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Acrylamide Degradation Characteristic of Aspergillus oryzae Mycelia —Note—

Masanori Wakaizumi*, Hirotaka Yamamoto, Naoko Yasuda, and Kenji Ozeki (Genome Bio-
technology Laboratory, Kanazawa Institute of Technology, 3-1 Yatsukaho, Hakusan, Ishikawa 924-0838)
Seibutsu-kogaku 87: 490-495, 2009.

In this study, we determined the optimal culture conditions for the degradation of acrylamide (AA) by
Aspergillus oryzae mycelia. We examined the culture conditions for induction of AA degradation (incuba-
tion time, AA concentration, pH and the amount of mycelia) and the effect of the strain of A. oryzae on AA
degradation. AA degradation was enhanced when A. oryzae RIB40 was cultured in modified Czapek-Dox
medium (sucrose- and NaNOs-deficient) maintained at pH 7.5 and supplemented with 200 pg/ml AA.
The optimal amount of mycelia was 1.3 g/30 ml. The rate of AA degradation by A. oryzae KBN1010 and
A. oryzae No. 100 exceeded that by A. oryzae RIB40. These two strains degraded nearly all of AA in a
200 pg/ml AA solution at 8 h. Furthermore, when these two strains were incubated for 24 h in a roasted
green tea infusion containing 39.1 + 2.9 ng/ml AA, the AA concentration in the case of degradation by
both strains was below the detection limit.

[Key words: Aspergillus oryzae, acrylamide, degradation, mycelia, roasted green tea]
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TV VNVBRET YEZTIHMRT 5 2 LRI N
7e. Fie AAZRME—DERF L LickD 2 TR
i LR AL oryzae RRFE (534 +) DAATRAE Z A L
TeRER, EOMREEZ R EERSFEL, 251, anF
B (1) 21E5 CRREICINA T AA R %
15 &, BINL72 AAIREDIARA LN, ZOEE (X
5 UAMAFDOER O R OFICH o BB LIEA L NG 5
72100 LA L, A. oryzae D AA 5 fF-E D BFTE A AL 8D 2 38
BT pETeRE () B THEEY DI L TIEK
TLOHRROEARM A TEAKERLT) 2 AADAZK
FIRE Lol bish (Czapek-Dox WiksEH) TREET %
ZEWTEoT, AADMRENBE T LT 2R 257,

Z ZTAMIETIE, &3 A. oryzae B ARIKD AA T FRAED
] B0 L 72 REE SR 2 RA S D728, A. oryzae RIB40
Rz T AA 73 fRBE N DRFELEE IR, AA IRINIREE,
pH, B XU T2 EAKEDOREZHRET L2, KRITK
FEER SN TA. oryuae 4K Z R L, AA S fRRE % LLECHR
L7, 25RO AA X T D ARBR) R 2 MGk 9
B, @afEk 2 REEAL T, &5 CARBKTO
AAITK S B RRBR 21 T o 72,

A. oryzae RIB40 PRIZ W ERR & BFFEFT, A. oryzae KBN
1010FRIZEF v 7 4k, A. oryzae No.100#kF X T A. oryzae
M-01 ¥R I3l O RS 2 BRGS0 & 5 G- X ek 2 R L 72,
AA, Xanthydrol (10% methanol) |3 H 5 LR TEEHE,
Triton-X100 [ MP Biomedicals &%, % Dfth DFAFEIZHN
VA TR 2 L7z, B AATKE (AA-D3) 1
KEMAEH, A% /=), ~N¥H, BgTF VIR
JREEFEEA (1000LL L), I3 EAER 26 H L
72. Potato Dextrose Agar (PDA) £5#fi, Potato Dextrose
Broth (PDB) 55Huld Difco #:%% /L 7z. PDA K5t
%, PDAXZH (Difcott#) 89.0 ¢ ZZ&RIK 1 LICHEEL
TIFBIL 72, PDBRFHIIE, PDBRGHL (Difcott%!) 24.0 g
ZARRK T TR L TR L 72, i Czapek-Dox (CD)
Fedild, MgSO,+ 7H0 0.50g KCl 0.50g K.HPO,
0.10g, FeSO, * TH,0 0.01 g #7EKIC 1 1ICHML T
pH % 0.IN-NaOH THi% L TR L 72. 3N T ORI
TIEITHED, 121°C 15 A — F 7 L —7 R L TR
L7z AARKBIR E L T0.22 um 7 « VX — T8
L7tk BsblcimmL 7z,

AR TlE, 2HETF2%%E (PDB) BHITEET L L
7 [HIESE |, AR OB AR A 2 0 CD Bt TR 5
2 Lx [FERE] Ll ERFIHELUTOL R
DTH2. F7, KK Z PDARHLT30°C 7 H
RELLRE, 0.01% (v/v) TritonX-100 & H P E KT L -
ToAEFEo#H3E, pAEFRERzHRE L. 24+
WEL P —~ DIMBRGHAERIC L OB L THE L7, K
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2, TONEFIRERK 2 PDB ESHLICHEE L, 30°C T64
REETRTRT#E L7z (120 rpm). Z D&, WL 7-EAKZ
HTAT 4 VE— (8G-1) TEULL, BHD 35 EDIH
FAKCHERL, BESPEEL, KERIMSM CHER
BERITo7218, AA DRERITHE L 720 AA D RERIZ,
200 pg/ml-AAZKEH 30 ml % 100 mI/ Ny 7 )VA7 F X 3
ZEHY, EAKEZ AL, 30°CTHRE (120 rpm) L, B
BaEE 4, SEFMIHIC 1.5 ml ZEREL L, AA R 2HIE L
7o, AADRRERL, EEHMORERLVEERESLTRLT.
TROLEMADRINEE (A) & RERORIH DR
E (B) b, kAWK ->THEHL.

AAfEER (%) = (A—B)/ A x 100

E9 CRRMIK TDOAA S EFERITIE, 2008411 AT
FERNOZ—/X—TEALIZS CREZHEHA L. K
EooFEmIEY, FEILgR1IIE—h—ITFHEL,
90°C D %% 650 ml Z N A S0 EIKE L, A7 L Al
fif (XA ayA X125 um?) TH@EL TRIK 21572,
DR 150 ml % 500 ml /Ny 7 )UAFT 5 A aiE Y
AN, EAEZEML, 30°CTiRE (120 rpm) L, B
G, 8, 24 W H 1220 ml ZEREL L, AAJRE ZHI%E L 72,
AADFRIES L OERIZ, HPLC b L £ [ZGC-MS Z1{#
AL HED2SE L T o 72, IERAIRE I HPLC T
0.5 g/ml, GC-MST0.1 ng/ml T# - 72. HPLC/H7 T,
FRELL 728k %2 045 um 7 4 VX —TAM L CHPLC T
e L7e. HPLC 2 &R FAT# 8 LC-2010AHT HPLC
AT I, T NFEA LR CAPCELL PAK C8 (type
SG120, 5um, 4.6 mml.D.x250 mm), BEEIZ0.1%
(viv)- ) U ERKERWR, WIS, 717 LRE : 40°C,
MR 0 200 nm, XEGEE 1 ml/»THB. GC-MS
oM, TV ATLELTCISA— MY P H T LAREY
DFIEMIR A — V) v P Hh T LITHRE R BKR SR,
AR —)VTEH S, RITHE K 2 =1, Xanthydrol
A CHFEARILL, BT )L CThit L, Bk, GC-
MS-SIM TER L7, E5IE LI, 15 URRBREK
20 mlZFEHIK80 ml & 1 pg/ml-AA-D3VEW 1 ml 2L
Bk, 4a0ml A2 7L HTLELTCISH—bY) v Ph
Th (Tt =R —=ABET )Ny 7T T C18 I
#8360 mg, AR A X /=)L 20 ml, ZKEI7K 40 ml D
[ECa>TF«a=>?) ZMOMFTERKA— b
)y (74— —ABlv 78y 7 AC-2  FIEAI&
400 mg, fEARICAKEKAOmMI TIAr T4 a=>7)
I, FES ml/ D RE TEm X e, MR L ThAKL 7%
R —PY y 2RO L, X%/ —)L5 ml &
5 ml/ 9 Tl I ¥ TAAREH S 2. ZOwERE
10 ml e fM3BRE I AN, 5% (vv)-=F L > 7)) a—
I RR ) —=)VERIRO.1 mlZERM L, =/NR L — & Tz
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EHie. ZOFREBREIC Xanthydrol (10%-methanol) ¥
50 ul, 0.3 mol/l-¥5EE/ X & / — )V¥EWR 100 ul &Nz T
FRL, AHEELL. ZORRE % 40°CHER KRG I
AR, B2 RO R LD S, 2 BEKRE L 72, FEA(b
KTk, T/NNRL—X TEEI L. ZA-KSml, b
F M) AR BEERTF L 2 ml DNEI A THit %
1otz W= F )VIE % MoKEER S » ) 7 L CTHKL,
WERAEKE L. GC-MS [FHAE M a FH G-
QMS JMS-K9, # 7 L% J&W Scientific #:% DB-5ms
(0.25 mmx30 m, EE0.25 um), MESMZ, EAL:
A7)y PR, RE REHEAD250°C, A7 L 40°C
2 DREFE, 20°C/ 23T 300°C £ CTHIE, 14 :
230°C, 1 A AL : 70eV, 14>tk : El, REEE
oo AA 251, 234, AA-D3 254, 210 TH 5.

WU I, A oryzae B AR ED AA S RAEDH) EIZHE L 72
B il T 2720, A. oryzae RIB40KAZ FIVTAA
DIREENDOFERER ], AARINEEE, pH, B XU
AT 2EAREORE LW L. £9, FERERRH
DEBLRHET D70, HiEELLEAK1S£02g
(BEE) % AARINEZE CDE# (AAJE 1600 ug/ml,
pH 4.0) ([TA#L, 30°CT12, 24, 48, 72, 96MFMHIFAHE
Rk, BINL 2 ZNENOEAERE H O T AA RS
BrRafTote. 7k, 7238 X N6 KRR # (X 48 KFfH CTAA

Table 1. Effect of culture period on induction of AA degradation.

B D500 ug/ml £ TR T L72D T, AAZKI1500 ug/
ml 275 X DB 7. AA S RERRICHE L 723585
TR OW AR ERRL 120 T4 L, 2O
ZFFEETH Y, AAD fRIRIL 5> AR 4 R5RE T 48 REREIRE
BY TR LEWVETH Y, 8RKHHE THREET
Hot: (Table 1). KIZ, AATRINEE DM ELRET S
72, BEELAEAKLS£02g (BER) 4, AAR
%0, 10, 50, 200, 1600 xg/mlICFAE L /2% CDEE
# (pH 4.0) T48WMHAFERER, BINLzZznZho
HAKEZHOCT AA DRFEREIT o7, FERELLE
AEDURIMEIT AA KR D AAREZWE L& 22,
TRTDOZEMATIHIE200 pg/ml ThH -7z, AADRERIT
L FEERROEAGRIIFARETDHY, AA SR
1E50 ug/ml AT TIHARWETH - 7243, 20038 L TF1600
pg/ml TEEWEAR L7 (Table 2). RIZ, pHDFE
RHET D70, HiREELCEAKLSL0.2g (BHR)
Z, pHZ4.0, 5.5, 7.5(CHH%L 7 AAIRINZE CD K
(AAJREE 200 pg/ml) T48RERIFHERI %, [BIULL 7%
NENDEAGKZHOTAADFRBR T o7 AAST R
RO L FERERICHAKEIZZEFNETH Y,
B pH 1, #1FEpHICBIH 5983 ~85IC LA L TW
72, AAERIE, pH4.0°5.5CHT, pH7.5 TR®
HWETH -7 (Table 3). KIT, AADRFERITET 2

Degradation rate of acrylamide (%)

Culture period (h) 12 24 48 72 96
Inoculum amount 1.2+ 0.2 1.0 % 0.1 0.9 % 0.1 0.9 = 0.1 0.9 = 0.1
(g, wet weight)
4 h 39=+1.2 13.9 4.0 23.0 = 12.9 18.0 = 3.8 16.6 = 14.1
Degradation time
8h 11.6 + 2.4 46.4 + 7.9 47.1 = 20.7 43.8 + 7.2 33.0 £ 22.8

Modified Czapek-Dox medium (sucrose- and NaNOs-deficient, AA 200 xg/ml). The results were obtained from three inde-
pendent replicates. The data points represent means and standard deviations.

Table 2. Effect of acrylamide concentration in culture medium used for induction of AA degradation.

Degradation rate of acrylamide (%)

Acrylamide concentration

0 10 50 00 1600
(wg/ml) 2
[noculum amount 0.9+ 0.1 0.9+ 0.1 0.9+ 0.1 0.9+ 0.1 0.9+ 0.1
(g, wet weight)
4h 7.1+39 5.8+ 9.9 7.9 %32 99.3 + 5.6 39.1 + 3.7
Degradation time
8h 13.1 = 2.0 116 + 2.6 15.6 + 4.6 50.8 £ 5.7 57.3 2.8

Modified Czapek-Dox medium (sucrose- and NaNOs-deficient, pH4.0), at 48 h. The results were obtained from three inde-
pendent replicates. The data points represent means and standard deviations.

492

AT HB8TE



HAKBEDOMEBLHET 2720, FHEEELLCEAKY
09+0.1g 1.1+0.1g 13+0.1g (BER) ZHNT
AADRESRZ(T o 12, £, R E LT, FHEkE
LTORVERE09+0.1g 1.3+0.1g (BEE) TH
AA D RFESRZAT o 7o, AADIRRIL, FERTEL TR
WHAKTIREWETS > 72h, FREOFERELH
AETITERICEHNETDH Y, FEEELHAKRLS
+0.1 g CTRBEWETHY, 1.1+0.1gTlxbThin
HIKWiEZ R L7z (Table 4).

U EDFR LY, A oyzae R ED AA 3 EGEIL, FFE
B ORERE, AARE, pH, WAKEICL > TE
bd %2 EpmREnge. FBEREIE 48 RERHEETAA
DB O ED > T e 5, DFEOERZ 48 KT
EDTIT 572, AATRINIRE 1250 ng/mlLL T TlXAA 53 f#
RAME L, 1600 pg/ml 725 200 pg/mlITZEE L T H AL
FZ 7ot D, 200 ug/ml BELBTH 2D EEZ
LT, AAEHERVEM CHAKEZHERE LB W
RAENICAADERET 20, H2VIEBREL TN,
A% AATKIEIR TS L2 BRIC AADMIREL b L < I3RH L
TAAREZ LA X2 ZENRaEN. LrL, K
WP CRAERE R L - B AR R % AA KK 2 SRl T
HAARED ERIFALNEBWZ E 2R L. Lo T,

AA S RREDFEYE & L CAAIMHATRETH 2 EE A
L. F7, pHIFZ4.005.5ICHANT 7.5 TAA DR
MRLEWNETH 5727, ZD AA FRDERIE, F
M) LA 2 DFFEIC & > T amidase iGN EFH 32
TEPHEINT NS Zehe, pHAEICHAL:
NaOHDHENEZ b s, L, FEREICLI-T
pHA8.3~8 51X LT & h s, £DpHAICER
L7 REMEM DR ERZ I iBELZEA LN 2D,
BHOITHEPLETH S, FEEELCEAKL FAE
DFEREFE L TORVEARERIT AN T AA 7 R D%
CEWEZRLIEZ En D, BITHTRIEIC X > TEAK
EOIEZ T2 72D AA FREDS M EL7cDTIE R L, 3F
BRFEIC L o TAAGREED A L7 2 L I Tz,
g, FEHEBELCEAKZEET 5 I L TAA MR
DE ks ol s, BAEAED D DN E
ZEdd Z ED AAKBILICIZEN TH 2 2 EARIE S
nre.

W, AR DOFEERIT X - TRE L fe il ik # 4k
T, A. oryzae 4 %KD AA S RAE %2 LRI L 72, $ b b,
A. oryzae KBN1010FE, No.100 8k, M-01 %k, 3 X U'RIB40
HROBEAK2.0g QRER) %, AARINNZCDEH (AA
BEFE 200 pg/ml, pH7.5) THEREL, FERERDE

Table 3. Effect of pH of culture medium used for induction of AA degradation.

Degradation rate of acrylamide (%)

pH 4.0 5.5 75
Inoculum amount 1.0 =0 0.9 +02 1.0 = 0.1
(g, wet weight)
4h 41.9 £ 9.7 43.1 £ 3.0 477 £ 94
Degradation time N .
8h 61.1 %126 61.7 + 3.1 68.1 = 14.1
pH 85 % 0.1 8.3+ 0.1 8.4 % 0.1

after degradation induction

Modified Czapek-Dox medium (sucrose- and NaNOs-deficient, AA 200 xg/ml) at 48 h.
The results were obtained from three independent replicates. The data points repre-

sent means and standard deviations.

Table 4. Effect of amount of mycelia as inoculum.

Degradation rate of acrylamide (%)

Noninduced Induced
Inoculum amount 0.9 % 0.1 1.3+ 0.1 0.9 % 0.1 1.1+0.1 1.3 0.1
(g, wet weight)
4 h 7.1 £39 74 +13 477 £ 94 65.2 = 6.1 67.5 £ 124
Degradation time .
8 h 13.1 = 2.0 13.6 + 2.4 68.1 = 14.1 85.5 =+ 5.2 89.9 = 3.3

Modified Czapek-Dox medium (sucrose- and NaNOs-deficient, AA 200 xg/ml, pH 7.5) at 48 h. The results were obtained
from three independent replicates. The data points represent means and standard deviations.
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Fig. 1. Acrylamide degradation in acrylamide solution by the
mycelia of four strains of 4. oryzae grown in the optimum
induced-conditions. A. oryzae No. 100 (O), A. oryzae KBN
1010 (A), A. oryzae M-01 (), A. oryzae RIB40 ([J). The
results were obtained from three independent replicates.
The data points represent means and standard deviations.

AR 1.3 ¢ QRETE) %200 ng/ml-AAJKERK 30 mliT
WINL, AADFEEBRZIT 72, TORE, AAREIZA.
oryzae M-01 ¥R TlZ D3 H %A TH - 7255, KBN1010
¥ L TU'No.100 %KD 2 BIFE T A. oryzae RIB40 k& 9
LAE LB PRI, 4FFETYEIREE, 8K TIEIZ
Ea Rz (Fig. 1). £ 2T, A. oryzae KBN1010FE,
No.100#k %5 & T"M-01 #kD B A 14 % i D f i 75 54
THEL, 1T URREKCTH AADERETo72. Z
72, BRSO TlX, HPLC OEIERRFRRE 25 AA %10
ug/mliZ2 3 X 5T 721E 5 URIRIBKEZ FWTAA
DIRFBRATO, AAREVRD 2 2 L 2R L2,
RIFFETIE, AABERINDIZS UAR K 150 mlIT & B
RO DT % 1.2x107 flied L THIREHHE (30°C, 120
rpm) L, 0, 24, 48, 72WEHICAARE ZHI7E L 7.
Z DGR, AAREIXA. oryzae M-01 D T D i T
» o727, KBN1010#kF £ U No. 1004k 1F B3 2 b hs
REN, b AARIRL 72 A. oryzae KBN1010FE Tl 48
Rl T 9 ng/ml, 72 W5 THY 4 ng/ml TH > 7z (Fig. 2
A). WRIT, KEFZETHE SNl AR TR L 7CH
AREEHCTAA D BEREITo 7. 7205, PDBE:
H1150 mliZ A. oryzae KBN1010#k3 & U'No. 10089 E 1
Z1.2x107FEE L CTHRIEFE L, AAIRIINZ CD RS (AA
HEEE 200 pg/ml, pH 7.5) TahEiE Ltk BHAMK4T
+04¢g (BER 2870 ZOFEREELCHAKLZZ
5 UM 150 mliC A4, RESEFE (30°C, 120 rpm)
L, 0, 8 24WHHICAARE ZHEL 7. Rk, &
0L P LBIZE L. ZOME, 2R LA
FIZH DR LIA L NG o7, —T7, AAREILS
R BIR L, 24 BERITR I I3 PR FLIREELL 12 & T
A L7z (Fig. 2 B).

DETTIFT2REZRIC S AA IR LA, EAKE
WA A TR T 5 2 & T 24 BRI ISR IR A
BELTETETNLLIEDD, KHFETELNAR
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Fig. 2. Acrylamide degradation in roasted green tea infusion by
spores and mycelia of A. oryzae. Spores from three strains of
A. oryzae (A) and mycelia of A. oryzae two strains grown under
for consistency induction conditions (B). A. oryzae No. 100
(0O), A. oryzae KBN1010 (A), A. oryzae M-01 (). The results
were obtained from three independent replicates. The data
points represent means and standard deviations.

BERENEEZ D, L L, AAKEBKR CIESEHTIEZ
ERRENTH, TS CRRIBE T ERETH 5 7.
ZoERF, 1F5 URRIEKITIZ amidase [&ME 2 PHE
L ENREINTVED v AN EGEENY,
HBIZAYZUHEENDIENDLY, ZNODHSH
amidaseifitE ZFHE L, AA 28 IE L 72 S HERI S 7z,

AA 3 EABREDIZ S CRRHEDOE D B L OEHI,
s LT ICHESNLHEPATH - 72h, WROZEL
R TH Y, WAEMNIRIT X 22 HENZ N 5.
ZOEALE L VD7 LT 57 DI I3 ER IR 5 3 D B
EPERTH 2. BESBTIIREE(LER/NRICT S
ZENFRETH 205, 77 VIVEBROAE « EEIEEE
N5, FEHOILA. oryzae D AA R FRIZ T DX —
Ty ML TWEH, SEERVEETEREGETOLHE
eI AL oy IRE 2 WL 5 C E WYEEITH D, Rhodo-
coccus sp. T, 7V F UIREFEIC X DEIEMRICAA Z
HHEPES#E#ER (pH 7.5) TWEBMATGFT 5 Z & TAASY
fREENEIHICA EL, X HIZAADBEIERII NI &
PEEZNTWB ), Fiz, Escherichia coli TIEEEALIZ
& - TamidasepE £ fx KRFE O FEAE D HE S TV 519,
&£ 2T, A oryzae T HaEERHE S L U AAKIRALIE D B
FIACEEELDOEHENHE LG Z b, 514,
BELHEEIC L DT 21T, 251, 1Z5 RSO
BETH AAEKFIZEETHHDT, HHMEZREL C
WE7zW,

W Asperigillus oryzae WAREDT 7 ) )VT I F (AA)
DEREDIA] LT L7 B et 2 M D 72, Bragiief],
AATRINEE, B5pH, B LU HGEREDOEE LR L 7.
WIT, B el R 5o TA. oryzae 44K D AA 73 fRAE
ZHBEHAL, 2 HIED KT HOTES CRRITE
D AA DIEBB R 2 RIEL 72, £ DFER, A. oryzae
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RIB40 KRB AR A D AA 73 fifHEIE AA % 200 ug/ml iR L,
BEpH 275 B L KRS JOERE 2 & 20
Czapek-Dox AR 2 L T48IfbllEE 3 25 Z &I
LoT BEFiCm EL. i, BIRL Rl R S
TIE A. oryzae KBN1010#k# £ U No. 1004k, A. oryzae
RIB40FK L O b AADMEELRL T2, I, D2
HKROW AR A ZRE DR RS TRELE E5 LRR
R T D AAJRE DR R 2GS L7z & 25, 8HFHT
PR L, 24 R ICIFIIR AL T £ THA L7z Lo
T, A. onyae AR ZRTRLARMF TRAE T 2 2 & TAAL
REASBEZE T EL, 51T, 1Z5 URRHKF D AA 5y
fRFEE D EFETRE CH D2 Z e b E R o T,
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