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B E:. [¥%]#%wEEZ B (Aflatoxin By, AFB) &M%, 774k, B A& LA K6 k.
LB 6] 4T L Z2069 AFBy i 5 JHR & LIS B4, Af Rtk T RAE S F — 4k AFB, (1% #k
(HAIR) 4y B 2 M SR AT o7 [ 7 ik ) v AFBy &M K A E—A R, If ik —H4k & 249 AFB, %
fRE, A1 16S rRNA LB w54 R 5 Z Hdk, H454 HPLC AT @B that AFB, a9 figdfie. (421
HAI2 # 16S rRNA #% B 57| 5 % £ 18 % Jto. i (Pseudomonas putida, NR 113651.1)#9 48404 & ik
99.85%, H F BIEME AFB, t97E MM T A IS E G i, HAI2-AFB, 14 /# 8504 5% & pHAE A 7.0, RKiE
JBE A 37°C, Fe®. Ca?'n Zn* o dp 4] AFB, 6416 %, Cu® = Mn? T A4R & AFB, 8914/ %, HAI2
LAt 100 ng/mL #9 AFB, [4/% 24 h 69T/ R 4 71.52%. sk, P. putida HAI2 i& =T 47 41 4% % wh
FRHRBREGERT AFB #96 R, AFB &Y 63.46%. [£#] HEIE P. putida HAI2 B4
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Characterization of an extracellular aflatoxin B, degrading
enzyme from a Pseudomonas strain
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MA Xianyong?

Abstract: [Background] Aflatoxin B; (aflatoxin By, AFB;) is a highly toxic and widespread mycotoxin. At
present, there is no effective method to control its pollution. [Objective] To discover efficient AFB;
degrading bacteria and explore its degradation characteristics, enzymatic properties of an AFB; degrading
strain (HAI2) from mangrove sludge samples were analyzed. [Methods] Using the structural analogue of
AFB; as the sole carbon source, a highly efficient AFB; degrading strain was screened out, then 16S rRNA
gene sequencing technology was used to identify the strain species, and HPLC was used to analyze the
strain’s degradation characteristics to AFB;. [Results] 16S rRNA gene sequence of HAI2 shares 99.85%
homology with Pseudomonas putida (NR 113651.1). The main component of degradation AFB; was
extracellular protein. According to the analysis of enzymatic properties, the optimum pH value of
HAI2-AFB; degrading enzyme was 7.0 and the optimum temperature was 37 °C. Fe?*, Ca?*, and Zn®* could
inhibit the degradation rate of AFB,, and Cu?* and Mn?" could increase the degradation rate of AFB;. The
degradation rate of 100 ng/mL AFB; by HAI2 supernatant was 71.52% for 24 h. Besides, P. putida HAI2
could inhibit AFB1 synthesis in corn infected by Aspergillus flavus, and the content could be reduced by
63.46%. [Conclusion] P. putida HAI2 had a high ability to degrade AFB;, and its main degradation active
substance was extracellular protein, with a large application prospect in the food and feed industry.

Keywords: Aflatoxin B, screening, Pseudomonas, enzymatic properties, extracellular protein

o B # K (Aflatoxin , AF) & i1 2 i
(Aspergillus flavus) . 774 % (A. parasiticus) ,
i1 (A. nomius) FITE 125 (A. stamarii)5 224K EL 7~
HE ) — S BER L SR AR A AR,
HECHMmME M ESERA 20 K7, FWAH
AFB;. AFB,. AFG;. AFG,. AFM; 1 AFM,, H
th AFB, B Pl AFBy TEBA 2 G b2
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HL#4 (International Agency for Research on Cancer,
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(Stenotrophomonas maltophilia) . Jifi [ & 5 g
(Pseudomonas stutzeri) . %= 45 % Jitd #T & (Bacillus
atrophaeus) . A% ZF il T 7 (Bacillus subtilis) 5z 25
i 7L AT (Lactobacillus curvatus)2s 2 g 1 231s A
A K AFT BIRE JT o — SE L TE iR & PR
(Armillariella tabescens)™ . & i fill H- (Pleurotus
ostreatus) . 2 i1 &7 (Aspergillus nige)t®1% 1 A5 %
fie AFT IRES), [H2E W HA IR A . AR
W IR S e A T AT R A A R
SEBR, RI2Y T AR TR R R AT 18 L,
MEZ T, dNEAE AFT [ 7 i HA B0 i &
PR,

JAE R YRR N R SRAR) R, (2 AFT 205
ZiKAE g% . BEERR, KRBV AFT #EH
R E AR ME G 16 21 B3 A BB ) LR A BRI Pk
WA 1 R A DA BE AR A P A TR L,
RENER L SWmIESE. HE BT, &R
KAt AFB I BRI RRAT SR B/ 4™ K bk 1) i 1E S L
ARIUZ o 221 1) TR AR BSOS B IX — Jmy TR P 3 A2 o 21
BTGP TR Y Z e T, H T o o3 25
AFB B AR R I RIE . R, ABFSE I LT
MRS e A 515 BB AFBy I TR B, JRiE—2
POEERIC E N 2o G W E P A S DR s i
DIHA ]y A= R AFBy SR 2 A FPTOREUR, toh
E— 2SRRI S AL S A0

1 MRS
1.1 #&mkiR
2019 4F 3 AT ARAE RIIT R IELIRARL
Pel RAE LT ART5 T
12 EFE. FERFIFNE
EAER SRS 1 5 S R, 1x10° Pa
K 20 min J5 B HIZE 50 °C A 0.1 g/l HFH.&K .
LB KiFRILS BESCHR 191 BLH], th4% S A A 77
3t (Potato Dextrose Medium, PDM)Z: I Sk [20] 50
i, DA b 2 FhEE IR K B AR R & S R 0
s, O . IECESF OISR ANIER, L

BRL T AR R A A PR A\ 5 ¥ 2% . Bradford
EAE RN, A TAY TSR AE RN
Al; AFBy, JUMBRRLAEYIEARARAF; DNA 2
BURF & HiPure Bacterial DNA Kit, | 35344
BHEARRA . SRR R, Waters 4 F] ;5 6
e RO, S R A TR R .

1.3 AFB; & & E PR 2 B ifit

131 E&EEF

BRI LI ART5 U8, #2 10 glkg IIAF S K,
HARAME T 8 A 5557 30 d BUE £ 5 L0 AkT5 e
1gmA 9mL AEHEK, 5 )5, 1T 10 5 s
JERRE, B 100 pL S5 IRTE S TR AR |,
ARG FRAR N 37 °C Kige, MERREEILASRE
fiE o YRR S PREUR RV, OF T8 T
M - RIZREEFE 3 vk, FEPRMREATE T LB #5383t
37 °C. 170 r/min $53% 8%, 4 °C. 12 000 r/min
L 5min £ FiEE, IMATCE BG4 3L T-20 °C £
A Al
132 £

W 1.3.1 90045 B A B bR B LB K55 Jk b,
37 °C. 170 r/min £55% 24 h, BUGE 20 mL BEES L,
FIA 980 pL B AN 20 pl ¥ H 5 pg/mL 4 AFB;
FRUfESh 37 °C R REOEHE SN 72 h J5 i HPLC
Kl AFB, BEfR . DL LB 55323 M5t IE
1.3.3  AFB,; &

K F HPLC-PHR-FLD 773647 AFB, FIAGI
5 mL ZIEFKIIR AW (CNE K=84:16, 1A
Fb)ZE AFBy SO, HIIA 1 mL IECEE, 7©
SRGIRS), TR 45 min, {7 0.22 pm 50w R
CARUE N I8 2= R, HPLC-PHR-FLD £l
AFB; &, (&M (Aig%ik ol XBridge™ Cyg
(4.6 mmx250 mm, 5um), JEREEH 20 pl, Wish
AH N K2 i =35:55:10 (MK AL ),
1 mL/min, A 30 °C, “MEL G K 360 nm,
RAHERK 440 nmPP,

134 BEEAME
AFB, [ fift B i 16 o4 0 o 45 2R R b g
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W (UImg)IE s, B4 81k 1 pmol AFB,
T (R o SO L ARG 7 2z (U) P2
1.4 BHRETE

i /il DNA #£ B 7] & HiPure Bacterial DNA
Kit $2 8 HAI2 (1935 K 20 DNA,PCR #1165 rRNA
AT FEE, LTI 27F:
5-AGAGTTTGATCCTGCCTCAG-3'; FiifsI¥H
1492R ;. 5'-GGATACCTTGTTACGACTT-3', PCR
FUWAKZR (50 pL): 10xBuffer 2%tk (& 20 mmol/L
Mg®*) 5 uL, dNTPs (20 umol/L) 4 pL, . FiEs]
(10 umol/L) %% 2 uL, Taq (5 U/uL) 0.8 uL, DNA
AR (100 ng/uL) 1 pub, KB ddH,O 35.2 uL. PCR
FZ 45 : 94 °C 10 min; 94°C30s, 56 °C30s,
72°C90s, 30 MEH; 72°C5min, PCR ¥ H5¢
B A 1% S Ne HEBE R EA T LK, SR E L
JE FSAG R Gk SR 45 5, /N IE Aff 1) 45 Tl
JE ik 2T INERVE B ARA BRA /I 5347

WP 45 Rk P 5 PRk CExpress iF17HF
B2, BPHES T SILE NCBI s BLAST Xt
GyRT, HREIETH, K BERT5)548 2 800 R
JF 91 MEGA 7.0 34 B, JF 38 o 48 452 1
(Neighbor-Joining Method, NJ)fJE RSk fbkt, 7
GI LY RN 2R GE it A i A (i F MEGA 7.0 ik
17, K WisRRsrny 16S rRNA JLHEFH HATE, 1
$% Bootstrap i% &~ 1 000, HiAth S5l BRI B .
1.5 AFB; &fZEsEs MR
15.1 AFB; M EMEFELN

a3 W E - AFBy R i TR MR 1 20 i A A 43
(Extracellular Component, EC). 5&%%4H i (Whole
Cell, WC). #1443 (Intracellular Component,
IC) FI4H I H% F (Cell Fragments, CF)X} AFB f S
VERIPS B PR TR RN T LB Wil 33 p, 37 °C
170 r/min #E3% 4535 24 h, BL 10 mL BT 4 °C.
12 000 r/min &.0> 10 min, 73E FiEW S HEA. E
THWAT 0.22 um K RUEMEAS R EC, B0 5 MK
FHmEmREE 2% nhik (Phosphate Buffer Saline, PBS)k:
%, PO, BUR AN 10 mL PBS F 155 WC,

310 mL TR BSOS BRI 10 mL PBS, 7E
VKIS HEE A 15 min (400 W, #7 5's, [alF7 5 )ik
PE4EM, 4 °C. 12 000 r/min &5.0> 10 min, W4E |
WL 0.22 pm K RUEREAS R IC, DIREA 10 mL
() PBS TG H] CF. [n] ik 4 FURTRIZL 4 ashn
5 pg/mL [ AFBy ARl 2K 320.5 pmol/mL
(100 ng/mL). Fif#E S F 37 °C B E Y 24 h
J& . J HPLC & AFB, &, RS /1. EC
K LB B g X IR, WC. IC Fil CF L PBS Wy
Xt BE
152 AEZTMHELIEN P. putida HAI2 P& AFB,
LLEE TR B S0

218 Alberts 2P 757 WA 5E R AN AS
XTGBT, S5 EBRE RS IR 1, AbBESE
EBJ5F 4 °C. 12 000 r/min #5.0> 10 min, HX 980 pL
355 20 pL (5 pg/mL) AFB, IR 4, 37 °C RLH:
BN 240, H HPLC & AFB, &4, 153 LU
6, DAARACERAY b3 R 5 e
153 REX AFB, PEREESIE RIS

¥ 1 mL 1) AFB, BEMFE SV AR R MA 20 mL TG
FIEIH T, 175 980 uL EC F1 20 pL N
5 pg/mL B AFBy FRUER, 735 E T AN [A)iRE (4
20, 30, 37, 50 #il 60 °C) TG & 24 h )=,
i HPLC il AFBy &k, THEEEAY LLERE . LA
LB #5373 M % B

X1 FTETMHAIER P. putida HAI2 F&f# AFB, tLES
A

Table 1 Effect of different denaturation treatments on
specific enzyme activity of AFB; degraded by P. putida HAI

SUBLLIEE JUSIE 2

Treatments Parameters

b7 100 °C /K% 30 min

Heated Water bath for 30 min at 100 °C
A K 1 mg/mL #E i K, 37 °C 4b# 6 h

Proteinase K Treated with 1 mg/mL proteinase K at 37 °C

for6h
AL 1% SDS, 37 °C kb3 6 h
Denaturant Treated with 1% SDS at 37 °C for 6 h
FE M1 K+SDS 1 mg/mL ZE /i K #1 1% SDS, 37 °C 4b#H 6 h

Proteinase K Treated with 1 mg/mL proteinase K and 1%
plus with SDS  SDS for 6 h
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15.4 pH X} AFB, MiREGIE RIS

1 1 mL () AFBy AR SN 1R Z A 20 mL Tt
B, 7% 780 uL EC. 20 pL WE N
5 ug/mL (1) AFB, BRufEW AT 200 b 2% i, 28 mhif
(4 pH B 462154 4.0, 5.0, 6.0, 7.0, 8.0 1 9.0 (pH
4.0 F11 5.0 MG REL % ik, pH 6.0 F1 7.0 &y PBS
ZZohi, pH 8.0 F11 9.0 iy Tris-HCI Z&vhik), T
T S R kR E OV 24 h ., F HPLC £
W AFB i, TR ELEEIG . DL LB KigR3EN
XA
155 €RBEFX AFB, FEHRESEIEAIS I

1 mL 1Y AFBy FEf# S0 A &R A 20 mL TG
B, 0% 680 uL EC. 20 pL WA H
5 pg/mL B AFB; bW . 200 pL fid& pH A9Z% nh
VR 100 pL ¥k BE >l 100 mmol/L (94 )& B3 F(Ca®t .
Fe?" . Mg?*.Zn?" Cu®*Fl Mn?")¥% ¥ (CaCl,. FeSO,.
MgCl,. ZnCl,, CuSO4. MnCly). Ky T ik f 43 & 25
TP AETTRE, {4 pH 6.0 i PBS 22 i i 42 s
BT o TE G S T A pH R B
K 24 h 5, F HPLC #ll AFBy &4, 133 REIY
PG . DAARACERA B35 Rt BE
1.5.6 AFBy iR [E X P& AERGIE B9 R2 M

¥ 1 mL ) AFBy BRIV ZR A 20 mL T
PRI, 417 780 pL EC. 20 pL AREKEERY
AFB; Hr#E (500, 250, 100, 50, Al 25 ng/mL)
1200 pL fieidi pH IR MR A1 L 1 B N
43 ) F o Sy R B RS pH T G
0. 12, 24, 48 f1 72 h J5, F HPLC *ailll AFB; 7%
i, VAR LLERG . DL LB BEFREE T IR
16 MINEBHTE=E

HAI2 H7E LB 535 37 °C. 170 r/min 55
£ 24 h, 4°C. 12000 r/min Z.0> 10 min, FigEot
0.22 um /K RUEME . DIARIEA HAIZ FY%5 1 LB 3%
FEHAE RN HR {31 FH Bradford 2 12 i £k T
BE S, 7€ 595 nm AR ISUE, @54 10
THE I BSA FrifE 4k LA MR (R

1.7 P. putida HAI2 X % fh &= AU N HI 3R

¥ AFB; = LE T FE A. flavus CGMCC 3.4409 4%
Fh#] PDM £3589, 30 °C. 170 r/min 1537 48 h
£ H . 10 250 mL = A IA 10 g T F KR A
8 mL JLW/KFSHRST, #EA 1 mL ) HAI2 T
1 mL /) PDM 532 34E DX IR ; HAI2 {3
A 1 mL 9 HAI2 B 1 mL ()8 8 A. flavus
CGMCC 3.4409 ik ; /UL A 1 mL /Y LB B
FREF 1 mL WA . BT A A IR T
30 °CHELEE N 48 h 5, JIA 25 mL B EEA
15 mL Jo@K, #RZHES] 20 min, #E 20 min, HU
FiEWT 4 °C. 12 000 r/min .0 10 min, i
0.45 um A HLIENE)S F HPLC /1 AFB, &4,
B HAIR %o B 2 T p S CR
1.8 HUEGIT

AFBy [fif %=
X HRZHAFB, & it — SCIR A AFB, & it

X} HEZH AFB, 75

S EHE R ] GraphPad Prism 5.0 Z4FE4 143

Brab®e, DL EFrAscs i 3 A .

2 HR5i
2.1 AFB; S ¥ &R EHE 2 B IFIE

DA E N ME—RRUR A JCHLER 15 7R 3L, 2T
RIS YRR AT 20 BRAR K BT HOE PR T R
Z I LIRSS 48 bR, @t HPLC #F1T& 0,
Tt — bk AFBy = BB AF DA AR HAI2,

HAI2 FIKIESINE 1A Fis, HEE MR
FLOAM  NEHEEST . RIZEHE . AER, HEAR
B, HAIZ WRRZ 22 R )5 R4 @fPik, A
2 AT (] 1B).

HPLC &g R LI 2, Bl it a] ik
17, AFBy iU I FHBH S sl /b, B A 72 h J5 1 AFB,
U T AR B /N X RR AL, 01545 72 h 19 AFB;
KSR AT 35 80%, 1 I HAI2 T X AFB [ A#K
AT

x100%,
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Bl 1 HAI2 275 45E
Figure 1 Morphological properties of HAI2
e A: HAI2 HRRETS; B: HAIR Bidsismas

72 (1 000x)
Note: A: Plate colony of HAI2 strain; B: HAI2 microscope inspection result (1 000x)

2.2 16SrRNA EFYZE

% PCR " #4715 3f% 16S rRNA H:[H Bk &
I INEER A A BR S WY o AR I &5 05
MEGA 7.0 &b353#T, IR RFE K EW(E 3).
m & 3 AT L, B kR HAI2 5 P. putida (NR 113651.1)
J&TR—53%, ZRIFHIMMM SR 99.85%, 4
BIEASSFEE, YIAHIW HAI2 S P. putida, 5 H:
144~ P. putida HAI2,

10.00
9.00 |
8.00 |
7.00 b
6.00 | ?[f.

2 500} I| I'|I
4.00 | / ‘
3.00 | lfr‘4"~,h\1
2.00 | ,:::f" x'-.ﬁlllhu
Loy J;"I' 72h I"‘*H&-.
g S S

2.3 AFB,; M$fEREEEF % R
231 AFB; BEfRIE M FERRL

Fe#t HAI2 1) EC. IC. WC #1 CF %} AFB; 1
Rfg gk, 25K 4 s, EC T AFBy 1 R4 fiF
AEJdam, RIS ISE] T 2.53 U/mg, dgitsF IC
4 0.33 U/mg . WC 9 0.49 U/mg F11 CF 1 0.16 U/mg.
ik, P. putida HAI2 [ AFB, 1) 32 215 4 o
fEET g,

9.00 940 9.80 10.20 10.60 11.00 11.40 11.80

12.20 12.60 13.00 13.40 13.80 14.20 14.60 15.00

t (min)

2 HAI2 B& R 3T BB4LIE AFB, B HPLC &R

Figure 2 HPLC results of HAI2 bacterial solution and control-

treated AFB;
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97

76 Pseudomonas putida (NR 113651.1)
J'EPseudomonas putida (NR 114479.1)
86 HAI2 (MT378413)
100 43:§|:Rseua’omonas asplenii (NR 040802.1)
Pseudomonas donghuensis (NR 136501.2)
82 —— Pseudomonas plecoglossicida (NR 114226.1)
L Pseudomonas entomophila (NR 115336.1)

99 100 —— Pseudomonas citronellolis (NR 026533.1)

71

L Pseudomonas delhiensis (NR 043731.1)

Pseudomonas hussainii (NR 134139.1)

Pseudomaricurvus alkylphenolicus (NR 114390.1)

82

100
—

0.02

100 ——— Marinobacter hydrocarbonoclasticus (NR 074783.1)
L Marinobacter mobilis (NR 044456.1)

Tolumonas auensis DSM 9187 (NR 026283.1)
Alysiella crassa (NR 040932.1)
Delftia acidovorans (NR 114466.1)

3 HE#k HAI2 T 16S rRNA EEFIIMEMNRZL EH

Figure 3 Phylogenetic tree of HAI2 based on 16S rRNA gene sequence

TE: 55 HhIF S RRIZEE GenBank R SRS /030 n EMEEFEFOREREE: RIS R

Note: The serial number in parentheses indicates GenBank accession number; The number at the branch represents the confidence

interval; The scale represents the coefficient of genetic variation

3~

N

—

Specific activity (U/mg)

B4 HAR BEARREHS 3 AFB, BIPERRIER

Figure 4 Degradation of AFB1 by different components
of HAI2

T AR FEERR 2R % (P<0.05). A

Note: Different letters indicate significant differences (P<0.05).
The same below

232 EAl KT IEEETESN

J T RN HAI2 JaAhE A% AFBy IIVERT, 52
55 e AN [ AR PEAL B S EC X AFBy A REMRRL
o WE 5 frs, PrEASYE () fAE 157 (SDS)
Jb PRI 2SREAR EC FEAR AFB Y HLRGTE , — &1L

Fif§ 15 {43 %4 0.27 U/mg 1 0.61 U/mg, B ZfKF
xR 2.53 Ulmg, 1 HAS M FE oA e 2000
PEFEAE S ILAN, B B K 4B Pt 2] EC /) AFB;
WIS E, E ARG K AL BEZH A SDS+EE 1 K Ab
PR L () BT 4350 0.89 U/mg #11 0.31 U/mg.

3~

Specific activity (U/mg)

B 5 AREIZEMHAEXEEMES N
Figure 5 Effect of different denaturation treatments on
enzyme activity
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R, HAI2 FEfig AFBy 1 520 AT RE M BEAE S
F BRI R Y B M AN A .
Bradford if¥ & &0 #r, HAI2 3 A IE/E M
8l 62,5 ug/mL.
2.3.3 REX AFB, PERERSIE 4RI

ANFERE ST, EC X AFB; AR N
K6 fin. M 4°C % 60 °C, A TS, EC
R AFBy 1 LS 522 BUSE T & PR AR Y AR L
By N 4°C F 37 °C, kB R il 11 L i 1
fHIA 37 °C 31 60 °C,  Jhah J3E ik voi il 11 LU J .5 A1 o
K, EC R#ff AFBy YR 2 ik B2 24 37 °C.
2.3.4 pH 3 AFB, P& #EREE 14 /Y 2D

AR pH &1 F, EC X AFBy B RCR AN
K7 fiese WA, 1 pH 4.0-9.0 JEFEN, B
% pH AT, EC By HLEHE t e R BeTH = 1
FEAR RS 16 pH 4.0-7.0 JEEIN, pH {E#GE,
it OB S R ;. 7E pH 7.0-9.0 YRRl N, pH {H
A, WA LLEETE AR, I, EC FEf# AFB,
[ f5eiE pH ok 7.0
235 £RBBETX AFB, PERESEMEREIE

TR 463 i B X EC [ AFBy HTE M52 L
’ 8, MILIEH, Fe?'. Cca®*. Mg¥. zn®*. cu®
M= REFRE B HEES 2B AR R B AR Ak

3~

Specific activity (U/mg)

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

Bl 6 AELIRENBEEMERIG
Figure 6 Effect of different temperature on enzyme
activity

3 - A Citrate buffer

-¥ Phosphate buffer
—¢ Tris-HCI buffer a
=
E 2L
=
2
=
i
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HOAC ZEAOAT T AR AFBy I & B Cu? A L 5 il
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Figure 9 Effect of AFB, concentration on degrading enzyme activity
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Figure 10 Inhibition effect of HAI2 on A. flavus
CGMCC 3.4409
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