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Studies on Anti-cancer Enzyme, Methionine y-lyase

Hidehiko Tanaka
(Department of Bioresources Chemistry)

Methionine y-lyase, a pyridoxal-p dependent enzyme which was purified from Pseudomonas

putida catalyzes «, y-elimination and y-replacement reactions of L-methionine and its deriva-
tives, and also «, S-elimination and 3-replacement reactions of S-substitude cysteines. The
unique catalytic mechanism of methionine y-lyase was studied using 1-vinylglycine and the
mechanisms of inactivations were studied using suicide substrates, L-propargylglycine, S-(/NV-
methylthiocarbamoyl)-L-cysteine and L-2-amino-4-chloro-4-pantanoate. The enzyme also
catalyzes the rapid exchange of the «-and s-hydrogens of methionine and other amino acids with
deuterium from solvents. From these studies, mechanisms for «, y-elimination and y-replace-
ment reactions by this enzyme have been proposed; «-and 3-hydrogens of the substrate amino
acids are initially removed, and then the y-substitute is eliminated to yield a vinylglycine-
pyridoxal-P intermediate, which is a common key intermediate in «, y-elimination and -

replacement reactions. In addition, the gene encoding this enzyme was cloned and the primary

structure of the enzyme was deduced from its nucleotide sequences. The methionine y-lyase gene

was expressed in Escherichia coli. We found a part of an open reading frame (termed mdeB) in
the 3'-franking region of the L-methionine y-lyase gene, suggesting the presence of an operon
involved in methionine catabolism. The deduced amino acid sequence of MdeB showed a high
homology with the N-terminal region of the E1 component of pyruvate dehydrogenase complex
from E. coli. We purified and characterized the novel «-ketobutyrate decarboxylase (MdeB)
from E. coli transformant. Some of its properties were described.
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Table 1 Substrate Specificity.

Relative activity %%

Substrate
Elimination Replacement
L-Methionine 100 100
D-Methionine 0 0
L-Ethionine 55 57
D L-Methionine sulfone 55 39
D L-Methionine sulfoxide 21 43
L-Methionine sulfoximine 1 5
S-Methyl-L-methionine 4 0
L-Homocysteine 180 176
O-Acetyl-L-homoserine 140 202
O-Ethyl-L-homoserine 99 nd®
D L-Selenomethionine 282 114
L-Norleucine 0 0
L-Norvaline 0 0
L-Cysteine 10 59
D-Cysteine 0 0
L-Cystathionine 0 nd
S-Methyl-L-cysteine 9 125
O-Acetyl-L-serine 15 nd

“The concentrations of amino acids were 25 (elimination) and
100mM (replacement) except for L-cystathionine (5mM).
"ndmnot determined.
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Fig. 1 Proposed mechanism for the «, y-elimination and y-

replacement reactions of L-methionine and L-vinyl-
glycine catalyzed by methionine y-lyase.
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L-methionine y-lyase (P. putida)
cystathionine y-lyase (rat)
cystathionine y-lyase (S. cerevisiae)
cystathionine y-synthase (E. coli)
OAH-OAS sulfhydrylase (8. cerevisiae)
cystathionine f-lyase (E. coli)
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PSNPLLRVVDIAKICHLAREV-~--GAVSVVDNTF~LSPALQ
EKIVAIAHKH--~-GIPVVVDNTFGAGGYFC
PAIVAAVRSVVP—-DAIIMIEEEW-AAGVLF

200 1%
1) RPLELGAbLVVHSA&KYLSGHGDITAGIV—V GSQALVDRIRLQGLKDM
2} RPLALGADICMCSATKYMNGHEDVVME pVSV NSDDLNERLRF--LONS
3} NPLNFGAbIVVHSAbKYINGHSDVVL WL—A. TNNKPLYE-RLQFLQNA
4) NPLALGADLVLHSCTKYLNGHSDVVA V-1 ~--AKDPDV-VTELAWWANN
5) QPIKYGAbIVTHSA&KWIGGHGTTIGFII -VDSGKFPWKDYPEKFPQFSQPAEGYHGTIYNEAYGNLAYIVHVRTELLRDL
6) KALDFGIEySIQAATK!LVGHSDAMIG?A -V CNARCWEQLRENAY--L
250 I r a.n -
1) TdAVLSPHDAALLMRGIKTLNLRMDRHCANAQVLAEFLARQPQ—VELIHY’ SFPQY--TLARQQMSQP-GGMIAFELK
2) LGAVPSPFDCYLCCRGLKHCRSGWRNTFQDGMAVARFLESNPR-VEKVIY GE SHPQH--ELAKRSARAC~-PGMVSFYIK
3) IGAIPSPFDAWLTHRGLKTLHLRVRQAALSANKIAEFLAADKENVVAVNYPG KTHPNYDVVLKQHRDALG-GGMISFRIK
4) IGVTGGAFDSYLLLRGLRTLVPRMELAQRNAQAIVKYJQTQPL—VKKLYH’SLPENQGH——EIAARQQKGF -GAMLSFELD
5) —GPLMNPE‘ASFLLLQGVETLSLRAERHGENALKLAKW..EQSPY—I WVbX’GPPSHSHH——ENAKKYLSNGFGGVLS GVK
6) MEQMVDADTAYITSREFRTLGVRLRQHHESSLKVAEW_ FHPQ-UARVNH_pEPGSKGH—-EFWKRDFTGS ~SGLFSFVLK
. ‘350 _ -

1} GGIGAGR RFMNALQi%SRAVSLZ AES OHPASMTHSSYTPEERAHYGISEGIV{LSVGL“DIDDFLADV
2) GTLQHAQw--- VFLKNIKLFALAESLGGYESLAELPAIMTHASVPEKDRATLGISDTLIRLSVGLEDEKDLLED!
3) GGAEAAS--- KFASSTRLFTLAESLGGIES LEVPAVMTHGGIPKEAREASGVFDDLVRISVGIEDTDDLLED
4) GDEQTLR RFLGGLSLFTLAESLGGVESLISHAATMTHAGMAPEARAAAGISET IISTGIEDGEDLIADF
5) DLPNADKETDPFKLSGAQVVDNLKLASNLANVGDAKTLVIAPYFTTHKQLNDKEKLASGVTKDLIRVSVGIEFIDDIIADEF
6) KKLNNEELA---——=--= NYLDNFSLFSMAYSWG| !rG_TTANQPEHIAAIRPQGEIDF-—SGTiIRLHIGLEPVDDLIAEF
1) QQALKASA (398 a.a.)

2) GQALKAAHP (364 a.a.)

3) KQALKQATN (394 a.a.)

4) ENGFRAANKG {386 a.a.)

5) QQSFETVFAGQKP (444 a.a.)

6) DAGFARIV (395 a.a.)

Fig. 2 Comparison of the deduced sequences of methionine y-lyase, and other «, y—elimination and y-replacement pyridoxal-
P enzymes. The residues are numbered according to to the sequences of methitonine y-lyase. Deletions introduced the
segeunces are indicated by hyphens. Residues that are conserved in all the sequences compared with that of methionine
y-lyase are boxed. , pyridoxal-P binding lysine residue. €, proposed essential cysteine residue for methionine y-lyase.
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Fig. 3 Proposed role of Tyr1 14, as a general acid catalyst in
a, y-elimination reaction mechanism of methionine
y-lyase.
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7'a e — ZEEIC UL IEDRE 7 o0 Th B &
WL L, Lo L s, L-AF A= & MdeR
12 & % mde A Xv > DFEL, KW CTIIBZEI LD
-7z,
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E 1 23 B0IC, a7 b BRI @ W SRR 2R L
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Table 2 Comparison of the kinetic constants for a—ketobu-
tyrate, pyruvate and a-keto-n-valerate of a-
ketobutyrate decarboxylase E 1.

Substrat Km Kcat Kcat/Km
ubstrate

(mM) (s71) (s7'/mM)
a-ketobutyrate 0.016 17.1X10°2 10.69
pyruvate 0.147 5.36X107* 0.364
a-keto—n-valerate 0.149 12.8X10°2 0.859

Active site superposition of MGL (red), CBL (white), CGS (green)

iue in MGL

Fig. 4 MGL, CBL, CGS D;EMIRAINDELE
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