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Structural Analysis of the mde Operon Involved in
L-Methionine Degradative Metabolism
of Pseudomonas putida
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The mde operon and an upstream regulatory gene (mdeR) have been cloned and
sequenced from Pseudomonas putida chromosomal DNA. The mde operon contains
two structural genes involved in L-methionine degradative metabolism, which are
mdeA (L-methionine y-lyase gene) and mdeB (a gene encoding a homologous protein
to the E1 component of pyruvate dehydrogenase complex). A rho-independent
terminator was present just downstream of mdeB and open reading frames corre-
sponding to other components of a-keto acid dehydrogenase complex were not
found. When the mdeB gene product was overproduced in Escherichia coli, the E1
activity of the cell extract showed high specificity for «-ketobutyrate rather than
pyruvate. These results suggest that mdeB encodes a novel E1 component, a-
ketobutyrate dehydrogenase E1 component, and plays an important role in the
metabolism of a-ketobutyrate produced by L-methionine y-lyase from L-meth-
ionine. In addition, we found that mdeR gene was located on the opposite strand and
began at 127 bp from the translational start site of mdeA. The mdeR gene product
has been identified as a member of the leucine responsive regulatory protein (Lrp)
family and revealed to act as an essential positive regulator allowing the expression

of the mdeAB operon.
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IGER & LT Escherichia coli DH 1 J1r MV1184
R E 3 N UPATII = B N4 Al M = Sl = SR
9-28 (HA>—>) 2MAL 2. pUC118/119,
pMW218 (HA > —> ), KU pET-11a (Novagen)
i3, BIRTEYO R I ERAES OBE I X
7z, P.putida R OKEROREZEL, 0.25 %9 L
“AFF =R EUEHY T LB 570 T37C 2
1328°C THRMWIZAT» 72, E. coli ORI IZ LB
L TT7TEsY sy (50 mg/ L) Xi3zHF<4
> (50 mg/ £) EAML 7.
mde AXarporu—=—ry

TS LTATTN)—EERT B2
DRtsfk DNA % BamH 1 THUIKL,
9-28lc7va— Ll 7z, oAz s v m 3
FO9-28%T0 087 7—YRFRIC Sy r—2 0 7L,
E.coli DH 1 12832 ¢/2. BRI+ % Lol
A2 KGEIE, a0 =2— TN {3
gk 2 o) == L, Te—-T7E LT
mdeB BIBFO—% &L Pst1-Sac 1272 bp %
(& @P1dCTP T L 72 b 0% Fv 72 (Fig. 1A).
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Fig. 1
promoter analysis of the mdeA (B).

Restriction map of BamHI fragment of pYH1 001 containing the mde operon (A) and the fragments used in

The positions and directions of transcription of genes are indicated by arrows. The fragment used as a probe
for cloning is indicated with a bold line. The directions of transcription by the lac promoter are indicated with

the short arrows. B, BamH! ; Sa, Sall ;

St, Stul ; P, Pstl ;

Sc, Sacl ; H, Hindlll ; Sm, Smal ; E, EcoRl.
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FEGY L, pUCLIQICHEA L 2L D275 2
I F pYHI1010& L 7z, pYHI0I0fRE E. coli
MV1184i%, LB B THFE, 8%, Buffer A(0.1
mM F73Ivel) yBRY3 mM iEfker R
T LEET10 mM ) CEERRER (pH 7.2)) 10 BE
RBF R I N, sk Lol - BiEE
ARG & L, HIRRAIZEIC Buffer A T2 &
Peigig, 3000X g TLOoEBLaTEEL, Bonik
B & ANE Sy & L7, BESr OS5t SDS-R )
TIZINT I FESUKE) (SDS-PAGE) 12 & D17
7z,
BREENEE

PDH #A41K E 1 545 B U mdeB &15TEMOIH
REEEEMEE, 26 7vun 7 ) — A F T/
—)L (DCPIP) M#ETL %5 Lowe & DIEMEBEIE
IHE- 7128, L-AF A= »- ) T—EEHED L, R
IGHEAE LT a7 VEEEEE 3- X FN-2-X2VFT
vark P72V ERBE S S3ETESRL .

BRCERE

mde #~ 0 » OEE BRI
dn=Z—NA TN ITA L= 3 3L B A7
== TDFRER, mde Ao %EFL BamH]1 15
kb Wi}y & &isilAadaz 775 2 2 F pYH10012'% 5
7z (Fig. 1A). X DNA ¥k i3, Ligiic 7 o—
= TENT W mdeA &I TF 2L A (Fig. 1
BN pYH 4 I2HS®) £ELICFA TV, HER
FIEAT DFER, mde FH~<v id 2 DOMBEEIEF
(mdeA B mdeB) 6%, X, AA~=oro
127bp LIz v Tl )i FHEEAE T (mdeR) »
FAET B Z EH LI B N2, mdeB BT D 3’
- PRI e — IR EED S — I A—F — il
DRNIZEN, BAo P2 2 TRET L2 DT
IR R N2, P. putida O RNA w7z /) —F
CIERTDRER, mdeAB B FHE—EE B TH
L2 LI EN, BICEPDO L- A F A=
& DAL ~2o > mRNA VUL THEL ST S
Z &L R& N7 (data not shown). i, AA~<o
> ndRIEES| (Fig. 1A, Sty 1-Smal 4,707 bp
%) 2, DDBJ, EMBL, GenBank ® % DNA 7
= FNY T AT MZEERZ LT 5 (accession No.
D89015) .,
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Fig. 2 SDS-PAGE analysis of the cell extracts of E. coli
transformants.

Lanes 1 to 4 and lanes 6 to 9 indicate soluble
fractions and insoluble fractions, respectively.
Lanes 1 and 6, E. coli MV1184/pYH1010
incubated at 37°C ; lanes 2 and 7, E. coli
MV1184/pYH1010 incubated at 28°C ; lanes
3 and 8, E. coli MV1184/pUC119 incubated
at 37°C ; lanes 4 and 9, E. coli MV1184/
pUC1 19 incubated at 28°C ; and lane 5, molec-
ular weight standards (top to bottom : 94 kDa,
67 kDa, 43 kDa, 30 kDa, and 20.1 kDa).

Table 1 Expression of mdeB in E. coil MV1 1842
Specific activity (mU/mg)®
Substrate pYHI1010 pUCI119
28°C 37°C 28°C 37°C
a-ketobutyrate 4.80 0.44 0.46 0.96
pyruvate 3.70 3.08 3.28 4.40

8F. corl MV 1184 transformants were grown at 28 or 37°C in
LB.

®One unit of the enzyme is defined as the amount of enzyme
that reduces 1 gmol of DCPIP per min at 30°C.

mdeB EWMDEE

mdeB #1513, 2,673bp (8917 3 /&), FtE
todTa= 3 FEHI8,082DF o7 F R 0
— FLTL T, mdeB JEMOHERET  / BBELY)
13, E. coli® B Alcaligenes eutrophus'® N
PDH #&4k E 1 REERS & £FHBIc b2 21
Z150.5 %, 53.3 BOEmHEEERLZ. X
BRAEYS 7T LRIk 2 1 & idHEE o+
T I rben ) BEEAA UM AR 2 RS )
S, INSDFERIL, mdeB FEh 7T LBEMEH
¥fi7e PDH #HAK E 1 BRI RERE 2R BER T
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mdeB FEWNFEBL 7 2 3 F pYH1010 (#%l &
Fa) Rrarru—nk LT pUCII9%2ET % E.
coli TWHBRIRMR 2 37C THEFEL, T FNOHKD» 5
SRS L 7o ARy M N EEEGr 2 SDS-PAGE
e L 72, £ OFER, mdeB EWIIH94 kDa @ %
Doy E L THBL T a2 &R S 17205,
U TREEERL TH- 72 (Fig. 2, v—21,6).
—7F, 28C THEIEL 72RO\, [HEkIC SDS-
PAGE icfit| 72 & Z 2, WiE MBI —E mdeB pE
M RBLL T3 2 EhRa s (Fig. 2, L—
2,7). BREWZ &2, 28C TEFEL 72 mdeB PE
YRR O W EHESIS, a-r FERBICHL Toi
v E 1R B EE2 /R L 72 (Table 1), X, &
L CBRICHT A2 DI, ZEA Y ERLLH
-7z, - T, PDH #&4K E 1 BRBEKS & D—
KEGE Lo WHEEEIC LB 59, mdeB EWMIL
FEF RN D EBERE L R 2HE O E 1 BREE
WA THDHIEDTBEEN, Tiehbt mdeB FEW
W, L- A F A= 5 BRENT: a7 BRI
NEHELZ WD I DN EELHRELLOZ &
HERINA.

PDH #4&1kiz, E1 B xEEERS, E22E Fal)
KT IFPEFNULEF TR 727 EaT,E3 2
Fol)RK7 32 F7FE Fusyr—vlaodr—ENES
THEELIEXEEERTH L., 2oL ) kAR
FELTE, PDHLUAMC a4 F 7L 2 LEET & B
0y — RS FEE T B e — AR
PHLNTBY, TNENDFEEGOEILAIIKEE %

Table 2 Expression of madeA in E. coli MV1184

Specific activity (mU/mg)?

Plasmid

LB Met-medium®
pYH 2 NDe¢ ND
pYH 2/pMUS 5 34 24
pYH 2/pMW 219 ND ND
pYH 4 ND ND
pYH 7 17 7.8
pYH 5 18 12
pYH 6 17 4.1

30ne unit of the enzyme is defined as the amount of the
enzyme that catalyzes the formation of 1 umol of a-
ketobutyrate per min 37°C.

*Medium containing 0.25% L-methionine.

‘Not detected.
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B4 5, 25 DK BEIZFIZEFEL,
E2XizE1l, E2, E3DJETARu> 2EKT 5
ZEMMLINT V5, mdeB 1513, E 1 BREERK
SEIA-FLTWBICHELLT, E2, E3E
LT 5BBET BRI e h - 72, #E-> T, mdeB
PEM B G ARBER & L THERET A 7213, E 1 oy
DT 3 EE—KEEH 72 PDH #8640 E2E3
B 2 L O 2 WEEEDTE V. BEAIRES HY B
WTHEAET HPL, fBicd A. eutrophus @ PDH #
A48 E 1 BBl T pdhEW e, P. putida HPDH #
GAKE 3RRBIE T pd32 5 H D, Wb AR
ENIARBHTH 5. mdeB WL 7, ZNLHEMT
FAET A AR L, KRN DEREEIZIG L
THERFRERNCMEDL TR LLTA VAL L L
THILL, BHoBEEERES — (&) % &k
152 THAKRBEOMWHE 22L& 8, KB
n%E ) FCHAETHEEL LT b LM%
v
mde # =0 OFRIBIZWHEL mdeR EHDEE

mdeR Bi5T1, 477bp (1597 3 /&), it&E L
DY T =y T EHINT7,836DF Lo EH B a—
FLTL T, mdeR W, Lip77 3 —¢&
MeE i 5 —HEDHL s >~ 78 (K. coli ¥ Lrp'?,
P. putida 8K BkdR', Rhodobacter capsulatus W
Sk PutR'® 7 &) & #925-40 % 0 — K _EOAHEE
%L, mde v > ORBIHEICBH 5 HE 5 >
NI L TERT 5 Z EARB R AL72. mde %
v DOFRBUZ BT 5 mdeR pEIOE LD 126
I, AA e a5 RFiiidE ke ke 2icH) (Fig.
1B), E. coli W TD L-AF+ =2 y-V) P—rif
T2~z £ DR, TL7h mdeR BIZT2ET
7523 F (pYH 5,6,7) 2RAT AR THEMED
Bgzansz (Table 2). X, mdeR #IET%5E4e
EFEwpYH2iIcBWT, pUCLI9HIEMET7 2
A X FTHDH pMW219IZ mdeR BT 2#IEAL 2
pMUS S #[EEEIC E. coli FIcTFLES ¥ 72K, pYH
QD L-AF A= ) Pt DREA 52 & A
RN, TS DFERIE, mdeR BEMDY mde A
~u > DORJUNAL IEDORER T TH Y, mde +
oy N7 nE—F K E mdeR FEYIDEREIZAH
HERT A2 & #RHT 5%,

mde A v, P. putida 2B Tld L-AF
A=z k- TEEHE IS, P. putida % H\ 72 mdeR
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7'u - Y —EEDOMHTES b, mdeR EIETT, B
OB IZBE b S5 TREBIICRBLE LS Z & 2Rl
27z (data not shown). Bll% P. putida 123\
T, mdeR BIZTEWIZHFEIINEER & L THFE
L, mde # o> DFEBRMECWE 250, L-4F
F = DFFEEF L-AFF =25 mdeR I2EHL T
EHR D, mde A0 > DREBLLEAET 5 & F
Z btz X & BUOBREE, o Lrp 77 2
N —FRE S oI BWTLBRICRES TV Y,
Lo L%edss, E.coli IWHESEHKRTIZI -4 F 4+ =
Y2k B mde AR BFEIBEI N L5112
(Table 2). XEHr@EE N E. coli BHE
RIZBWTY, L-AF 4= 25U THEEL
72 P. putida TO L-AFF =% y-1) T—tifh
(70-120 mU/mg) 23l U TIRWIEME L 7R S 20wy,
PE-T, E. coli NTD mdeR FEMIIH I AT
ELTHETE, TEAHL Tw b Z e 3 s, L-A
F A =2 W mdeR B & EMEALT B EBOHE R T
EI?IE, HWEDEZAIF-EN Lewv, F2P.
putida & E. coli @& RNA K A7 —FDiEWL
mdeR FEY & OMHAERRRBNFRICZE L RIFT
WRetEb » Y, SHRELDIBEILETH 5.

= #

mde * <0 > R E D FRFAGIRIET (mdeR)
7% Pseudomonas putida 364K DNA 205 70 —=
TEN, NS DB T OIRIERY | PE I N,
mde 21 |3, L- A F 4 = BRI Eb LA
2 ODOWEEEBIGT mdeA (L-AFA4=> y-1) 7 —
PIBET) R, mdeB (ENLVE BT E Fosrt—
THEEERD E1 oINS 5 5> 237 %k 2
— R BIEETF) 2 FA TV, v—KTIEHKER
DY =3 F—F— 3D mdeB OF CTFHRISHAEL,
a-7 FEETE Fu st — il RO L
TEA—T =Ty 7L =LA LN o
72, mdeB FEWMIIS KGR CHBERBE NI L E,
FOMBMETIL, ELrECERED L L Ba-F b
Rl P L m R R A R D E1 B2 L 72 §
TbbH mdeB BIETIIHHO E1ERS THba 7
FEEETE Fus -+ E1lRSEa—FLTHY,
L-AFF=vpbL-2F A=y ) T—FiL -
THEENIza-7 b BEEEOREIC, mdeB 27 HE 7
HE R AR E N, BICHK 2T, mdeA

Pseudomonas putida @ L-XF A 3BRFAOOHHR 57

EIZ T ORI 5 5127 bp LR A1z 2 —
FENS mdeR BIZTH WKL, mdeR PEW
13, oA mEFAEHS o (Lrp) 77 3 Y —
NH—2r LTHEEE N, mdeAB v NFEBIC
W IEDHIE T & U TERT 5 2 &0 50 &
o7z,

El =

AAFFEIL, TR 6 FEL S ST E L T 3 ERICF 251N
k#i?\l%iﬁﬁ% (FSPREREBEMUE M OBRE T & R ZEPE~
DOWH) L TUT- 248D TH 5,

X 7y

1) Soda, K. : Microbial sulfur amino acids : an overview.
Methods Enzymol., 143, 453-459 (1987)

2) Nakayama, T., N. Esaki, K. Sugie, T. T. Beresov, H.
Tanaka, and K. Soda. : Purification of bacterial L-
methionine y-lyase. Anal. Biochem., 138, 421-424
(1984)

3) Nakayama, T., N. Esaki, K. W-]J. Lee, . Tanaka, H.
Tanaka, and K. Soda. : Purification and properties of
L-methionine y-lyase from Aeromonas sp. Agric.
Biol. Chem., 48, 2367-2369 (1984)

4 ) Bisswanger, H. : Substrate specificity of the pyruvate
dehydrogenase complex from Escherichia coli. J. Biol.
Chem., 256, 815-822 (1981)

5) Van Dyk, T. K., and R. A. LaRossa. : Involvement of
ack-pta operon products in a-ketobutyrate metabo-
lism by Salmonella typhimurium. Mol. Gen. Genet.,
207, 435-40 (1987)

6) Inoue, H., K. Inagaki, M. Sugimoto, N. Esaki, K.
Soda, and H. Tanaka. : Structural analysis of the L-
methionine y-lyase gene from Pseudomonas putida. J.
Biochem., 117, 1120-1125 (1995)

7) Sambrook, J., E. F. Fritsch, and T. Maniatis. : Molecu-
lar cloning, a laboratory manual, 2nd ed. Cold Spring
Harbor Laboratory Press, Cold spring Harbor, N. Y.
(1989)

8) Lowe, P. N, F. J. Leeper, and R. N. Perham. : Ster-
eoisomers of tetrahydrothiamin pyrophosphate,
potent inhibitors of the pyruvate dehydrogenase
multienzyme complex from Escherichia coli. Biochem-
istry, 22, 150-159 (1983)

9) Stephens, P. E., M. G. Darlison, H. M. Lewis, and J. R.
Guest. :

Escherichia coli K12. Nucleotide sequence encoding

The pyruvate dehydrogenase complex of




58 #t ZEZ 3%

10)

11)

12)

the pyruvate dehydrogenase component. Eur. J. Bio-

chem., 133, 155-162 (1983)

Hein, S. and A. Steinbhel. : Biochemical and molecu-

lar characterization of the Alcaligenes eutrophus
pyruvate dehydrogenase complex and identification
of a new type of dihydrolipoamide dehydrogenase. ].
Bacteriol., 176, 4393-4408 (1994)

Hein, S. and A. Steinbhel. : Alcaligenes eutrophus
possesses a second pyruvate dehydrogenase (E1). Eur.
J. Biochem., 237, 674-684 (1996)

Palmer, J. A., K. T. Madhusudhan, K. Hatter, and J.
R. Sokatch. : Cloning, sequence and transcriptional
analysis of the structural gene for LPD-3, the third
lipoamide dehydrogenase of Pseudomonas putida. Eur.
J. Biochem.,, 202, 231-240 (1991)

13)

14)

15)

BILAYREBLFRE Vol 87

Willins, D. A., C. W. Ryan, J. V. Platko, and J. M.
Calvo. 1991. Characterization of Lrp, an Escherichia
coli regulatory protein that mediates a global
response to leucine. J. Biol. Chem., 266, 10768-10774
(1991)

Madhusudhan, K. T., D. Lorenz, and J. R. Sokatch. :
The bkdR gene of Pseudomonas putida is required for
expression of the bkd operon and encodes a protein
related to Lrp of Escherichia coli. ]J. Bacteriol., 175,
3934-3940 (1993)

Keuntje, B., B. Masepohl, and W. Klipp. : Expression
of the putA gene encoding proline dehydrogenase
from Rhodobacter capsulatus is independent of NtrC
regulation but requires an Lrp-like activator protein.
J. Bacteriol., 177, 6432-6439 (1995)




