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# E: B8 HrhE B (Hirsutella sinensis) S#B bk i & #h % 3 K B, (aflatoxin By, AFB)AIHE /).
B5E HEGEHMRIE IR 2R B IR AFB, BIRE ST VR R R AE O [X 4Lk Wy A AT AT 306
W AFB,; SFFEAFEIRIAG AFB, WS . R . pH R4 JE B X MR BE T A SE R, X AFB, MR T %
WHH €43% (high performance liquid chromatography, HPLC)MIWHLJZ {f1i%(thin layer chromatography, TLC)73 4T, £&5H
H. sinensis 3 55 i F i 22 1A B P AR A8UR (B 35 (P<0.05), 96 h J5 XS W) 1A B £ 100 ng/mL £ AFB, #5435
& 96.90%=4.39%1 97.93%+2.92%., BERELZ% il e OB Y B A ORISR A I 2 AFB,, UESE T I AR YR
fift AFB,. WPk AFB, FEARSCR 5010 e B VA oG . MO 25°C, pH 5.0 B, 53R AER 72 h 5 1%
fRERN 99.90%+0.18%. [FIHT, SRV INA Fe* 4 FIFFefi, i Mg™ 502 ) 7 /& FH . HPLC #1 TLC Xt
Yo TR, R AFB, BN /R 1 R 808 IR S#IR AR XT AFB, A R AT R,
AT A MR L B R T T T R
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Study on the characteristics of aflatoxin B; degradation by Hirsutella sinensis

TENG Yi', LI Ya-Pei, WANG Yi-Mei, FU Yuan-Ye, WEI Sha, XU Feng

(Hangzhou Zhongmei Huadong Pharmaceutical Jiangdong Co., Ltd., Hangzhou 310000, China)

ABSTRACT: Objective To analyze the capability of Hirsutella sinensis 8% on the degradation of aflatoxin B,
(AFB;). Methods The capability of removing AFB; from the culture solution, the mycelium suspension and the
supernatant of the strain was investigated; the elution and extraction methods were used to decide whether the toxin wa
biodegradation or reversibly bound; the effects of the initial AFB, concentration of the medium, reaction temperature,
pH and metal ion on degradation were studied; the products of AFB; degradation were detected by high performance
liquid chromatography (HPLC) and thin layer chromatography (TLC). Results The degradation effects of H. sinensis
culture medium and bacteria were significant (P<0.05), and after 96 h, the degradation rates of AFB, at the initial mass
concentration of 100 ng/mL were 96.90%+4.39% and 97.93%+2.92%, respectively. The absence of AFB, in either the
phosphate buffer eluant or the methanol extract confirmed the biodegradation of AFB;. The degradation effect of strain
AFB, was closely related to the initial mass concentration. When the reaction temperature was 25°C and pH was 5.0, the
degradation rate of the culture solution after 72 h treatment was 99.90%+0.18%. At the same time, the addition of Fe*' in
the reaction solution was conducive to the degradation, while Mg?* played an inhibitory role. Product analysis by HPLC
and TLC showed that the strain degraded AFB,; to at least one product. Conclusion H. sinensis 8# has a good

degradation effect on AFB, and can be used as a potential strain for biodegradation of mycotoxins.
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5 [th 27 55 & (aflatoxins, AFs)iz P & i I ER2EF M
#; i 5% (Aspergillus flavus) §7 & PR R 2 A5 77 1, AFs
J& T Ak A ZE AR AT A= 1, AR o> S5 BT o PR
X RS A KIS L TR ORI TR,
m#MEEHZE B, (aflatoxin B,, AFB,). &&EHZ B,
(aflatoxin B, AFB,), #1275 & M, (aflatoxin M;, AFM,),
# & R M, (aflatoxin My, AFM,)3F; 75— Ak
W, HERA AN, mEihEHFER G (aflatoxin Gy,
AFG)). BT #HZE G, (aflatoxin G,, AFG,)Z >3 Wisv £
({3 J&: AFB,. AFB,. AFG, fll AFG,, J" AFB, [ #itkin
iR, AR DA GUBAE DR A E WSS 1 2R 80RY),
FEEEA AR . EAERR SR . ALEIY 68, 75 F 10 .

AFs TEARE RDBHRT5 gL e ™, X AR & g
FEBUM R, 55000 AFs Bk 3 2R Hk bk ol oy
PR E A R | AR R B e AR AL B
L FARESE, (IR ) IR G W PR L s g . R
TERBESR B SR L SR Py s M A s 2 i) 2, )
FAEMB L RA R4 S, XIR RIS S, Bk
AFs [ s s, A i de s ik X, —260
FIFAERR 25 G/, LR BT LY AFs 45880
AR, (AR ATy 45 5 bl BRI RE 0 R, S8
WY AFs s, S —JR A RRME Y R EIER . R
WHEFIXT AFs SEF PR B, B4Rl TR iRy
HATIERE AFs BIRE S, B, S0 S50 0m i A 5 % A ME—Hk
PR, kSRS TS 2T (Bacillus oleronius ) GXO01, &
1% E 3RO AFB, BEA#R1K 83% . ARINAEDOL) g i B A A
fti(Cladosporium uredinicola)Z & T 2 ALfLfG Xt AFB, B
FRRARTEE 69.52%., FRERIESEPINGhYE . A BmIRE
LR E T GRS 91.48% M 4 Ik AT R
(Pseudomonas aeruginosa) YM-1, ItAh, HhiEZEHATH
HHEE . VR BRI AR 7 5Bk AFs RORE P00,

v = 4% B 70 (Hirsutella sinensis), BRI i o 6 70
(Hirsutella hepiali Chen et Shen), 24355 H 7 i i FREA
4000~5000 m FYEFAEA U B, R VIARY A U R R TEPE
B, BAPEST . SRS . T 1 BUEIRAG . BUE
SRR ) R, R T AR LA A BT TR
Pl P ECRAT R . R UL B B AR B A H A T SR A R
W, EAEPREHEAN NETLE . BEA XD EHEA
TELEYIE N R ITAZ . A5, @ 8174
BT RRR h E R EARER S AFB, LIEFRMAE AFB,,
FXF IR A Rr k5 R LR AT T 02, MG 2R

IOz AR LB A o
1 RS

1.1 M5

H. sinensis 8#MEfK, 738 AHTEFL ME &, TR
SR E, ZWL Ta R4 TRIFR T e A . £
FRAE AL AN A3 AE W2 S8 b E B AT b

AFB, bryfEdh (Bt ati, Bt Pribolab 2N H]); M.
R igal, 5E Avantor Performance Materials 23 A]);
ARG al, BT T AE AR AT IR D
N AT (orbra, it 2R A R W, BERRER
(phosphate buffer saline, PBS)Z& #'#%(0.01 mol/L, pH 7.4,
fE M CEE YRR A H)); SR BRI A ERRAG
(patato dextrose broth, PDB). 4% 2 4 25 Wi By g 5% 7% 2
(patato dextrose agar, PDA)GRF %, M 4EYRH
BN FD); 0.22 pum AT HLAY L 0.45 pm SEKFIRFLIERE . Welch C g
FE(250 mmx4.6 mm, 5 pm)[ 7 JEBHE (R B0 R AT
12 FEMFESEE

1200 Y5 54O (3843 | 1260 Infinity 2GR 2% (55
[ Agilent 22 H]); UVE Jufb2# 41 A AL (F8E LC-Tech 22 Hl);
BSA3225-CW Ji 43 Z — KR °F (f8 B Sartorius 2 #]);
KQ-500DB i 75 I 35 e AL (B LU T i P i A 2 A BR 2 D),
TGL-16B & &% il & 3 25 O WL (B B =AU SR T )
WT-12 KB E WAL AT R BRAL A R 7))
1.3 SKWHE
1.3.1 P ERLETE SHEH I IR 4 &

L 4°CLRAEAE PDA B 57 5 11 H. sinensis 8#14 22 T
PDB 15535, 15°C, 120 v/min %1655 12~14 d )5, #%
10%ZF BT PDB 53 dL, [MFRAMFRETR 4 d, 53]
H. sinensis S#EHE 155 F7 T
1.3.2  H. sinensis 8#T AFB, #9523

AT H. sinensis 8#%) AFB, B EBRVE, W 524y
Jg 44 ORI FIE W 0.45 pm JEIFE L IE; QFE 24k
TUHEFH PBS 28 1(0.01 mol/L, pH 7.4, T [a))i&F¥E 2 WA,
TEH PBS SR ETE, RIS IAER; OB 51
AT AL EE: @TCH PDB B3 3LE 5t B, ik 4 44k
A AR AFB bR 2] 46 R EE R 100 ng/mL,
120 r/min &% 1557 96 h 5 HUEE, 12000 r/min 553 £5.0> 10 min,
B b, AR RO AH 8 3 3 (high performance  liquid
chromatography, HPLC)ill AFB, (1) & 4 .
1.3.3  H.sinensis 8#M4 % AFB, #93aiE 236

AW LBk AFB F77E BRI A AR KA PN =,
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T HEBR B A R, SR PBS 28 nhiie A A AR
TN DB AFB, UV IR 2214, A S mL PBS
S, TR, 15°CHHR 10 min, 12000 r/min S &L,
FH 3K, HPLC Il FiE W AFB, & i8; QHLY5 AFB, FEf#
JE T, TA S mL ) H EEAT, SIFIRAD, 40 kHz A4
B30 min, 0.45 pum JEMETNE, BULYE, Kol AFB, &, L
AIRIFEE i AFB, FTJCTE PBS G2 i it e
1.3.4 XRE#44 AFB, iR E M 52 30

BERBMARNF RN AFB,, {8 w006 B w vk s
50, 100, 200, 500 #l 1000 ng/mL, 15°C., 120 r/min £
WEFE, MBITE 0,8, 24, 48, 72, 96 1 120 h J5, #&l AFB,
FafRAE L. LAKILR T R M BE AR R G PDB K537 3E1E A X HE
1.3.5 R &MstfE AFB, 89 %A

(1) B2 XT3 fi% AFB 152

HUS mL BRI AFB, ARifi b 2 HA 46 i vk
37 100 ng/mL, 43%E T 10, 15, 20, 25. 30 Fl 40°C, pH
A4k, 120 r/min #1535 72 h /5, 12000 r/min {5 8250, P
& FIEW AFB, & i, RS, LI%S [ PDB Higi ik
Il AFB, S XS E

(2) pH X} F&f# AFB, 500

B 5 mL B 55WRT pH £ 3.0, 4.0, 5.0, 6.0, 7.0 f
8.0 J5, MA AFB, prtfidh 2 AR R E ) 100 ng/mL,
25°C., 120 r/min $E % HEFE 72 h J5, 12000 r/min 5253 EL, P
E FWERH AFB, & i, THEREfRS . LIS A pH 975 1 PDB
REFRENN AFB, JyXF IR

(3)4:JB B F XS A AFB, (1521

HUS mL BRI A AFB, Bt it 2 HA I T B Wk
100 ng/mL J, 435l SO A R H A 428 B F Mn™™ Fe™* |
Ca™", Cu™", Zn™ M Mg”(4MlLh MnCl,, FeSO,. CaCly,
CuS04.ZnSO, Fl MgSO, JE), fHiILZ4k 54 2 mmol/L, pH
H4X, 15°C. 120 r/min ¥&3%353% 72 h J5, 12000 r/min /55305
L, WE FHRD AFB, &, IWEMHE, DUASINEFm
SN TRAE R %) I
1.3.6  AFB, #9453

(DAFB; BY$£HL

AFB, (K0 )5 1: 2% ZHAO 2P0 Jr vk JBUS AFB,
FILJE ) RO S AR ER A, FRMASE AR
BEIRA], WHCT ZA VAR, FEAER 3 K, HIFFEH
W ff PSR RAIRET R, BRSPS
fit, WHIAL, £ 0.22 pm A HLIEBLL IS, HPLC A0 .

(2)HPLC i 21

1R R Welch Cig (250 mmx4.6 mm, 5 pm), W3l
AN B 2 K =22:22:56 (V:V:V), i 0.8 mL/min, 4
i 40°C, HEFEEE S pL, RADEISARTAAGE TR A, 2k
KT 2 A6, 808 B 360 nm, K HHEK 450 nm.

(3)AFB, B4

AFB, A5 F A (DB 5

UG AFB, & &
TR AFB, & &
137 B EE#HELNSHEFNR

AFB; [ ) 11782 (3% (thin layer chromatography,
TLCO)H I 5 2% T AL 24 %P ik . AFB, biifi o I
(200 ng/mL)FEME S NHEATI, i3 0T SR A A
CNE2:98, VIV) B, SREHEATHZ @ik, LU
AFB; Z[RIFALIVER R IR, SRR A48 I (92:8, V:V),
FRIIFEE RS, BT AMEARE T 365 nm 2N FMEE, id
SRPSCBEARINLE o [RIEE, XTREMRHIIG A B 22 AR 31 T B
PESEIE L, TOL RGP R LIS, Sy
rhE BB A S#EIRKFEAR AFB, IOBL .
1.3.8 #FESHT

K1 SPSS 25.0 Geit B A A T Bt o b . Bl LI
YEhRE 229K, BAHEE 3 IR AR R Y 22 51k
FH BRI & 5 2243 M1 (one-way analysis of variance, ANOVA)
TIEHATICEL, P<0.05 FonZRBEHAGI R L., R
HH origin 8 il A AT I E

2 HER5SH

2.1 H.sinensis 8#E kX AFB, 8P EESIIG

XTI FIBOR A 22 AR R AFB, B 116E
FIAT T AL, SERE 1 R BEIRIRORIE 2 AR R M
B R 3E(P<0.05)i T LIS IMFARRE S, 72/ 96 h JGkE
R RER] T 96.90%+4.39%F1 97.93%+2.92%, —H %5
AN (P>0.05), 1M FIFEHREMERACH 2.03%. AT, itk
SHIESE AFB, TG PEY) I E B /e TAM N o P SOk, 2=
R S R B O AT F4 R R IR th A7 e 40
N, TERANIAERN 72 h J5, AFB, HIFERRA 82.84%.

[, A LAEBIME IR AFB, REAR, ik
1Y AFB, W AE /N, JUTIHRANIL, T4 1 W b
2P (FE 2), XWRIEUERH T H. sinensis 8#43 MU AE T
AFBy, /74T 1 o il RE AR AR T4

AFB, FEfER /%= (1- Yx100% (1)

100 -

)

80

(o))
o
T

FaEfif2/%
5

c , b -

0F l———~] m O

A BRI RIEW TRARER
il

e AR EING FR R A B 22 5, P<0.05, T,
Pl TRBR 8#IEFR . FUE VBRI R RN AFB, 1 B (n=3)
Fig.l1 Degradation of AFB, by strain 8# culture medium,
supernatant and bacterial suspension (N=3)
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35¢F
3.0 F
225
E
=
gzo 1
AFB, 21.454 min
151 ) //
11.723 min  p=41 )
2
0 STO IOI.O 15I.O 25I.0
13 54 Fis} 6] /min
F: 10 h BRI 2: 96 h BRI
Kl 2 AFB, [&fi#r=4) HPLC &
Fig.2 HPLC diagram for AFB, degradation products
100
2.2 H.sinensis 8#f%f# AFB,; RIS IE ST 4 o5 | PR
ABFFA A AFB, % % I35 (9 3 2 4T 1 7 90 | =
S —
VELRIAERL, Sef PBS AWML T 3K, 3 Iueltii 85 | Vs
oy i S 4 e °\°
WA KR AFB, &, [, i R B TR 22 (A A T 2 5 807
B, R K ) AFB,, T A R B0 A R R £t  SommL
o o 00y 1200 0¥m
94.01%+4.39%. ol V7 4 300 nejml-
WA AFB, ST IR AR A 2, gL ol 1000 ng/mL
R B AT A 0L ), (LS B WA 2 ol t

T, SE A B R R e S A LI T AT LAGE AF's i
BB, AR SEE L PBS S BRI, LKA H
T 2, HRWA 2 BUE] AFB,, JESE T H. sinensis 8##
RIEA: WK% AFB,, AW I2E 5 .
2.3 AR[E¥%E AFB, REREEHESLLE

M 3 ATLIE H, 7E 0~24 h A, H. sinensis 8#EHENT
AFB WIREMRCR R, 175 50~1000 ng/mL Fiitik Y
AFB, & 2L, FERHRAE 69.34%~73.65%Z 1], X 1]
RE S T I 22 A X B0 A 1, I P R I ) EL
&% 7E 24~120 h IBEFRR B, FEMERCREENIE N, XA EE
JEH TR R TRUEIRE, AR AT . 1A,
MIE 3 AT LLF H, AR SRR BE Y AFB, £E 0~120 h /R
FASTEAKAL, PR S5 2SR i IS T AT IR A 24 h
VR S Foe A 1 8 Ak Bk 18
24 RNFHIIFER AFB, IR0

YF H. sinensis S#IE MR fR AFB, RIS FET
AN PN, R T RS A PN SRR VR o T A PR
A5 ROVAR RIS | pH MG BB AL, FILMELRILA
D7 TS

0 24 48 72 96 120
if[fl/h
B3 IR E AR AFB, M T R bR 8#A9FEAREEE (n=3)
Fig.3 Degradation efficiencies of strain 8# under different times
and AFB; mass concentrations (nN=3)

2.4.1 BETEE AFB, ¥ %6

AETEEEXT H. sinensis 8#FRTRIFfE AFB, MURCFR ]
5, HAPTE R VIR AR 25°CHT, BEEIRIE TR, P
R B, 75 25°CHFEMRRIA ST 97.11%+0.78% Ifi = T
25°CJ5, WM 2 BITTIE, 30 Al 40°CHIFEMER ) B
36.14%+3.25%H1 33.70%=1.79%, X Al fi & B B 7S .
TE 10~25°CIRIR T A KA G, BItfRiEiRE Hh 25°C,
2.42 pHTFEf# AFB, 89 %H

ANEWIG pH X o E B B A S#EIHEfF AFB, MIRER
B, oY pH 7E 3.0~5.0 BTG EN, K& RN IR
pH IMFE, FEfFRRAE 3N, ()24 pH 5.0~8.0 T A,
X} AFB, AR EEAS G TRUE, BEAFRAEREE 98% UL I, H
WA B 2 5 (P>0.05), pH iy 5.0 B, FFEfREA
99.90%+0.18%, Itk i B A B A pH.
243 &FBTHEME AFB, 9%

AFMEEE TR AFB, MR A —EE5, NE
4fIBE R, Bk Mn™ A FEARRCR, MR R T 5.88%5h,
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HoAth 48 B THRREIR F R AR, Hoh P R T 16.78%,
IR T 15.24%, WS W] 925 5(P>0.05).

CK Mn Fe Ca Cu Zn Mg
BFRR

B4 JRE T XM AFB, BRI (n=3)
Fig.4 Effects of metal ions on AFB, degradation (n=3)

2.5 FERIHEMLHR

MK S FTLUE L, VG AFB, 7685 SR AL A fF
TE— AR, TIAE AFB; AbAEBEsUAH EUPRER AL ¢
SRS TIRZ, nILIHfE AFB, 80 T, Al T3 a
PO H—WIT . AFB, 45 57 3 ANt S, Bimk
MR L dE R AN B o R IR (0 0k A A S R R 1
FIBEVENL A RIEFR, AFB, DRIMIRZSHIBEREIR, 2 30Ot
FRPETN S, WA SR, AT, et
KT, H. sinensis S#EAIPEIESR AFB, FUMLEI T BESEHEIR T IR
4kt Bl 6 HRTLIE R, IZRETES AFB, I 72 h ST
22 IFSERORLIR . BB I AR P 22253 . PR

TE: 1: PDB ¥ 7 0; 2: AFB ARUEVAWL; 3: AFB, FEAF K o
Kl 5 [%f# AFB, [ TLC
Fig.5 TLC of degradation of AFB;

TE:a: FEARRT; b: FEARIS
K6 BEfRfE TR AR
Fig.6 Morphologic properties of degradation before and after

3 & 1

AWFFEEYGESZ T H. sinensis S#FELAEMSIEME AFB,,
IR PBS PRI R BILVE R R A HU Jy 2 S B %
AFB, W2 E VIR, AR, FIsHEYIEE T
ML . AIRIEE G AFB, W B REAR S0 2B BEARLE 24 h NF%
ffeR e, H AFB, MR BURER ETE 50~1000 ng/mL B, [%
fEfaREF AT, AN, W RV SAARRE . pH A4 5
FUFFEIESE, ZHEAR AFB, FIRCRZE] pH., RS )RR
TRPIAG TN, 5 EE AT B B R AR OR 1 2 P A e |
Ko e, Wl R R, AFB, BIMSE = h—iiA
P, BITRERIT/NT AFB, B99I%, I H. sinensis 8#E
PRE AFB, (I ERZE AL 32 2R, HPLC Al TLC X755
MraRH, BRATRE AFB, B Ry 20 1 Ry, T, ¥
23%F H. sinensis S#IRPRIEAF AFB, (1& 1 T2 753, [RIRT
X IR AFB, (R FHISBISY, 0 el BA i i A el
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