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A common precursor for the three subunits of
L-glutamate oxidase encoded by gox gene from
Streptomyces platensis NTU3304

Chien-Yuan Chen, Wen-Tung Wu, Chang-Jen Huang, Mei-Huei Lin, Chen-Kai
Chang, Huei-Jen Huang, Jiuan-Miaw Liao, Ling-Yun Chen, and Yu-Tien Liu

Abstract: A segment of DNA containing the-glutamate oxidasegbX gene fromStreptomyces platensiSTU3304

was cloned. The entire nucleotide sequence of the protein-coding portion consisting of 2130 bp (710 codons, including
AUG and UGA) of the cloned DNA fragment was determined. Tux gene contained only one open reading frame
(ORF) which coded for a 78-kDa polypeptide, the precursor of active extracellular Gox. Mature Gox is composed of
three subunits, designated @sp, andy, with molecular masses of 39, 19, and 16 kDa, respectively. Analyses of the
N-terminal amino acid sequences of the subunits revealed that the order of subunits in the precursor polypeptide en
coded by the ORF, from N-terminus to C-terminusgaisy3. The presence of the flavin adenine dinucleotide (FAD)-
binding motif place Gox as a member of the flavoenzyme family. Furthermore, a negative effect of glucose on the
biosynthesis of Gox was observed when it was used as carbon source.

Key words L-glutamate oxidasegox gene, signal peptide, DNA sequence, flavoenzyme, plJ702 vector.

Résumé: Nous avons cloné un segment d’ADN &reptomyces platensNTU3304 contenant le géne de la L-

glutamate oxidasegpx). La séquence compléete de nucléotides de la portion codante de '’ADN cloné, représentant

2130 pb (710 codons, incluant les AUG et UGA), fut déterminée. Le gxecontenait seulement un cadre de lecture

ouvert (CLO) qui codait un polypeptide de 78-kDa, le précurseur de la protéine Gox extracellulaire. La protéine Gox
mature est formée de trois sous-unités, nomnogds ety, ayant des masses moléculaires respectives de 39, 19, et

16 kDa. Les analyses des séquence amino-terminales des acides aminés des sous-unités ont révélé que l'ordre des sous
unités, telle que retrouvée dans le polypeptide précurseur codé par le CL&yet de la terminaison aminée a la
terminaison carboxy. Le présence du motif de liaison a la flavine adénine dinucléotide (FAD) place Gox dans la fa-

mille des flavoenzymes. Dans une autre expérience, le glucose a eu un effet négatif sur la biosynthese de Gox lorsqu'il
était utilisé en tant que source de carbone.

Mots clés: L-glutamate oxidase, gérgox peptide de signal, séquence d’ADN, flavoenzyme, vecteur plJ702.

[Traduit par la Rédaction]

Introduction and Su 1991). Based on this unique enzymatic reaction,
glutamate oxidases make useful analytical tools for the

L-Glutamate oxidases (EC 1.4.3.11) produced by SOm,,,qsitative assay af-glutamic acid produced in fermenta

Streptomycespp. are flavoenzymes which catalyze the-oxi yjo hrocesses (Chen and Su 1991). This enzyme has also at
dative deamination of-glutamate toa-ketoglutarate with

h ducti f hvd e (Kusakab racted considerable attention due to its potential application
the reduction of oxygen to hydrogen peroxide (Kusakabe ef, yhe glinjcal diagnosis of liver function, where it is used to

al. 1983; Matsuzaki et al. 1982; Bohmer et al. 1989; Chenyoaqre serum glutamate oxaloacetate transaminase (GOT)
and glutamate pyruvate transaminase (GPT) levels in the
Received September 8, 2000. Revision received December 1&/inical laboratory (Cooper et al. 1991). Furthermore, by tak
2000. Accepted December 21, 2000. Published on the NRC ing advantage of its specificity farglutamate, this enzyme
Research Press Web site on March 5, 2001. is also useful in evaluating the quality of foods (Chen and
C.-Y. Chen, W.-T. Wu, M.-H. Lin, C.-K. Chang, and Su ]Iégtg)il; BdlankI:enste]!r;hgnd Preusgh(_)tff 19'[93)t.' ??other rte
H.-J. Huang. Institute of Agricultural Chemistry, National markable advantage of this enzyme IS ItS potential for use 1o

Taiwan University. gether with an @ and H,0, electrode in the construction of
C.-J. Huang. Institute of Biochemistry, Academia Sinica. an amperometric biosensor forglutamic acid or GOT/GPT
J.-M. Liao and L.-Y. Chen. Institute of Biochemistry and (Chen and Su 1991; Cooper et al. 1991).

Instrument Center, Chung Shan Medical and Dental College, Many microorganisms can produceamino acid oxidases
TaiCth‘g-l _ ) _ (Stumpf and Green 1944; Knight 1948; Burton 1951; Duerre
Y.-T. Liu. ~ Institute of Microbiology and Immunology, et al. 1975); however,-glutamate oxidases are produced

National Defense Medical Center, P.O. Box 90048-505,

Neihu, Taipei, Taiwan, Republic of China. mainly by Streptomycespp. Although the properties af

glutamate oxidase have been reported (Matsuzaki et al.
ICorresponding author (e-mail: ytliu@ndmctsgh.edu.tw). 1982; Kusakabe et al. 1983; Bohmer et al. 1989; Chen and
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Fig. 2. (A) A detailed restriction map of pLCLO5 and its deriva

Fig. 1. SDS-PAGE of purified.-glutamate oxidase. The enzyme
was purified from the culture broth. Lanes 1 ando4f3, andy tive plasmids. Only the position of relevant restriction enzyme
subunits ofL-glutamate oxidase frorStreptomyces platensis cleavage sites are shown. The thick line represents the cloned
NTU3304 andStreptomyces lividanWLC09), respectively, are DNA fragment fromS. platensisfNTU3304 and the thin one the
indicated by arrows on the right. Lane 2: alcohol dehydrogenaseplJ702 vector. Gox activity for cells carrying these plasmids is
(39.8 kDa). Lane 3: trypsinogen (24 kDa), trypsin inhibitor indicated by symbols + and —, and the molecular sizes of the in
(20.1 kDa), myoglobin (17.6 kDay-lactalbumin (14.2 kDa). M sert in these plasmids are given in kb. The minimal DNA size
indicates standard protein markers including phosphorylase B required for expression ajox gene is also indicated by an-ar
(94 kDa), albumin (67 kDa), ovalbumin (43 kDa), carbonic row. Abbreviations: BgBglll; Sp, SpH; Sc, Scd; B, BanHl,
anhydrase (30 kDa), trypsin inhibitor (20.1 kDa) amd Sm, Smd; E, EcaRl; S, Sal. (B) Strategy for sequencing the
lactalbumin (14.2 kDa). 2.6-kb DNA fragment ofgox gene. The restriction sites used for
subcloning DNA fragment into the pUC19 vectors are indicated.
kDa_ M ‘ 2 3 4 The thin arrows represent the directions of DNA sequencing.

A
94 1 Plasmid
Insert GOX
67 r size (kb) activity
Bg SpScB  Sm ‘ES Sp ‘B B
43 pLCLO5 11.7 +
| a goxy
30 | pLCLOG > 47 +
A pLCLO7 6.3 =
- T pLCLO8 3.6 +
14
g PWLC09 . 2.6 +
Su 1991), the information concerning thexgene encoding B
this enzyme is not available. In this study, we reported on
the cloning, organization, and sequence analyses of the gene
encodingL-glutamate oxidase frors. platensilNTU3304.
BamHI Sull BamHI Sn‘w[ EcoRI Accl Sall

Materials and methods

Bacterial strains and plasmids
Streptomyces platensi$TU3304 was isolated from a soil sam packed cell volume in mL per 10 mL of fermentation broth. A
ple collected in Taiwan (Chen and Su 1991) and deposited in th&0 mL volume of the 8-day-old fermentation broth sample was

Culture Collection Station at Department of Agricultural Chemistry, centrifuged at 3000 >g for 10 min. The packed cell volume was
measured immediately after the centrifugation.

National Taiwan University, Taipei, Taiwan, ROGtreptomyces
lividans 66, Escherichia coliJM109, Streptomyceplasmid plJ702,
andE. coli plasmid pUC19 were purchased from the Cultural-Col Gox assay and isolation of the enzyme

Gox activity was measured spectrophotometrically by the 4-

lection and Research Center (CCRC), Hsinchu, Taiwan, ROC.
aminoantipyrine/phenol method (Allain et al. 1974). One unit of
activity was defined as the formation ofuinol of hydrogen peroxide

Media and production of L-glutamate oxidase
Streptomycestrains were aerobically grown at 28°C in YEME per min at 25°C under the standard conditions previously described.
and R2YE media (Kieser 1984%treptomyces lividang6 carrying  The enzyme was purified from the culture broth $f platensis
plJ702 and its derivatives were grown in the presence qiggthL NTU3304 andS. lividans66 transformed with pWLCO09 (Fig. 2).
thiostrepton (Hopwood et al. 1985Escherichia colistrains con Briefly, an 8-day-old culture grown in production medium was
taining pUC19 were grown in Luria-Bertani Broth (LB) or Luria- centrifuged to remove mycelia. The supernatant was filtrated with
Bertani Agar (LA) containing 10Qig/mL ampicillin (Maniatis et al. an UF membrane YM10 (Millipore, U.S.A.) to remove those-pro
1989). The medium for production of Gox contained 1% potato starchieins with a molecular mass below 10 kDa. Then, solid ammonium
(Sigma), 2.0% defatted soymeal (Difco), 0.5% yeast extract (Difco)sulfate was added to give 50% saturation for precipitating Gox. The
0.05% KHPQ, (Fisher Scientific Co.), 0.05% MgS@H,0, 0.6%  precipitate collected by centrifugation at 8000yXor 30 min was
CaCl-2H,0 (Mallinckrodt Chemical Works), and 0.005% mono dissolved in and dialyzed against 10 mM Tris—HCI (pH 8.0). The
sodium L-glutamate (Sigma) at pH 8.0. In the experiment for dialysate was applied to a Fractogel TSK DEAE-650M anion-
studying the effect of carbon source on the biosynthesis of Goxgexchange chromatography column equilibrated with 10 mM Tris—
potato starch was replaced with different carbon source includingdCI (pH 8.0), and eluted with a linear gradient of NaCl (0.0-0.8
monosaccharide, disaccharide, and cellulose. Production of Goll) in 10 mM Tris—HCI (pH 8.0). The active fractions of Gox were
was carried out in a triple-baffled 300 mL Erlenmeyer flask collected and further purified by a Phenyl-Toyopearl 650 M hydro
(Bellco Glass, Inc., N.J.) containing 50 mL of the production-me phobic interaction chromatography column which was equilibrated
dium, and capped with a cotton gauze closure. All flasks were inwith 10 mM Tris—HCI (pH 8.0) containing 0.6 M (NpLSO,, and
cubated on a shaker (Hotech, model 706R, Taiwan) running atluted with a linear gradient of 1.0-0.0 M (NHSQO, in the same
240 rpm and 27°C for 8 days. Cell growth was measured bybuffer. The active fraction from the second column was applied to
© 2001 NRC Canada



Chen et al. 271

Fig. 3. Nucleotide sequence of tHe. platensilNTU3304 Table 1. Enzyme activity ofL-glutamate oxidase produced by
BanHI-Sal fragment in plasmid pWLC09. The complete ntse  S. platensilNTU3304 andS. lividans66 containing different re
quence for the 78-kDa peptide is shown with the (SD) core se combinant plasmid.

guence boxed. The putative signal peptide is underlined and the
processing site is indicated by a vertical arrow. Asterisks indicate

Total activity of L-glutamate

the stop codon. Invert arrows indicate the transcriptional termina oxidase (U)

tor. The N-terminal sequences for the 39-kidg, (19-kDa ), Strain Extracellular  Intracellular

and 16-kDa ) peptide subunits are boxed. In the upstream from streptomyces platensTU 3304  107+11 50+1

the regulatory element afox gene, the directed repeat sequencess. |ividans66 (plJ702) NDd ND

are indicated by horizontal arrows. S. lividans66 (pLCLO5) 557+23 20515

GGATCCGACAAGCGGACGEGC -381 S. lividans66 (pLCLO08) 563+20 21512

TCCTCACCTCCCCGGCCTGCTCCCTGTGCGGCGTCCTACACGGAATCCGAGTCGGACTCGCCGTTTCGAGTG  -360 S |iVidan566 (pWLCOg) 795+26 425+25
ATCCGGTGCTCCGTTTGACGTTTGTGCTTCGTCGAGGTGGTTCATTCGGTGCTGGGCCGGCGTCACAAGCCG -288 . — —
TCACCCGCCGTGGCCCGGCTGCCTTCGGCTGCCCGTGTCCTTTCCACGCCCCTCCCCACCTCACTTCCCGAC  -216 ®Cells were cultivated for 5 days in 100 mL of production medium on a
CCCCTCCCCACTTCCCTTCCCAAGTCGCGTGCAAGGTGCCGGATTCGCCCTTGCGCAAGCCCCTTGCTGCTC  -144 Shaking inCUbatOr at 28°C. After Centrifugation Of the CUItUre broth, total

CGAAGTCCCCGAAGTCCCCGAAGCACCGAAGTCCCAGCGAAGGAGAAAAGTGACCACCATCGAGGAACGGTC  -72 Gox activities of the supernatant and the packed cell were assayed

S.D. . - -
ATGAACGACATCCGCCCCGGCCACCGCCGTGAGCCCAGCGGGECCGAGCGTGCCGCCACGAAGACCTGTCAG 72 respectively. .The Gox activities of the packed cell mgasured by using the
W N DT RPGHRRETDPSG GATERARRAZKTLCd 2 cell extracts in 50 mM Tris—HCI buffer (pH 8.0) obtained by
CAGCTCGCCCGCRAACTTCTGCTEETCAGCCCCGAACCEECCAACGAAGACCTCAAGCTGCGCTACCTCGAC 144 ultrasonication represent intracellular Gox and those Gox activities of

[ L A RELL LV GGPETPRANEDLEKTLR RYLD 48 supernatant represent extracellular Gox.
GTACTGATCGACAACGGGCTGGAGCCGACCGCCGACCCCAAGCGCATCCTGATCGTCGGAGCAGGCATCGCC 216 PEach value is the mean + standard deviation calculated from the data
v L I DNGLEPTAD®PI KR RTITILTIUVGAS®GTIA 72 Ofthreeexperimentsl
GGCCTGGTCGCTGATGATCTGCTGACCCGCGCGGGGCACGAGGTGACGATCCTGGAGGCCAACGCCAACCGG 288 “The strain was transformed with the recombinant plasmid indicated in
6 L VAGDTLTLTRAGHEVTTILEANANTR R 9

parentheses.

GTCGGCGGCCGGATCAAGACCTTCCACGCCAAGAAGGGTGAACCGCCGCCCTTCACCGACCCCGCGCAGTAC 360 dND not detected

vV 6 6 R I KT FHAZKTZKTGET®PPPFTDZ®PAAQY 120
GCGGAGGCCGGGGCGATGCGCCTGCCCAGTTTCCATCCGCTGACCCTGGCGCTGATCGACAAACTCGGTCTG 432
AAEAGAMRLPSFHPLTILALTIDSIKILSGIL 144

AAGCGGCRGCTETTCTTCAACGTCGACATCGATCCGRCGACCGRCAACCAGAACGCCCCGCTRCCGCCRGTG 504 Fig. 4. Comparison of amino acid sequences involved in FAD-
K'RRLFFNVDIDPATGNQNAPLPPV 168 binding motifs ofL-glutamate oxidase and other flavoenzymes.
GTCTACAAGTCGTTCAAGBACGECAAGGTCTGGACCAACGGCGCCCCCAGCCCCBAGTTCCGEACCCCRBAC 576 : : : - :
Dk s e e e e s . Conserved amino acid residues are indicated by shadow. Resi-
AAGCGCAACCACACCTGGATCCGCACCAACCRCACACAGGTACGGCGCGCCCAGTACGCCAAGGACCCGTCC 648 dues (G-X-G-X-X-G motif) important for interacting with

KRN H T WL RTNRTOVRRAQYAKDP S 20 dinucleotide structure of FAD are boxed. LAOBcamino acid
GCGATCAACGAGBGCTTCCACCTCACCGGCTCCACATCGCGECTGCCCGTCECCGAGATGRTCCACCAGACA 720 . . . . . .

AT N E G FH LT oS ASRLPVAENY QA 200 oxidase fromBacillus cereusLAONCc: L-amino acid oxidase
CTGGAGCCGGTGCGCGACTACTACTCCATGCTGCAGAGCGACGGGACCCGGGTCAACAAGCCCTTCCAGGAG 792 from Neurospora crassaSoxA: sarcosine oxidase from
LEPVRDY Y SV LOQSDGTRUYNEKTPFQE 26 Arthrobactersp. TE1826.
TGGCTGGACGGCTEGECCGAGGTCATCCRGBACTTCRACGECTATTCGATGBGCCATTTCCTACATGAATAC 864

W LDGWATEVTIRDEFTDGYSMGREFLREY 288 BBBBA
GCCGGATTGAGCEATGAGECCATCGAGGCGATCAGCACGATCGAGAACATBACCTCACAGCTRCACCTCACE 936

AGLSDEATIEATGTTIENMTSRLHLA 312 LippH (1-35) SQKFDY
TTCTTCCACAGTTTCCTGGECCACAGTGACATCGACCCCACCGCCACGTACTGRGAGATCGAGGGCGGCAGE 1008

FFHSFLGRSDTIDPTATYUMWETLEG GG GS 336 GRase  (19-52) ASY
AGGCGECTTCCEGAAGCACTCGCCAAGGATCTGCRGRACCAGATCATGATGEGCCGACAGATAGTCCGECTG 1080 .

RRLPEALAKDLRDO GTIVMGRERMNUYRL 360 SoxA  (4-37) KDYDy

GAGTACTACGATCCGGGCCGCGACGGCCATCAGGGCACGCTCGCCGEECCGGGCGGCCCCGCCGTCGCCATC 1152
EY Y DPGRUDGHT QGTTLA'Ga P GGP AV A 1]384
CAGACCGTGCCCGAGGGCGATCCGTACGRAGAGCCGCAGACCTGGACCRGTGACCTGGCGATCGTCACCATT 1224

GOX (59-93) ADPK

[T VP EGD®PY GEPQTIWTGDOLATLLUT I 408 o
CCCTTCRCCAGCCTGCGCTTCACCACCATRACCCCACCGTTCTCCTACAAGAAGCGCCGCGCCGTCATCEAG 1296 a Sephadex G-150 gel filtration chromatography column and eluted
b F A S LRET T VT PPESY KKRRAV I E 432 with 10 mM Tris—HCI (pH 8.0). The purity of Gox was judged by
ACGCACTACGACCAGGCCACCAAGGTGCTCCTGGAATTCTCCCRCCGCTRATREGAGTTCACCGAGGCGGAC 1368 polyacrylamide gel electrophoresis. The Gox activity of the packed
THYDOQATKVLLEFSRRMWWETFTEAD 45% cell was assayed by using the cell extracts in 50 mM Tris—HCI

TGGAAGCGCGAGCTGGACACCATCGCACCCGGTCTGTACGAGTACTACCAGCAGTGGGGCGAGGACGACGCC 1440
WKRELDTTIAPGTLYEY Y QQWGETDTD A 48
GAGGCCGCGGTGTCCGTGCCGCAGCACCTGCGGGATCTGCCCACCGGCCTGCTCGGCGCCCATCCGAGCGTG 1512

buffer (pH 8.0) obtained by sonication.

EAAVSYVPOQHLRDLPTGLLGAHPSV 504 N-terminal amino acid sequence analysis
GACGAGAAGCGCATCGGCCAGGAGCAGGTGGAGTACTACCGCAACTCCTCGCTGCGTGGCGGCGTACGGCCG 1584 - - -

D E K R 16 QEGQUVEVYYRNSSLRE GV ETP]oe8 Amlno acid sequence.analy3|s was performed by Edmgn degra
GCCACCCACGCTGTCGGTGGCGETTCCACCACCGACAACCCCAACCGCTTCATGTACTACCCCTCACACCCE 1656 dat|_0n method (Matsudaira 1987). Briefly, the three subunits of the
[A T HAVGGGSTTDINPNREMYY P S HP 55 purified Gox separated on the SDS-PAGE gel were electroblotted
GJCCgCG2“‘2CAzcGEAGZCG;GGE“IGGicG2“’?CTgCTEGTEGGgCGSCGiGG2°CECT$GG§CTZC lgig onto a polyvinylidenedifluoride membrane. After being visualized
TTCGACGACGCCGAGCGCTACAGCTACGCCCTGCTCAACCTCCAGTCGGTGCACGGCCGCCGGATCGAGGTC 1800 Wlth Amldo blaCk Staln’ the membrane Was CUt |nt0 three pleces
F D DAERY SYALLNLGOGSUVHGRRTIEUV 60 containing the respective subunit protein. The membrane pieces
TTCTACACGGGCGCCEGCCAGACCCAGAGCTRGCTRCGCGACCCGTACGCCTGCAGTGAGGCRGCCATCTAC 1872 were directly applied to a protein sequencer (model 477A: Applied
FYTGAGQTQSWLRDPYACGEEAAVY 624 Biosystems, Forster City, Calif.) for N-terminal sequence analysis.
ACCCCGCATCAGATGACGAGCTTCCACCTGGACGCGGTCCGGGCCGAGGEGCCGGTGCACTTCGCCGGTGAA 1944

TP HQMTSFHLDAVRATETGTPUVHTFATGE 648

CATGTCTCGCTCAAACACGCCTGEATCGAAGGCGCGGTREAGACGGCCGTCCGTRCCGCCCTCRCGRTCCAC 2016 DNA isolation and manipulation
GZGTZTCECGEGGEGT:CGiGAgceéCGECGECGéGCZGAECGZGGQGczTGZGG?GAQCCEGG?AGXCGEC zg;; Plasmid DNA was prepared according to the method of Kieser
E e o e e e e T e et al. (1984). Isolation of chromosomal DNA froi. platensis
ACACCGCCCGCCCCGTCGCAAGAGGATGTGGTGACCTCATGACCACCTCACACACCTGCACCGTCGCCGAGT 2160 NTU3304 and transformation . lividans66 with the recombi

TP P AP S QED VY T SR 709 nant plasmid DNA were performed by the methods of Hopwood et
ACCTGGCCCTCAGGCTGGAACAGCTCGGCATCACCCATCTGTTCGGCGTTCCAGGCGACCATCTGEECCCAT 2232 al. (1985), while the transformation d&. coli was performed by

feereteec e the method of Maniatis et al. (1989). Restriction endonuclease di

© 2001 NRC Canada
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Table 2. Purification of L-glutamate oxidase d6. lividans66 (pWLCQ9).

Volume Total activity Protein Specific activity Yield Purification
Step (mL) V) (mg) (U/mg) (%) (n-fold)
Filtrate 1800 12871 4347.2 2.96 100 1
Ammonium sulfate 200 8652 477.59 18.12 67.22 6.12
DEAE-Fractogel 178 8104 257.92 31.42 62.96 10.61
Phenyl-Toyopearl 120 7721 123.35 62.59 59.99 21.15
Sephadex G-150 100 7119 109.21 65.18 55.31 22.02

gestion, agarose gel electrophoresis, and isolation of DNA- frag.l_able 3. Effect of carbon source on the production wgluta

ment from the low melting agarose (Sigma) were done accordin . S
to Maniatis et al. (1989). g?ﬂate oxidase bys. lividans66/pLCL052
Carbon Relative PCV Final
Cloning of gox gene source activity (%) (mL/10 mLy pH
Chromosomal DNA prepared fror8. platensisNTU3304 was Glucose 19.06 13 7.48

partially digested withSatBA. The chromosomal DNA fragments

- . . . Fructose 86.35 1 7.94
with a molecular size ranging from 9-15 kb isolated from the low
melting agarose gel by using Wizard DNA clean-up Kit (Promega)Calactose 49.42 0.9 7.01
were ligated taBgll-cleaved plJ702. The ligated mixture was used XYlose 16 0.7 6.76
to transform the protoplast &. lividans66, and the transformants Sucrose 36.24 1 8.6
regenerated on R2YE agar plate were selected by overlaying a scMaltose 48.94 1.2 7.15
agar containing thiostrepton (Hopwood et al. 1985; Katz et al.Lactose 65.41 1 8.39
1983). Potato starch 100 1.2 8.34

To detect the Gox producing colonies, a Gox assay based on cg|ulose 35.76 0.6 8.82

colorimetric reaction of -glutamic acid with Gox and peroxidase - - - -
(Allain et al. 1974) was performed. The enzyme assay mixture in- Cultivations were _carrled out in _300 gnL triple-baffled flasks conta:nmg
cluded 0.82 mM 4-aminoantipyrine, 14 mM phenol, 19lutamic 203?61%235%'0%23?28? gmc?:;im with 2% (wiv) carbon source at 27°C on
a_C'd’ 2 U/mL horseradish peroxidase, and 10/? agar in _O'l M so 10 mL of the 8-day-old fermentation broth sample was centrifuged at
dium phosphate buffer (pH 7.0). In the detection experiment, the3pog xg for 10 min and the volume of the packed cell was measured
enzyme assay mixture was overlaid onto colonies grown on agéimmediately after the centrifugation.

plate. The Gox activity of the test colonies were observed by the
development of red color due to the formation of quinoneimine.

DNA sequencing and nucleotide sequence accession Results and discussion
number

The strategy for the DNA sequencing gbx gene is illustrated  Construction and screening of aStreptomyces platensis
in Fig. 2B. Briefly, the BanHI-Sal DNA fragment of pWLCO09 NTU3304 chromosomal library
was digested with the restriction enzymes indicated in Fig. 2B, and Fragments of 9-15 kb were isolated from partially
the resultant fragments were respectively subcloned into pUClQﬁIigestedS. platensisNTU3304 chromosomal DNA, and-li
Nucleotide sequences of plasmid DNA were determined on bothyaieq into theBglll site of pld702.Streptomyces lividang6
strands by primer walking, using the dideoxy nucleotide chaln-CeIIS transformed with the recombinant plasmids were

termination procedure (Sanger et al. 1977). The nucleotide se db G b d lori ; ) f
guence in Fig. 3 has been submitted to the GenBank Nucleotid§Cré€ned by a Gox assay based on a colorimetric reaction o

Sequence Data Library under accession No. AF239797. L-glutamic acid with Gox and peroxidase (Allain et al.
1974). Of 5700 colonies containing a plasmid gene bank of
S. platensidNTU3304 DNA, oneS. lividans66 colony capa
The cells ofS. lividans66 (pl3702) ands. lividans66 (pwLCo9) ~ DI€ Of growing in the presence of thiostrepton became red in
grown in the production medium were suspended in 1 to 2 volume§:0|0r gfter th_e colorimetric reactlc_)n test. The recombinant
of 0.05 M Tris—HCI (pH 7.5). They were then sonicated in a sonicato?/asmid, designated as pLCLOS, isolated from the cells of
(Soniprep 150, MSE, Leicestershire LE11 OTR); sonication was apthis colony was employed to retransfoi#n lividans66. All
plied at anamplitude of 18-22 microns 6 times with 5-min cooling transformants gave a positive reaction in the colorimetric re
intervals every 3 min. Sonic extracts were centrifuged at 45 000 »action test. This result suggests the color reaction phenotype
g for 30 min. The supernatant was mixed with an equal volume ofis plasmid encoded, sinc® lividans66 alone does not have
sample buffer (containing 0.1%-mercaptoethanol, 12% glycerol, such a phenotype (Table 1). The pLCLO5 physical map was
:aol akmtroce_llrl]chsJ.:/e T(‘?mb“?‘l'lle_ (Hgggnd;‘c Supelr[; Amersham). Aft'(’;lgtriction enzymes. It contained an insert of 11.7 kb (Fig. 2),
ocking with S% skim milk in PBS, the membrane was reacted, 4 e DNA fragment in the insert encoding Gox was-des

with rabbit polyclonal anti-Gox subunit peptide antibodies, which . .
were prepared by intramuscular injection of the respective puriﬁedgnated as thgox gene. SDS-PAGE analyses of the active

subunit peptide of Gox into rabbit three times with 1-week inter €1Zyme produced by the cells gbx gene clone showed that
vals. The blots were then treated with horseradish peroxidasethe purified protein was composed of three subunits, and the
conjugated goat anti-rabbit antibody (Amersham), and develope&ize of these subunits were consistent with those produced
with an ECL system (Amersham). by S. platensisNTU3304 (Fig. 1). The Gox activity

Western immunoblot analysis

© 2001 NRC Canada
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Fig. 5. Western immunoblot analysis of intracellular Gox. (A) SDS-PAGE of the cell extracts 8ofividans66/plJ702 (lanes 1, 3, 5)
andS. lividans66/pWLCO09 (2, 4, 6). (B) Immunoblotting analysis corresponding to panel A. In panel B, lanes 1 and 2 were
immunoblotted with antéx peptide antibody; lanes 3 and 4 were immunoblotted with fugieptide antibody; and lanes 5 and 6 were
immunoblotted with antiy peptide antibodies. The intact precursor peptide (P1) and the precursor peptide without signal peptide (P2)
of Gox in lanes 2, 4, and 6 are indicated by arrows on the right.

A B
koa M 1 2 3 4 5 6 wa M 1 2 3

97 — 3 97 - =0
66 66
43 | 43
31 ,. 31
20 : : =
18 : : 18
2

produced byS. lividans66 containing pLCLO5 was 5-fold Nucleotide sequence analysis
higher than that produced K. platensisNTU3304 cells, and Analysis of the sequence revealed one open reading frame
no appreciable Gox activity was detected in Sidividans66  (ORF) beginning with an ATG codon 381 nucleotides from

cells containing plJ702 without an insert (Table 1). the BanHI site and ending with a TGA codon 112 nucleo-
tides fromSal site of theBanHI-Sal fragment for a protein
Subcloning of gox gene sequence of 709 amino acid residues and a putative molecu-

As shown in Fig. 2, thegox gene was located on a 2.6-kb lar weight of 78 kDa (Fig. 3). A potential ribosome-binding
BanHI-Sal fragment after restriction mapping and subcloningsite for Gox can be located six nucleotides upstream from
of the fragment. The Gox activity produced By lividans66  the initial ATG codon (position 1, Fig. 3). The overall G+C
containing pWLCO09 (Fig. 2) was eight-fold higher than thatcontent ofgox gene is 69%, and is consistent with those
of S. platensisNTU3304, and had two-fold higher intra G+C contents (62% to 74%) &treptomycesp. (Hsieh and
cellular Gox activity than strains containing pLCLO5 and Jones 1995; Bruhlmann and Keen 1997; Bey et al. 2000;
pLCLO8 (Table 1). This may be attributed to the higher copyMendes et al. 2000). The N-terminal amino acid sequence of
number of recombinant plasmid pWLCO9 in the host cell. thea, B, andy shown in Table 2 are located at position 19—

39, 524-540, and 376-398, respectively. The order of the
SDS-PAGE analysis and amino terminal sequence of subunit in the precursor polypeptide encoded by the ORF
Gox from N-terminus to C-terminus were identified asy-{3

The enzymes produced b$. lividans 66 containing (Fig. 3) with the predicted molecular masses of 38.94, 16.17,
PWLCO09 andS. platensisNTU3304 were purified by se and 19.42 kDa, respectively. These values agree very well
quential ion exchange, hydrophobic interaction, and gel fil with results determined by SDS-PAGE analysis of the active
tration chromatographies. Finally, the purified enzyme withGox produced byS. platensisNTU3304 and thegox gene
22-fold purification and 55% recovery yield was obtainedclones (Fig. 1). Since Gox is a secreted enzyme, a precursor
(Table 2). SDS-PAGE analysis revealed that the purified acto the enzyme should possess a signal that permits its-trans
tive enzyme consisted of three subunit peptides designateabrt to the outside of the cell. Indeed, preceding the N-
asa, B, and y with a molecular masses of 39, 19, and terminal end of thex subunit, a putative signal peptide can
16 kDa, respectively (Fig. 1). The SDS-PAGE data (Fig. 1)be found (Fig. 3). This proposed sequence meets most of the
show four main bands in the purified enzyme preparatiorcriteria for a signal peptide characterized by Perlman and
from bothS. platensisandS. lividans66 harboring pWLC09. Halvorson (1983). For example, the proposed Gox signal pep
Besides thex-, -, y- subunit protein bands, the fourth pro tide has one arginine residue at position 5 and two alanine
tein band of around 34 kDa may be the uncleay¢ddimer.  residues at positions 15 and 18 near the signal cleavage site
To identify the product of thgoxgene and the cleavage site (Fig. 3). This Ala-X-X-Ala sequence resembles the most fre
of the subunits in the precursor polypeptide that gives rise t@uent protease (signal) cleavage sequence of Ala-X-Ala.
the mature enzyme, we determined the N-terminal sequencehese collective observations support the hypothesis that a
of the purified subunit peptide of Gox. The N-terminal se signal peptide is present for transporting the intact Gox pre
guence of the respective subunit determined by the Edmacursor across the cytoplasmic membrane. As compared with
degradation method is shown in Fig. 3. other flavoenzymes, the region of the ADP-binding fold of
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FAD is well conserved in the subunit (residues 59-93) of gesting that both proteins are the precursors of Gox. The
Gox (Fig. 4). The hydrophobic N-terminus of other reportedsmaller precursor (76 kDa) in the major band may be- pro

flavoenzymes usually is composed of a common flavin-adeduced by the cleavage of signal peptide from the intact pre

nine dinucleotide (FAD)-binding domain (Rounchi et al. cursor (78 kDa).

1982). As shown in Fig. 4, the sequence of Gly-X-Gly-X-X-

Gly (residues 68—73) located in the regioncosubunit of the

mature Gox is identical with those flavin adenine dinucleotide-Acknowledgements
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Regulating elements of the nucleotide sequence

A ribosomal binding site (GAGG), which is complemen
tary to the 3terminal region of 16S rRNA 08. lividans(3-
UCUUUCCUCC-5 (Suzuki and Yamada 1988), is located 8
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