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1. Introduction

GﬂucoSe oxidase a:f ,fxmg. ] SDRICES 13 knnwn o

be a glycoprotein [1—4} . Quantitalive analyses have

shown that the enzyme contains 11 to 16% of
carbohydrale depending on the sources [2—4]. As
Is shown with other g ¢=,]yr.m:.ze:nzy:ufr*s 37 . glucose -
oxidase Is very stable on storage and fanly resistanl

io ;prmenlysns [2] . but no detailed study on the role L

of the camb:uhymasue mmieiy has b@bn pubﬂishﬂ»ﬂsn
"JfaI- .
In ihe present paper,. a cmmpemiwe study om the
: naiwe and penodaie-om&xed glucose is repor) ted. .
‘1% was revealed thai 1o significant alie ration was -
cansed by the oxidation in catalytic properties, -

protein conformations, and stability apainst | heaimv -

in the absence of denaturing agents. The only B
detectable x:h:mge brought forth by 1le pﬁn@ddie '
‘oxidation was a reﬂuﬂmmn of the stahﬁﬂy against

.hea.;mg in ﬂ'lE presence of SDS*. This phenomenon

was ﬂummamwdv shown bv a marked decreass in:
the entropy of activation as compareﬁ with that of
the native enzyme. These results indicate that the

“perindate-oxidized ghncose oxidase is ymuch more

'.:n"scemzbie 0 the- deiervent ‘t'h;an the native anzymg. -
1t is, then, co'mewable that the sca:bnnyﬂmie mmew K

comnbuies 10 | mcrcease the stabilif Y of tha enzvme
ialthough i dms nat affe o 1313 gross strctiure of -
he ;pro‘iem mmety -

;_’3 Abbrenan‘ons maﬂ aTe: SDS sndmm doﬁ“c;] sulfa
i 3, CH u]a: dmhrmsm. e 8

Norh-Eottand ﬁubzfsﬁ fz;g‘-;campqh} — Amisterdem

: 3. Resulfé;

. 2; Maiteﬁé&s fand meﬂa«eﬂs ,'i '

" Crﬂ{k aampiﬁs Df Aspagzifnzs niger giuscns# oxidase
were ob zined from }ayc»wa Hakko Kogyo Co.. Lid.,
Tokyo. and purified &s described elsewhere {4]. The
enzyme activity was measured by the use {aI a Clark

OXYRSE sﬂemmda at 25°C in a 0.05 M avzizie buffer,

il 5.5, The enzZyme f;mmeemmnun war delermined
spemmph@mmanma]b inerms of the Eﬂ’}mP-bDLIBﬂ

" FAD by using its molar extinction coofiicient,

10.8mM ! e m‘_l [43. The glucose conceniration

- was-conveniemtly expressed by the toiel amount

agdded alithoin‘,h the 2n7yms is known 1o be aclive on
irs S-Fform onty 6] : Total ﬂ:a:rbmhm drate content was

3 ‘tesnmmfd by the phenol—suifuric acid method [77,
“and the qua}lamwe identification of compoenznt
sugars wat carried out by the use of a Shimadas

Gas-chmmamgmgbh; GC ABM, CD spectrn ware |

“measured at rocm iemperature with a Jasco recording
| spectropriarimeles, Model J-240. Prriodaic oxidation

was-carried ot na 8.1 M sndu.m ‘meidperiodate _
solution at. B in the ﬁaﬂi a8 de,scnbed DY Yasuda

| etal {8}

B 3 i. Carbahydmze content ;Qf' f?:re nzf.},e EJJ’}?):E

1 has been reported thet ghicose ‘oxidase from -

Lo Aﬁp mger coniains some 16% f*m‘bnh}'dmte by wejgh't

' whose main component is mannose with minoy sugar .
al cmrponems zalactose and’ glucosmml; [2): 01
:;‘-glnuota anﬂ he;msamrpe "4} The “rPsem sanple



Vc'iun':e@l fin&mbér‘ 2'f Beeil

*’;-"\wed a 10 5 ]% carbonydrate content by '
i nniusmfunc acid pigthod. Gas- chromatogra ‘
analyses revealed that manno,e 17510 76.% o:f ihe
- sugar compcneni’s), galactose (16 to 17%} glucose
{0 6%-), gaiactosam:me (5 to 6%) and glucosamme
%} were comamed No sm]ic amd wWas | detected

":_L 3“2 Penodare oxzdarmn of rhe r*nzyme ’

metape: rindate, it ‘was fmmd that 1he amDLm of -
carbohyd:ate was Ieduceé 10 appr@xmateiy half’ iof

o the original vaiue in wWo' hmms with Tittle change in - -

‘the overall caia]yne activity, but no furthey wdaeraase
.“in the carbohydrate was seen svan aftes 16 he-
mcubatmn (i“ g J) G;.s-cf_hmmai ograp}m. ana]yseﬁ
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: Jnmubmum Tame ihr)

,:'Fxg- 1. Effeci Df permdzlte womdaimn on, Narb@hyﬂmie N ‘ )
Lonien; and overall sar"ymahc: activity of glucose oxidase.

Carbobydrfate contents were determined by the phero]—; SR
ssulfaric ar:d mmethvod with mannose asa standard. ‘-’nzymauc Lo

: a'-nvxty was measxme,] by the oxygen upmke at 2570,
pH b 5in the- pa-&sence Df 37 mM D-}.ﬂucnsc -

Showed ihat ﬁue mﬂ;m ca:bchydxme co;mpone:n‘t whjch ‘-,
) hac! been decreased Was maTmnose. wdunng the, mx:ida'tmn;'
;;‘bm S1gn1f1cant alterahon in the m*ca]yhc ‘properhes
- enzyme sample (Curve B) shmwed a similar or even
S hlgher stab"‘hty avamsi: heatmg in companson wﬁh

was caused by the oxidation since the apparent:
;Mmhaehs consiarts for glucose and for :mole.mﬂar
Juxygen I,ﬂ:f' 3 hI*OjCﬂlZEd eftZyme sample were

. FEBSLETTERS . -

"i;Upon mcu"batmn ‘of the enzyme with 0.1 M. sod:L:m"‘ g o

i 'E_{Curve c) Jtis no*ew;nrt_ ;
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“Fig. 2. Circalar dickroism spf:cm: m" glumse ﬁxidase‘. D
s 'spx-mlra were measured with a1 mmm celi at room .
‘ricmpemtu;re, pH. 5u 5. The riean :cSJdue weight o.f amino -
. acids was takenas 110 in 1hs @aﬁﬁulanon of molsr ellip nmty ;
E KB) (»—-—) hanve enzymaﬂ (wmu) 5 31: mmdnzeﬁ enzyme

ﬂle fmdmg thaﬁ i"hls enz-yme pmtem Tasa very smﬂﬂ,

- amoent of regular structure, such as oshelix andfor
S ﬁ-struc,wmre Assuming. lhal 1}1@ CD behiavior is mainly
. due to the ochelix ca:mfomanor] 1}33 helix contents

of the native and 1163 hr—nmd:zed enzyIne samples -

- are calenlated as 11 and, 111.5%, respectively {9 3@]
. Ttis thus evident that the periodate oxidation did -

- 'nm Canse @ &gmﬁeam altemtmn in ﬂ1e p1 otein

R strut:tmﬁ. : el : .

3 i} Stabz]z@ Qf ﬂze ﬂnzyme , - _
Glucose oxidase wds found to he wery a:iab]e

- agam,s’t denahmng agfmts such as SDS and ﬂ"_r‘f:ﬁ.. it

acnmy after 30 hrincubation in.a 1%

. 8DS solutwn ar-30°C, pH 3.5, The aclivity was also
. fully resiored aﬁer 1 hrumcubahun with 4 M urea,

" As shown'in fig. 3 (Cuwe ), the enzyme was famaﬂ
" to be fairly stable at an elevated temperature. The
: ,,stab:hty xof the en‘ ym :

owever, was reﬂuced l?
' resenw:;e {)f 1% SDS -
a‘l éhﬁ 5 fhr@%nﬂ"lzed

a: s1gmflcdni degree in
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an. 3.. ﬁfeai stnb:lhty Di' glm:mss mxldasc wuih and xulnom o
“1% SDS. The enzyme was incubuted for 5 min af eat?: e
: Tempemtm ¢, and an sliguot was taken for the assay o the
‘enzymainc ath'my Curves a {—SDE} and ¢ (-nSDSj aiz for -
~the hative enZyine, 2 and corves b (—SDS) and (~+SDS) ate;

“for e 3 hr oxidized enzyrne, respeciively. Assay corﬂmnns
CWETE: giucose oxidase, B X 10-2 i {as FA.D) D-glul:me, .

- 55 o
Tnmparmura E”’GJ

' 5’3 mM» me:m;pbmtme, 25°C: pH 5. 5

: Ar:rhenms p]mt (ﬁg. 4. Acnvatmn paxame’wrs i or
,uthe heal inactivalion kinetics were ﬁ.alv:ulaitgd by, the
“mse ol theactivation EHETEY obmmeﬁ from this fgure,
and are listed in table 1. An important observation - '

P:Dpemes r@i 1}1& mative ang ypmmﬁa a—nxidizeﬁ glucose oxidngs | o
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w’T i:ﬂ{i}deg

330

.A,r"hemﬂ:ss 3).’191 fm ¥ iiarm:a] 1133'izimatmn of ,ghic::;s&
oxidase v-d.h and wirhoni. 1% SD*’*’ Cugvesy {--3NS} anc.

& {35035) are for "me native er\zym-, and curvesd {—SDE
of wha 5 fr oxidized renzymi:, zrl:spet rvely.
Assay emd:m}ns me: uh: SBmE aS in a:g 3

Csa dmmat’c chan ge m ‘he acuvaimn en lha}pv m}iﬂ
" of the 5 hr-oxidized enzyme when 1% SD5 was
addeﬂ Smte ﬂh fres BTCIEY. of ac Invmmn ;uFJ) was

the emh:a]py-

K TE!IQ;E ]

‘ Maﬁwe enzymae

* 5 by oxidized enzyme o

Total carbohydra te

content - - 1. iE}

Dverall amrm}f -
’ lmnltsﬁ'mmimme FAD} :

K . Tor | _glur:o:sa {mM}

'K fm DXYEED | (mMjr ;

o cr-H £l ﬂnmeni f(%)
i -En%.halpv Df ar::hvamnna
"iaH )
: "Frea energ Di‘ a_t:mfanun
O Emropy aof aﬂwamm
*7_'7::,(““0 2 '
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~RT hll(h HTk ) "&Jl-:_“.’Bk— 18 lhe

- wexrpenmental rate constant for the heat mactwatmn, R,hand X are me 285

AF"')J‘T V:ﬁues hstad

: 5f‘ccm>1£m, Plantk’ constant end Boltzrmann’s constant, Iaspecuve]y and a8%F =
here axe the averzge ol four e Tive calculal

tions an-

| nezrly. comsiant in'zll cases, the ammpv of activ ﬁmn
{ﬁs—?—‘) was vane_-ﬁ Iy agcmﬁzmw w ih ke ﬁ}mnge 1,.; '

: va Aeﬂ:ﬂ’ahmx Da:fametc.rs we:re c'a}chla"ed ;f:'w:; n}ﬁ& E* —’—R’I‘ here E* 4 is the - : AR ER e
- experimental activation energyy aF7 =
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"7carbn‘1yﬁrate enzyme was ob"i;a]')ed Sugpesting that - B

he residual carbohydrate. moiety- m}ghi be ﬂee;n]y

._vb'uned in a-core of 1he pt::]ypep“nde «chain. Since no -
mgmﬁcant alteratmns were.found in kmeim para~ .- T
- meters and in the far-ultraviolet CD specirum with -1]] i ¥ L Kl.e 'E KV B Baﬁ o Mrmééam A L‘h
Cthe s hr—omdued Enz}me it is db}e to eonclude ﬁmt O IB\'DE}:EJTI B}o‘ph;’)sp 1503-§§1S-—518 Tl
ﬂlelvemoved suga: Eomponem plays = primary role. L -5[2] })ﬁz wr, 1. H., Kleppe, K. and Cwm.e A FEJ 955) An‘:h. _

£ er in: the cala]yim achivities nor in mamtammg e gcnem Bmphys 111, 3;:.1~35? .
trm:mensm:n"a] structure of the enzyme pfb‘lem, Shmw- R 1 ch‘hoﬂa,_ﬁ E. P.and Mm‘m’-‘ V. 43%“‘) Ul Ew]-

- ever, the periodate-oxidized enzyme showed a. L [Chem: 240, 2209-2215.
; ]4] Nakamura; S. and Fu_]:k], 5. f]?ﬁﬁ} 3 Bmc}aem

S Refe,rences

much less thermal s ‘ability in the presence of SDS N (Tokyo} 63, 5158, .
tham the. native enzyme ;L‘!Ihnuph it was as much L ,{E:Ll Pazur, 3. Hoand Arﬁ,mom Ixl. N b 11-9793, in: .
Siab]ﬁ' as-the native enzy yIme wﬁlen no 8PS was AR - Advances in Carbohy: draic Chamlsrr} and. mehemmny )
-present. Therefore, a pmi&clwe effect of the carbe- .+~ . (Tipson, R 8. and Horton, D. eds.), Vol. 27, a
hydra@ moiety is 16 be. present, which does i mca‘ease o 15 gp fg% --gdl ??qmmfém’: Pre;s g;\:y’fgmﬁ ‘ 5

- e TR .
the stability of the protein molety against heating. ~ . 4?:: 34 5 9;“3 FEDEIEEE oEhEm |
- The proienme effect = quzmn‘tame]y reﬂemed as . jy‘y] Dubois, M., Gilles, K. A., Hamiktan, J. K., nqﬁ}‘efs, b, A, '_'
- the values of the entropy of activation (table 1). 0 7 f. and Smith, F.{1956) Amal. Chem. 28. B5B-336.
“Since a decrease in ihis value, in genem] ‘might as - E HB <Yasuda; Y., Takihashi, Noang Mumchij‘ a 571) -

“well be ascnbeci [0 A | less~orﬂlereﬂ state of the pm?tm A . Bipchemistry, 10, 262922630, -
: 19] Townend, R.; Kumosinski,; T. F. ”Tnm'aahcﬁ 5, N

' strocture as ‘compared with a standard state, Tha ‘ - Fasman, G. D. and Davidson, B. (1966) Biochem.
la.rge decrease observed with the 5 hroxidized - . , Bwp}y; Res. Comipiun. 23, 353_159 i

“ enzyme in the presence of SDS implies that ihe 'j :  o umn Cassim, 3. Y. and Ysaog, J. T. (1967) Bx.aéiaam
prulsm is fmcct; 1o.take’ ﬁ"scme“ hai disordered @ - - *BJD:}:!:YS Res. Commmﬂ'ﬂs 55 Bda 0




