A5 purine VTS FIHE &
25 TE3l= FHAEL monocistron®| U A2 polycistronic
operon=Z TAE O AOL(15), B. subtilis®] 73+ 12701<]
FHAE ShF] operon & FAJE O] UTh(23). ©] F H|AE]
A feedback inhibitionol] 2]3+ WA ZH=go] Hag ul )
om, 24 TEQ] purRel]l &3 HAEEAA e 2HE M
o|FojAaL Qe A= AHA ATh(17, 19). C. ammoniagenes
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B Aol AME3t dF= C ammoniagenes ATCC 68729} E.
coli DHIOB (7)°]aL, €¥bEQ1 A E coli= 37°CoIA LBOIA,
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WstatE 24

Crude extract= FMCA B A& AR&-3te] di4=7] 0742 A
AN AEE A E T8l 35S = ol ATl s
H HO 2 AZlsle] Adel ARS-3FATH12). Chloramphenicol
acetyltransferase (CAT) &2 Shaw 5(20)2] WHel o5 =4
&9tk 100mM TrisCl (pH 7.8), 1mM DTNB, 0.l mM
acetyl-CoA, 0.25 mM chloramphenicolS X313+ W&o 243
&9 crude extractZ F7}3F ¥, 412 nmollA FH =9 HIlE
CAT 27495 S48t @A $& Bradford *Hol 23]
S48 ATH).

DNA =% 3! Z2tA0[=2| X|&f

712221 DNA Z2}2 7|&o| e ol A3t F=83}
HO.(18), C. ammoniagenes®] FAXAZ-L E. coli restriction-
deficient straing! ET12567 (145 AX 5% Zefv=s A
7195l 28] C. ammoniagenes N2 E=Psh= W02 o]F
ARk FRAA pwFre] Z2RE 999 car FHAAT SFE
(P mcat) ZEfan| == vRe-9) Wl o) AF =AY z2 R
B 99S Table 19] 718 Zeto|™ purF CAT FI3 purF

Table 1. Bacterial strains, plasmids, and primers
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CAT R2E AF83}4 Ex Tag polymerase (TaKaRa, Japan)S ©|
83 ZZ3 & BamHIY PsflC 2 Akah HAA3Ral o] ¢
HE 2 847 Add pSKICAT HE =93] pSL436S-
A2 T, Affinity chromatography Woll AR 5 Tk
biotin®] Z3HEl DNA @2 T3 o] A== et Zeto]w
purF PR F13} purF PR RIS AME-3 3ld DNAE S&3 &,
Gel Extraction kit (GeneAll, Korea)2Z FZ3}aL of|gh2-3 Mol 9
&) w3ate] Aol AT 3, Fig 1B 7]EE tE
X2 RE FHY997 37 ORF WA 22 dole] 495
purF OR F1 ¥ purF OR RIC.Z FE3}] QoA 7]=d Wy
I} FLsHA 5" Tl biotino] H¥E DNA ©HS FHIS)
2702 ALS3IATh

2

ofr

DNA ZE EtiE ol 22 I 7Y

DNA affinity purification= $]3}l Dynabead® M-280 streptoavidin
(DynalyS ARE3IATE -4 100 pl (6.7x107 beads)@] streptoavidin
o] E2M2] beadsS 2xB&W buffer (10 mM Tris, 1 mM EDTA,
2M NaCl, pH 752 23 AH3tda, ololA 100 ule
biotinylated DNA (100 ug/m)e} 100 pl2] A2 % beadsS 420l

Strains and plasmids

Relevant characteristics

Reference or source

Strains
E. coli
DHI0B F merA A(mrr-hsdRMS-mcrBC) ¢80lacZAM15 AlacX74 recAl endAl araD139A(ara, 7
leu)7697 galU galK A- rpsL nupG
ET12567 dam dcm hsd, restriction deficient (14)
C. ammoniagenes

ATCC 6872 C. ammoniagenes type strain ATCC
HL1103 C. ammoniagenes harboring pSK1CAT This study
HL1104 C. ammoniagenes harboring pSK1CAT::P,,_ This study
HL1187 C. ammoniagenes harboring pSL.360 This study
HL1200 C. ammoniagenes harboring pSL436 This study

Plasmids
pSK1CAT E. coli-C. glutamicum shuttle promoter-probe vector carrying a promoterless cat gene, Km® (16)
pSL360 pSKICAT carrying P (16)
pSKI1CAT::P pSKI1CAT carrying P, (16)
pSL436 pSK1CAT carrying P This study

Primers
purF CAT F1 CCGGGATCCTGCGACATATCAAACAAAA This study
purF CAT R2 AGCCTGCAGCCACGACGCTGATTCTACTAA This study
purF PR F1 (Biotin) TTGGCTGTGATTGCGACATA This study
purFPRRI1 TTCACGTCGCTGGGGAAAGTA This study
purF OR F1 (Biotin) TCTGTCTTTGACGCCGCTAA This study
purF ORRI GGTTGAGCTTGAGGCGAATA This study
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NCBI9] C. ammoniagenes purF = ANEHES Uﬂ =

af

DNAE A A3 W ¥ beads= TGED binding buffer (20 mM B MEe AB003158C. 2 SEE9] L, pwrFe}t purMo] 717}
Tris, | mM EDTA, 100 mM NaCl, 1 mM DTT, 10% glycerol, o] Yl Y= AL & F ANTKFig. 1B). ZHY, FH 9
0.01% Triton X-100, pH 7.5)& A|#F 3ttt FHE beadsS T 2 FHAEL obF 7153 ®40] o]Folx YA gkobA
crude extract ©F 50 mg& 4°ColA 12h B<F =74 4o A ORFIFE] ORFZIAZ W Eo] A= Aeeld], oJu] Al A
FAIZA. o], salmon sperm DNAE competitor DNAZ Alg- o] ZNE AR C. glutamicum ATCC 130328] A E3} H]
sttt Rhgo] FuE §, AFEA FUAY BiEcFog 4 wal I VS # z@l o ASATHFig. 1B). CLUSTAL W "H
Ste A E-2 TGED buffer2 MZ3t] A|ASIATE M2 3, of o3l B8] B A3} C ammoniagenes] ORF1-2 NCgl2498
Solxog ZHtEo] e HAES FElsh] ¢k, elutlon 3} 63%, ORF2E NCgl24973} 72.6%, ORF3:E NCgl249637}
buffer (20 mM Tris, 1 mM EDTA, 2M NaCl, 1 mM DTT, 10% 56.2%, purF= NCgl2495%} 69.5%, purMS NCgl24949} 80.9%,
glycerol, 0.01% Triton X-100, pH 7.5)5 7}sl] & 4 5% ORF4+= NCgl24929} 60.3%2] olu]x=At 4548 HIA, C
oA S AES o]EAIZ| 3L, Microcon YM-3 (MiliporeyS AHS- ammoniagenes®] FTRAAEC] & ¥ 22 A7]9] FHAER EA)
slo] 5% 2 29 388 A F, 12% SDS-PAGEE #4J3t  §-S 30l & &= qli).

ATk(11). HFH S Z Bio-Rad Mini Protean 11E AH&-3F 279

53 HolE @de] pandES 7120 SHE WHUE {FX purFe| =X

A 3NZE &S REEAIA AT M7 AFeA e 7=
o

silver A8te] AJzksFsloith21). T band®] £ 734 FAL FEAA purFe] Hdo] A= RS golR 7] 93|
Q1 ESI-MS WH-S- AR89, C. glutamicum®] genome DB NCBIo| SAE purFe] LS $AOZ Fig. 1B} 20 purFe]
& AH83te] 4431 Th(In2gen, Korea). TIHE F4 BHE FEFT &, Trd;(]"’ﬂ 312
transcriptional fusion Z2}~P| =5 A ZeA T} A XA pSL436S

A} al nEk C. ammoniagenes ATCC 6872 P =0l A7|gFol 23|

T3 & o] 7S HL12002.2 3t A4 02| purFe]

FEXL purFet FH FEXL2| A repression @S Gotiy] fJ&f wiAl] tkgt sEo] dV1E
C. ammoniagenes= A Al 4GS NCBIO| SAE o] A A7kt ARAIA AR crude extractE ©]-83l CAT EAS

2aL, 7 fFAA; AR REH o FAE Aok B A Sk Table 29 YERG AATH pwrF= 1 mM adeninel]

]

(A) (B)
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PRA
|
! ) G
| § b s
.. ! Proi _:ORF
biotin i i
XMP-— IMP — SAMP G @ m—
l l “PCR amplified region”
GMP AMP

Fig. 1. Representative pathways for purine biosynthesis (A) and comparison of genomic organization including purF and its flanking region
between C. glutamicum and C. ammoniagenes (B). Orthologous genes are indicated by identical color and numbers. For C. glutamicum: 1,
predicted membrane protein (NCgl2498); 2, acyl-CoA hydrolase H (NCgl2497); 3, hypothetical protein (NCgl2496); 4, hypothetical protein
(NCgl2493), purM: phosphoribosylaminoimidazol (AIR) synthetase (NCgl2494). For C. ammoniagenes, number 1, 2, 3, and 4 represents ORF1,
ORF2, ORF3, and ORF4 respectively. PCR amplified DNA fragments for DNA affinity chromatography is shown in gray box in panel (B).
Abbreviations: PRPP, 5'-phosphoribosyl 1-pyrophosphate; PRA, 5'-Phosphoribosylamine; IMP, inosine monophosphate; GMP, guanosine
monophosphate; SAMP, adenylosuccinate; XMP, xanthosine monophosphate.
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Table 2. Effects of base on purF expression”

Plasmids Base added (mM) CAT activities
pSK1CAT None 0.01+0.0
pSK1CAT::P,, None 16.0+1.2
None 2.510.2
1 1.910.2
3 1.6£0.3
Adenine
5 1.910.2
10 1.9+0.2
1 22403
pSKICAT:P
”’ 3 2.240.1
(pSL436) Guanine

5 1.910.1
10 2.0£0.1
1 2.610.1
. 3 2.5%0.5

Hypoxanthine
2.510.1
10 2.540.1

? Bases were added to the growth medium as described in ‘Materials
and Methods’.

b CAT activities (umol/mg/min) represent data from three independent
experiments.

93} 25%2] AHES YERAAL, 3mM, 5mM, 2 10 mMe] F
EoME fARE AE YERNTE. Guanine®] 739 1 mMZ}
3mMOlA 12%  AsiE YERAL SmMI} 10 mMolA=
20~25% AFNE HERNO] adenineoll M= 1 g9} F&
ol Asl =t 2 Aoz 9ebE it} Hypoxanthinee]
= AslE A g Zo=z YEth 99 Ax {3}
purFi= AT A repressionol]l 213l €F 20~30% oA =
HE wE Aol 1H R Adlrrel U o U
< & & AAEd, olv EL 7Y 2ES 23] H8)
PurF @ o] A== 79 feedback inhibitiono]l 23 T4
FoAe] FHARI 2ol EAY & S-S grlgtt. v &
AR purFS] SIS getelr] 98l Zzte] AYTAEE
CAT &5 S48 Hok=tl, Fig 20 vebd AAHE 5]
FRROZHE AR dABF CAT 8485 B, purre] &
AL 437 vt o]Foldte As & F AT E=3L
C. glutamicumo| A promoter probe vector (16)= ©]&3l H&|¥
promoter?] P& C. glutamicum| X 78§34 d &4
= Hole ez otHRlEH(6), © TERETF C
ammoniagenes| A= ARE-0] 7Fs%HA] B35k, 1 Ad E
coli| Al 733t promoterZ 7]&0l| ¥l p HT} BE 4G ©
AlolA 40~50%2] FFE promoter LS YERf= AoE B
o, C ammoniagenes®] ATAE GA] AL 71sES BR85S
TKTable 2 and Fig. 2). & A7E B30 C glutamicum®] ©]o]
C. ammoniagenesO| A= P o8] 733 E7d0] 1= ojA], 3l =
2RE 9] &5 Corynebacterium speciesd| A 3-87Fs4d0] =o}
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Fig. 2. Expression of purF during growth of C. ammoniagenes on
FMCA minimal medium containing 2% glucose as a sole carbon
source. Expression of purF was monitored by CAT activity as
described in the text. The cell extracts were prepared from C.
ammoniagenes  cells  harboring  pSKICAT, pSKICAT::P_,
pSKICAT::P g, or pSKICAT:P,, . Symbols for growth: ( @)
pSKICAT; ( O ) pSKICAT:P,; ( ¥ ) pSKICAT:Pg; ( A )
pSKI1CAT::P Dark gray, white, and gray bars represent CAT

purF*

activity for cells carrying pSKI1CAT::P,, pSKICAT:P,, and
pSKICAT::P , » respectively.

SPECERL TR

R purFe| Z2DEH FH PAo| Zgke =F chY
Zo| B

T Corynebacterium| Xl 53 F3xke] 24 Thil g 744
3}7] 93t affinity chromatography W] d7] 22o]al QJTKG3,
6, 10). Purine A&AJol Bojehs 24 GMAEEA E coli 2
B. subtilis°)X PurRo] Hi1E]o] QI=H), E coli®] 73 38 kDa,
B. subtilisc 62kDa®] homodimer$] AO.E & A Urk(17,
22). B AoNME C ammoniagenesS purF7} repression ==
Ao CAT &4 7447 ¥ £ 5mM adenine 3
guanines 71+ el 4] thg7] SR7EA] AR FAE 9
A3 &, AojR Il AE-S streptoavidin beadoll IF3VE purF
z29E FH99 DNA g A2FAA 24 ddS 734
3l Fig. 3914 & 5 & AAH, adenines F7Fsk 2217}
guanineS 7S 27104 ORF tZ2Tole HolA| AL} oF
g @A band7} ZERE FlRoX = A7AY DAl FH
@ bandSo] 242 3709} 57 BEE T ©] bandsS A
sto] ESI-MS WS B3 4% a8l & 23 A2, G2~G4=
o] E7FsslAtt. o= silver @Ao2 Q1% B9 T
o] & wiEQl Aoz dAHET: UHA] FollX A1 Gl 22
Az ==, C o glutamicum®] Crp-family transcriptional
regulator (NCgl0120)%} “d&40] =& 2102 el A39} G4
Al 2 SelEF LuxR-family bacterial regulatory protein
(NCg2472)0. 2 FAE]c. o] SdES 242 Alke oA
o] =17)7} 40.1 kDa, 30.8 kDa®Z Fig. 3914 #ZH band®] =
719} ALY FAFSIAT. SFARE, metaboliteE 71814 g2 27
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Fig. 3. SDS-PAGE of proteins isolated by affinity chromatography
employing the purF promoter region as the binding target. Proteins
were visualized by silver staining. DNA fragments designated as
Promoter (Pro) and ORF are described in Fig. 1B.

o] =2 WE FHFGS AHES AFA A F ade 3
717k AR bandEo] HEE A= (Fig. 3), ©] bands A
ARy, C19] ASol= C efficiens YS-3142] conserved
hypothetical protein®] A3, C22] 7Sl AU G49F 22 C
glutamicum®] bacterial regulatory protein®] ZHAE| AT}, we}A,
purFe] T2 WE FAGA purine baseZH-E FE=5 0] A3
oA F LuxR-family bacterial regulatory proteine H|5-0]%<1
Aglo] 93t Aoz AZEM, Crp-family transcriptional
regulator (NCgl0120) Wro] 5o]ZQ1 Agte] &gt z1o 2 A%l
o C  glutamicum®] o u]x=2F  AMFo|  THISle  C
ammoniagenes A% (unpublished data) S ZHE] A3 C
ammoniagenesS] NCgl0120 homologue ©HA 2] 739~ 4007} 2]
ol Ako 2 JAF o] 91O DNA star T2 1L AL23 &
AZA3}, 42kDa] TAS THET, ple 499 Fo® FGE
t}. 3L VS dEA UE E coli D B, subtilis®] PurR¥}
V2t 14.1%, 15.8%<] oAt 45dE B, PuRY= T2
TR TiAYd Aoz AE

LAl o

o] =2 2009 BHALCE =tz S AT A
S wkol AFE A A Dol| A= HUTHKRF-2006-F00002 to
H.-S. Lee).
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ABSTRACT : Regulation of Corynebacterium ammoniagenes purF and Isolation of purF-Specific Reg-
ulatory Proteins
Seok-Myung Lee', Younhee Kim?, and Heung-Shick Lee'* ('Department of Biotechnology
and Bioinformatics, Korea University, Chungnam 339-700, Republic of Korea, *Department of
Oriental Medicine, Semyung University, Chungbuk 390-230, Republic of Korea)

The expression of Corynebacterium ammoniagenes purF was analyzed by utilizing a plasmid carrying a cat
gene fused to the purF promoter region. Adenine and guanine repressed the expression of the purF gene by
20~30% but hypoxanthine did not exert such repressive effect. The expression purF was maximal at the late log
phase and remained constant throughout the stationary phase. Promoter P,o, which was developed in C.
glutamicum was also functional in C. ammoniagenes, achieving maximal activity at the late log phase. The pro-
moter outperformed Escherichia coli P, promoter by 40~50% level. DNA-affinity purification identified a pro-
tein which could bind to the promoter region of the purF gene. The protein showed high similarity to the CRP-
family transcriptional regulator encoded by NCgl0120 in C. glutamicum. The size of the screened protein agreed
with the expected protein size from the ORF NCgl0120. The corresponding gene in C. ammoniagenes encoded
a 42 kDa polypeptide composed of 400 amino acids with expected pl of 4.9. The encoded protein showed
14.1% and 15.8% identity with E. coli and Bacillus subtilis PurR, respectively, suggesting that the isolated pro-
tein might be a novel type of regulatory protein involved in the regulation of purine metabolism.



