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Abstract

L-glutamate oxidase (GLOD) producing-actinomycetes strain 18G was isolated from
soil sample from Pathum Thanee Province, Thailand. It was identified as Streptomyces
sp. The optimal conditions for GLOD production of Streptomyces sp.18G in wheat
bran medium, containing 2.0% wheat bran, 0.5% sodium chloride and 0.5%
monosodium glutamate, was 37°C with shaking at 200 rpm. The GLOD was
concentrated by ammonium sulfate precipitation and was purified to homogeneity
from an aqueous crude extract by SP-Sepharose Fast Flow cation-exchange
chromatography, Q-Sepharose Fast Flow anion-exchange chromatography and
Superdex gel filtration chromatography, respectively. The enzyme had a molecular
weight of 120,000 and consisted of two identical subunits, each with a molecular
weight of 61,000. The isoelectric point was pH 8.5 and the enzyme had optimal pH
between 7.0 — 7.4. GLOD showed the maximum activity at 37°C and the remaining
activity was 100 % of the original activity when it was heated at 55°C for 1 h. The
GLOD activity was stable in pH range from 6.5 to 7 for 1 h. Among 21 amino acids
tested for substrate specificity, L-glutamate was almost exclusively oxidized. D-

glutamate and L-aspartate were oxidized but only 0.79 % and 0.53 %, respectively.
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1. ansniuazarsiagl
&
1.1 a‘:n11tauat§a

amsapaBenltléun Nutrient agar (NA), potato dextrose agar (PDA),

actinomycete isolation agar, yeast extract and agar were purchased from Difco

Laboratory (swigaiuinn) s20M3 humic acid and magnesium sulphate heptahydrate
(Fluka Biochemika, a3saasuaua) Sodium chloride, dextrose, D-mannitol, di-
sodiumhydrogen phosphate, potassium chloride, ferrous sulphate heptahydrate uax
calcium carbonate (E.Merck, wasuit), snd)Tue 3a18u 9310 Sigma Chemicals Co.
mwigasni
1.2 qﬂnsnﬁua:ﬂwmﬂ chromatography

aUnyointflunisvinmmanes chromatography léuri

- SP-Sepharose Fast Flow @nilu cross-linked 6% beads agarose uazil
sulphopropyl vimm#afiilu active groups

- Q-Sepharose Fast Flow @u.flu highly cross-linked 6 % beads agarose uazil
quaternary ammonium iy functional groups

- Superdex 200 HR 10/30 iflunaauduindudraudnats 10 mm o1 30 ssu.cm
nmoluussyaIuandIwan cross-linked agarose and dextran fzuadwdanas vwia 13 pm
uazil bed volume tviniu 24 ml 37n Amershame Biosciences Ltd. ajiau
1.3 aunsoluazarniaiidmsu gel electrophoresis

maafiflddms gel electrophoresis éuri acrylamide uss N,N’-methylene-bis-
acrylamide (Bio-Rad, anigaininn), protein markers &wiu SDS-PAGE (Fermentas,
swigawinn), ammoniumpersulphate, N,N,N’-tetramethylethylenediamine (TEMED),
standard p/ markers qﬂnsrﬁﬁlﬁ'ﬁa Mini-PROTEAN® III Dual vertical slab gel (Bio-

Rad, anizauini)



& w3 isoelectric focusing (JEF) 14 PhastGel® IEF 3-9 371n Amershame
Biosciences Ltd. (a19u), sodium dodecyl sulphate 37n Fluka Biochemika
(@Iaraiuausd) uaz glycine 3nn E.Merck (iuavuil)

14 msmﬁuazqﬂn‘stﬁSu )

Ethanol, glacial acetic acid, hydrochloric acid, phenol, formaldehyde, pyridine,
glycine, glycerol, tris(thydroxymethyl)aminomethane, B-mercaptoethanol, silver
nitrate, glutaraldehyde, sodium thiosulphate, sodium acetate, sodium carbonate,
sodium hydroxide, ammonium sulphate, potassium di-hydrogen phosphate and di-

potassium hydrogen phosphate 31n E.Merck, Darmstadt (iuasuil)

4-aminoantipyrine a1n Fluka Biochemika (@iairasuaud),
Ethylenediaminetetraacetic acid disodium salt (EDTA) uaz bromphenol blue 31n
Sigma-Aldrich Co. (anizawin), nma:ﬂunn'nﬁﬂﬁ'l-ﬁ'ﬂuﬁa protein markers &w3u gel
filtration a1n Sigma-Aldrich Co. (anigawninn)

w384 spectrophotometer Spectronic® Genesys™ 2, Spectronic Instrument
an3znising, shaker water bath (SBS30, STUART SCIENTIFIC, awsima7m19n3),
Vivaspin20 MW 4aiifin cut off wifiu 10,000 »VIVASCIENCE, Sartorius group,

wwasuil)
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2.1 drat1eun

ﬁ1aﬁ141€1Lﬁuaﬁnﬁaﬂ'lﬁ'mfwL%ﬂlu'['no"mn‘émm'gm (monosodium glutamate, MSG)
lu‘{fm‘:'qu‘%' Uszinalne u.a:kormm‘ﬁﬂmmsﬁﬂﬁ'mi’mﬁ'unwﬂ-ﬁ'm'gsalu'{fmi'ﬂ'naq‘%' yszine

ns lesvinisiRumirdatnaliunas 50—100 ml e wTuudacaatng

2.2 daH196in

é’1aﬂuﬁmﬁumn5’ow‘fsxﬂv;umﬁ Wa uazwrmlan vsznmelne Taousinlyunda

o o - .~ -« @ A f - e
o ififiItasiumsldnsgsa ivmuivdledraduduam 30-100 g Anndndszunm 7-10 cm
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3. madaidanydunidiaransondaanluinganunaaandina (GLOD)

[ 3 2 )

3.1 msugnafunidoinaladuviuaz@lat ik
nmsidevndlsginiluaisazaainia (normal saline solution, NSS) watnaudlating
- u =l - . ' e A o - . o = «
aunu NSS talildasuriuans (suspension) g lWidiud uasnaliauiiduvanda
ANAZNBU
[ ' b | - y ar y = °
ﬁnmar_l'laml'mgnmaimua:mu'la (supernate) InFITUVIURDBVBIA10E AU LINNY
a2 Py X - . ) & & d [ ] d a
wnnifaluamistioagariiaas 9 lavds spread plate awsiiuavanldidun NA, PDA Sadu
. . . - a o . .
chloramphenicol (20 pg/ml) uaz actinomycete isolation agar 433 cycloheximide (50
o A e oA - I~y . o & g o
pug/ml) lavomravariliineaafanuuefi3e 15871 us: actinomycete @ud16L wanNIINRGI
« a8 g - . . .
1¥am1518uaTa humic acid-vitamin agar (Hayakawa and Nonomura, 1987) (n1auuan n.
J [ et = . o
1) wadrslun1sdaidan actinomycetes 67y
3.2 msnaauiiansinvasionlysl GLOD anlalaiivasedwnid
a 'y > - o e - a . . -
nnasaufansvrasanlsd GLOD nnlalafiwasndunidiuenidandiatng vinlay
Ar i . - . A
a1du3% H.O2-dependent peroxidase catalyzed chromogenic reaction @ssio9ulay
. aa PR 4
Qingshan wazamz (1996) G3nsiaii

=t - . o .~ . .
LAIBURITATRL reaction mixture sIUsrnaueas 2 U/ml horseradish peroxidase

(HRP), 10 pmole monosodium glutamate (MSG), 10 pmole 4-aminoantipyrine (AAP)

uaz 17.5 umole phenol I 0.1 M potassium phosphate buffer pH 7.4 LAIFUNTTAIBNTAIAY
-~ i et - & - ] - . L J
umazaudind1 funszaisnsashimuna ntwiinszaisnsasBegu reaction mixture udail
-t - - & ry o * a a oo -l e = P -
TWrmussuulalsiivasgfunidluaudsade AvlilwAedisoluifadwae 15-30 wift yad
w =l v ] o o Y | e & - L3
uasTuilTINgUULHUNTzA NI usasiilalell m dunisnaTaiuyauuamasonEnwle]
& . - YL ) '
GLOD »nuwvinmsifulalafiflvuaurnimadinwisaly

; - -y A )
3.3 maRwedunidinendatanlysl GLOD

. = & S & . .
MmaRuTe Streptomyces sp.18G luanwinfuaita wheat bran precultivation

. o - & & e ol [ '
medium -naﬂ-suﬂ?amna'lwm.auwnanﬁuo'mTﬂu Béhmer uazotus 1wl 1989 aawrsaenadn
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tsznaveny 2.0% wheat bran, 0.5% sodium chloride usz 0.5% monosodium glutamate

» ‘ A A o~ VoA o
miuanaunnil 37°C wazivgrergainusa 200 rpm

3.4 nsifudnede Streptomyces sp. 18G

= /e J - = =
nmafiudhwuse Streptomyces sp. 18G luszuzun vinlawia3uwn spore suspension lu
o o, Y & Y & -
20% glycerol Garinunisevainga laoiwrzidaluenwisidsa¥a mannitol mung bean agar
ol = = [ & v P I~ %
(MaNwIn n.2) Ngunnl 30°C fwiaan 7 7 anuuld loop t‘uu'lﬁaﬂafﬂqﬂmmaulu
v - . = = . ° . .
(hyphae) uadw sterile 20% glycerol \ha@3ou spore suspension liUnsaseiu steril
) o G -
cotton wool iWarivaFuly
w19 spore suspension aamiusdautan 9 (aliquots) aauaz 1 ml ussalu sterile
.. . (=3 e A el
cryogenic vial uazifiuinwnguwnil —70°C

I L, . & X & :
mstiudne g usrozau virlaoriimsiwazisaluaimisidedse mannitol mung bean

- - o - - ol -
agar fiauwnfl 30 °C (duian 7-14 Ju udnfuinu lingunni 4 °C

4. msfinwgdinadugiuaas Strepfomyces sp. 18G
nisenwuiRmaueas Streptomyces sp. 18G Ynanudifatunsles Williams usx
ame (1983, 1989)

4.1 ns@neansuzvaslalail
. & S . 4
Yinnswiziraluamiaiio e inorganic salt starch agar (ISS) (mapwan n.3)y
aunndl 30°C (was 7-14 1w &inezuinveslalail swumifvanduly (mycelium) uazayns
4.2 nsdnsdanvusvaaBamelanaasganssa
- = = e - - - £ -y (-3
vinmsfAnwlauit slide culture technique Taudasinis ISS iududmdsudn ) TUIN
-* A [} » J b o [} b ¥ . h o .‘:
Uszann 1 x 1 cm dalufiefieiumssinga udrnsvuwnugladudiftiumsausingouds antu
-t . J’ | B - . . [ vd - ]
93 inoculate Ba usrlaviveae sterile coverslip Lm:uu"l.'mqm'nnu 30 °C wiifidanuiu dla

bl

J = - - . A -~ g o
vowddulad va slide culture Tlgdrnndasransimininldidsuene 1000X
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A - s 3 ﬂl -
5. nis@nsransimancandmiumsnnitiaiNanfaenles! GLOD
a e . - - IJ b
¥innsUuilys precultivation medium (manuan n.4) lasunud soy bean meal o
Py 4 & - -
wheat bran awiaRuITafinegavlsznaveay wheat bran, glucose, calcium carbonate
. . o o .S
(CaCO03) uaz sodium chloride (NaCl) legvinnsiddsuulasSunmussasdsznaumanii uaz
- & r 4 - [ A o & -
inlUpase Strepromyces sp. 18G Ramdaaiuvatasddszneumaifgialiisamuisonda
[ g v oo 4 & & . o
tonlaal GLOD 'léigige uenanit lddiy MSG luilfanmen 9 asluemwmisidsasedis ihae
d a « &
nasaunansznundeniiniaienloduenda
a o A dw s . v g & &
vnmsdusdafuaaisenlaannisiwizly mannitol mung bean (de 3.4) (Boa%en
= 0 e a = . d & - - o o e S|
gunni 30°C lagingndennui3s 200 rpm dwnan 3 W datiaSgiduladudn drluluwn
= . - =Y =t - & .
a5 10,000g Ngmwndl 4°C uww 10 u vinisgalanie supernate et luneasauni

Aanssuvasanleoy GLOD saly

6. mInagaufanssnuadlonlnyg GLOD luasazaty

toulml GLOD 1591fA%en oxidative deamination wa3 L-glutamate uazlé o-
ketoglutarate Hunaimet (7U 1) ath WUFAsudand1 Tmsadslalasowadaanlod
(hydrogen peroxide, H;0,) d28 lun1sfinin3suil 19057500 oxidation Aiiadaiiiosszning
H>O; nu 4—aminoantipyrine usz phenol "fmgm‘iﬂmmau'lﬁnﬁ horseradish peroxidase
(HRP) vnlkldmsiisznay quinoneimine $9i&uns (Allain ef al., 1974) Gsaursoansiaioldi
aTupMndn 500 nm lapmadia spectrophotometry

Reaction mixture Alflsznaudan 1.0 umole 4—aminoantipyrine, 17.5 umole
phenol, 2.5 U horseradish peroxidase uaz towlani GLOD ludSuuwaiiosan
Streptomyces sp. 18G @sazatulu 0.1 M potassium phosphate buffer pH 7.4 laviiUSunas
774 1.30 ml

vitnnsneaatlas pre-incubate msa:muﬁ’onmaﬁqmnqﬁ 37°C win 2 wift :nnindasy
Ujnsenlaodu 10 pmole MSG avlllumsazste uddesliiAaufisonluifaduia 30 wifl

P | - ' ~ o - -
ngunndl 37 °C lawptnua 9 Tu shaker water bath u.mm'lﬂ'mmg}ﬂnauum (absorbance) i

aueIein 500 nm
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| % ° r
e laldadenmvunasgu (standard curve) lagduimdrfansusoawlsad

GLOD ssaunmsaa’luil

Unit of GLOD = (AbSso0 am — 0.004)/142.17 (D

° . o LR | a
il GLOD d1u2u 1 unit wuots smwuwewlmidlfinenia H.O, Usunm |

pmole muluaad 1w muldanisfivinnisneasy (Kusakabe ef al., 1983)
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COOH NH, COOQH
Cl [.-Glutamate Oxidase l

H. CH,

| [ ——— l
CH, CH,

| !
CH C

7N o, H,0, N\

H,N COOH i o COOH

L-Glutamate t]-Ketoglutarate

Horseradish peroxidasg phenol

V
F

4-Aminoantipyrine Quinoncimine dye (red)

4

o . . . - = ) .
sui 1 J7ATey oxidative deamination wa3 L-glutamate 1w a-ketoglutarate TIONLTY
'y = a aa , = . e a oo o a
lagiawlwd GLOD uasiinyfidodaitasmugniul jAioieendiantuves 4—

. . . P . - . . . - . ..
aminoantipyrine mgmw‘[mmauhu horseradish peroxidase vinl¥le quinoneimine

o’ oo a (oY oot P =
DaDFUAY wnInas1vinlaals3% spectrophotometry fininuuiinau 500 nm
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7. msiadiualidsén

¥inmsiauTanaldsduanisinonulay Bradford (1976) lagldgaasia (Protein
Assay Kit) 289 PIERCE Biotechnology (awszaiuing) oail

\du Coomassie® Plus Protein Assay Reagent Kit U3unas 1,500 pl asluvaan
naaaInddraiFunes 50 pl ity LLﬁaﬁa"Hﬁqmwgﬁ Fasutu 10wl 9vnain 1y
g@nﬁmmaﬁ'ﬂ’;’mmaﬂﬁu 595 nm lault bovine serum albumin (BSA) ifluasazanollsdin
VIAIFIU
5

8. nsvinawlasilyuSan

:
8.1 nysvitenlwsilidndu (enzyme concentration)

oulainanan Streptomyces sp.18G (crude enzyme) gnvinliidududaeis
anaznauday ammonium sulfate (Hartis e al., 1994) &l

.

o . & o2 a e - o
#nsue ammonium sulfate IiilursaziBon udidas 9 W@nadlumsazangnfionladag
P e > = ot o g
FSigrvasaianlodiinsluaiaiudaRe v i neaaanal wazriinIsnIuEmIsazaioul g
A = - 4 b2 - W o . r-
aRaaIafLEy ammonium sulfate aunitazle 80% saturation wadvinnisniuaisazassio bWan

=

“ A = & . L Y a = .
Wuian 1 s lusigunnd 0°C s lududroaniands 10,000 rom figmnndi 4°C wiu 45
o [ ' o AV s - A
Wil udnaau supernate il azaueznaunldels potassium phosphate buffer pH 6.0 %4
& e o @ - 2 4 o e = ' a a 3 e
Wuda lasldUiunestesfiae udrriidamntasiuivesn (desalt) lagnsnsasdanisiuanuisa

g9 (centrifugal ultrafiltration)

8.2 Cation-exchange chromatography

msa:mULau‘lsnaﬁ'ﬁwﬁugml"u‘ltumunszmumﬂmnI@ﬁlfLﬂﬂﬁﬂ cation-exchange
chromatography Fald SP-Sepharose FF column 7§ bed volume windu 30 ml vinn1s pre-
equilibrated ¢y 20 mM potassium phosphate buffer pH 6.0 dasdasnia 1 ml/min usa
§19 unbound proteins ¢7g potassium phosphate buffer U511a3 40 ml nsiuis elute de
linear salt gradient 24 0--0.3 M sodium chloride Aidasu$3 1 ml/min ¥nnsifuasazany

P . | o . " A [
tawleiusia: fraction léleuld fraction collector Fa313uasl5# 3 ml
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a ' . rF=9 A L P o - 0
drudaz fraction luneasufanssureaaulsyd GLOD mum:q‘lmja 6 1 fraction @13
da .\ a . . a v g a v o a o ' = @ e
9 hisnanIsy (active fractions) y1sunu ua i luvir T uasidaumnfaduiiuean3s
. - 1 o + a = E=) J B‘: [
centrifugal ultrafiltration riawilutinunszuiunmsvirliuIansludusaudsl

8.3 Anion-exchange chromatography

o o, . Y

dnasaratiow oy GLOD firiwnssuiwnis cation-exchange chromatography wivin

msuandslide3F anion-exchange chromatography lawlt Q-Sepharose Fast Flow
o = e o . « a- . 4,

column 433 bed volume 1vinfAu 30 ml vinnsiduasazatsiawlodadlu column @ynd1aTasinu

pre-equilibrate ud? a1nuuinN1Ias unbound proteins @y 20 mM Tris-HClH buffer pH

= = . @ @ . . .

8.0 fidnsu31 1.0 ml/min  u&39 elute ¢2w linear salt gradient was 0.0-1.0 M sodium
- “‘ - 3 - a = s ' . = o .

chloride fisas 137 1.0 mi/min vihnmsifussazanoiewloduda: fraction Alelasld fraction

o5 O [
collector GeaarSuaslin 3 ml

e . . = 2 [ s . .

vhudaz fraction lunesavfisnssvvesanlad GLOD enwnszylute 6 i fraction ¢ng

HAa . a - - @ “ o ° [P VIR . A P . < [ o

9 fidrfianssa (active fractions) a5 wanhldvildidudunsziidamndadufivdods

. . : o , o [V EL & ,
centrifugal ultrafiltration riaushldeunszurunsinl¥uiansluduasudaly

8.4 Gel filtration chromatography

& o o ” £ a £ = PRV oF N a .
rusaugarnolunmsiliienloduiantluns@inw3dvd Iinedia gel filtration
& a4 = L e
chromatography lagld Superdex 200 HR 10/30 column %44 bed volume wvinriu 24 ml
G - - L - A ol
n1owasInn pre-equilibrated ¢nu 50 mM sodium phosphate buffer pH 7.0 038 0.15 M
. . . - o £ o & -
sodium chloride dpud wrssaraioionlsdfildsnauaau anion-exchange
chromatography 1&ussll uaavihnis elute deiWinassiiadoriu 20893159 0.5 ml/min
o “ . B A v - & %
rnmafumsaranoeulodusas fraction Aldlasld fraction collector FadaSuasia 0.5 ml
© . . =) 4 e a e 13
hudaz fraction luneseufansinvedtewlod GLOD sunIzylude 6 10 fraction eng

Ao, a . . L .
9 Nildananssy (active fractions) unsrununaritntInasasdaly
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9. n1sansrawianazlassasivuasiawliad GLOD

9.1 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

ssazapowlmilashudneleomaiin SDS-PAGE lault 12% separating gel uaz
4% stacking gel dhatnannuanithny sample buffer (meanuan 2.1) wi i leuaanaaudl
ganni 100°C innuiudusaieftldaslutasdmniniulu slab gel udrinunszualnfiasd
amdnaandaft 150 V ifluandszanm 1 99lus avmiusain gel flaluvinmsseudaonssu’s
silver stain Ravinl#iAuunulus@iu (protein bands)

lun9%1 SDS-PAGE @ 14TUséiusing 9 %m‘nm{mﬁﬂmaqa (molecular weight) 1ilu
dn3uufisuenn laun lysozyme (14,400), B-lactoglobulin (18,400), restriction

endonuclease Bsp981 (25,000), lactate dehydrogenase (35,000), ovalbumin (45,000),
bovine serum albumin (66,200) uaz 3-galactosidase (116,000)

9.2 ms@nwrawianadowlasl GLOD a2s35 gel filtration chromatography
msdnwmaunevenawlsd GLOD fdlu native form vinlapimeiiantmwitiamin

luwanaw§ouidiou (relative molecular weight, M,) #2635 gel filtration chromatography

Toonannisdeiuiatuisluds 8.4 udeuaudasuirasaiwinesi 0.25 ml/min viail lels

- o . F o o . = . =i W [
Tds@wriiady 9 fnammmvﬁunimaqa (molecular weight) (HudndSoudirudas laun

cytochrome C (12,400), carbonic anhydrase (29,000), bovine serum albumin (66,000),
alcohol dehydrogenase (150,000) usz B-amylase (200,000) ua:l7 blue dextran

(2.000.000) uaz vitamin B2 (1,355.4) 11u marker &w3u void volume (V,) uaz total
volume (V,) enusau
ﬂﬁmﬁvl,@“lﬂa%"mmﬂwmmgﬁmzmmm M, uazdn partition coefficient (Kav) lagls

\ A
FunT1ea lu

Kav = (Ve - Vo)/(vl - V) (2)

= .
e V. = e¢lution volume

V., = void volume

V. = total volume
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9.3 n13@nw isoelectric point
Yinnsfinenen isoelectric point wavawled GLOD lapwnaila isoelectric focusing
(IEF) 441% PhastGel® IEF 3-9 lunqsitld p/ markers snesgmsznavdan

amyloglucosidase (3.5), soybean trypsin inhibitor (4.55), B-lactoglobulin A (5.20),
bovine carbonic anhydrase B (5.85), human carbonic anhydrase B (6.55), myoglobin-
acidic band (6.85), myoglobin-basic band (7.35), lentil lectin-acidic band (8.15), lentil
lectin-middle band (8.45), lentil lectin-base band (8.65) uaz trypsinogen (9.30)

. ol [ . ’ o & a
wnanla ldadanwszninemszoznevaslilsdunvineainya anode fiuen p/ valilsé@n
» - a ° ol ' . .
uanzwiie vnludurauNanen pl vesianlsd GLOD lealdaunisnenes (regression

equation)

10. n3sdnsiuanasdranatunsads (pH) defianssuuazainaianes (stability) ves
towlasi

vnnsAnsmdifiensnwaaauled GLOD esgluiinesoiiasine 9 Afidn pH uansing
Al Taprinas (0.1 M) AlFldun acetate buffer (pH 3.5-6.0), potassium phosphate
buffer (pH 6.0-7.5), Tris-HCI buffer (pH 7.5-9.0), uat glycine-NaOH buffer (pH 9.0-
10.0) nswdrfisnssuvasanled GLOD nisvingwéoaiufiaturel3lude 6

dHun1sAnsnavasdt pH deanuadosvasenlal GLOD #u vinlas incubate toulsf
GLOD luiWwaisiiasis 9 Aifidn pH wandrenwiinwna 1 42lua ﬁqmv.qﬁ 37°C anvudalnly

o ol & ' odd o -
W]ﬂ'm’im'i‘inﬂmﬂaag@‘nu’lﬁﬂaﬁu’lu‘l‘nuﬁa 6

11. ns@nsnavasgmmniideionssauazainaaiias (stability) vasiawles!
nsfinsmidrfianssuvesienlel GLOD Taslviawlmidans v jasentu L-

d » [ oL ‘.: ] - - il
glutamate Haaglugoingiid 9 asud 25-80°C Tavmuaugmnpilvnsilanls shaker water

° gt o amd o L ] ool -
bath ua:'l"l’lﬂ'l'i‘)ﬂﬂ'lﬂi]ﬂ'ﬁ'u‘lladLaH‘l‘ﬁJﬂ'llJ’JleﬂﬁU’lﬂluﬁﬂ 6 vassniinuATN1TIve
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* - . = L4 . .
mum-sﬁnmua‘uaaqmnquﬂammmnﬂwmmu'l-nﬁ GLOD wu vinlas incubate taulmsd

GLOD 1w 0.1 M potassium phosphate buffer pH 7.4 ﬁqm‘nnﬁm"m 9 MmN lunen

|

- -l a ' et el o -
fianssufwisatonuiinetunliluda 6
12. anasunizvasianlas (substrate specificity)
L] =) - 1 - A‘ » P | L2 .~
1avinnmisdnsanuitiwizessewlod GLOD danseazilusiiasng 9 finududu 10
.+ . Ly 2t P . “ v o | -
mM (uniiu 1 mM L-tyrosine) lagldiTarunatuisluda 6 udadwinmdrfianssuuuy

- = -~ - v . - . .
Wisufsuiludosazvasiianssuiilaan L-glutamate (% relative activity)
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ganisnaaadlazanilsie

o - d -
1. mLﬁ'anqaun‘%ﬁnmm'mnamau'l-nﬁngmmmaan%ma {(GLOD)

o e ' & a o -3 o - - =
nsifiusaathavsduuazdiu iivlasdnanfadudszunm 10 cm flassnawled GLOD

= -l

& ar - =7 A wr -l @ & - o
vuaruaandisuiualsudiaaatoau (electron acceptor, gﬂn 1) muuqauﬂsﬁﬂu GLOD 31
. U e | - - - e 5 . a

ma:agmnmﬂﬁnmnmmumamm‘lumnun

- Py .~ o & - - o ¢ e ' a = '
Tuns@nwit Tdlso g paTananarialunmIugnadunideinaetitiuainumna

4

PR - | - o - a o v - - &
FITUTIA ﬂiulwalﬂﬂﬁﬂ'ﬂﬂquﬂﬂunﬁ VR DTUR LLa:lquaﬂﬂa1un13'lﬂ‘ﬂﬂ“ﬂ‘iﬂlﬂ'lﬂﬂ'lﬁﬂ1u

4 L]

[ HY v ™ o
mqﬂ‘s:ﬁaﬁn‘l aslilRunnian

& & [V o a e . ol
awniuasanlsleun NA us: PDA AidusufFius chloramphenicol tWauen

- =l &

o e & & p & g de e [ ° .
LusnLstllaslvain 511]7101‘]53'1“’]7LaU-Jl'ﬁaﬂi'ﬁm“?uuﬂn?auﬂﬁﬂ AWIN aCtlnomyCCS

(actinomyces isolation agar) Saufusiffus cyclohexamide uaz humic acid-vitamin
agar $asap Famansausnuuaidolévonue 199 strains (fe 64 strains uas
actinomycetes 110 strains ua:v‘hmsﬁmﬁanqa‘iun‘%’ﬁﬁﬂw:mmsnm’nLau,"lmﬁ GLOD lag
afit3% H,O,-dependent peroxidase catalyzed chromogenic reaction #93%fiazyinlile
TalaiiAndaoulel GLOD Lﬂuﬁumuuns:munsaoﬁ'quwmnﬂaau (Muazdoaszyluds 3.2 vaq
R R IRE IR ERE3),

nan1nasauynWldida actinomycetes 2 strains lefur actinomycetes 18G uaz
A10M-18-1 Bauanldandunanasimais Smiaunusi

=3 o &

Pr} & a W . & s . . . A e
Warhadun3dne 2 sfletaulinnzifoedelu precultivation medium TInauyaIgas

8713 lauld$9n7and (wheat bran) ununindumdas (soy bean meal) Tﬂnﬂuﬁ'aquﬁ 30°C

Wuan 3 34 wudn 18G Menfisnssuuas GLOD windu 0.33 units/mg protein 1unmef
A10M-18-1 MisrAansiuvas GLOD #ws 0.11 units/mg protein uanninuin

Ao lunisaisewlsd GLOD 1a: A10M-—18-1 Wiafias ndr@eiiiariinas subculture
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. -l ‘Ud @ L "IN - 0 L J - R
galddn 1 a¥y vilvdrfantsuvas GLOD asaslduszunm 10 win mumquﬁataanh

- P a & X
actinomycetes 18G (Wanfmaulal GLOD asaanisdnwsniait

2. msdAnw1zsadgnuas actinomycetes 18G
iqq. - . o g .

Williams uazauzsioarulull 1983 waz 1989 41 suninsuunia actinomycetes
& LY [ ' [ P Y [ = e al [ %
DasduldlasFunaglsidmguseilalafivazlassaiuasansmzaiale’ mnnmIdunafendn

. -4 a a £ - S .
louazadadvas actinomycetes 18G Fav3gidvlaluamisiipate inorganic salt starch agar
o - av | o e . o a &
nawnil 30°C ww 7-14 T wunlalafifiansmusnoiuadioniy (leathery) unzWamniiu
o & B A z 4 e [ Bt G‘ = - e » A [ o :‘
anwueasuitueni (velvet) amiliansuniumanianniaiuadadus iduloiwuiudiiiena
' o . o p=| [ a [y v
dau (3UA 2) dmaadfidnm (SUP 3) Wefnmlasisiuvesadasuazanyundulomoldndas
w . - v [ - e o s > -

yanssaulapld slide culture technique wuidnwasidulsuazalafinifiduiduassouazie
= =t . o [ ' o -~ 'Y . Pl - &
vJuin@en (spiral) anwauzdasnavilvasdldin actinomyctes Hymunsaniaauloy GLOD &
vilu Streptomyces sp.

- a e, o A4 ' F a w

fvunumsidbnauniiinnwudn Streptomyces sp. Tyupnunaindu eusnaidiowlaod

GLOD ¢ (Kusakabe er al., 1983; Ye e al., 1995; Li et al., 1996; Dodzin et al., 1998;

Sukhacheva and Netrusov, 2000A; Chen er al., 2001) a3 uaalue 3199 1

3. nsdnmansfmantandmivnsmizndeendaawles GLOD
MIREINMTADTe Streptomyces sp. 18G Tuowmnduadasde Uil

precultivation medium (Bohmer et al., 1989; nanuin n.4), precultivation medium F9l5
ST AwUINAREaY (Marwan n.5), screening and production medium {(maxuin n.6
waz n.7), Norcardia histidans medium (n1anuan n.8), Streptomycete medium (nawuan
n.9), Czapek Dox medium (nenuin n.10), Czapek medium with peptone (naruIn
n.11) usz Czapek Dox medium 98 3% glucose (manuIn.12) Tﬂuﬂuﬁqmvsqﬁ 30°C (u
1781 3 W uazivdnadroa il 200 rpm  usvIMInasauwidifianssuvasawlel GLOD a4

-l - -

p N P : . o . .
wonidmdulalusmisiiosTeudazsiia wuiin1sld wheat bran precultivation medium %2t

- z F-) W [ o o
Im-nammmNmau‘l-nﬂmna'n'lﬂgaqﬂ fio 13.79 mU/ml sauansluarsed 2
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P - o e o ol . ol -
@139 1 aanonumsdidolasaasinineimanidu 9 Aiwudn Streptomyces sp. Ausnldan

dmatinadu musnasaeuley GLOD

Microorganism Source Reference
Azotobacter vinelandii Jurtshuk and Mcmanus, 1974
Streptomyces violascens Kamei et al., 1983
Streptomyces sp. X—119-6 Soil Kusakabe et al., 1983

Streptomyces endus

Culture Collection

Béhmer et al., 1989

Streptomyces sp. P-106 Soil Ye et al., 1995
Streptomyces cremeus 510
Soil Dodzin et al. 1998
Streptomyces litmocidini 447
Streptomyces sp. N1 Soil Lietal., 1999
Streptomyces noursei SC 6003 Patel er al., 2000
Sukhacheva and Netrusov,
Streptomyces sp. Z-11-6 Soil
2000A
Streptomyces platensis )
Soil Chen et al., 2001

NTU3304
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anwazlnlafivas Strepromyces sp. 18G @aviguavlalu inorganic salt starch agar

ol - - [
naunnd 30°C (fuian 7 7w
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o - = = a - .
dnwnuzlalaiives Streptomyces sp. 18G daaSnyiaulalu inorganic salt starch agar

= - P a
namnnil 30°C uwasn 14 7



A L - el o ko B
U 4 Tassaduuaznmuisedmeadulouazadadues Strepromyces sp. 18G nwléndes

qan‘rsmIﬁ*lé’wmu 1000 vin

24



25

-l s e ol o w ok - -
@1319% 2 snfiantsuvadenled GLOD fdaldann Strepromyces sp. 18G dadigidvulalu

-

o & - ' [ o o | -~ o
DIMITLRYNTBTUAAIN ) MUNRIINMITUNNYUND 30°C uutaan 3 24 uazivtineny

710152 200 rpm

Media GL&%?;H;’ ity
Precultivation medium (wheat bran) 13.79
Precultivation medium (soy bean meal) uD!
Fermenter medium UD'
Screening medium uD'
Production medium UD'
Norcardia histidans medium uD'
Streptomycete medium uD!'
Czapek Dox medium UD!'
Czapek medium with peptone UD'
Czapek Dox medium with 3%glucose UD!

waewmg UD nueds lismuiiodale (undectable) wiasin ODsgo waunin 0.1
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luamns precultivation medium @ana1a Usznausap amd, denanglas, unsiou
-« al 's r - < o~ '3
afuaun (CaCOs) urzloidisunaalia (NaCl) 3dlenaasaldsundasdndinwadasdlsznay
. & & = - [y o o~ . -
mard anmasavdulululo@ounganua (MSG) dan iRadnsmansznufidanisairaeulsd
& E XYoo -~ v . o .
YpIlTa NI 'lﬂn'mﬂaaa'lmﬁmrwaammanﬁ'[ﬂmmnu 0.0, 0.5, 1.0 uaz 1.5 % uazld CaCOs,
$1aan’, NaCl uaz MSG lwiFanauvindu 1.0, 1.5, 1.5 and 0.17 % enudiau wuitlugag
Bunusenhaanglagdinairlisiwansznodamaaiaeulsd lummaasssdaluisliGnies
& &
nalaalusmiaaoaie
o - ar ' s P a o . & &
Wenaaauldsuwlas§adiuretasdilsznevan g dn awuaadlujf 5 wuieminideauba
o [ Y « v o - & & d a
ngelW Streptomyces sp. 18G adasulad GLOD ‘lﬂmnnqﬂﬂa aMwIsIRLIanUsznouan
o0 - v 0 '[ - - o oy = v & Fd -l & &
$ad 2.0 %, lodousaslsa 0.5% waz MSG 0.5% Taldamisidpadalunimmessdifednsa
o “_ & « . o & 2 X, .
alwaaeulmi GLOD da'ld uszst3unaminidnagadiin wheat bran medium

-l R

Yo - o= ' & & aa =] « &  u -
nsldafdusindsenauluamisifoadeiivedde T91910N TINIBDIAUNUNITHER
n. & " =l =t L) -y ; F-9 =l .
toulmaién u.a:ﬁ'nrnmaunaaunm&umwamau‘lﬁﬁmaamaqaumu’ (Kusakabe er al., 1983; Li
et al., 1996) Felter uaz Lloyd ldmuaunamsinnzddmaalull 1898 wudi Usznaudy

AT 15.66%, msdsznaululasiau 14.61%, lusiu 3.9%, uils 53.6%, 1duly 6.7% uazud

4.94%

] =3 = x A’ ) - [ o » aon -

atinalsfiena lunsAnwasaiinuit mudn CaCO; lildmadaaSunisniaanlad

d - e ' v & s -
GLOD dyraugynusoaunaunuii (Bohmer ef al., 1989; Li er al., 1999; Sukhacheva

o [ P e o [ a Fy
and Netrusov, 2000B) arailuldléfilunis@nwitldasusznay CaCO; devirlvamisiauaa
o = - [} 1} -4 - J’ B “: A s
Haudunsannifiuly awldwunzuimasSudulevease dntuiinssasdoululdasusznay
o o JI o 2+ Vl .t ' g Ed -~ \ = v
suaaunl Ca™ uazlilinada pH wvasommisiuairauinin viuw CaCly iuau
g a & .hl [ & - v
uanani lunsansadsitlafneinanszmuwas L-glutamate luammsidnadasiantsadis
[ > (] + o L3 L G B W
toulyl GLOD éap wuin 0.5% L-glutamate sursodasdunsadaenlmile dedaudony
. ] . e '
TeuYes Vinogradova uazame (2002) Aisryin L-glutamate lifinadansionlss GLOD
. - a g &
Vo3 Streptomyces cremeus 510 MGU agw'lsfian nisidu L-glutamate Tuawiniuage
. - -t « %  a -~ - P

v lmanzruin lun il §iid lssnnminvenoidindaud? a:m'lunv.v‘mgo'j‘m WMINARDINT

;e a d A - - - o= . & &
unadInnRuaunitium L-glutamate g4 9 uaziimeangn dwiuidudunanluamindsase
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nTidun 0.5% lo@sunaslsédlu wheat bran medium daodnsSunsadaonloyd
d L3 b s ol A oy
GLOD 283 Streptomyces sp 18G Tizroansasanumsauved Bohmer uazamzluil 1989 dadu

- = ) - ' B J
Tmdpunaalsaiilusgiulsznavlu fermenter medium &wSLaua S. endus

g I A ! - = A
lévinntsAnwwitiaaaiivie Strepromyces sp. 18G waaaulod GLOD ldgian the
o = & [ o & P - = ar
winaamunzaslunmsifivigeanaiaawlod lesvinmaualu Aannni 30°C iwaan 3 Tw uax
[ L (-8 " o bl [ A’ J‘
lwgiasnn3a 200 rpm udvimsesaviasifionssuweaanled GLOD luamsiduagann 9
i -4 A - a . -
12 t2lus wuiwsa Streptomyces sp. 18G @aa3widulalu wheat bran medium swnsonda
v - a o P S = e - aA X
Lau"l‘nﬂ'lﬂgqqﬂma'l'ﬁnm 60 t2la9 (FuUn 6) lagfisAanssuvinnu 0.147 U/mg protein iliaidus
- g ) o - r a
WBadaluuasy 72 42l wudrdrfanssuassawlodaaaslldszanm 50%
o o & & o - & «
aauu anzimunzavlunsiionda Strepromyces sp. 18G (Nandaanlsl GLOD #a

Y

Py - o I < o o
\dualu wheat bran medium hgaunnil 30°C (luiian 60 213 lapwpdndanaanuda 200 rpm
ol o - - -
Streptomyces sp. 18G nuaigyidulalu wheat bran medium swseaisaulad
= - . - ) e . LY A" 4:? 3’
GLOD laeil specific activity wviniu 0.15 U/mg  sipaiuriawminfiauisolds e

Streptomyces whaens 9 Waansoaiaewlss GLOD i specific activity ivinfiu 0.0024-

0.56 U/mg (Kusakabe et al., 1983 , Béhmer et al., 1989)

maans Streptomyces sp.18G lu wheat bran medium 'ﬁqmﬁgﬁ 30°C Taututindi
a3 200 rpm iReldeandiausttinaii é’ui}:'ﬁm'lv\"t-}’;aﬁnﬁm‘%mLﬁU‘[ﬂ'ld‘ﬁﬁ@ (Williams
et al.,1989) miﬁL"Eamm*ma%"nLau"l‘nu"leﬁ’gaqmﬁaﬁ'\msn'armL"Ea'lﬁ' 60 T launiu saandai
Tnunauntiii (Bohmer et al., 1989, Li et al.,, 1999 , Sukhacheva and Netrusov,
2000B) atinvlsiiann Kamei uszame (1983) wuin Streptomyces violascens sansnatha

lawlmd GLOD legegeuslaniyiduladiuas 120 #2las ails Sukhacheva and Netrusov

] ; 1 A & b o
(2000B) wuhammsoaaszeziamlumanivasanalildaulsd GLOD gigald launisida

. - &L &
calcium ion 'lumwn'tamwa
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0 5 1 1.5 o 17 5 115
% NaCl % MSG

o - . . . I ¥ . . .
siUfi 5§ nisdAnwidnaIuvadadnlszneudnd 9 luewiiaeats wheat bran medium s@an13gis

u

& a = a 5w -
wowlm) GLOD we1 Streptomyces sp. 18-G lagvinnsiasuudasdadiuvedintnad

=

E3 » J A:J = L . Aol
CaCOj;, NaCl uaz MSG yihmsuuwanamwnil 30°C idwan 3 T usziwdiday

u

- z d M - -
au52 200 rpm anuudieulodinanalsd (crude extract) luieantdfansiuwes

acdN & = [P — P =
wlasd GLOD enudtalaatuis1iludde 6 wsssaifoudsnis99y
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Incubation time (h)

e & o L
nyiuaassiansnvadanlod GLOD waude Streptomyces sp. 18G @aanlu
. ol - o - . a
wheat bran medium Ngunnil 30°C laswtrfinands 200 rpm uszvinnnsiaen

o o e o  w - ol o e
fanssuveaeaulsl GLOD nn 912 'm'[menu“mn's:q'luwma 6 waasTilavATNTINY
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4. msuaniowlasl GLOD Wusqni
4.1 mintawloallvisuow

P A o & < -

tiies97n cell free supernatant nlavnniseuade Streptomyces sp. 18G i

- -' ] - = .= I3 L r J’ « J [r Yy - -
Tus@udrun Bsdududosrinlvidutunindu lunisfinsilsitanaznauaas ammonium sulfate
(Travor, 1995) lasvinmsnasasanaznaulusduaivanuiduduuss ammonium sulfate
wanstanu Aa 0-20, 0-40, 0-60 uaz 0-80% saturations udr39azanaznaullsdudis 20 mM
. -4 o o« L Y
potassium phosphate buffer pH 6.0 snnuuinhasaranslsduiilalunasaumanuidutu
gailusduardfanssuvasewlad GLOD
N - od¥ e [y . P | - o

wudirmsazaalusaun ldannisanasneuais ammonium sulfate fAiaudytu 0-20

% uaz 0-40 % saturations fifAanTIuradieulad GLOD winnu 0.003 U wisdaliu 0.44%
. - -~ a o ' [ Y .

angffiansTufaialalu cell free supernatant (FUN 7) uszwuinauTiUuses ammonium
sulfate aynarvinIvlusausnarnauiiaadamiag

ol Py v “ = - [ .

Waltkuaurrutweey ammonium sulfate 1Yu 60 uas 80% saturations wa? wuinen
- o a v o X g (o= =l [
Avnssuraanlsinasivdeld tRudwiu 6.78 waz 70.10 S vadrfanssunamvialdly cell

a ] J - d = b

free supernatant awday uanIniasazansllsaun lavnmsanaznaudls 0-80 %

. . . o . . . L e = «
ammonium sulfate saturation wuinisinspecific activity vinnu 0.55 U/mg dageninsn

specific activity fildannisanaznause 0-60 % ammonium sulfate saturation (0.08

U/mg)

J’ | A ) L B L wr
TwmsainsiIadanldnsvinldionlsy GLOD (dudu laganaznaudan 0-80 %

ammonium sulfate saturation

oty lunrmaaasil Idia3oy cell free supematant Y3unas 6.5 8as 9 siwzianaie
Streptomyces sp.18-G lu wheat bran medium luanmzfininzay udrenaznausas 0-80 %
ammonium sulfate saturation ¥M¥ld crude extract AZlUsduwdutuin 93% ussfl %
recovery vadteuleod GLOD v 81.53%

nmianaznaulys@udls ammonium sulfate Jauiluids  salting-out Foduduammw
hydrophobic uuﬁmﬁwm[maqamauau‘hﬁ (Harris et al., 1994) ua hydrophobic group

eulngazagmululasseiluansveslirduion usfidinssuneduTafiamiy ulsslidumia
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[ " ' o« A A o = = v a
nyrdanszniodiungy 9 Aen Fadelimaduniasdlumsazasllsdusulianuidutugafisedy
o b P = ol “ 3 o P - [ ol -
wita wezonltluiiaazsnainfauaziimmsinheansnuinasey 9 luanavaslds@iu vinldaund
[ . = = A, fed J o = ]

anwiu hydrophobic fifaszuazfilamalnafariuannu awvihlilds@uudazlvanamunsninae
e P " 4 = - ' o a Ao,
nfutunazfivwialagin  swfaduarnauusneaninamiiduaisazans laplus@undfing

« v f ' t - da -
hydrophobic 'uuﬂﬂ'lmyn'na:m'mqmm:ﬂnﬂ:naunau aﬂnv.umwuﬂunqu hydrophobic 2u1a
o - =4 ar - . o
WANTIANATNOUAINNT  IEmNTnadomIanaznaulusdulas ammonium sulfate Wouan
Tusduvats 9 siimaanannule
' I & P . - - ' o L4 ° A
Fuunownihitdldineiindinaniaidudunitivastusaulunisviniewley GLOD m
31N S. violascens (Kamei et al., 1983), Streptomyces sp. X-119-6 (Kusakabe et al.,
s = E3 L s - -
1983) usz S. endus (Bohmer et al, 1989) Wuignt lasiawlsd GLOD #ldan
& of | T ¥ . ol
Streptomyces sp. 18G lunimasasianaznauiainuidutu 80% ammonium sulfate Iuwouzh
toulad GLOD 27n S. violascens uax Streptomyces sp.X-119-6 lusipiwiniauanaznaule
A B ar o et » A - ¥
Aaudutw 40% uaz 45% awdeu @w GLOD 91n S endus anaznoun 80 % atunelain

anwanuiu hydrophobic va: GLOD #ldan Streptomyces sp. 18G uaz S. endus Hanu

ARTLATINU
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Protein contents (mg)

r=1 [ r-9 = a Qs
nwuaesdSumlusfivuazdrfanssyvosowloy GLOD luaisararoldsduwnladainnis

= h g - A - A .
anaznawlusauain cell free extract d1s ammonium sulfate inaudutuen 9

- Py
lameioy cell free extrat :nMsiRoTe Streptomyces sp. 18G lu wheat bran

. o o “ i a
medium 'L%ﬂﬂ'l'ltﬂl'ﬁ&]"l:a&l LLE!:YI’)H']'EWT']'-D"J@F\”IH%HTS&J‘H8\1Lau‘l‘ﬁﬁ GLOD uszaa

v e a al o o - - - o “ W =
L'umwuaaTﬂwumum:qlumma 6 vaesniilurATN Iy wazniauTuT e llTaw

g

@18

P a o w o - o G
275 Bradford mum:u\luwma 7 wa3vzidoua e
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4.2 Cation-exchange chromatography

nadna cell free extract IiTutudronmsanaznaulasls 0-80% ammonium
sulfate saturation uaz'le crude extract uda ‘lenin crude extract luvialdiawlesd GLOD
o &£ v ¢ < St . r -~
vignsundu laoidenleit cation-exchange chromatography #ild SP-Sepharose Fast
a Ly
Flow lunis@inwiasait
lenasaandfenldivines 2 siiafio 20 mM acetate buffer pH 5.5 uaz 20 mM
potassium phosphate buffer pH 6.0 wuinawlad GLOD sunsoiunu cation-exchanger
el &= ' . o o .~ . o
a9 pH v 2 61 atinalsfiealdidanly 20 mM potassium phosphate buffer pH 6.0 (iias9n
oulmifiauatosuinninluiwidedaenan
MundIIn¥Inisae unbound proteins ¢ay potassium phosphate buffer 1Sunas
40 ml u& 31 elute d1n linear salt gradient was 0—0.3 M sodium chloride 1u potassium
ol o - . . ol
phosphate buffer #das1137 1.0 ml/min wuinawled GLOD gnpzaananuszunm 0.03 M
- . A & & [ - -
sodium chloride (3Un 8) Annsuaaslfiiuiinisvin cation-exhange chromatography
o - oA =l & - = o o & ) -
aunsadtvalusduan 9 ndwtlawsanluldiduirwinunn UszrdnSniwpestusnaudis 9 lunsm
taulodlvuiansuaasluason 3
msvin SP-Sepharose Fast Flow column chromatography vnlwlé % recovery vaq
. A P | - w & - '
taulad GLOD winnu 47% aifisunuduasunisenaznaud s ammonium sulfate was
. e o o o o
gusoindalys@uau g esnlflduszunm 97%
udluunInTdionwld3% hydrophobic interaction chromatography (HIC) iflutunau
-~ - o . . ' . R .
wassnnsanaznaulyus@iuiar 1ledan non-polar amino acids 17u alanine, methionine,
- - o . Ade . ' v
tryptophan w3a phenylalanine { side chain #iingu hydrophobic ag (Roe, 1994) udlu
L X ' v - [ ' =k -
nsdnaTait wudn HIC Lisansousmauled GLOD asnnnlus@inidu 9 edagreiivssninw
o ﬂ - 1 « or . I - al ol = [ ] A4,
seorathuwziauloiainaiuazluidaueu 9 Janiw hydrophoicity Indifisaiu Tad399n
-
numad Patel uazamz (2000) Aeunsowoniawlosd GLOD 1n Streptomyces noursei SC
6003 #7858 HIC ldagnaihlszsaninin
ot @ am . .
luntmaassil3aliiF cation exchange chromatography lauls SP-Sepharose FF

column @awyin 20 mM potassium phosphate buffer pH 6.0 gaslwlusédudu 5 anuanaan
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-, Y .
nawled GLOD dudulng visfiiitasann functional group vas SP-Sepharose fia
- ot o a- ol . .
sulfopropropy! group (-CH,-CH,-CH>-SO3) aamunsosunuwiniidszyuanuu side chain
.4 . . . - . - o e a v
284 acidic uaz basic amino acids uulis@uld (Roe, 1994) nsaazfilunfuszyuandnldun
. Vg - . e - . . v o & o el
histidine, lysine, arginine uaz33uf9 N-terminal amines g asuuiadulyldnlszauinus
- v =l - ' -~ a
ABaminweaawlml GLOD wn Streptomyces sp.18G i pH 6.0 finnnuuandrsnnlus@udu 9
o~ -4 o e v o
unRsane sennsnauny sulfopropropyl group wes SP-Sepharose 16 apn elute aanun
u
- LY [y . E ' -~ J’1 + w -
mMondaendldseans unbound proteins au g sanldriauud’ nsneaasitldnssanndany
. -~ ' - kY
T uvas Bohmer uszam: (1989) Awwdn cation-exchange chromatography ssnsolduun

- a w“ P -
w@nled GLOD a1n S. endus sansinldsawau «q ldagrefidsztmiomw
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Practions
23 5 7T 9 1t 13151719 21 23 25 27 29 31 33 3% 37 319 41 43 45 47 49 51 53 55 57 59 61 63 65 67 6% 71 73 75 17
L4 1 W T U T Y T T A S O VY T T Y N N T

) U T N T W B W T Y I 1

2.0011IJIIilllljlliilllllllll(ll il
LIDD,O% Buffer B
j o
1.754
{ ST
1 - r N
; Salt 7 Fooar
1.5011 \
'/) o an
«— Absorbance ~ o o3
-
at 280 nm L
1.257 d .
- IS
’//
| e
1 ]
T 50.0 //’ . —
o Ionic strength IS
-~ —
1 1.1 .~ 5 2
g ™ g
(] ‘ =
Qo > 8
9.504 [ —
Ls o
0.254
0. 00 FE .
I i
n.zsj
J’ T y T T 7
06:00:00 01:00:00 02:00:00 03:00:00 04:00:00
AU Hr:Min:Sec a5

31]# 8 nsmuaay protein elution pattern uar sodium chloride gradient annnisviniawlmflw
u%qn%r'lmfumau SP-Sepharose Fast Flow column chromatography lasl? linear
salt gradient vaa 0-0.3 M sodium chloride lu potassium phosphate buffer #
§93152 1.0 mU/min nrwuvsusasdrfanssurasaulel GLOD Awulumsazanaluséu

wdiaz fraction AFUld (Scale of Absorbance at 280 nm : 0-0.1 AU)
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= ° y v oo Lo &
@13191 3 spduemsviiaulel GLOD sne Strepromyces sp. 18G 'lv\mqﬂﬁmu-uuﬂau

@1 9

Total Total Total Specific
Yield | Purification
Purification step volume | protein | activity | activity
MG (fold)
(ml) (mg) ) | (Umg’)
I. Culture 6,500 1,203 185.25 0.15 100 -
2. Ammonium 70 376.6 151.03 0.4 81.53 2.61
sulfate
SP-SepharoseFF 6 10.7 70.23 6.56 37.91 42.65
4. Q -SepharoseFF 0.75 0.72 33.43 46.48 18.05 302.01
Gel filtration 11.25 0.2 30.85 152.36 16.65 989.99
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4.3 Anion-exchange chromatography

| . - PLEY -
e active fractions fil@ainn1svin SP-Sepharose Fast Flow chromatopgraphy
. v o w & oW = - . . e o a o
luvin SDS-PAGE wvinnstealusfiudatinaiia silver staining wuindeilsdudu 9 vwiieun
- | | o & a4 . [ < - £ o & - v P
Bnuin (GUA 11 unan 3) dauudsdasirliianled GLOD uSandunnisiu lagiienldinaile
. A A
anion-exchange chromatography @19 Q-Sepharose Fast Flow u*:‘sq'lu XK16/20 column
o - . e
N1 bed volume wvinnu 30 ml
wuIIMEnAaITINYinIaeneanteas 20 mM Tris-HCI buffer pH 8.0 uaz elute @
#2p linear salt gradient a3 0.0—1.0 M sodium chloride ua? wuiewlasd GLOD 1u
. o o & o =t e o w [
unbound fractions uazaunsn elute o lUsdudu g aansnaadaniiaiadsudmivlddalyle
=
(Ui 10)
| . 2 . w
A13191 3 waadn n1avin Q-Sepharose FF column chromatography ahunsnnnae
= o w & . Y ¢ i - -~
Wsdudu 9 sanldlduszanm 93% ndunouneuninil uazddanssy vadanlad GLOD dyng
“ . oy e 4 & P '[ = ﬁ o VL \1 [Py o . -
wasagizynm 50% Jvuvhruesuiaaniniivallsauduitlandu 9 aanidlaWuiuaineg
Usztminw
a g - o o .
Q-Sepharose aaiilu strong anion exchanger 493 quaternary ammonium (-O-
A s A =i dd - -
CH,-CHOH-CH;-O-CH,-CHOH-CH,-N"(CH3)3) fimansodurulusaunivszaauuudionin
- o o —a -~ o - o v - .
(Roe, 1994) niaazilunvinld@awmihveslis@uiiUszaaun pH 8.0 ldun aspartic and glutamic
. . = . - , e
acids, C-terminal carboxyl groups s7umi cysteine 3nman1InaaaInwui lUsdudu 9
ar  aw o
au1sn3uny Q-Sepharose luvnsfiawlod GLOD an Streptomyces sp. 18G anTzasnu
. 4 o = - . . o oo o v a ' - &
naunu medninazniunse isoelectric point vaslusdiuau 9 Jednin GLOD aINQUNIT
1% Q-Sepharose &w3iu anion exchange chromatography 3z uusnionlss’ GLOD aanun

1onmioluwian 30 uad

4.4 Gel filtration chromatography

[ M . =
MunRIINNIYN anion-exchange column chromatography uazudwanléluasrasay

@20 SDS-PAGE uar silver stainingusa wuindafiluséuag 2 bands (gﬂﬁ 10 unafi 4) 34
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i#anl¥ high-resolution gel filtration chromatography lumsvilwiawla GLOD 13anfann
841w lao@anld Superdex 200 HR 10/30

nan13vin gel filtration chromatography uam’lugﬂﬁ 9 FywudrRansiuses GLOD lu
peak usnuaaluséiu du peak daluilulusduriiaduiitwion fninvzsanndasiunaitlaainms
¥in SDS-PAGE waslusdufildannisi anion-exchange column chromatography unziile
vinuaildannisvin gel filtration chromatography Wvin SDS-PAGE uaz silver staining
ua? wuinladlus@wdes 1 band (31J'?'1 11 una#i 5) Fanazagl 1 dunaumsviy gel filtration
chromatography fivnlwieulesd GLOD ﬁﬂ'nuu%qn%ga

715197 3 wanain dakieuled GLOD fAldamie Streptomyces sp. 18G iy
Tuaousn 9 lumaininiantud sldawlsififieruuiantau 989.99 i uazil % recovery
Wity 16.65 %

Tonwidorewminilinlg gel filtration chromatography iflutua augavelunisi
owlael GLOD 11’?11?&171% (Kamei et al.,, 1983; Kusakabe er al., 1983; Béhmer et al.,
1989) lumsfAnsiadiiMdwdioanu uazean chromatogram wuinasng0lile peak veslusau
ffiirAanssuwas GLOD Rns 1 peak uaziiofgailavldit SDS-PAGE finulusdiung 1
band Fsgrudusuinewlsdl GLOD fAdwiunau gel filtration chromatography fifinaa

£
U‘Sqﬂﬁ
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Fractions
1 2314 5 6 18 5 111y 15 3? 1% 24 23 2% 2y 2% 31 330035 37 3% 41 43 45 47
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100, 0% Buffer B
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! at 280 nm
i
153
i ‘.
o] \
! R
i
1 .
SRR Ionic strength ,
= Salt gradient
o
A ]
0154 N
S N

00:00:00 [ ¢1.09:00
AL Hr-Mpn Seoc

U1 9  nsWumas protein elution pattern uaz sodium chloride gradient aannasvinieulad

‘lﬁuﬁ‘%qﬂﬂu’ﬁu’u@au Q-Sepharose Fast Flow column chromatography. lauls
linear salt gradient w83 0—1.0 M sodium chloride 1u 20 mM Tris-HCI buffer
pH 8.0 g3 1.0 ml/min nsuvisuaasaifanssuzasanled GLOD Anuly

aazannlyusiuusias fraction Ml (Scale of Absorbance at 280 nm : 0-0. 1

AU)

GLOD (units/ml)
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Fractions
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6.0400 1 | T VR Y Y [N N U T A NS NN U [ N SN N N NN S T N S S NN THN N SN S S S N G SN U W S SN SN B N LLJ_L‘_:‘_,_
-100.0% Buffer B
FeC .3
0.0350-
00300
0.0250
.
Absorbance £
at 280 nm 5
0.0200 50 0 oo L e
2
| 0
ban
0.0150 -
—
&)
Lar -
0.01004 m
N
0.0050
- F10
0. 00007k -~
lonic strength
-0.9050
T T T T T T T T
00:00:00 00:30:00 01:00:00 01:30:00
AU Hr:Min:Sec TS om
o . . . PO T
7uU7 10 n3Wuaay protein elution pattern :nmavineulmiliuiandlusuaeu Superdex

200 HR 10/30 gel filtration chromatography lasld 50 mM sodium phosphate
buffer pH 7.0 fidasu$7 0.5 m/min nsuvisusassnfisnssunvasawled GLOD 7
wiluamsazanslusduudas fraction fAv'led (Scale of Absorbance at 280 nm : 0-

0.1 AU)
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wanauan13vy SDS-PAGE ua: silver staining (Ra%iniizwuavasniivibilauwlsd
- Pl T . - o ol ] .
UIianTanupuaeua1y g avid unan L cell free extract, upan 2: ammpnium
sulfate precipitation; unan 3 pooled active fractions aan SP-Sepharose FF
column chromatography; una#t 4: Q-Sepharose FF column
-l . A . - v

chromatography; uoaf 5: fraction AdenanTsuvenewley GLOD AIFAIINMI
vin Superdex 200 HR 10/30 gel filtration chromatography; uni M:

. . - . - [ -
molecular weight protein markers viaens 9 ewnszuluiate 9.1 vessndivy

35m333u len@ruuaas molecular weight wiapiilu daltons
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5. nidnvwiauazlassairsvesioulasl GLOD

5.1 nsdnwuwiavasanlesl GLOD @848 gel filtration chromatography
18@nwn relative molecular weight (AM,) veaewlsd GLOD #1073 gel filtration

chromatography laslfwannisidoanufafuelude 8.4 uvimuqué'ﬂﬁﬁ'rumﬁmwas'ﬁ 0.25

ml/min el lUsdusiiadn 9 -ﬁmﬂuﬁwwﬁ‘nmmqﬂ muﬁs:q'li‘luﬁ"a'ﬁa 9.2 vavsniioy

3Emvise intuwlwai laluasansiwsznits molecular weight a4 protein markers uaz

GLOD nusin partition coefficient values (K,y) é’auamlugﬂﬁ 12

nnmIwen linear regression 31nn3 W wudewlol GLOD § molecular weight

sz 120,000 daltons

5.2 mMsAne IwInUarIRIAYaIMKIBEaY (Subunit) vesewled GLOD
1arnisAnmidurunazvunaves subunit vesewlnl GLOD lapit SDS-PAGE lao
wiauled GLOD Arnudunounisylvianiuds 37w protein markers yrusun AR lL
polyacrylamide gel @ail separating gel Afarudutuaanudi 10%, 12% ua: 14% uazld
4% stacking gel wdnmiwin gel Aldluvinnsdenlus@iudau3% silver staining
pamInasaswuindlusawios | band 91n gel v 3 #ila dadnailaluaiansvuans
AMuFNWUTIzNI1Y molecular weight fusnnisiedeunaung (relative mobility) ves GLOD
Winuiu protein markers wuihaudwuiaindiianwusilu the third order regression (31
7 13 deviinisduaana molecular w09 GLOD u 10%, 12% uaz 14% gel concentrations
Wyl rinnu 59,816, 63,252 us: 60,044 anudieu ﬁ'ufu‘i:'aa‘gﬂ"lﬁﬁ GLOD fatsniila
Streptomyces sp 18G lun13dns33uil Usznauday 2 subunits Afvuerinduiu Teoudas
subunit § molecular weight Uszunm 61,000 daltons ifissvnuanis@nwrauiasosenlofdn
3% gel filtration chromatoghrpahy wuinewleiluan wsssum@ (native enzyme) 3
molecular weight Uszunm 120,000 daltons
MorumBisteumbidanuuandrnfosuneussduau subunit vaaawls]
GLOD figfsanydwn3densniianu fe Bohmer wazame (1989) wuiewle GLOD 9 S

A ]

-~ N o - an B I . .
endus sznaueiu 2 subunits fitmliaunu usis: subunit I molecular weight wvinfiu 50,000
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daltons uaz native form va3 GLOD fiaua 90,000 daltons lwnmz#l Patel uazanis (2000)
fiswaminanled GLOD 3n S, noursei SC 6003 Ssflvura 125,000 daltons fifl 2 subunits
wwdsny lesudaz subunit § molecular weight iy 60,000 atinalsiienu Kusakabe uas
anzsoulull 1983 41 tanlod GLOD a7n Streptomyces sp. X-119-6 fiuwiayszunm
140,000 daltons Usznaudas 3 subunits Ao , o, P uas v Sefivura 44,000, 19,000 uaz 9,000
daltons enud1eu usz Chen uszams (2001) Aismoewin GLOD @n S. platensis NTU3304
fioua 78 kD Adszneavude 3 subunits (iuidisanu udlvuia 39,000, 19,000 waz 16,000

daltons



1.0
0.9
0.8 - Cytochrome C
0.7 Carbonic anhydrase
1 L)
0.6 1
0.5
0.4 - Bovine serum albumin
0.3 _ Alcohol
] dehydrogenase
0-27 y=-0.379x + 1.174 B—Amylase
01 - r’ = 0.987
OO —1 T T T T T T 1 T
10 20 40 60 80 100 200

Molecular weight (kD)

NTIWURMINITUANWUEITI1Y molecular weight Ausn partition coefficient values
(Kav) v89 protein markers usztaulod GLOD 4ald9nnimaaesvin gel filtration
chromatography leuld Superdex 200 HR 10/30 column wazl¥ 50 mM sodium
phosphate buffer pH 7.0 3alwadwdamiia 0.25 ml/min protein markers Ittt
un cytochrome C (12,400), carbonic anhydrase (29,000), bovine serum
albumin (66,000), alcohol dehydrogenase (150,000) ur= B-amytase (200,000)
uaz1¥ blue dextran (2,000.000) uaz vitamin B, (1,355.4) \Jlu marker éw3u

void volume (V,) ua: total volume (V,) srudray
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120
100 1

80

60

20

Molecular weight (kD)

10

40 1

45

GLOD

14% T

10% T

12% T

0.0

4

T T T T

.6

T T T T

.8

Relative robility (Ry)

1.0

1.2

a o & ' N a . | o e o & .
NTIWLESNININUFNNUDITEIINY molecular weight nudinsiaRaunauwns (relative

mobility) uss protein markers uaziaulmd GLOD lae5% SDS-PAGE 1w 10%,

12% uaz 14% separating gel laal¥ 4% stacking gel protein markers A% leun

lysozyme (14,400), B-lactoglobulin (18,400), restriction endonuclease

Bsp981 (25,000}, lactate dehydrogenase (35,000), ovalbumin (45,000),

bovine serum albumin (66,200) uaz B-galactosidase (116,000)
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5.3 n13dnwA isoelectric point vasiowlasi GLOD

1advinnnsfinwam isolelectric point (pf) vasewly! GLOD shuiu pl markers viin
619 9 e2031 isoelectric focusing (IEF) udavinmstanlus@uaipis silver staining wan13vin
IEF uam'lu;sﬂﬁ 14 anduhradldllaiinmwuaasnnuduiuisninessoemafiedaufienin
anode nufn p/ vasllsAuudscoiia ﬁ‘auam'lugﬂ-?'\ 15

wuiaMuAIRUE It uEn T RRauAnuaY pl Sansmsiuiduass uazay p/ va
wow o GLOD fiduvinnu 8.5

swamnaumihiilas wuinawled GLOD 1 S. endus (Bohmer et al., 1989) uaz
Streptomyces sp. X-119-6 (Kusakabe et al., 1983) i p/ \vinfiu 6.2

INNsEnEIouisuniil o9liwoiaula! GLOD fAfluuna 120,000 daltons
Usznausao 2 subunits Afivuia 61,000 daltons wazdl pI iy 8.5 evvuiewlad GLOD a9n

x = A‘ " - « i
Streptomyces sp.18G Aldainnisdinmil 3nheznifweulal GLOD fiwulna
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Cathode

M 1

9.30
¥.65
8.45
8.15

7.35
6.85
6.55

— GLOD

5.85

5.20
4.55

3.50

Anodc

uaaInazaIn1svii isoelectricfocusing (IEF) lu PhastSystem lauld PhastGel pH
3.0-9.0.1aw isoelectric point (pf) zaaawls GLOD e Streptomyces sp.
18G uazvinnisdaulusiiudoit silver staining wnafl 1: tawled GLOD #sinu
ns:mumsﬁﬂﬁu‘%qﬂ‘f;; wn3 M: standard p markers ‘laun amyloglucosidase

(3.5), soybean trypsin inhibitor (4.55), B-lactoglobulin A (5.20), bovine
carbonic anhydrase B (5.85), human carbonic anhydrase B (6.55),
myoglobin-acidic band (6.85), myoglobin-basic band (7.35), lentil lectin-
acidic band (8.15), lentil lectin-middle band (8.45), lentil lectin-base band
(8.65) uaz trypsinogen (9.30)
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12 ]— —
I
0
()~
®
] GLOD
74
=& 61 e
5-
4-
o
3 y = 1.560x + 3.829
1 ')7
2 r* = 0.987
l«
0 N ——— e ——————
0 1 2 3 4

Dhstance from anode (cm)

nvuaasnn p/ vealuidusiiadty 9 vuvnewlod GLOD snide Strepromyces sp.
18G  @s1d3nn13vin isoelectricfocusing (IEF) lu PhastSystem louls PhastGel

pH 3.0-9.0

standard p/ markers #l$1dun amyloglucosidase (3.5), soybean trypsin

mmhibitor (4.55), 3-lactoglobulin A (5.20), bovine carbonic anhydrase B
(5.85), human carbonic anhydrase B (6.55), myoglobin-acidic band (6.85),
myoglfobin-basic band (7.35), lentil lectin-acidic band (8.15), lentil lecun-

middle band (8.45), lenul lectin-base band (8.65) us: trypsinogen (9.30)

sannTIw wulnewlsd GLOD i p/f windu 8.50
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6 nsdnwnavasdateNIiunsaans (pH) dafienssauazanaaiing (stability) vas
[
wanlwsl GLOD
6.1 ms@nwinaveasdrauunsaa (pH) dafanssuvasionlasl GLOD
= - L4 . - Pr | o -
msAnenaued pH dafenssuveseulmiziislvamunsansiu pH Amunzauiivialiiau
- [ ] g - - P v
laaivinuld@nge lunsnaassiivinnis@nwleslhiewlod GLOD vinujisu iy L-glutamate
L | W - o - a v ar = . P2
luanzdanszy liludada 6 vessndovitnsidy lendanldiWinaiviiad e 9 Nasaungu pH
ueneitanu léun acetate buffer (pH 3.5-6.0), potassium phosphate buffer (pH 6.0-7.5),
Tris-HCI buftfer (pH 7.5-9.0) uaz glycine-NaOH buffer (pH 9.0-10.0)
P -l v o | s - o '3
nanmINaaauanluglfl 16 Tawaasliidiudt pH Amanzaudmmiunsvinsmasiawlsl
f y o e ' - A
GLOD eglugu 7.0-7.4 uananfidawuin ifianssuvasiewlodaaaslilszann 50% s pH
o ll 1 i . &~ g ) o aral . A =
fifnennin 5.5 wiagandt 9.5 innmvuaasliiiudnenlssd GLOD vinowlé@lugas pH Midu
= = - . o w =t o ' * [ =
nansnTeandunsandadraindes afly snnnsvaziuiduuaasuni iyssdrfianssusal
. a = [ - - ar . o E F = - A e
aulmilidatoadumdndoiinuluiwiwesaesiianu maftorudiuwscamsaiide o miu
daudsznavvasiwinasinadantsvitruuastaulmisng
a e v & . - vt ol -
Tusuuidonawmini tawlod GLOD an S violascens vnnuld@an pH 5.0 (Kamei
et al., 1983) #miowlwl GLOD a1n Streptomyces sp. X—119-6 (Kusakabe et al., 1983),
S. endus (Bohmer et al., 1989) uaz Streptomyces sp. Z-11-6 (Sukhacheva and

- MA Aﬂ » L1 [} 3 L
Netrusov, 2000B) vauladn pH Afisuilunarssuiaradnian
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Tk

~ 0 O O

o o O O
1

Relative activity (%)
N B N
o o o o O
®

fa—y
o
il

o

gﬂﬁ 16 wauas pH dafanssuvasaulsy GLOD e Streptomyces sp. 18G  vinn1sanen
Taglwiowlaaivind f3eniu L-glutamate luanmazdafiszyl3luinds 6 vassubouiznms
330 liWmaisliads 9 1dun 0.1 M acetate (®), potassium phosphate (@),
Tris-HCI (A) and glycine-NaOH () sfanssuvadanladuganiudrqauwns

(relative values) nudgige (100% =0.025 U/ml)
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6.1 nys@nwraanasenarauiuniaats (pH) daarnaaiissvesiowlesl GLOD

lavinnmfinsnavas pH denuwiissyaaioulsl GLOD lagvinnas incubate awlasd

- o 1 A‘l [} Qo ) Q‘d A aon z o
lutiiasoiiadne 9 1l pH wandsduiuoan 1 59l faunndi 37°C anuuiabhiawlasiluvii

u

o

Uin3eniu L-glutamate anuitnszyluiide 6 vasstdivudsmsid

Eﬂﬁ 17 uaaannuduwusszninafanssusaaaulesl GLOD ﬁmﬁaaﬂné‘omn incubate
TuiiiWadrsiiadny 9 fu pH wuinaulad GLOD faanuaiiosluwias pH 6.5-7.0 1fluan 1
i

\ila incubate owladidinalu acetate buffer $ad) pH 4.0-5.0 wuindiRanIsuaaay
wReUszunm 78% ustamadwdaifiue 37% win incubate lu acetate buffer A% pH 3.5 dmu
n13 incubate oulmiludwine§7il pH genin 7.0 wuiidnfisnsiuvasewlmidinanisanni
90%

namInaaaInansdl wulol GLOD ﬁm’wtaﬁmmnn'jﬂmnat‘{"lu pH luglailunaninia
idueng

Bohmer uaranz (1989) v1o0ui tawlod GLOD 90 S. endus (daanmwiilainlu

incubate 1k 0.05 M Mcllvaine buffer pH 7.5 iflwianiny 15 wii
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. - < &
uauns pH dandruaivivessuled GLOD vnia Strepromyces sp. 18G

. - - . o - 4 ~ -
winsAnealeu incubate toulodluiWinedriiasne 9 Nl pH wansdranuiiluag, 1

' -l
10 Ngunnil

-

u

- L "3 -l r.y. el L J o L [ -
Wade 6 voe3tibpuITNTIve tWinesnle Tédun 0.1 M acetate (@), potassium

12

37°C swnuudabueulsfliviad §i3odu L-glutamate a3ty

phosphate (@), Tris-HCI (A) and glycine-NaOH (®) rrfisnssuvesionladuans

\iusrduving (relative values) nusingage (100% =0.025 U/ml)
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7. nsdnwuanasamnpiidanansisuazanaiaiios (stability) nasiawlasl GLOD

- ) =

7.1 msﬁntnna'uaaqnmnumanfnn-s-m'uaotau‘l'mf GLOD

nsAnwnnasaunpiidefianssusesaunled GLOD vileeliiawlmidindavindfiden

o - [ - - & g =]
nu L-glutamate Tﬂumuquqmmqulwﬂm{ﬂul’n shaker water bath uazvinnsiasfanTsuses

o d o -~ - -~ - e
wulsdaudsnatuisluda 6 wasssfisuiTnsivn

-l -~ s N . - a -~ o
31J-n 18 ussInuaNNUIIznIdfanssuvenaulsyd GLOD NUAMANLYDINITN

UAATen wudneuled GLOD e Streptomyces sp 18G ﬁdﬁﬁammgaqﬂﬁqmﬂnﬁ 37°C

u

- a o & - . “ . - - - ), . i
WagunnliRnuilu 60°C vilwennanssuaesdly 50% wazwingaunpilitARnu 70 °C wuiadn
Aansiuaaadmaauaunin 10%
- » - J’ ]
soruwiddoneuniiis wuineuwlod GLOD san Streptomyces sp. Z-11-6

(Sukhacheva and Netrusov, 2000B) vnawléd@fiaunni 40°C

1 u

7.2 m‘sﬁnu’maﬂmqmwgﬁdaﬂ'nmaﬁusuaotauTtraf GLOD

'lc'fﬁ’\m‘sﬁnwwamaaqmmaﬁeiam’xmaﬁnwaumu‘lmf GLOD lau incubate ol

@ansnlu 0.1 M potassium phosphate buffer pH 7.4 figaunniieing 9 uian 1 $2lus 3iniu

bl

e oS a ' P o e - = - e
ﬁﬁuqﬁﬁﬂqﬂqnﬂnffuﬂl“ﬂaﬂ%lﬂ']lf’]ﬁﬂ?:qlu“'l'ﬂa 6 vaIsiLBUATNITINY

| “- o N S o - . [ .
3un 19 UENINMUFNWUTIzRI A AInTINvanawlTy GLOD Vinaaatnadn incubate

-

110.1 M potassium phosphate buffer pH 7.4 figoangfidne 9 ifwaen 1 53lus wudnieulasd

bl

3 -l r Y q - - d I -
GLOD umwmnuwuﬁoqquu 55°C uazdndanIsuazasadndsyszunm 98% maag'luqmﬁqu

60°C Huiran 1 T2lws

B
0

unndl 65°C drflanssuveaaulminioding 70% waziewlmflumansavineuld wan
o - ™ e . o
mu'ln'nam'nqu 75°C nsagm’numﬂunmmu 1 431u9

Kamei uazamz (1983) wuinawlsd GLOD 1n S. violascens \fuanwlapawiduile

aglu pH 7.5 fgnunpn® 37°C (Huiisn 1 alus
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100 E ®

90 -

60 -
50 - ¢
40
30 -
20 -

0 : T T T T T T T T T T T T T T 1
20 30 40 50 60 70 80 90

Temperature (°C)

P « &
ua'uaaqmnguﬂanamm'ﬂauauhu GLOD awna Streptomyces sp. | 8G
~ — - - - -l (%
AnsdnmlavlWiawloivinlj3ofu L-glutamate lavauausmnnilvanlaols
- ' - . x. ] A - o -
shaker water bath uazvitnisiasrfansivveveulsdeyitneturulute 6 voeszdoy

3501333 dnantinveveuloduaeniudiduvng (relative values) fusigsae

(100% =0.0627 U/ml)
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8. a1 nwizuasianleal (substrate specificity)

Tvinsaneanuiuwizvenawled GLOD danteaziilusiiadis 9 fAnsdudu 10
mM (sniiu 1 mM L-tyrosine) lagl#3Farufiafunaluda 6 udrdwimmienfanssusuy
wWhsuisudusagazrasfansindlden L-glutamate (% relative activity)

@137 4 uamadnfanssuvesaulnd GLOD anide Streptomyces sp. 18G sianinazil

- [} . ] A ’
Tusfladne 9 wudn oulmfmansosandlead L-glutamate ld@nga & D-glutamate uaz L-

aspartate mansneandladldiRes 0.79% uaz 0.53% awdreiu Waviouiy L-glutamate
wenanil liswnsnasonuineulsy GLOD vufAsurduniaesiludu 9 Miameasy
Kusakabe uazamz (1983) shaawitaulad GLOD a1n Streptomyces sp. X-119-6
masneandled L-aspartate ld@eaifiu 0.6 % (lafiouiyu L-glutamate &u Kamei uazams
(1983) mwauinanley GLOD 91n S. violascens swnsoesndlad L-glutamine 1603 32.1
% wevin §fiseniu D-glutamate 1&ifius 0.79 % dlafiousy L-glutamate luvnsfianlad

GLOD 3n Streptomyces sp. X-119-6 (Kusakabe et al., 1983) uaz S. endus (Béhmer et

al., 1989) liaansnaandlad D-glutamate ‘léiay



o . . ot ol :
a139n 4 Aanudiwirssaeutey GLOD senieeziluriines 9 1w 0.1 M potassium

phosphate buffer pH 7.4 ﬁqnmgﬁ 37°C

Substrate (10 mM) Relative activity (100%)
L-glutamate 100
D-glutamate 0.79
L-glutamine uD
L.-aspartate 0.53
L-Glycine uD
L-alanine ubD
L-arginine uD
L-cysteine UuD
Trans-4-hydroxy-L-proline uD
L-lysine-hydrochlonde ubD
L-proline up
L-serine uD
L-threonine uD
L-valine uD
L-1soleucine | uD
L-mecthioine uD
L-phenylalanine uD
L-leucine uD
L-tryptophan uUD

L-tyrosine (1 mM) UuD
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WHWINWNIIANETIB@ LU

I ol aw g = o ar = o edda [
MomananuitpiduRoinsaadanyduvsdndanusunsnlunisadaenlsy GLOD
8 a - LN A‘ z b ] z r -‘.: d sl b L3
FWMIYNIAnsusulivenTauasiew Tl lutuduriiu danu twa'l%ummgm'mtmh
| a P | . - ° o =
Wiy Streptomyces sp.18G waziowlwi GLOD unBiiliu Siarveztraldanisoinndunis
& A . L3 L 1 =3 d = ) r- O n' rF-3 L5 A A’
waztawlmsidananlulruszTomildasnadun 31a238ns@nw e induauTaiauanait
& 2 d P . . I'd
1. nmIamgasamiesasauanazlunmadoadafimanzey tRelimusondaiawlsd
o o & " -
GLOD ldgiga lasldiroziianquuazdunudn
2. mifnmguandannamaad (kinetics properties) vavawlmi GLOD
a a - . P - ol
3. m‘smﬂmﬂ‘gemuwuf Streptomyces sp.18G mamﬂ'nmﬂTuTauwuqnmn'ﬁmwa
grulvaasondaanlsd GLOD ldetnafidszfnTnaw
° U4 [V | Py - =
4. maieulsd GLOD luneaassdszyndldiNanisiinszyinn L-glutamate w3a

= o o o e e .
MSG mswrinlflizlenilusaamniinaints msiemzinaaiiadiin tiu ns

[ - o o
selulamuisad wIaszuuasiaiadu 9
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n.1 A.1 Humic acid-vitamin agar (Hayakawa and Nonomura, 1987)

Humic acid* 10 g
Disodium hydrogen phosphate (Na;HPOy) 05 g
Potassium chloride (KCl) 1.7 g
Magnesium sulphate (MgS0,.7H,0) 005 g
Ferrous sulphate (FeSO4.7H,0) 001 g
Calcium carbonate (CaCQ3) 0.02 g
Cycloheximide** 50.0 mg
Vitamin B***

Agar 180 g
Distilled water 1000.0 ml

Adjust pH to 7.2
* humic acid was dissolved in 10 ml of 0.2 N NaOH

** cycloheximide and vitamin B was steriled by filtering through 0.45 um
membrane filter before added to the sterile media at 50 °C

*** Vitamin B

thiamine-HCl 0.5 mg
riboflavin 0.5 mg
niacin 0.5 mg
pyridoxin-HCI 0.5 mg
inositol 0.5 mg
p-aminobenzoic 0.5 mg

biotin 0.25 mg



n.2 Mannitol mungbean agar (Piyakriengkrai, 2001)

Ground mungbean 200 g
D-mannitol 200 g
Agar 180 g
Tap water 500.0 ml
Distillied water 500.0 ml

Adjust pH to 7.0

Solution A : ground mungbean was boiled in tap water before
filtered through a filter cloth

Solution B : D-mannitol and agar was added to distilled water

Both solutions were mixed together before adjusted pH

Autoclave at 121°C 15 lbs/sq inch. for 15 minutes

n.3 Inorganic salt starch agar (Williams er al., 1983)

Soluble starch 10.0 g
Calcium carbonate (CaCQO3) 20 g
Ammonium sulphate ((NH4)2SO4) 20 g
di-potassium hydrogen phosphate (K;HPO,) 1.0 g
Magnesium sulphate (MgS04.7H,0) 1.0 g
Sodium chloride (NaCl) 10 g
Ferrous sulphate (FeSO4.7H>0) 1.0 mg
Manganese chloride (MnCl,.7H,0) 1.0 mg
Zinc sulphate (ZnS04.7H;0) 1.0 mg
Agar 200 g
Distilled water 1000.0 ml

Adjust pH to 7.2
Autoclave at 121°C 15 Ibs/sq inch. for 15 minutes



n.4 Precultivation medium (Béhmer, et. al., 1989)

Soy bean meal

Glucose

Calcium carbonate (CaCO5)

Sodium chloride (NaCl)

Distilled water

Adjust pH to 7.0

Autoclave at 121°C 15 Ibs/sq inch. for 15 minutes

n.5 Fermenter medium (Bohmer, et. al., 1989)

Soluble strach

Glycerol

Sodium nitrate (NaNO,)

Yeast extract

Sodium chloride (NaCl)

Calcium carbonate (CaCO3)

di-potassium hydrogen phosphate (K;HPOy)
Distilled water

Adjust pH to 7.0

Autoclave at 121°C 15 Ibs/sq inch. for 15 minutes

1.6 Screening medium (LiQS, et.al., 1996)

Glucose

Sucrose

Ammonium sulphate ((NH4);SO4)

Comn steep liquid

Potassium chloride (KCl)

Magnesium chloride (MgCl,)

Calcium carbonate (CaCO;3)

Sodium di-hydrogen phosphate (NaH,PO,)
Distilled water

Adjust pH to 7.0

Autoclave at 121°C 15 lbs/sq inch. for 15 minutes

15.0

15.0
1.0
5.0

1000.0

15.0
15.0
20.0
10.0
2.5
4.0
0.5
1000.0

25.0
15.0
5.0
5.0

1.0

1.0

1.0
0.6
1000.0

g 0 M @M

ml

m e Q0 0o 00 00 M

@ R 0 08 o 0o 09

3

65



n.7 Production medium (LiQS, et.al., 1999)

Glucose

Ammonium sulphate ((NH4).SOy4)

Corn steep liquid

Magnesium chloride (MgCls)

Calcium carbonate (CaCQ;)

Sodium di-hydrogen phosphate (NaH,PO,)
Distilled water

Adjust pH to 7.0

Autoclave at 121°C 15 Ibs/sq inch. for 15 minutes

n.8 Norcardia histidans medium (Ronald, 1993)

Yeast extract

Glucose

di-sodium hydrogen phosphate (Na;HPQO,)
di-potassium hydrogen phosphate (K;HPO4)
Magnesium sulphate (MgS0O,4.7H,0)

Distilled water

Adjust pH to 7.0

Autoclave at 121°C 15 Ibs/sq inch. for 15 minutes

30.0
6.0
10.0
1.0

1.0
0.7
1000.0 ml

e g0 00 oo 0 Og

10.0
10.0
0.95
0.91
0.5
1000.0 ml

¢ @ (u 0o 09
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0.9 Streptomycete medium (Ronald, 1993)

Glycerol

Adjust pH to 7.0
Autoclave at 121°C 15 Ibs/sq inch. for 15 minutes

5.0
Sodium chloride (NaCl) 2.0
Potassium nitrate (KNO,) 1.0
Di-sodium hydrogen phosphate (Na,HPO,4.2H,0) 0.534
Magnesium sulphate (MgS0,4.7H,0) 0.5
Potassium di-hydrogen phosphate (KH,PQO,) 0.272
Trace elements solution® 1.0
Distilled water 1000.0
Adjust pH to 7.0
Autoclave at 121°C 15 1bs/sq inch. for 15 minutes
* Trace element solution
FeS0O,4.7H,0O 01 g
MnCl,.4 H,O 0.1 g
ZnS04.7 H,O 01 g
Distilled water 100.0 ml
n.10 Czapek Dox medium (Ronald, 1993)
Sucrose 300 g
Sodium nitrate (NalNO3) 30 g
Potassium di-hydrogen phosphate (KH;PO4) 1.0 g
Magnesium sulphate (MgS0O4.7H,0) 05 g
Potassium chloride (KClI) 05 g
Ferrous sulphate (FeS04.7H,0) 001 g
Distilled water 1000.0 ml

0 @ go 00 0 0%

ml
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n.11 Czapek medium with peptone (Ronald, 1993)

Peptone

Sucrose

Sodium nitrate (NaNQO;)

Potassium di-hydrogen phosphate (KH,PO,)
Magnesium sulphate (MgS04.7H,0)

Potassium chloride (KClI)

Ferrous sulphate (FeSO4.7H,0)

Distilled water

Adjust pHto 7.0

Autoclave at 121°C 15 Ibs/sq inch. for 15 minutes

n.12 Czapek Dox medium with 3%glucose (Ronald, 1993)

Glucose

Sodium nitrate (NaNO3)

Potassium di-hydrogen phosphate (KH,PO4)
Magnesium sulphate (MgSO,4.7H,0)

Potassium chloride (KCl)

Ferrous sulphate (FeS0O4.7H,0)

Distilled water

Adjust pH to 7.0

Autoclave at 121°C 15 Ibs/sq inch. for 15 minutes

v.1 Sample buffer
Distilled water

0.5 M Tris-HCI, pH 6.8
glycerol

10 % (w/v) SDS
2-mercaptoethanol

0.05 % (w/v) bromphenol blue

5.0

30.0

3.0

1.0

0.5

0.5
0.01

1000.0

30.0
3.0
1.0
0.5
0.5
0.01

1600.0

0.8 ml
1.6 ml
0.4 ml
0.2 ml

e oe 09 09 09

[1}e}

g
ml

@ e 0o O . 0o

mi
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Summary

A new extracellular L-glutamate oxidase (GLOD) was purified from a soil-isolated
Streptomyces sp 18G. The enzyme had a molecular weight of approximately 120,000
and conststed of two i1dentical subunits, each with a molecular weight of 61,000. The
isoclectric point was pH B.5 and the enzyme had optimal pH between 7.0-7.4. GLOD
showed the maximum activity at 37°C and the remaining activity was 100 % of the
original activity when it was heated at 55°C for | h. The GLOD activity was stable in pH
range from 6.5 to 7 for 1 h. Among 21 amino acids tested for substrate specificity, L-
glutamate was almost cxclusively oxidized. D-glutamate and L-aspanate were oxidized

but only to extents of 0.79 %% and 0.53 %6, respectively.

Introduction
L-glutamate 1s an important amino acid widely used as a food additive because of its taste
enhancing property. Morcover, L-glutamate 1s the product of the catalytic action of
glutamate oxaloacetate transaminase (GOT) and glutamate pyruvate transaminase (GPT),
enzymes with useful activitics in the diagnosis of myocardial infarction, hepatitis and
other liver discases (Cooper et al., 1991). While in neurochemistry, 1t is the major
excitatory ncurotransmitter of the central nervous system and the entenc nervous system
(Zilkha et al., 1995; Valero et al., 1998). Based on this information, it is obviously very
important to develop specific analytical methods for measuring this amino acid,
preferably in simple and reliable way (Valero er al., 1998).

L-glutamate can be measured by chromatographic methods (Coppola et al., 1975;

Aswad, 1984; Fortier ef al., 1986; Anderson et al., 1987; Mora er al., 1988) which are



| complicate, time-consuming and require extensive sample pretreatment. The enzymatic

| method is chosen to overcome the problems mentioned above. Thus, glutamate

| dehydrogenase (GDH) and glutamate decarboxylase (GDC) have been employed for the
determination of L-glutamate (Kikuchi er al., 1973; Hikuma er al., 1980; Nikolelis,
1987). However, the GDC and GDH have some drawbacks such as poor substrate
specificity and the requirement for expensive coenzyme such as NAD'. L-glutamate
oxidase (GLOD) 1s used instead due to the relatively high substrate specificity comparing
to GDH and GDC and no requirement for additional coenzyme. L-glutamate oxidase is
an enzyme that specifically catalyzes the oxidative deamination of L-glutamate in the
presence of water and oxygen with the formation of a-ketoglutarate, ammonia and
hydrogen peroxide (Kusakabe er al/.. 1983; Bohmer et al., 1989). The hydrocen peroxide
formed in this reaction can easily be detected by the chromogenic peroxidase reaction or
amperometric method (Bohmer er af., 1989). Therefore, L-glutamate oxidase holds
excellent potential for use as the principle component in determination of L-glutamate
(Kusakabe er al., 1983; Udomsopagit et al., 1998), although the presently available L-
glutamate oxidase still have several disadvantages such as broad substrate specificity for
GLOD from some microorganisms (Kamei et al., 1983) and high cost of the enzyme
(Kusakabe er al., 1983). In this study, we conducted a screening for glutamate oxidase-
producing microorganisms from natural sources and investigating the physical and

biochemical characteristics of the newly discovered GLOD after the punfication steps.

Materials and Methods

Materials



‘# |

SP-Sepharose Fast Flow, Q-Sepharose Fast Flow, and Superdex 200 HR 10/30 were from

Amershame Biosciences Lid. (Uppsala, Sweden). Protein markers for gel filtration and
amino acids were from Sigma-Aldrich Co. (St. Louis, USA). Other chemicals were

| analytical grade and purchased from commercial sources.

Microorganisms and culture conditions

Streptomyces sp. 18G was isolated from soil sample in Khlong Luang District, Pathum
Thanee Province, Thailand. The medium used for the screening was and humic acid-
vitamin agar (Hayakawa and Nonomura, 1987). The microorganism grown on inorganic
salt starch agar medium (Williams er afl., 1983) had spiral mycelia with spores. The
colonies were tough, leathery and developed to powder and velvet colonics after spore
forming. These characteristics suggested that the GLOD producing—microorganism is of

the genus Streptomyces.

Screening methods
The GLOD-producing strain was selected by using the method based on H;O;-dependent
peroxidase catalyzed chromogenic reaction, as described by Qingshan et al. (1996) Filter
papers were dipped into the reaction mixture containing 2 U/ml horseradish peroxidase
(HRP), 10 pmole monosodium glutamate (MSG), 10 pmole 4-aminoantipyrine (AAP) and
17.5 pmole phenol in 0.1 M potassium phosphate buffer pH 7.4, prior to placing on the
isolated colonies. The reaction was allowed to take place by incubating for 15-30 minutes
at ambient temperature without light. GLOD producing—colonies that turned the filter

paper to be red were collected.



GLOD production culture

. Streptomyces sp.18G was grown in wheat bran precultivation medium described by
| BShmer et al. (1989) with some modifications. The medium contained 2.0% wheat bran,
0.5% sodium chloride and 0.5% monosodium glutamate. The culture was grown at 37°C
" with shaking at 200 rpm.

GLOD assay

GLOD activity as assayed basically in the same manner to the method described by
Qingshan et al. (1996) The reaction mixture contained 1.0 pmole 4-aminoantipyrine,
17.5 umole phenol, 2.5 U horseradish peroxidase and a sufficient amount of GLOD in
' 0.1 M potassium phosphate buffer pH 7.4 in a total volume of 1.30 ml. Afier a pre-
incubation for 2 min at 37°C, the reaction was initiated by addition of 10 pmole MSG to
the reaction mixture. The absorbance at 500 nm was measured after incubated for 30 min
at 37°C with gentle shaking. One unit of enzyme activity is defined as the amount of

enzyme required to produce 1 umol of H;O; per minute under the assay conditions.

Protein determination
Protein was determined based on the method described by Bradford (1976). Bovine

serum albumin (BSA) was used as a standard.

Purification of GLOD

Enzyme concentration
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Ammonium sulphate precipitation technique was used to concentrate the crude enzyme.
|

Grounded ammonium sulphate was gradually added to the chilled enzyme solution while
' stirring until 80% saturation obtained. The solution was then stirred further at 0°C for 1
h. The precipitate was collected by centrifugation at 10,000 rpm, 4°C for 45 min. The
protein pellet was dissolved in minimal volume of 20 mM chilled potassium phosphate
buffer pH 6.0. The enzyme solution was then dialyzed overnight against the same buffer
at 4°C.
Cation-exchange chromatography
The concentrated enzyme was applied to SP-Sepharose FF column with a bed volume of
30 ml. The column was pre-equilibrated with 20 mM potassium phosphate buffer pH
6.0. After the column was washed with 40 ml of potassium phosphatc buffer. The
enzyme was eluted with a linear salt gradient of 0—0.3 M sodium chloride at a flow rate
of 1 mi/min. Each fraction of the enzyme solution was tested for GLOD activity. The
active fractions were pooled and concentrated by means of a centrifugal ultrafiltration
and kept in an ice bath for further purification steps.
Anion-exchange chromatography
The pooled active fractions were desalted before loading into the pre-equilibrated Q-
Sepharose Fast Flow column with a bed volume of 30 ml. The column was washed with
20 mM Tris-HCI buffer pH 8.0 at the flow rate of 1 ml/min. Other proteins which bound
to the column were then eluted by using linear salt gradient from 0.0-1.0 M sodium
chloride with the same flow rate. The active fractions were pooled and concentrated by
means of the centrifugal ultrafiltration with MW cut off at 10,000 and kept in an ice bath

for the next step of enzyme purification.



Gel filtration chromatography

A gel filtration chromatography using was used for the last step of enzyme purification.
The Superdex 200 HR 10/30 column with 24 ml bed volume was pre-equilibrated with 50
mM sodium phosphate buffer pH 7.0 with 0.15 M sodium chloride. The concentrated
enzyme from the previous step was applied. The enzyme was eluted from the column
with the same buffer at a flow rate of 0.5 ml/min. Active fractions were determined for
GLOD activity by the colonmetric method, and were pooled and concentrated for further

assay.

SDS-polvacryvlamide gel electrophoresis
SDS-PAGE slab gel was camed out accoding to Laemmli (1970). The gels were

subjected to protein bands visualization with stlver staining method.

Molecular weight determination by gel filtration chromatography

The relative molecular weight (M,) of the native enzyme was determnined by using
Superdex 200 HR 10/30 column. Elution was done at the flow rate of 0.25 ml/min with
an elution buffer comprising 50 mM sodium phosphate buffer pH 7.0 and 0.15 M NaCl.
The calibration curve was constructed with protein markers: cytochrome C (12,400),
carbonic anhydrase (29,000), bovine serum albumin (66,000), alcohol dehydrogenase
(150,000) and f-amylase (200,000). was used for determining the total volumeblue
Dextran blue (2,000,000) and vitamin B,; (1,355.4) were used to determine the void

volume (V,) and total volume (V,), respectively. A standard calibration curve between



log molecular weight of protein markers and the partition coefficient values, K,,, was

constructed.

Isoelectric point estimation

The isoelectric point was determined by using PhastGel® IEF 3-9 (Amershame
Biosciences, Sweden). The standard p/ markers consisted of amyloglucosidase (3.5),
soybean trypsin inhibitor (4.55), B-lactoglobulin A (5.20), bovine carbonic anhydrase B
(5.85), human carbonic anhydrase B (6.55), myoglobin-acidic band (6.85), myoglobin-
basic band (7.35), lentil lectin-acidic band (8.15), lentil lectin-middle band (8.45), lentil
lectin-base band (8.65) and trypsinogen (9.30). Plots of the distances of the protein
markers from anode and their pf’s were constructed and fitted with linear rcgression. The

p/ of the GLOD was estimated by using a regression equation.

Results

Enzyme production

The extracellular GLOD was produced in wheat bran precultivation medium (Béhmer et
al. 1989). GLOD activity obtained from was 13.79 mU/ml. The composition of the
medium was modified to formulate the medium which promoted the higher GLOD
production. The effect of MSG addition in the medium to the GLOD productivity was
also investigated. There was no improvement in the enzyme productivity by adding
glucose as a carbon source. The optimal GL.OD production medium containing 2.0 %

wheat bran, 0.5% NacCl and 0.5% MSG was selected and named wheat bran medium.
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! The maximum GLOD production was obtained from the cultivation of Streptomyces sp.

18G in wheat bran medium at 30°C for 60 h with 200 rpm shaking.

Purification of GLOD

GLOD was purified from an extract of Streptomyces sp. 18G cultured on wheat bran
medium. The procedure included precipitation with ammonium sulfate, column
chromatographies on SP-SepharoseFF, Q-SepharoseFF and a high resolution gel filtration
on Superdex 200 HR 10/30 as described above. Table 1 summarizes the purification of
the enzyme. The overall purification was 989.99 fold with a yield of 16.65%. The
purified enzyme showed a single band in SDS-PAGE and had a specific activity of

152.35 U mg’ protein.

Molecular weight and subunit structure

The relative molecular weight (M,) of the native enzyme was estimated to be
approximately 120,000 by Superdex 200 HR 10/30 gel filtration chromatography (Figure
2). The subunit structure of the enzyme was analyzed by SDS-PAGE in 3 different
polyacrylamide separating gel concentrations, i.e. 10%, 12% and 14% with 4% stacking
gel. Molecular weight of the enzyme subunits calculated from the three regression
equations with different gel concentrations were 59,816, 63,252 and 60,044, respectively.
Thus the molecular weight of the GLOD subunit was estimated to be 61,000. Since the
native enzyme was approximately twice the size of the enzyme subunits, the results

suggested that the enzyme consisted of two identical subunits.
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Isoelectric point
The isoelectric point of the purified GLOD was estimated to be 8.5 by isoelectric

focusing (Fig. 4).

Optimal pH and pH stability
Fig. 5A shows the pH-activity profile of GLOD. The optimal pH of the enzyme ranged

from 7.0 to 7.4. The enzyme was more stable in alkaline pH than in acidic pH (Fig. 5B).

Optimal temperature and thermal stability

As illustrated in Fig. 6A, GLOD activity reached a maximum at 37 °C under a standard
assay conditions describe above. Thermal stability of GLOD was determined by
incubating the enzyme in 0.1 M potassium phosphate buffer pH 7.4 at various
temperatures for I h. The enzyme was relatively stable from 30 to 55 °C. At 65 °C, the
activity of the enzyme was deteriorated approximately 50 %. The enzyme was

completely inactivated at 75 °C.

 Substrate specificity

The activity of GLOD on various amino acids was investigated as shown in Table 2. L-
glutamate was almost exclusively oxidized. D-glutamate and L-aspartate were oxidized
but with relative activities of 0.79 % and 0.53 %, respectively. The activities on other

amino acids tested were undetectable.

Discussion
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A novel GLOD was isolated from Streptomyces sp. 18G. The enzyme was efficiently

i produced in wheat bran medium. The 989.99 fold with 16.65% yield was obtained from
the purification procedure. The specific activity of the purified enzyme was 152.36 U
mg'. The enzyme obtained in this study is different from those reported in previous
studies in several aspects. The native enzyme has a molecular weight of approximately
120,000 Da with 2 identical subunits. The p/ was estimated to be 8.5. The pH-activity

1 and temperature-activity profiles suggested that the optimal pH ranged from 7.0 to 7.4

- and the optimal temperature was 37°C, which is applicable for glutamate determination
under physiological conditions. In addition, the enzyme shows almost exclusively

| oxidase L-glutamate with lower extent on other amino acids tested. The high substrate

' specificity of the GLOD from Streptomyces sp. 18G described here suggested the

possible development of L-glutamate analytical systems either in clinical diagnosis or

bioprocess monitoring.
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Table 1 Purification of GLOD from Streptomyces sp. 18G.
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Total protein  Total activity ~ Specific activity Yield Purification

Purification step

(mg) () (U mg™) (%) {fold)
Culture extract 1,203 185.25 0.15 100 1.0
Ammonium sulphate 376.6 151.03 0.4 81.53 2.61
SP-SepharoseFF 10.7 70.23 6.56 37.91 42.65
Q -SepharoseFF 0.72 33.43 46.48 18.05 302.01
Gel filtration 0.2 30.85 152.36 16.65 989.99
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Table 2 Substrate specificity of GLOD. The enzyme activity was measured as described
in text. All values represent the percentage activity compared with the value obtained

from L-glutamate. UD = undetectable

Substrate (10 mM) Relative activity (%)
L-glutamate 100
D-glutamate 0.79
L-glutamine UD |
L-aspartate 0.53
L-glycine UD
L-alanine ub
L-arginine UD
L-cysteine ubD
L-histidine uD
trans-4-hydroxy-L-proline UuD
L-lysine hydrochloride uD
L-proline UD
L-serine UD
L-threonine UD
L-valine ubD
L-isoleucine UubD
L-methionine UD
L-phenylalanine UD
L-leucine UuD
L-tryptophan uD
UD

L-tyrosine (1 mM)
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Fig. 1. SDS-polyarylamide gel electrophoresis of GLOD from Streptomyces sp. 18G.
Lane 1, purified GLOD oxidase; lane 2, marker proteins: )lysozyme (14,400), B-
lactoglobulin (18,400), restriction endonuclease Bsp981 (25,000), lactate
dehydrogenase (35,000), ovalbumin (45,000), bovine serum albumin (66,200) and
B-galactosidase (116,000)
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Fig. 2. Molecular weight determination of native GLOD by Superdex 200 HR 10/30 gel
filtration chhromatography. The molecular weight used were: A, cytochrome C
(12,400); B, carbonic anhydrase (29,000); C, bovine serum albumin (66,000); D,
alcohol dehydrogenase (150,000) and E, B-amylase (200,000).
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Fig. 3. Estimation of molecular weights of GLOD subunits by SDS-PAGE in 3 different

polyacrylamide separating gel concentrations, 1.e. 10%, 12% and 14% with 4% stacking
gel. The molecular weight markers used were: A, lysozyme (14,400); B, B-lactoglobulin
(18,400); C, restriction endonuclease Bsp981 (25,000); D, lactate dehydrogenase
(35,000); E, ovalbumin (45,000); F, bovine serum albumin (66,200) and G, §3-
galactosidase (116,000).
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Fig. 4. Isoelectric point determination of GLOD by isoelectric focusing. The standard p/
, markers were: A, amyloglucosidase (3.5); B, soybean trypsin inhibitor (4.55); C,
[3-lactoglobulin A (5.20); D, bovine carbonic anhydrase B (5.85); E, human
, carbonic anhydrase B (6.55); F, myoglobin-acidic band (6.85); G, myoglobin-
basic band (7.35); H, lentil lectin-acidic band (8.15}; I, lentil lectin-middle band
(8.45); J, lentil lectin-base band (8.65); K, trypsinogen (9.30).
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Fig. 5. Effect of pH on GLOD activity (A) and stability (B). (A) GLOD activity was
assayed 1n various buffers with different pH values. (B) (A) The enzyme was
assayed in various buffers at different pH values by the method as described in the
text. (B) The enzyme was incubated in various buffers at the pH values indicated.
After incubation at 37 °C for 30 min, the remaining activities were determined by
the method described in the text. The buffers (0.1 M) used were: acetate buffer
(pH 3.5-6.0) (®), potassium phosphate buffer (pH 6.0-7.5) (@), Tris-HCI buffer
(pH 7.5-9.0) (A), and glycine-NaOH buffer (pH 9.0-10.0) ().
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Fig. 6. Effect of temperature on GLOD activity (A) and stability (B). (A) The enzyme
activity was assayed at various temperatures by the method as described in the
text. (B) The enzyme was incubated in 0.1 M potassium phosphate buffer pH 7.4

at various temperatures for 1 h. The residual activity was investigated by the
method described in the text.
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