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Improvement of dye-mediated dehydrogenase activity of pyranose
oxidase by site-directed mutagenesis

Toshio Araki?’, Tomoko Nakatsuka? , Takashi Tamura and Kenji Inagaki
(Course of Agrochemical Bioscience)

Pyranose oxidase (EC 1.1.3.10 ; PROD) catalyzes the oxidation of aldopyranoses at the position C-2
to yield the corresponding 2-keto-aldoses and H,0,, using oxygen as an electron acceptor. The enzyme
shows broad substrate specificity as well as reactivity for 1,5-anhydro-p-glucitol (1,5-AG), which is
known as a clinical glycemic marker. It is considered that the reactivity of PROD for 1,5-AG is useful in
the development of an amperometric-type biosensor, which is a convenient diagnostic device for self-
monitoring blood glucose (SMBG). However, the levels of dissolved oxygen in blood affect biosensor
systems that are equipped with an artificial electron mediator. In the present study, we attempted to
develop an O,-insensitive oxidase that would improve the dye-mediated dehydrogenase activity. We
performed site-directed mutagenesis on PROD isolated from basidiomycetous fungus No. 52, which
generated 11 mutants. The amino acid substitution Q421A exhibited a significant decrease (8.8% of wild
type) in its oxidase activity, whereas it maintained its dehydrogenase activity (67% of wild type). In this
study, we characterized PROD mutants from basidiomycetous fungus No. 52, which showed improved
dye-mediated dehydrogenase activity.

Key words : pyranose oxidase, 1,5-anhydro-D-glucitol, biosensor, site-directed mutagenesis, SMBG

®

Yo ) — AW bEE#% (EC1.1.3.10) 1%, ZVva—=2
mED 6 BEEEZTMNT HHEHED 2 V. OKEREXFRLL,
BB E 2 R T A 0 Z S 2R s LTaHh
TWwahY, KERIZZ O S, TUEME AR 7
W7 N = ADTEARE, TOMIZLNA F XN g
TIRBEMADIGH 72 &, 4 R HEBENOREDN R S
Tbxéﬁgiﬁi\if% 53A4,5,6).

F72, ABERIIWERFOZH~— I THA1,5-T vk
Fa 7y b= (1,5-anhydro-p-glucitol : 1,5-AG)
FHEBLT B0, HERFOZHEEL LTOHHINT
W57, 1,5-AG BWTHBICAREZ * w254, BUko
IR L L CORETHV A M2, FFRICii#E L -
By L THCwREELEZ bND., HIZIEE Y
Y E LT, BRFEEVHSOMFP 7V 3 — AR
M3 A IAEE Sl 2 (SMBG | self-monitoring  of
blood glucose) #gaMIL<ERLTBY, 1,5-AG %
SMBG Hit#5 0 L 9 ICHR L ICIGHT 5 2 & 25T
&L, L VEEICL,-AG RHIET AT LA REE E
AoNDE., FDLIH e NLOBEFEERE FH 5 ERGT

il

AR OBHRY T ICERE V256, BILEE IR
$, M OBEGFHTEORER T 7 KRR S L
TWwWh, INFEFTICAMARTHE L721,5-AG ik
BEORBIZOWTHEN R I NTWBY,

— 5 C, BRI R A R A R A B AT 5 L T,
WAL RS 2 R L, ANTETSHEET i LR
P (B REAPERORERRESEM - DUV, BIOKRREEREE
EFRTB) BFHLESEMENR LRI NRTWEY, b
DIETIE, BERE~NOBTRENICE D 2 RIEANER AL E
AT5HZ LT, MENOEBRERMETL, ALET
ZEENOBTmERDI L LB R I NTW D,

AHFZE Tl basidiomycetous fungus No. 52 R Y 5
— A LEEFE (PROD)™Y O MEIRALL BRI iE T 5 &
R S ND 7 I BRI AR ZEA L, BKEEERE
PEASH) b L 728 R I D W T 5.

Received October 1, 2014
a) MEAEHERSH (keda Food Research Co., Ltd.)



2 AR R 3%

mHETE

1) FREKSLTTIZAIFN

163121 Escherichia coli BL21 (DE3) #fH L, HIY
5 N DN ¥ —1213 pET 21a-PROD % i
L7,
2) ZEEBAFE

BEEINTHA VLT I4 <=0 VBLEAT
W, REF S QY (RO WTERMEA SN T T A
I Fo#HE# (Quick change ) #4T- 7z, BUSER XS
L CHIREBEZR AL (Dpnl) = AT\, Escherichia coli
BL21 (DE3) % Bz L /-1, ARSEASINCZTT
A3 P57
3) BREMAESE

PRALBE SR IG RO W 7%, ) VS ) 7 AR
(pH7.0) 1 gmol, “NVFF T ¥—=¥10U, 473 /T~
FVY) 248 ymol, 7x/—)V42 ymol, IV a— A
100 zmol % & & RUSVE BRI 2 dim L, UG % BigG
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Relative activities of oxidase and dehydrogenase in pyranose oxidase mutants.
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Specific activities of oxidase and dehydrogenase in pyranose oxidase mutants.
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3D structure of pyranose oxidase from Peniophora sp. (PDB ID : 2F5V) .

4A) LTHY, MRS 223 REREEICES LT
WAL IREMEDSE 2 5/, — 5T, PROD @ Q421 (5
43¥, Fig. 3 ® PePROD TI3446% H ® Gln) (%, T143
EHARTERD 2550725 FIBEN /- ALEICFIE L T
B, BEST~NOBETOZITE LD L EF{mE (T
OrY) L= AT 0) CHS LTWLIREENEZ S
nr.

= 9

Basidiomycetous fungus No. 52 H13¢ PROD O34 (s
EEEICMNET L EEZ 6027 3 7 B E Ala ~i#E
g2 L1280, BACBGEIMRT L, HoBikE
B UE 2 AR L 72 4 R OB (R 2 iU L 72, Q421A
IR LR RIEE DI AE R 0F98.8% F TIUT L, iz fk
L216A (ZFA SIS I 1 258 LR T 0 2. 8 R 1) 1 L 7.



4 WA REE 3%

Gt REBRTOREAFRIFKFZREFE A L 72
ZEETE Ala DINOMOTRIENERS B2 LR, 72
TEAL7EREZHAGDES Z EI2L 0T, BIZHL
BRI EMET L, HoBRKFMBACRRERTG M2 A
TLUEREZHNIGFTE L EEZ BN,

X [

1) Ruelius, H. W., R. M. Kerwin and F. W. Janssen :
Carbohydrate oxidase, a novel enzyme from Polyporus
obtusus : 1. Isolation and purification. Biochim. Biophys.
Acta., 167, 493-500 (1968)

2) Machida, Y. and T. Nakanishi : Purification and properties of
pyranose oxidase from Coriolus wversicolor. Agric. Biol.
Chem ., 48, 2463-2470 (1984)

3) Koths, K., R. Halenbeck and M. Moreland : Synthesis of the
antibiotic cortalcerone from D-glucose using pyranose 2-oxi-
dase and a novel fungal enzyme, aldos—2-ulose dehydratase.
Carbohydr. Res., 232, 59-75 (1992)

4) Shaked, Z. and S. Wolfe : Stabilization of pyranose 2-oxidase
and catalase by chemical modification. Methods Enzymol.,
137, 599-615 (1988)

5) Taguchi, T., K. Ohwaki and J. Okuda : Glucose 2-oxidase
(Coriolus Versicolor) and its application to b-glucose colorim-
etry. /. Appl Biochem., 7, 289-295 (1985)

FILKFRFEAMERE Vol 104

6) Spadiut, O., I. Pisanelli, T. Maischberger, C. Peterbauer,
L. Gorton, P. Chaiyen and D. Haltrich : Engineering of
pyranose 2-oxidase : Improvement for biofuel cell and food
applications through semi-rational protein design.
J. Biotechnol., 139, 250-257 (2009)

7) Yabuuchi, M., M. Masuda, K. Katoh, T. Nakamura and
H. Akanuma : Simple enzymatic method for determining
1,5-anhydro-p-glucitol in plasma for diagnosis of diabetes
mellitus. Clin. Chem ., 35, 2039-2043 (1989)

8) Tsugawa, W. S. Horiuchi, M. Tanaka, H. Wake and
K. Sode : Purification of a marine bacterial glucose dehydro-
genase from Cytophaga marinoflava and its application for
measurement of 1,5-anhydro-p-glucitol. Appl. Biochem .
Biotech., 56, 301-310 (1996)

9) Kojima, K., T. Kobayashi, W. Tsugawa, S. Ferri and
K. Sode : Mutational analysis of the oxygen-binding site of
cholesterol oxidase and its impact on dye-mediated dehydro-
genase activity. /. Mol. Catal., B Enzym ., 88, 41-46 (2013)

10) Izumi, Y., Y. Furuya and H. Yamada : Purification and
properties of pyranose oxidase from Basidiomycetous fungus
No.52. Agric. Biol. Chem., 54, 1393-1399 (1990)

11) Sawano, A. and A. Miyawaki : Directed evolution of green
fluorescent protein by a new versatile PCR strategy for site-
directed and semi-random mutagenesis. Nucleic Acids Res .,

28, €78 (2000)



	表紙
	目次
	原著論文　部位特異的変異によるピラノース酸化酵素の色素依存性脱水素酵素活性の向上
	原著論文　Characterization of a putative chromosome segregation and condensation 
protein (ScpB) in an acidophilic iron-oxidizing bacterium Acidithiobacillus  
ferrooxidans
	原著論文　Effects of different types of fertilizers and methods on dry matter production, yield and nitrogen use efficiency of rice cultivars under field conditions
	総説　ウサギはなぜ糞を食べる？
	総合論文　モンゴルの伝統的アルコール発酵乳アイラグに関する微生物学的研究
	研究紹介　施設栽培における潜熱利用に関するコンピュータ利用技術の開発
	研究紹介　ニワトリにおける肝臓と腎臓のアクアポリン（AQP）遺伝子発現に対する絶食と再給餌の影響
	公表学術論文等リスト2014
	奥付
	裏表紙（欧文目次 ）



