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Screening, identification and enzymatic characterization of a
marine glucose oxidase strain

ZHANG Qingfangl’z, LIU Chunyingl’z, WANG Qiangian"?, CHI Xuemei'?, YU Shuangl’z,
CHEN Ligong"?, CHI Naiyu "

1 School of Life Science and Technology, Dalian University, Dalian 116622, Liaoning, China

2 Liaoning Province Marine Microbial Engineering Technology Research Center, Dalian 116622, Liaoning, China
Abstract: [Background] There are abundant undeveloped microbial germplasm resources in the ocean,
and the enzymes produced by marine microorganisms have attracted attention because of their tolerance
to low temperature, high pressure, and high salt, which are different from those produced by terrestrial
microorganisms. [Objective] To isolate and screen out the strains producing glucose oxidase (GOD)
from the mud samples of the Bohai Sea, and to study its enzymatic properties. [Methods] The
GOD-producing strain was preliminarily screened with plate culture method and re-screened based on
enzyme activity. The candidate was identified based on morphological, physiological, and phylogenetic
characteristics. The enzymatic properties of the GOD produced by the strain screened out were further
characterized in detail. [Results] Strain No. 31 that produced GOD was screened out and initially
identified as Basidiomycete sp. based on morphological and phylogenetic characteristics. The GOD
produced by strain No. 31 had high activity reaching 20 U/mL at 25-35 °C. This enzyme had the
optimum reaction temperature at 30 °C and still had activity at 0 °C. Its activity was stable between pH
5.0 and 7.0 and peaked at pH 7.0. Ni*", Na', Zn*", Mg”>" can improve GOD activity, and high
concentrations of Ni*", Na’, and Zn®" had significant effect. Different concentrations of
B-mercaptoethanol, urea, EDTA, Triton-100, sodium hyposulfite, and DTT had significant inhibitory
effect on GOD activity. [Conclusion] The experimental results prove that strain No. 31 is a valuable
strain producing GOD tolerant to low temperature, which provide a good strain resource for the
production of GOD, accumulate relevant data for follow-up research, and fill the blank of using this

fungus to produce GOD.

Keywords: marine microorganisms; glucose oxidase; screening

) %5 bi 8 AL B (glucose oxidase, GOD)AYRK
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BTES; fERmENST, GOD HA 4t
EE ST . GOD Al LU ShRE IR i 43
B, WeT A kA, HRiel ™ GOD 1
R AR TR, Horp w250,

1 T3 E X GOD HIBFFE AR F HoAth [ 5k
Hing, HRATFRE GOD P b AE7E LA A 55 .
(1) A=A . r bl B RN = i A e T
22227 (2) WX ORIE £ o il A S, ]
MEFH MR R, B GOD & T & ikEs,
S GOD B FE 4808, Bk A i
2 A AR AR R A K JE 3 e A g A 1O
XA YRR GOD IR FE X G F 84 h T2 T
gy, Hrhih &R s, mxt sk
SRR GOD B gE 540 L HE M PR 1
JEIRA GOD, H i E 3 A9 H A X 3R 22 4P
TR R 7 6 38— RV PR 1R . TRV S A
BREBRMEAN 71%, WP ERE & M
Wy Us, R X TR AR . =R
R SRR, R T A HA TG
T SN ) A T P A B S A I
T - B PR A S VO B L VA TR MR R B Y, 2
—RBETEARIR A F T Ak A AR Sy A=, I
Yok T 14 e RO AR TE 0 °C S5 T RS LA Tl
M, SR SO R I R AT 40 °CPY, FEAGTR
S AR EE AL G AR R, 7R SEPR A TE kA
P AR R SR R, RO RIE M PER
t, GOD (1 ik ifit B3 Fl— ol 28-40 °C, &
Hh TR S, DA R 4 0 i AR
GOD M BRRIR D, HAT X3 2 S Uik 21 1) — ik
PR —HRA A RRAT L A R SR
6 1) 1 — BRI BRI H 4 1V 3 A
—FRBEIRZEAAT IS, 1T H. GOD BG4Ik, 3%
7t =

A S8 PR A A T Tl Ak AR
A7 GOD HA W KIS J1 . AWF5EiE i

P A s R I SO L AR 3 X A A 1
P dh o 45 21— IR GOD Rtk ; il
I A5 2 E Moy A = o3 B i e LA
A Ao ) A e D T A, X R AR P Tl
PEFRAEATHESE

1 #RE5r*

1.1 ##
1.1.1 #5H

ohOE LT K % Wi B (123°371°E
39°697'N)IEle, HUFETRIE 25-30 m.

1.1.2 EHFE

AL BEAK 10.0, BLEEE
5.0, NaCl 1.0, #j%i# 2.0, pH 7.2,

i 55 7R 5L (g/L) . WA 80.0, &k
3.0, KH,PO, 2.0, MgSO,-7H,0 0.7, KC1 0.5,
NaNO; 4.0, CaCOs; 3.5, m[¥EPEHEH 10.0, J
FNHRREN 0.3, KI1.7, BJIE 20.0.

RBEEE I Mh R R Ak A%kl 60.0, &
[ ¥ 3.0, KH,PO, 0.2, MgS0,4-7H,0 0.7,KC1 0.5,
NaNO;4.0, pH 7.0,

1.1.3  FERFIFLEE

FRE AR iRk, LS E R A
BRAE, BEEEE . O, BERB. $ 22K
ety , dba B R AP AR A
NaCl, REti R0 mih, Kt
I REK BR300 A R | o AR 1E I B R
i, BlSCMISm R A R A fHIREIR,
g Rl BT T A A BR E] A EREE R
AR R SIS A R E AR, FEERE
MHRBHE A E]; BB, Nikon 24H],

1.2 A&
1.2.1  EHEA T

250 mL I INA 100 mL 2848 7K K& 3%
TEER, 7E 103.4 kPa Z5F T K& 20 min J5MA
10 g i kES, T 25°C. 160 r/min £2 K HF R
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15 min, BUBJE#E 5 min, B 1 mL FZ2HEMN
ABERFEIETP, T 25 °C, 200 r/min K 5F
24 h, K EEGRETAERPE, B10*. 107
1074 B8 AR BRI AS 80 L 20 I VA A1 8 i e 3% 77
Bk, 25 °C BRI 4d, PR IREL A5
WY R A bl 5% (ol B SR A R TR AR I 2R i
1.2.2 B ETH

PRECAAL 5 Y B R VR HE AN T 5 mL RS IR
Her, 25 °C. 200 r/min 5535 48 h, R T IA
1%H R R T 100 mL KB 3R H
25°C. 200 r/min $55% 24 h, $&BEEK 10 000 r/min
B0 10 min, R E I RORSE I AT o
1.23 FEMERE

(1) TBEFYEE

Y T T 205 R ) TR R R A T AR e P i o
e, 25 cCHHIREIEIGSE 2 d, WMERHEIEA,
P I TR v A (R B e ey e T g e, R S
B RIATEAS

Q) FFEYFRE

B BB Rk % 2 TaKaRa (1) wE T
DNA ITS %5 .
1.2.4 BEENE

SR 408 K T 7 i - AR o A il 2 A )
T, B ASI I s el

XTRAZH K SRR AR R 150 L FIBRAR
T EALYIBHATR 10 pL IRSERIIA 96 LR
o, 3T 25 °C {15 10 min, ZRJS43FIAIA 150 pL
5% AR 30 pL MR, S22 ODago
. %8 347508,

SEHRAH ;R AR H AR 150 pL FEUR
T EALYIBRAT 10 pL IRESERINIA 96 LR
H, T 25 °C R 10 min; #5150 pL MK
F1 750 pL 5% M IR A 515 T 30 °C &
i 5 min, SRJFH 180 L A FIARIHE ] 7 e -3
MR AL IR G, PR3 10's, Il ODago

. BE 34755,

M6 D B S FE RS SRME T,
OYRHEAL RN A 1 ng o AUk ST T A I
E SN —A il 1 BAL(U/mL).

G A
Y = [(A—Ao)+CYKXN/TIM
K Y: WEBEEE T, UmL; 4. K
AGREE s Ao MR CREE; K. bRk
MRl C: bR & e, N BRAM
BBAEE T VTIE], min; M: BRI
., mL,

BRI A M TR . B 7 mg AR I A i
95%IM LT i, R BRI A 95% L1
ERZE 100 mL, {#FET 4°C,

PRAR L AE AL W BRUOBRAR 1) A AL P g
5 mg J 20 mL JCIEVKIE %, 552 50 mL 255
P E 2R (IR 2-3 d).

S%UMHRIRA W : B S g HATHE S K
S fRITF 24 % 100 mL,

1.2.5 EEFMERAR

B 31 SHEHKT 5 mL FFRi RIS,
25°C., 200 r/min £53% & ODgoo {4 0.55-0.60,
SRIG UL 1% MM %42 T 100 mL A eSS R 2k
i, 25 °C. 200 r/min 3% 28 h, $HAKEK
10 000 r/min E5.0> 10 min, B EFE RS TR A
JAH ST o ASHIT 58X il ) e s s 1o it B R it B AR
FEPE . il N pH K pH BRE T . AR 4
B FRUAN [) e JBE A 3 ) 6 il 9% 1) 5% i 464 7
THIR

(1) i I ik B R it B e g 1k

B 150 pL HLEER AN 750 uL 5% 3 2 s
WSS, 49T 0. 5. 15, 20, 25, 30,
35, 40, 45, 50, 55, 60. 65 °C /K¥# 5 min;
B 150 L ABEKH AR WA 10 uL B A
VIR BOIR A VRN A 96 Ui, 3T 25 °C
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IR 10 min, SRJFHC 180 uL s I A 2148
WK e A - E A IR SR, R 108,
W ODago; XTREZH EHEMA 150 puL 5% & i
WO 30 L KB . AR B ZE A AR T H%
PRI MR, B 0 il S N R R DR
BB 0] B T AN [RIIRLEE (0-65 °O)fRilL 1 h, SR)5
FEFCE Y, pH R 5 0 i BT A il 5% 4% il
T, SSRGS AP R RGIE T A, AR
WL BEE 3 4R TR

(2) Fid F v pH & pH FaE 1R 2

TERGEIRE T, pH{E M 3.0-14.0 % 50 mmol/L
ZZ i (pH 3.0-5.0 BEMREL-FTIEIREY, pH 6.0-
10.0 Tris—HCI, pH 11.0-14.0 Na,HPO,-NaOH)H"
WI%E GOD W, MHEEETEA pH 451 T 1%
PRI AR, B 5l SO pHAEL. RIS,
PGS B T 50 mmol/L AfR] pH HYZE ik
(pH 3.0-5.0 WM h-FrBEmE:, pH 6.0-10.0
Tris-HC1, pH 11.0-14.0 Na,HPO,-NaOH) i &
1 h, SRIGEERGE N pH FRGE RV I T A
DFR ARG, 5 AR 20 A B R A T LA,
A TEE . RE 3 4T,

(3) ARV 4 8 215+ GOD W& A5

B 750 uL 5%A9 # A AR T 2 mL 2048
Fr, LU A 1 mmol/L 8% 5 mmol/L &4 4
}%%?(Ni%\ Mn2* . Ag+ . Ca2+\ K. Mg2+\
Cu’', Na'fil Zn® )ik, FA 150 pL B
REA], F30°C K% 5 min; B 150 pL 4BEK
HIA M 10 uL B A i IR G i
A 96 fLtkrb, FHF 25 °C {#R 10 min. 2R)5
180 pL it Sz 7 ¥R 3 VR B RIS K 1y 7 i - BRAR
i EAYBHE ST, &% 10 s, W ODugo
{Eo X HRZ B AR AT PBS (pH 7.4)
WE 3 4755

(4) ARV AL 250 X GOD g 5 i

B 750 uL 5% A HHA T 2 mL 2.0

b, AR 1 mmol/L 3f 5 mmol/L f p-
B, IRE . SR . HhE-100.,
mi-80, 2,3-T f . NayS,04. + K FEARR
BRN B B R S AR, BRI 150 pL i
WIRAI5), F 30 °C /KIS min; B 150 pL 46
Il A VA TRORT 10wl B S AL W B R &I
WA 96 fLtkh, IFF 25 °C fifk 10 min, &
Jo B 180 L il R TR 5 VR B ISR Ty A i - BRAR
i EAYBHRE G, &% 10 s, W ODug
B XTREZH E M AAE R AR FRE) PBS (pH 7.4).
WE 3 44755,
1.3 #HEAIE

{6511 IBM SPSS Statistics 23 #fFAbFRve 4R
BT R FIRT GOD B S0 HIAH S

2 X504

2.1 KR GOD B #kBYIF ik

TEFHIERE IR IE 1A 5R 48 h s, 153)—tk™
A BB JF AR R R B TR R, XTI R MR A T
=X AN aifth . Falifh s 15 R B VR R T
REEREFEEE L, RBEE I TR TS R A T,
KA R LR R, SR 315
22 EEFETE

¥ 31 SRRRIZ T [EA & B R 5 L
25 °C K5t 48 h G R EEIEAE 1), B
FEREAG, NE, REDLHEHL%ES, |

’
1 K

2 um

1 31 SEHRMEEESA)MERIE®)
Figure 1 The colonial morphology (A) and
micrograph (B) of bacterial strain No. 31.
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R, Sy Pkae; PRIECER TR % e 65 EA T 0
TEAMES, LA AR
23 NFENMFLETE

1 31 SRR P 51 $E 28 & GenBank I A%
ZJF 5 (GenBank #5k5 . MZ522112), 7EH4E
JEHE4T BLAST HuXt, 43#r & Bk S5 T
B J& (Basidiomycete) H MRAR L K 99%, 454
B2 YEE 31 SR TR A 2).
24 mEBRMNMEEREEREMENE

M 3 Fol T A, B GE
PEREER 30 °C, S S HAGk 20 U/mL; iR
T s T 30 °C B EgIEFEAL; 7F 25-35 °C
BRI, KPS R RS 80% LA I
50 °C e f) TG AN AR SRl I TR Y 40%

10 °C B PG & T Fal i S Y 25%; 78
35-65 °C N, Bl L A T e T DAk AR A1 5
1E 0 °C A I -

HE 4 ATH, ZEETEART 35 °C MARET
HA G FeEt:, R 1 h KPS RS
B 70%LL b5 EE T 35 °C i), FEAHA
el SRR, 45°CHRT 1 h 5 MG UR 4
10% 447 o
2.5 ®miEMRN pH & pH 2 EMNE

FH L 5 SR 0 pH IZR AT AT, 1207 28 B 4
FLREGFTE pH 7.0 PYIAE T MG PE R =, 24 pH(EY
RE/ NG, S TR, (AR TFHS R pH (K
ul, AL pH (AR, EEISREIRAHE g, R
S SRR E B GBI E S5 R

Cryptococcus albidus var. ovalis CBS 5810 (NR149344.1)
100’ Cryptococcus albidus var. kuetzingii CBS 1926 (NR149343.1)
Naganishia adeliensis CBS 8351 (NR111050.1)

98
78 ’ Naganishia albida CBS 142 (NR111046.1)
Solicoccozyma terricola CBS 4517 (NR073221.1)
Krasilnikovozyma huempii CBS 8186 (NR073214.1)
48 Holtermanniella wattica CBS 9496 (NR138371.1)
Holtermanniella nyarrowii CBS 8804 (NR155182.1)
100 u Holtermanniella festucosa CBS 10162 (NR155179.1)
64" Holtermanniella takashimae CBS 11174 (NR137721.1)
100 — Geminibasidium hirsutum DAOM 241969 (NR111778.1)
L— Geminibasidium donsium DAOM 241966 (NR111777.1)
99 ﬁF 31 (MZ522112)
Basidiomycete persicus (NR153607.1)
99 r Basidiomycete undulatus DAOM 241956 (NR111775.1)
98! Basidiomycete magus DAOM 241948 (NR111776.1)
P
0.02

B2 31 SEHREXEHKET rDNA ITS FIIRBFIZFLIWENRELEMN  Bootstrap WL E N
1000; 4332 s IECT 3R bootstrap I SZ 7385 $65 NEIR GenBank Hoi5 5 A2 N MATRIREKIR 2% 7

S AL 22 5

Figure 2 The phylogenetic tree based on rDNA ITS sequence of strain No. 31 and other related strains,
constructed by neighbor-joining method. Bootstrap times are set to 1 000; The numbers on the branch points
indicate the support rate for bootstrap; The parentheses represent the GenBank login number; Ruler represents
2% of sequence evolutionary differences.
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i I 6 AT, %A AR AL ZE pH 5.0-7.0
k| SN EREAE . RIARGE e 70%0L b
2o PH 4y 9.0 i, AHXHEE JIRIAALS 20% /A7 5
g Y pHA T 1000, BEBILTAIE, 7 DA% RE
< R TE R S3 F PE R ER I
= ‘0‘ 2.6 TRKELEEFH GOD BENEMN

0 10 20 30 40 50 60 70
Temperature (°C)

B3 BEHEsdErRERNEE

Figure 3 The optimum temperature of GOD.
120 1
100 £
80 [
60 [
40 [
201

Relative activity (%)

0o 10 20 30 40 50 60 70
Temperature (°C)

E 4 FEBESLBMEERE!S

100%F [ 266 X} % 4 20 U/mL

The thermal stability of GOD. The
absolute enzyme activity when the relative enzyme
activity is 100% is 20 U/mL.

FRXT B

Figure 4

30t

—_— — N N
[w) W S W
T T T

Enzyme activity (U/mL)

(9]
T

02.0 4.0 6.0 8.0 10.0  12.0 140
pH

B 5 #HEHAKEMSERN pH
Figure 5 The optimum pH of GOD.

W 1 7R, 5 mmol/L 1) Ni**, Na™f Zn**
100
80
60 -

40+

Relative activity (%)

20 f

0 L L L rY Py
20 40 60 80 100 120 140

pH
6 BEMESILEER pH IAEM
100% s (166 X6 i % 4 19.8 U/mL

Figure 6 The pH stability of GOD. The absolute
enzyme activity when the relative enzyme activity is
100% is 19.8 U/mL.

FRXT B

F1 FREREEEBETXEERIEENELE, %)

Table 1 Effects of different concentrations of metal
ions on enzyme activity (relative activity (%))
e 1 mmol/L 5 mmol/L
Metal ions

Control 100.0+0.3a 100.0+4.5¢
Ni%* 107.5+0.7a 126.0+5.6b
Na® 101.4+5.5a 149.7+4.5a
Mn** 106.8+5.5a 79.7+6.8d
Zn** 103.4+4.8a 131.6+2.3ab
Ag’ 0+0c 0+0e

Cu** 45.9+6.3b 4.143.4¢

K* 93.246.8a 70.7+9.0d
Ca* 98.6+4.1a 66.1£2.3d
Mg** 108.2+2.7a 105.6+7.9¢

FE: AHXTERE 7 100% 0 (45 % BT &y 16.2 U/mL. AR/
HYRREREE
Note: The absolute enzyme activity when the relative enzyme

activity is 100% is 16.2 U/mL. Different lowercase letters
indicate significant differences.

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



SRIRDT S5 — PR AR R AL AR IO IRTE . 40 Sl M i R AL 895

X TG PR UEAE L B2, WA 5 mmol/L
() Na Fl Zn* 350485 T 20 50%H1 30% M BEG
PE; 5 mmol/L Ay Mn*" X} GOD [ %A .41
FIVERT; Cu®. KR Ca? SRS TEA M HIVE,
T VR RS I E R R 2, VR 5 mmol/L
() Cu® JL TR EE 4 8 A 00l s 224w s vy 4
RPIMA AgTHF, ROVAR RN A A EATTEE,
TCIEAGI S, PTRESE Ag TS .
2.7 ARIREAZFRFIXT GOD B iE RS20
M 2 Z5ReIA, REWER B-Fid
BE . MMM . WHLE-100. YA IR G4
B AR BEEEXT GOD M PR A A S R
WeFE N 5 mmol/L ) Z, — DU 2,1 Al — 4 Jop i
Xof Tl PRI ) 243 A F] 78.6% 1 86.3%; Vi
S 1 mmol/L A9 YR A R 4 YT il 8 A 118 410 1 2% 55 3]

F2 ARIREWFERF A EGE RIS 0GR EE, %)
Table 2  Effects of different concentrations of
chemical reagents on enzyme activity (relative activity (%))

S| 1 mmol/L 5 mmol/L
Reagents

Control 100.0+1.7b 100.0+3.9b
B-%i 3 £ P 48.2+6.8¢ 34.3+5.2¢
B-mercaptoethanol

JRZ Urea 97.1+6.7b 82.9+1.3¢c
;- d 1 b 7y 29.6+2.8de 21.4+2.6ef
EDTA

ith$iz3E@-100 33.7+4.6¢d 60.4+3.0d
Triton-100

i 7H-80 Tween-80 110.3+2.8ab 92.6+4.3bc
2,3-T il 117.9£6.5a 125.8+6.4a
2,3-butanedione

RN 14.6+0.9¢ 25.9+5.8ef
Sodium hyposulfite

o g 126.0+8.4a 30.8+0.9¢
SDS

T INBEEE DTT 33.5+2.7cd 13.7+7.7F
TE s AHX RS 7 100% K] 14926 X516 7 14.9 U/mL. K[/
By HERERFTE

Note: The absolute enzyme activity when the relative enzyme
activity is 100% is 14.9 U/mL. Different lowercase letters
indicate significant differences.

85% Lk I, T fr VA JEE 4D R I K T 9 A 1 4
AR 75%. ANRMREER 2,3-T Z X BS
PEA N FIFREE AR EVE T, Mk 2,3-T =
Pl XoF P 1 P AR A PR R AR

3 wE&#

FEE R B MWFIET, £ BRI 1R
FK HR T H —FR AR BE PR (Pseudomonas migulae)
GOD2 Kbk, WFFEHAE Ho™ 1 % b S A Bl f i
TREE A 20 °C5 X 75 22 S50 K 3% Vi g S Ve
A B — PRI R (WYQ 23), B
Koy F e %, i % R RO P TR
(Basidiomycete sp.), iHil kAL E B
WA 25 °C, Zfifumith ik GOD B
J12% 1.67 U/mL; 352 5 0 PR 342 H g g i
MU ot — PR GOD TR, %558 T
B /2 FT B J& (Citrobacters) , H I i& i N
15°C, 2747 GOD Mg& /17 1.77 UmL; it H
e SEIT M M YR AE i v A 3] — k™ A A A
A1t 1) 35 R ZF AT TR (Bacillus  cereus), AR TE
L LB R ARG IR A5 N s b AL T ) s
8.8 U/MmL, P~ Mfo@E fEHIRE N 14 °C, &%
i pH N 7.05 “FEFFAEPIAIGUT R AL g )
— Bk A A AL B (GOD) TS PRSI I T bR, i
%M Bla-6, H” GOD i 4(10.50+0.25) U/mL .
A LA W T e Sl v e A, i P AR
T A) RN T S, AT — bR A A A
BTG 703k 20 U/mL i AR 31 S bk S0
N3O 0 (0 B R A L, 2 TR AR T B T T
HAREH, mHEHZEE R, 7£1T
VA 77 75 TR A8 A8 FH 5 o

AW LA R SR R e, X 31 5
T PR TR R R S A B AROE ST TOMEE, R
HuE A e . AEY RimGH Hils% sk
. PEEE . SER . BRCRES TN RERK
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IR o e 40 A 1 2 6 A A 2 T A A 4
¥ W (Basidiomycete sp.), N5 7 KR
GOD FH I I T8, X GOD WREMY 7T
Eﬁi%ﬁ%ﬁxo e 1 5y ik FE R ik P e MR 2
REW, 31 SHEHKT™ GOD B§fE 25-35 °C
ﬁ%«m%{ﬁ OB VIR E R 30 °C, 1 HAE

0 °C HHMAAEES, ENE T8N RER . fiod
N pH J pH e 25032, 7€ pH 7.0 P15
TEEE AR, 7E pH 5.0-7.0 [5G4 h i
E, MR RS, RYNZMEIE A IR A
SSMRYER PR R . N R B 4 R i R Akt
X B PR M 45 R R, S mmol/L Y Ni™™,
Na Fll Zn® X M (e b A B 2, R h
5 mmol/L 1) Na "1 Zn* /0 B4 5 T 29 50%41 30%
FIBEETE; 5 mmol/L () Mn® X GOD B IGPEA
SEMHRER; cu® . KR Ca® XF B v A
AR, T e R v A R, Wk
M 5 mmol/L i) Cu® JL - B % 1k 58 43l 5
ANFERER B-Fidk e, L M. i
i-100., m@ﬁ@%m%ﬂ:@ﬁfﬂfﬁﬂﬁtﬁ GOD [t M
¥ B RIEN s WREE N 5 mmol/L 1Y & i
Ela@zz%n:@mﬁ%@ﬂw&zﬁ PR 8530 3k 5
78.6%H1186.3%; HRJE A 1 mmol/L YR it BR HH X
it 355 1 A AR SRR B 85% LA b, T s R P IR
B PR AN X TS MR I A 75% . ASIRIHR B2
Y 2,31 T g 9 A AS [ AR EE Y AR
FH, W BERY 2,3- T i Xo) Bl i M 9 A2 i2E VR
KPR .

AW NGNS 31 SRR A mE . Ak
oAb R g2 S B R T AH Gk , w98 3R
31 SHMEAE GOD ¥k, HF i GOD

HAMGRERE, FREIIEKR, HIKE GOD
) Tolk A B A 52 53 B8 R LA Je— 2 1 225 RS
et
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