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High expression and activity of an L-methionine y-lyase genein
Escherichia coli
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Abstract: [Background] In order to develop new microbial resources in the ocean, our laboratory
constructed a deep sea metagenomic library by adopting the culture-independent metagenomic technology,
and carried out follow-up studies on the important genes. [Objective] To identify and highly express the
methionine y-lyase gene in Escherichia coli from the DNA library of deep-sea sediments. [Methods] The
gene mgl was overexpressed by pET-28a(+) system in E. coli BL21(DE3), which was induced by isopropy!
-D-1-thiogal actopyranoside, and the expression conditions were optimized to obtain the high expression of
methionine-lyase (rMGL). The recombinant protein was purified by affinity chromatography and the enzyme
activity was studied. [Results] The product rMGL was consistent with the predicted 46 kD, with high
L-methionine lyase activity. rIMGL could use L-methionine and DL-homocysteine as substrate, but had little
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activity on L-cysteine and L-cystine. Its relative activity on DL-homocysteine was 1.4 times of that on
L-methionine. [Conclusion] mgl gene from the deep sea metagenomic library can efficiently express rMGL

using pET-28a(+)/BL 21(DE3).

Keywords: Metagenomic library, Idiomarina, L-methionine y-lyase, Induced expression, Purification of

recombinant protein
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Figurel Colony PCR of random selected pET-mgl-DH5a transfor mants

. M: DL2000; 1-10. BEHLPkEREE4L T PCR i,

Note: M: DL2000; 1-10: PCR products of random selected transformants.
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Figure2 Colony PCR of random selected pET-mgl-BL 21(DE3) transfor mants
T: M: DL2000; 1-10: BEHLPEZERYHALT PCRIN; 11. BIPEXA.
Note: M: DL2000; 1-10: PCR products of random selected transformant; 11: Negative control.
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Figure3 Thepurification of rMGL protein

TE: M: B EbRC SM0431; 1: NiZEAHREAibA) rMGL; 2:
PET-mgl KBEE YT, #ikd8/R A 46 kD ) rMGL.
Note: M: Protein marker SM0431; 1: Purified rMGL protein by
Ni*-affinity column; 2: The soluble extract fractions of cells
transformed with pET-mgl. The arrow points to the rMGL protein
band of 46 kD.
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Figure 4 Optimization of induction temperature for
rMGL overexpression

F: M: EAPRC SM0431; 1-5: pET-mgl/BL21 £ 37, 30,
25, 20, 15°C 7Rk AHIER ; 6-10: pET-mgl/BL21 7 37,
30, 25, 20. 15°C Wi B H. #ikFURifn R rMGL.
Note: M: Protein marker SM0431; 1-5: The cells extraction of
PET-mgl/BL21 incubated at 37, 30, 25, 20, 15 °C; 6-10: The cells
fragments of pET-mgl/BL21 incubating at 37, 30, 25, 20, 15 °C.
The arrow points to the position of rIMGL.
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FRIEREMEA TR, G558, a2 ERY
o IPTG 2Lk >4 0.2 mmol/L ([ 5).
233 FEEXFRIEREN

MK £ SDS-PAGE AT i1 25 11 75 % il
IEVEIERE , rMGL BZRIAHITE 8-12 h i i)
() P B (B A B T3 o, 5K 12 h ekt

5 rMGL £i% IPTG iESiREHMKL

AR BN FOE o T IS T A U] 375 ) B K T S
SRR GRS, fE 12 h BRSO &
100 mL E53:977 il 623.9 U, ARHESCIOEORE, #iE
BAESEFEEA 12 h (K] 6).
24 EHEEHIREEGML

R NS5 FZHT 107 o 2 20 8 1 A T4
b, SO ASTR  E R s 2 R R AT T VR B A
b, MK 7 0453, 40, 80 mmol/L KMk RN I
TP, R RRZ4ERT; 160, 200, 300,
400 mmol/L ¥REZEN H W& T, 500 mmol/L Bk
FEVRBERAE ODgo LGS, IE HEN
WY Eve oo I I8 e 9 iy oY RV GES U R R
JIA 40 mmol/L BRIy, 80 mmol/L RISV AN
ZREEI, FH 400 mmol/L IKIsv A EEVRI H AR

—25.0

Figure5 Optimization of IPTG concentration for rMGL over expression
. SRFIREE IPTG #55: pET-mgl/BL21 7= A= 1) SDS-PAGE [, 1-8 43 |37k 0. 0.1, 0.2, 0.3, 0.4, 0.5, 0.8, 1.0 mmol/L IPTG

vkiis. M: B FERIC SMOASL; i S FURABAIA IMGL.

Note: SDS-PAGE of the cells extraction of pET-mgl/BL21 induced by different concentration of IPTG. 1-8 represent the concentration of
IPTGare0, 0.1,0.2,0.3,0.4, 0.5, 0.8, 1.0 mmol/L. M: Protein marker SM0431; The arrow points to the position of rMGL.
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Figure6 Optimization of induction timefor rMGL overexpression
W M: B AFRC SM0431; 1-6 43 3i36R pET-mgl/BL21 % 8, 10, 12, 14, 16, 18 hiFF = AEENE s ik FrRiiei rMGL.
Note: M: Protein marker SM0431; 1-6 represent the cells extraction of pET-mgl/BL21 incubated for 8, 10, 12, 14, 16, 18 h. The arrow

points to the position of rMGL.
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Figure7 Optimization of imidazole concentration for rMGL purification
T 1. MBS 2: 40 mmol/L PRMEFTZE; 3-8: 40, 80, 160, 200, 300. 400 mmol/L WRMEEBIE.
Note: 1: Crude enzymes; 2: 40 mmol/L imidazole washing fluid penetration; 3—8: 40, 80, 160, 200, 300, 400 mmol/L imidazole washing

collection solution.
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W2M” (Methionase, METase)™, s JL 4] X
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Figure8 Relative activity of rMGL on different substrates

intermedius . Citrobacter freundii . Brevibacterium
linens. Porphyromonas gingivalis %5 il J5 4= 5l )
Entamoeba histolytica F1 Trichomonas vaginalis H /&
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HERY], BIREAR, HiZhLTEZEH 44
[FIE L A SR A, 2 AN WE BRI A AT T
)RR, 2 AT RIRE I RRES B — R4
fitg, DUZRARAYTE BURT LA IR e M, T PLP
ZEG, TR 4 AN TEYERL AL

AR ST WA TR R 7 5 DR 20 SCPE R e 5 31 gl
LR FE T A 2 S DR A SO O s, R —
Tl e T e S, B R IR R PR B AR A5 2 B A
HICEFEFIFIER, TERRMAEY Z Rk
AIBIE ST L R 25 D] A DA 2 ) J 3 DA B o 35 77 i A=
YRR A iy T R AR . MGL e
SR FHAE T B PTG e . G T X Z R kb
SR H TS 24 ARt

BIRHATE RBITaiE T ZFMMGL, [HEIERE
BAE R 25 RO A 2, X F 2 AR
R MGL F S A SIS e s Al s, 4R
R EERIE . BN I R IR T ABIE S
i M 178 PR o 2 R S B R P R AP I DH500 3R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WIS WBREIR - R REERE IR AE R AP T v A A G 1R 3231

K, ARARR R LA — T fLRT A )
RN 2 2 i R ) P A 1 A A il R R
WAk BL2UDE3)F ik, (AT M FLmiA,
RKWA T =R fEAR S I k% pET-28a(+)
BAMR I FF A BL21(DE3)fE 1415 MGL HH .
PET RGLHY R IBK 455 R 3R A E K=
FIRIE R AT R, TR T R A
FEABETE Y, P R R S R
FmE, fHAEAEMBEASRE T RER
ik, DAY SRAK I v R e A, A
T 2o LR 0T S5 410 0 2 1 Tl R B A R A
WRIE LA IS 5 B R 4 R TS e b %, @
SDS-PAGE HJBER IS /3, EHE rMGL 2 57]
VRS 53% (5T I YRGER 34%),
FHBERAE e 2 DA AR 1 R 75 3Rk A T {1 7T
IAFIE 900 U/100 mL 3538, Ho-&m TEMAk
B8 IR pET-28a(+)/BL21(DE3) ik
rMGL 44 550k -

TERFEHIIEH, IMGL REfiEfL L-H B &R Al
DL-[RI AP B i 24, ()L ARERT L2t
IR L-BEEIR, Hodxt DL-[AI R e R (AL
SRR L-F B R AL SR o, AR S 1 24
okt L-H A B8R0 1.4 4%, SUREIZEN
T 1 > IV 2R IAE B4 PRS0 o [R]AE BLAT 43 B
BVER, WHEZYTT R E.

4 4

K F TR L DR S i gl ZE R RE A A
PET-28a(+)/BL21(DE3) &4 #ik . rMGL feffL L-
H i 2 e A1 DL-[R1 B e 2R 1 24, ARJL-F-AE
FF L-2P ez LIz , 265t Lo i 455
S S W 6 T AT B T R RS
REFERENCES

[1] Huang YL, Lai XT, He XC, et a. Characterization of a deep-sea
sediment metagenomic clone that produces water-soluble melanin
in Escherichia coli[J]. Marine Biotechnology, 2009, 11(1):
124-131

[2] Ivanova EP, Mikhailov VV. A new family, Alteromonadaceae

fam. nov.,, including marine proteobacteria of the genera
Alteromonas, Pseudoalteromonas, Idiomarina, and Colwellia[J].
Microbiology, 2001, 70(1): 10-17

[3] Tanaka H, Esaki N, Soda K. Properties of L-methionine y-lyase
from Pseudomonas ovalig[J]. Biochemistry, 1997, 16(1): 100-106

[4] Ohigashi K, Tsunetoshi A, Ichihara K. The role of pyrioxal in
methylmercaptan formation, partial purification and resolution of
methioninase[J]. Medical Journal of Osaka University, 1951, 2(2):
111-117

[5] Kreis W, Hession C. Isolation and purification of L-methionine-
a-deamino-y-mercaptomethane-lyase  (L-methioninase)  from
Clostridium sporogenes[J]. Cancer Research, 1973, 33(8):
1862-1865

[6] Nakayama T, Esaki N, Sugie K, et a. Purification of bacteria
L-methionine y-lyase[J]. Analytical Biochemistry, 1984, 138(2):
421-424

[71 Lockwood BC, Coombs BH. Purification and characterization of
methionine y-lyase from Trichomonas vaginaligJ]. The
Biochemical Journal, 1991, 279: 675-682

[8] Faeev NG Troitskaya MV, Paskonova EA, e 4.
L-Methionine-y-lyase in  Citrobacter intermedius cells:
stereochemical requirements with respect to the thiol structure[J].
Enzyme and Microbia Technology, 1996, 19(8): 590-593

[9] Dias B, Weimer B. Purification and characterization of
L-methionine y-lyase from Brevibacterium linens BL2[J]. Applied
and Environmental Microbiology, 1998, 64(9): 3327-3331

[10] YoshimuraM, Nakano Y, Yamashita Y, et a. Formation of methyl
mercaptan from L-methionine by Porphyromonas gingivalis[J].
Infection and Immunity, 2000, 68(12): 6912-6916

[11] Tokoro M, Asai T, Kobayashi S, et a. Identification and
characterization of two isoenzymes of methionine y-lyase from
Entamoeba histolytica: a key enzyme of sulfur-amino acid
degradation in an anaerobic parasitic protist that lacks forward
and reverse trans-sulfuration pathwaysJ. The Journal of
Biological Chemistry, 2003, 278(43): 42717-42727

[12] Manukhov 1V, Mamaeva DV, Rastorguev SM, et al. A gene
encoding L-methionine y-lyase is present in Enterobacteriaceae
family genomes: identification and characterization of
Citrobacter freundii L-methionine y-lyase[J]. Journal of
Bacteriology, 2005, 187(11): 3889-3893

[13] Rébeillé F, Jabrin S, Bligny R, et a. Methionine catabolism in
Arabidopsis cells is initiated by a y-cleavage process and leads to
Smethylcysteine and isoleucine syntheses[J]. Proceedings of the
National Academy of Sciences of the United States of America,
2006, 103(42): 15687-15692

[14] Miki K, Xu MX, An ZL, et a. Surviva efficacy of the
combination of the methioninase gene and methioninase in alung
cancer orthotopic model[J]. Cancer Gene Therapy, 2000, 7(2):
332-338

[15] Kokkinakis DM. Methionine-stress: a pleiotropic approach in
enhancing the efficacy of chemotherapy[J]. Cancer Letters, 2006,
233(2): 195-207

[16] Peron K, Jones TN, Gauthier SA, et al. Targeting of a novel

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3232 (DG ESTE Microbiol. China

fusion protein containing methioninase to the urokinase [J]. BE2EWETAE 24, 2008, 21(4): 353-355,359
receptor to inhibit breast cancer cell migration and [18] Kong CH, Xia LL, Xu SL, et a. Expression, renaturation and

proliferation[J]. Cancer Chemotherapy and Pharmacology,
2003, 52(4): 270-276
[17] MaBK, Wang HB. High expression of the L-methionine y-lyase

activity of recombinant methionine y-lyase expressed as inclusion
body in E. coli[J]. Biotechnology Bulletin, 2010(4): 189-193 (in

genein E. coli[J]. Journal of Medical Postgraduates, 2008, 21(4): Chinese) e i g R o
353 355350 (in Chinese) FLIRT, K252, IR, %, TR ARAIR ARk A
b, FLLI%. EEAMR AR TR IG AT T iR kA BB HERREL. A WHoR R, 2010(4): 189-193

RY Ry R HRY Y HRY Y R Y R AR Y AR Y Y oY) Y HRY Y R oY Ry HRY Y R oY Y AR Y AR oY Y oY) Y HRY oY R oY Ry ARY Ry R oY Y oY oY) AR oY Y HRY Ry HRY Ry RY oY Y R Y

iE F& AT N

1

CIRUE Y 2am Al ) S i b BB B A o i fn b B A Y0 2 90, DL Y2 I TR A 58 S BOR AR 5 1
TR FERLREMEZEARM T, AT A T, Ssccm), HEREZCHT, CSCD 0T, R EZ I FHRHE N T
=ENR P ERF G E RN T =S, IR R R 09 EIA T B TR D SCEC EA T . A 2012 AR E A,
ATILAE AR IR R T SR8 PR B 405 — T B 7 e A A AR R, IR Ak 300 A o DRGSR
R, s v DR SRR T T2 AR 18 S (F5000)” 35T H A 545 1)

ATITPEANAEARE: Tolb. . 5. L. Rl i, BE. KE. 49, BEAHAEY 2 MBEE Y E R R
o DREIENAL . LA S WSS BB R AR . P A BT E R AT, AR A e B RO SR . BRI
FHA: Wik . iS5k AR E . RRBR A RS,

2

BERHE B REF T 3T http://journalsim.ac.cniwswxtben, i EZ AR, H— A RIE SGEN, RIS H P4 %
i, SRIEARBRER R SE5CRmf , TE UL 32 0 SRR AR
3
31 CERFESKIS AP, BERATR, WULEN, Ea%th.

32 WIUMEBEEESEW: (1) BEUEREE—ARR, DI XAt 45 825 SRS R e i (2) BuUH EahiE
A, WANESFRBHHEN, RERH], XA DU A, DR ETSRNET; (3) @il il LETES, ORIERIER, M)
TN 5 (4) PESCHHEE R NN 5 SO 2 — 3, HAT H i SCMSE PR, 5 58 5 55 A0 0 SCRT HL %I RS 1 & K W
] 7 i o PR s (B) TP AR A SR, BRAERANE AN, Q1. DNA, ATP4E; (6) 7EJ& Ui % rh AL fdi il vhC
FHAR AT S
3.3 . WG, B4R, —SEOH . BEMNIEIERIARH, e IRE Rk E
34 JAEQESCEITH):

Foundation items:

*Corresponding author: Tel: 86-; E-mail:

Received: 01-01-20xx; Accepted: 01-03-20xx; Published online: 31-03-20xx

FGWH FEGIH (%5)

“HEVEE: Td: ; E-mail ;

Wk HAT: 20xx-01-01; %% H#: 20xx-03-01; M4 & HH#: 20xx-03-31

(F¥#% p.3324)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



