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BRI [4,5-f]-MEMK (2 - amino - 3 - methylimidazo
[4,5 - f]lquinoline,1Q)) 25 F 3,4 T FL R Mk
[4,5—f]-MEMk (2 - amino - 3,4 - dimethylimidazo[4,
5 - f]quinoline ,Mel()) .2 -4 3 -3 ,8— — 1 JL bk m
[4,5-f]-ME MRk (2 - amino - 3,8 - dimethylimidazo
[4,5 - f]lquinoxaline , MelQx ) \3-% F&~1-H £ -5H-
M E[4,3-b] 5[ (3 - amino - 1 - methyl - 5H -
pyrido [4,3 - blindole, Trp—P-2) .PhIP) (454 fig
J1, GRS B R SUEHT B M T FLAT B X 2 9 a]
RN Trp-P-2 B9 45 & & B A &L, 14T MelQx
MelQ .PhIP i1 1Q My 454 fig Jr e 22, HZL2 i % 2%
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FASG o EHT, Z2 8Oy e AL B 2 L 1R T 4
MRE T BB S HAAs KA BH B 38 40
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1 MRlEFE®
1.1 #R5iHF

T FLAT T (37X-6) J3HE Bk (37X-15) |
25 FLAT B (X3-1B) XF PhIP H 4 %5 w5 1Y W% [ BE
71, B NS RO R AE A R S HOR A A SR
Bt WFET 30% HIMZRAEE T, T-80 CIRAERE
M.

MRS W& AR 35 557 58 . WS R B - 3H,0 5 g I BE 4R
Bl 5 g Ml RE "B 2 g WA —H 2g K
FEEWE 10 g 42 WRH 10 g i-E 80 1 mL 7 %4 B
20 g Fh A 5 mL ZEM7K 1000 mL,pH 6.2~6.3,
121 °C°K 1§ 15 min,

W A:MgS0, -7H,0 11.5 g MnSO, -4H,0
2.8 g Z&1%7K 1000 mL,

12 MNHB{5EH

Agilent 1260vwd 7 55 20 AR € 354X, 5 (6 %
FEIE N F] s DSH-300A Y [a i X 7K 48 1R 4R 35 5
Centrifuge 5810R % = 3 ¥4 VR 25 AL, BB B v
FERL 2 AL E8 47 BR 2> 7] ;SNS10C B 57 28 1 28 75K
A, ERMEDSHBEARAF ;A HE R R
i, L — R RS A B F]  TESCAN MIRA4
RIEH T B, B RS RS (L) ARAF
Thermo Scientific NICOLET iS20 % i B i 21 4
JEIEAX, FEER K
1.3 Fik
1.3.1 Bk ml A DR AE Y T R A R
J&i R F 5 mL MRS WK R 5k b fE 85 3246 b
g% 18~24 h, iRk 13 — U . ZJ5H IR 2908 it
BRI = BN A i = AR WL (4
°C,6 000 r/min,5 min) - [ 35 , 48 40 7K 2 % i 14
2 K (4 °C,6 000 r/min, 5 min) J& V8 25 40 it 4k Bk
1x10"° CFU/mL i F Ja 82155
1.3.2  FEARXT PhIP WM RE  FF 1.3.1 795 v i 45 2]
eI 1 mL JCw 847K 5 L PhIP FrifE
TAE W (50 mg/L), Jr % 51 J5 , T 37 CHE 5% 20
min 5, T 4°C.12000xg F &0 15 min, UWE -
i, 90 0.22 wm A HLIERS , I HPLC W22 13 Wi
PhIP 1) 2 . AR & AR PhIP KB 25 FI 4
HE

PR AT PhIP () W B 5422 115 A =X

W B 2R (%)=

25 FHAE S TP PhIP B9 & - LIS WP PhIP fY & &
23 U RE R PhIP i & 12

x100

1.3.3 & PR X R U PhIP (Y52 1w

1.3.3.1 MR Rl A 2o 4% 1.3.1 95 1.3.2 795
BeAE % 8 Bk = pH 6, 5 PhIP (50 mg/L) F 37
CHFE, 7 HIAE 0,0.3,1.5,24,48,72,96,120, 144
h HURE I 7 AN ] B (i) X6 B8 Ak W BfE PP ()52 1]
1.3.3.2 WERHRER R 4% 1.3.1 15 1.3.2 795
BB K B 2 pH 6,5 PhIP(50 mg/L) 5 5 T
4,20,37,45 CHz 7% 1.5 h, M52 A [R] 36 B8 X B i i
fff PhIP FY 52

1.3.3.3 pHEMZZM K 1.3.1 19 il 453 14 1 ik 7>
HEET 0.1 mol/L AR & vpil (pH 3,4,5,6)
H Tris—=HCI ZZ b (pH 7,8,9) ', 5 PhIP(50
mg/L) F 37 CH;i 3% 1.5 h, U & A [6) pH {4} 7 bk
W B PhIP AR, DAAS & 18 Wk 19 22 vh i 5 PhIP
TARMIR G AR A2 FIXT I

1.3.3.4 TR MO v BE 52 % AR 4 i vk
A3 9 R 1 x10°,1 %107, 1 x108, 1 x10°,1 10
CFU/mL,pH {14 2 6,5 PhIP (50 mg/L) T 37 C
B g% 1.5 h, W0 AN [5) R0AR 200 i vk B2 XoF AT Ak O A
PhIP #5210

1.3.4  N[E b B 7 X6 1 AR I B PhIP 119 52 i
1.3.4.1  #AbE o 1.3.1 356145 69 H AR T 100
CF N4 30 min, FE4RAE 1.3.2 1510 2 B KT PhIP
W BT BE 7o DA 28 $A A B DA RRAE SR X L
1.3.42  FEEALEE OFF 1.3.1 95 A5 A0 T BRI E
7T 10 mg/ml, PR 2R IR BRME AR R LB AR
it} , 40 CHEIK (150xg) 15 5% 4 h, TR K VR4 2 K,
FEARAE 1.3.2 7500 % 8 bR X PhIP AW E 77, LA
o 22 Tl A B ) PR RRAE Sl X B,

1.3.5 FLEREEWLKE PhIP 77 . JEHMHEBME ¥
-80 CIAFIMALIR A F 5 mL MRS ¥ g5k,
37 CHiF¢ 18~24 h, Fi 2% % Fh & 2L 76 1k 3 18,
P B 1.3.2 74505 TR AR XS PhIP AW B BE g, BT
B IS I A PR AR U OE B VF T 2.5% 0% U, F 4 CIK
FrpE S ,4 °C .6 000 v/min B0 5 min, F b
i o 1 0.1 mol/L. PBS(pH 7.2) 5L ¥E i 4 3 1k,
YK 10 min, 2R )5 50% ,70% ,80% ,90% ,95%,
100% 11 2 B K, K 10 min, 2 J5 6 AR U0 3
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BT CRSILEET 4 CokAhigs, TRET
PR HEAT T A3 R TR S R R I E
T O L 9 = i R R K0 AU S8
1.3.6  FLR # W B PhIP i J5 8 B k2040 6 3%
Br K80 CIALE M FLIR W T 5 mL. MRS %
Fedhrh 37 CH 5% 18~24 h, 4 2% Fh i B 4L 15
b3 4%, He M8 1.3.2 1900 B R XS PhIP 4 1% B B
77, B B RS 0 B TCUE , T -80 CYK AR rh R
24 h, TR HTERALD AT T A FRE 2 mg 14
¥35 200 mg {RALEIAG R IR A OF S 1 5 5 BGE
W ARSEAT R, WS BT 2T AN
Kl &5 1, F 4 000~400 em™ 3% 505 N 13
1.4 HIELE

BARKIWEL 3K, FIH SPSS 26.0 #17H
HZEJ5 200 5 W38 M2 %00, BE 45 2 L
x x5 Fn, EIRFA Excel BAFIEFT4H], 25
¥ P<0.05,

2 HZRE5SMW
21 EBESWH PhiIP 88 71 2L S B K 15 i%
AT 6 T FH LR T R T O A R Y TR

STE LN R S L B S AL A LA R
POAE R BRBE SRRy 3 SRR 8 BREE . iR 1T
DL, 7L T 8 Fh % PhIP W B A8 1 B0 T bk s
S T)— B RD 9 R B R A I BT 8 HRFLAR
B OB R BRI 37X =15 BT RS i B 2 Ny
83.36% , HiWIFLIT 1# CLA-3 W FfF R M1k, 7.93% .,
22 EFRBEEITHKWHEE KM

22,1 B[R B AR B A D e Bl 1 AT
1,3 R TR PhIP (W B 238 A48 Ak fa 34 S A A ], 3
Wi 1 5 BT 1] 0, VR R 23 58 T v BRI TS
FRUE ., 78 0h BF, BRI Rk © 35 B 70%~
80% , 1% 42 K hy B AR Xk PhIP (1) W B T 75 458 4 110 Hsf
] N 52 B, S — AN PR A et AR 22 I B A R R] Y
FEAG I BFF =58 28 W HG 0 , B AR 37X 15 7E 1.5 h |
W B 3k B e K, N 85.82% , 2 A Wt R UA R
M, BB 96 h Z e la TP, 5 144 h Jo i 31k 22
5:37X=6 Fl X3-1B T 24 h I} W i 22 35 5 5 K
439 R 82.55%F1 77.00%, H: 37X-6 F 96 h JF
WG R T 47, X3-1B T 120 h JFth# T 45, W2
R TR E 1 SRR AT BB 2 T 45 A O R A A R

£1 AEEkE PhIP RHMBEH
Table 1 Different strains on high PhIP adsorption capacity

i3 ERid LG
AL LA H 37X-6 80.43 + 1.42
X3-2B 39.75 £ 0.74
AL6-1 17.27 £ 0.51
BL4-8 11.40 = 1.17
Cl4-3 7.93 £ 1.16
ML2-2 19.82 + 1.15
BAER A 37X-8 65.65 + 2.66
37X-15 83.36 + 1.25
T ILATE X3-1B 76.96 = 1.04

B 1P

222 MREXS R ERE I RS B 2 W]
1B 37X-15 Fi X3-1B BEIE Y T, R
SRR I B R R, BT 37 CCHR B 3Rk 3 B K
5, 20510 83.51%H1 73.00%, iiFEtk 37X-6 T
37 CiBWa T V-4 , A8 A BE /0N | 3 5 figk o A )
FFRas R — 8 WSS N EE K, AR
{18 T J3E 6 A K B IR Ty s AN — | [R) ER E  X
PhIP 1) B AE 77 25 32 2R B 152, 3X ] g &
D] Sy I 85 52 V) 00 B R O 0 P, O A I o
RAZ BN S0, R AT A AR T B PhIP B b
R 37 C,

223 pH{EX R RE ST 52 &l 3 0]
1,3 BRTEAE pH E Y 52 MR T W% 52 3 R )
Akt Y BE pH A /Y T SE RN R b Y pH
{5 R 6 I3 Bk T A WG B R 3k 3 e K, Hor
37X-15 BB b &, o 83.12%,37X-6 IR Z,
4 80.85% ,X3-1B Wkl e fe /N, ol 74.35% ., 24 pH
H KT 6 i, TRk W B3 G 3 A1, B 4 4E pHL (HL
8 B IR FPA B 5E K B, 2R B G B0 YT
W o o P 3R 22— pH (B, AR pH X E
I ) I W RSO S e AN — X AT g J& X R pH (E
23R 20 it RE | — eIl B L PR 0 a0 Ak BT
AR A DT 52 0] W T - 67 i i) 11082 6 e 1,

224 TRRUREEXT AR BT RE T A sE I A 4
AT, 3 R TR B BRI R VA B 1 48 0 R A AR AE s
AR, 5 i e A 8 P 6 o R A 23 Sf 348 m i 5
T4, Bk 37X-15 Al X3-1B F 10° CFU/mL JF
U T -4, T B bk 37X—6 Xt PhIP i 45 22 18 1
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I ARS8 fnAS S22 3 BRI B R34 T 10" CFU/mL
KRN Al , HE PR 37X-15 MR K, 37X-6
W2, X3-1B F/h, B 255 51 84.33%
83.54% ,71.23% . W& B 34 T Fa e B 22 18 1 hn iy

‘ —8—37X.6 --4—- 37X-15 @~ X3-1B |

90

W 5

Adsorption efficiency/%

FRF i)

Time/h
Bl 1 R B B 8] X AR R B PhIP B %20
Fig.1 Effect of adsorption time on PhIP adsorption

by strains

| —8—37X-6 -4 37X-15 @ X3-1B

% B 2/%
Adsorption efficiency/%

B 3 pH{EXE# KM PhIP
Fig.3 Effect of pH on PhIP adsorption by strains

okl

2.3 FEEF R ERRH PhIP B9800
2301 PR X AR K PhIP (520 A T
S TR R 20 O S 2 o B A S, X 3
PRIAHEATIGE LB, 3R 2 iT LA 3 BRI 4
PIGE AL BRI , HAA B 22 5 T R ) W B R A R Ak
TR 1 W B BB 0 AT BT RS, U W TR AR KT PhIP fY
W B 5 G T3 806, IR AR TR R A BRAR
WTEE R . Sreekumar ZFWF5Y & B TH AR W [
PhIP J5 ¥ B 4 B fe e PR AIK, J — P i B
Bf . A B 2 S TR A I R 48 o iy D PR AT R A
Ab B AR P AR DA ol JOR SRR 2 5 B i /L |
i T 2 WA T T B R T B PhIP A%
Rk A AR AR

2.3.2 Tl b FEOOEBA AR WG B PRIP B SE MR &L S

5 DA AT B S R AR T B0 W A 1 R RE T R A BR
8, 24 I B 30 R 3] — s R R I TR AR 2 THT AR A7 B i
WA A2 505 - 087, % R S0 AN P el 5k 5 2
MU TE 25 3 — 2L,

‘—-— 37X-6--a= 37X-15-@- X3-1B

90

5N
&
£
. D
X g 50 ko
E 40}
]
Z 30
<
20
4 20 37 45
oS
Temperature/C
B2 REXEEKM PhP &2 m

Fig.2 Effect of temperatures on PhIP adsorption

by strains

[+37x.6 --&- 37X-15 -4 X3-1B ‘

W B 1%
Adsorption efficiency/%

TR AR e
Cell concentration/lg(CFU-mL™)

B4 BHRREXE&RRE PhIP #9320

Effect of cell concentrations on PhIP adsorption

Fig.4

by strains

xR 2 BEEENTEKKM PhIP 89500
Table 2 Effect of bacteria vitality on PhIP adsorption

by strains

R 4 AR FE P
37X-6 77.90 = 1.50 83.56 £ 0.79
37X-15 79.43 +0.79 86.38 £ 0.95
X3-1B 71.37 +2.17 78.24 + 0.85

RIHL, TR R 22 T b B S X PhIP W B =5 25 A T i
e, AN R R 1 Tl Ak T TR R 7 A T AN [ A B e,
HR R 37X—15 20k 2 i AR B W B 1
IR F) 89.26% ; T Mk 37X-6 4 B & 1 HAb
P W B 2 H 80.43% 34 fin £ 86.67% ; T bk X3-
1B 28 v 2 1 il A B 2 B 3 e 70.96% 38 Jin £
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100

W oo | Ab Aa Aa As o BE g
SelanEs  BRE
£ nt
- é 60
2 ° st
X E w0t
2 30t
St
Z ot
0 > oo,
X6 37X-15 33-1B
I
[k (b)
Bacterial strain 6 HEHRWH PhIP s EHA#EBEE
B 5 b E WM PhIP B0 Fig.6 Scanning electron micrographs of strains before
Fig.5 Effect of enzyme treatment on PhIP adsorption and after PhIP adsorption
by strains
76.07%. BRI Bk 95 0 5 5 DA T A A 2 2

P Ab 38, (5 40 JfLBE 1 A B 1 RV, R R T
22 1 W BRE A7 1000 T R 1 G R AR 04 A R IR
F R 3 K B A I B 3R 2 R A 3 R A
2.4 HEHRWH PhIP BIGHEHBEENR

ZE ERTR, Bkk 37X-15 X} PhIP A %4 iy W

7
» ir\g/p\,/

% 1 R
Transmittance/%

BRFRE 1, R 1 i — 2D B R LB AR T 5 g
SEM W %% W% B 617 J5 B 44 325 1 1) SOU e A5 28 4k, A 4000 3000 2000 1000 0
T 157 PHIP S 5 1 40 M 245 4 9 520 oo L
VS 6y BRI B PhIP W B2 e B 3% B7 T PAP S 6 4
HA TR PRI A i L B P, APl T LR Fig.7 TInfrared spectra of strains before
W TR R IR A S S R TR AR R T G and after PhIP adsorption

S B REIE . B kW S B SEM
AT LU M R PhIP S i R e s MR 3 400~3 200 emt Ak I 55 1 % MU DAy
TR AR AN A R AR A O—HL MR B A N-HL 9 45 4% ) 06 3 T
SR TR e L S AT HE R o PhIP e AR s e TEAE R, BT 3 388.87 em™ AbfHi 4 4k 3h
T RIS MT A RS 7, e B E 3309.30 em™, KRR AL AR AT AE L 40
TARM T KBRS AR K Wi %A BE LA9-OH M N-H 25 T I ;2 970~2 840 cm™
T % 20 g CHy (WAL ) CH, (M FH R ) FiT CH (R 5L )
2.5 EHWH PhIP B 58 B M 4 5h il 43 47 C-H HEAY 4 i 2 i, Pl P 2 932.85 em™ [y
W T HEIT M 37X=15 ZEWE M PRIP &7 C-H M4 IREIEME E 293224 em™, BB H
J5 AR MBE [ AL SR AR L, R b arsh BE L SEHTEE L UCHIE SR AL 2 5 W S B0 LA
S REAY G T R 37X—15 WL PhIP R 5 9647 7 & 2051 680~1630 cm™ AL AYUE S IERE T 4, Je Hhi
m Jfie 3 (~CONH,) "F [y C=0 5| & 0 45 9= 3h
HlE 7 ATLLE W, BER 37X<15 W[ PhIP Al 1 653.36 cm™ Kb IERE B E] T 1 653.66 cm™ Ab |
R B s, W B e e WM E A BB 1 T C=0 B i i 4 Ik 0
T3 6] 35 4 5 A e A TS A e e A i, = 25 T PhIP MR S W4, (R LR AT, AT
BRI AR 14T R X 1 000~2 000 em™, 16 PN C-0 #E DI RetE B RE IR A = 5 ;1 541
WIBI bk 37X-15 WL HF PhIP J5 Bfk i gt g 3z 3 7 om™ ARAYICHRCIE S M T4, /2 N-H 25l 4 ) A
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C-N M4E4R50;1 232 em™ 4 MR T4, FH R
C-N fgadi sh#1 N-H 25 ih e sh, BERews 1
Jrizide 11 o0 2 14 0 9 R AE e ok g 0 T AT 2
ZAEA ;1065 cm™ XN 242 C-0 F1 P=0 77
1R,

ZEA UL LS5 TR R PhIP () 32 22560 7
ANMIRE I, A MORE 25 FhE g AT AT M B
PR AW BRE 25 PhIP W B A4 356 A A3 40 i BE - 26
F e 14 . Bk i C-N O-H .N-H .C-0,
P=0 LA i M RE 1 i) 22 48 43, [R) s 200 e RS L 1)
HHJE 7 H I R LAt 2 5 T W R

3 HFHig

A S WG T ZLER B X PhIP f) W B
PR HLEE, S5 Kk B PR 37X-6 .37X-15 J X3-
1B X PhIP A3 547 1 W B, H 22 0 bk 4 it vk
J¥ 4 10" CFU/mL .pH {8}y 6 & EE 37 °C W fif i)
6] R 1.5 b B AR 10 I B 2050 2 e - 8 2 1 il R
PR B S | T RR X PhIP #) W BfF 5% TG 5 3% 5 i (P>
0.05)., LAHA PhIP W VE AR 37X-15 5T
Hbw X AL AT 5% 38 5 41 4 Fl 5 S ) L i
ZLAMG I 25 S A3 A% A, DA AR BT PhIP )5, 48 i
FEE B T EBEIR A0 BB i 3 BRI
B PhIP 1 = 228 fE A RE |, =5 PhiP Wt
1) 525 VAT 40 M B L 1 o I e T 4 R g C—
N.O-H N-H.C-0 .P=0 %A 20 BE I (1) 2 b5 i
3, TRD AT 200 R b Y R NI R | P R A R A
WS 5T WM, WA RPN AR &
AR T 25 40K 4

2 % X M
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Screening, Adsorption Characteristics and Mechanism of Lactic Acid Bacteria
with High Heterocyclic Aromatic Amines Adsorption Capacity

Wang Huiting', Liu Peiqing®, Xiao Yan?, Su Lin', Jin Ye', Zhao Lihua”
(Inner Mongolia Agricultural University, Hohhot 010018
*Hohhot Sampling Monitoring and Major Activities Support Center, Hohhot 010018
‘Ulangab Market Supervision and Administration, Ulangab 012000, Inner Mongolia)

Abstract To screen the lactic acid bactic with high PhIP adsorption capacity and to study adsorption characteristics by
HPLC. The adsorption mechanism was discussed by scanning electron microscopy and Fourier transform infrared spec-
troscopy. The results showed that lactic acid bacteria 37X-6, 37X-15 and X3-1B had high adsorption capacity for PhIP,
the adsorption rates were 80.43%, 83.36% and 76.69%, respectively. And the strains had the best adsorption effect when
the cell concentration of strains was 10" CFU/mL, pH was 6, temperature was 37 °C or adsorption time was 1.5 h. By
heat treatment and enzyme treatment, it was found that the bacterial adsorption was a physical adsorption unrelated to its
activity, and the bacterial adsorption rate increased after enzyme treatment. By scanning electron microscopy and Fourier
infrared spectroscopy, it was found that PhIP cell surface was obviously damaged when strain adsorbed PhIP. The ad-
sorption site of PhIP was mainly in the cell wall, and C-N, O-H, N-H, C-O groups were involved in the adsorption
process. Lactic acid bacteria can adsorb PhIP, which was a physical adsorption, and its adsorption was related to the
bacterial cell wall.

Keywords lactic acid bacteria; heterocyclic aromatic amines; screening; adsorption



