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Research on Atomic Transfer Radical Polymerization Modified Lactic
Acid Bacteria and Their Removal of Aflatoxin B,

WANG Yifan, WANG Bingchen, YAN Weixuan, HE Kuo’, ZHANG Xiuyuan

(Hebei North University, Zhangjiakou 075000, China)

Abstract: To study the new method of aflatoxin removal by Lactobacillus plantarum materials, and provide a new idea for
the efficient biological removal of aflatoxin B, this study used the polydopamine-based atom transfer radical poly-
merization (p-ATRP) and cell-catalyzed copper-free atom transfer radical polymerization (c-ATRP) to modify the surface
modification of living cells of Lactobacillus plantarum, and guided the self-assembly polymerization reaction within the
ATRP system to form polymer materials, characterized the modified Lactobacillus plantarum and compared its adsorption
and desorption capabilities towards aflatoxin B, before and after modification. Results showed that, the unmodified
Lactobacillus plantarum had a smooth cell surface, while the Lactobacillus plantarum modified by p-ATRP had a very
rough cell surface, and the Lactobacillus plantarum modified by c-ATRP had wrinkles on the cell surface. The Zeta point of
unmodified Lactobacillus plantarum was -8.43 mV, while the points of Lactobacillus plantarum after PD and PNIPAAm
modification were 1.791 and 13.767 mV, respectively. The adsorption rate of Lactobacillus plantarum for aflatoxin B, at
concentrations ranging from 0.1~100 pg/mL was 75.3%. Furthermore, the adsorption capacity of p-ATRP and c-ATRP
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modified Lactobacillus plantarum exhibited an increase of 7.8% and 6.4%, respectively, compared with unmodified

Lactobacillus plantarum. Additionally, at the same concentration of aflatoxin B, the desorption rate of Lactobacillus

plantarum was 6.1%, while the desorption capabilities of p-ATRP and c-ATRP modified Lactobacillus plantarum were

enhanced by 14.4% and 42%, respectively. Overall, the modified Lactobacillus plantarum demonstrated a significant

enhancement in both adsorption and desorption abilities towards aflatoxin.

Key words: atom transfer radical polymerization; aflatoxin B,; Lactobacillus plantarum; cell surface modification
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SU8010 AU o F i i85 HITACHI 2\ F];
ZS90 %I Zeta AL EhIR SCIAZNERL F]; 20A RS
AR ORE A R F]; FACSAria IT £ 7 040
M4 BD AFl.

1.2 LWHE

1.2.1 fHHETFTREZERA) ATRP K (p-ATRP) &
MAEEAT B ZETCAECABE T, #F 2 mL 19 N,N-—
FP 5L B P i ( DMIF) Fi1 400 mg (14 22 U iz £h ik £k
(DPA) I AFFLEPR 7 B9 100 mL Tris-HC1 2% 1 %
(40 mmoV/L, pH=8) 1, F-INIA 0.15 mL =ZJJZ(TEA)
1 0.13 mL o155 T BEIR (BIBB), 7E 25 °C F4f4k:
PR 4 ho

B fb)s PR IZTEE LA 5000 r/min 20> 5 min,
B YR IR PBS B BRI 2~3 IR, e EE T
20 mL Tris-DPA {REHWH, AHELIEE SN ODgy =
2, TEEIR TR KEF% 3 he AT Z M A/ A E
B RN, FAEYZATEREDTE AR 2 B EE . B
AE W FUAT B PR AT ES O, PBS ISR BE R VR, I
¥ E ATRP ER (627 1 mol/L N-S3 P 1L TN M4 Tk
f#%, 0.001 mol/L CuBr,, 0.002 mol/L 2,2-HK it i Fn
0.01 mol/L IR IR ) ", FEIKEEFE 60 min, I+
PBS ZZ PRk 2~3 i, il i #0315 p-ATRP &
i) LAB@PD@PNIPAAmM,

1.2.2  FIFH4HM A AL TCE] ATRP 574 (c-ATRP)
EUFEIZUATR SIS BRI ZUAT R LA 5000 1/
min $% B0 5 min, FH 258 TR PR UL BI B TR,
A, B EHTEIFEAE 5 mL PBS R .
0.4 g N-SH DN IETN M A i 7E 25 mL PBS ZZ 1
W, 5 FE AR, :52E 30 min, LR A
0.1 mol/L ¥ B [ N-55 DN L PN s ik e BRAAR VS . 1]
ALY SN S A 0.01 mol/L HLbh I BRI A
0.05 mol/L o-JR 5% T WEVR I ZE AN 58 )5 37 2 3 4]
GF IR UL TS, AR5 B F AR E FE 30 °C IHRIR
%3 60 min, HJFLL 5000 r/min .0 5 min, £
UL, LN PBS MRSV FE &, IR &
ifc-ATRP 4y LAB@PNIPAAM
1.2.3 SEM {3 F s s pran R miE SR a5 44
LA 5000 r/min B0 ARASA A FLAT R AL c-
ATRP. p-ATRP MR FLAT B AL S 5 min, FE)S
VEUEEE 2~3 IR, AT ST 2.5% MR ESA R
Hh, R E SR DA E AN . R R A,
HE—AFE T 20%. 50%. 70%. 85%. 95% Fl 100%
Ao 5 320 MR B 11 £ S /K VRO S EA 73 25 ik Ab
B, BB @ B AR AFAE 15 min. JBEZK S AL
{FFHIC/K 2 s Ak, FFETT RIS R . (R
FEANTE 10 s RAEFE T A5 48, SRIFHEL 5 L 1Y
PSS T RE R b, I A e RoBCE T Eas
AT 2 mine 25, ¥ FHEBMESS G L, FF
B R R R NG 2 SRR T . SRR Bt

FTMT A AL, KRS, G A i A T, AT
THOIE SR EE 5 53012

1.2.4 Zeta A5 Rm e fr  FHELOHLE —
FhAE S AU L 6000 r/min 250> 10 min, BUULIE # Ve
JHE B FoRPEE 2~3 i, KA EmEE T LT
K, JHT Zeta HUASASGMSE o

1.2.5 waNgnp s anpayst: B SYTO9. PI #
RAEME AR ZLATF B . 833 c-ATRP. p-ATRP &4fi
PO AL ) LA TRRE ol 4 B R A T A AR BR L 43 0l B
H 600 pL FEAS B A G 24 e iAE Y, AR b et
15 min, i 485 nm IR, RIS
535F1 600 nm!>* 24,

1.2.6 FEIMMEFFERW MRl & O A
12:(HPLC) #37 v i 2275 3 B, (AFB ) bR HE £k,
BT BRSNS R LY AFB, ARAER IR, HEBEE
7 0.1. 0.5, 1. 2, 10 pg/mL, 3F H R JH W BE/E R
3l o B A o SO AL X 3 AR v o A T
HEAPHTETO, Sk TR i 7 VR E AFB, 14 bR ifE
TAEHLR, M7 y=1937.570x+2689.811, R*=
0.99906 .

3% 25 F: (3% A Cg( 150 mmx4.6 mm,
5 pum); WshAH: B, K. ZHE(15:70:15), k.
1.4 mL/min; 387N 45 : 1< 360 nm; 7 40 °C;
iR 25 pLP7, ARYE T =T .

C -C,

Hrh, Q U3 AFB, 3%, € fUERXTHRZH AFB,
WP ; C, [RGB P FRFEY AFB, ¥E; C, 1%
ARG AFB, R,

1.2.7 AR 76 A P FLAT B R AFB, 502 R
Mt KRB ZLRR P | i c-ATRP &A1 11y
FLERE A p-ATRP & FLER P14 (OD600=1) 535
LA 1 mL ¥EEH 0.1, 0.5.2, 10,30, 50, 70, 100 pg/
mL ) AFB, TAEM ., IRGI2IE T 28 °C, 180 1/
min FEAR T EEFE 1 h, 5000 r/min 250> 5 min, BL 5
WA . Br—2H A 7856, R AR A B A [k
B¥ AFB, BWAEEs AT IR

1.2.8  AN[H] W BB (] 18 nlA 9 ZLAT B T B AFB,
SRR B AREM I ZLIER P . 8T c-ATRP &
W I FLIR TR A p-ATRP &4 A FLIR B8 B AR (OD g =
D4y A A 1 mL #EE >k 0.1 pg/mL /Y AFB; T./E
W IREA)E T 28 °C, 180 r/min 30K 435l 1%
F£ 0.5, 1. 4. 8h, 5000 r/min Z.{> 5 min, B IEW1S
Mo BE—2H AT, R 2 A A B A Y [R] v B2
AFB, WA E 2 X IR,

1.2.9 A[A] ATRP Jyi B4 LA A 6 3 s % of T
JELRE AFB, PERE AN [F] D A i i AR 4 FLAT B
(ODg =D IIA 1 mL ¥&E R 10 pg/mL A9 AFB, T.
Ve b, TR T 25 °C, 180 r/min $& AR P I%FE 2 h,
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XTAE i ISR TR . BUH B YR 1 mL HH
T 37 °C, 180 r/min FEIRHETFE 2 h, XSIHEA, L&
WA TAEI

JURRA I ARYE IS S bR iE 2R, 1A
I INAEREER B, LR B BT Eb B b v B2 A5 1) 10
2SS RE 7 ) = = W11 e

Q%) = %)x 100

Horpr: C AR B R LN B IR AFHY AFB, W
C, FRFRNMARIWILG AFB, BIHEE
1.3 HIEAIE

A E R 3 IR, PP RIERHEZE RO, F]
FH Origin2021 A5 HrERE
2 BREZ
2.1 SEM F3#ae FRRRE SRR SRsa

] 1a 40 i 2 T R 6 & 1b 402 m A8 45
B AR, 150 nm 90k AE M IO 18T, WIAEHENT p-
ATRP USRS YEMEM AT R, & 1c
2 ff0 22 1T HE BRARE A . THOMRAETUER] T c-ATRP J7ik
TEA AT PR SR G -

500 nm 500 nm

800 508 7 4mm 580, 0. SE{M 500 nm
Bl 1 SEM il 7 i (500 nm)
Fig.1 Scanning electron microscope analysis (500 nm)
TE: a FARBM P FLITE; b 25 p-ATRP &5 1
WIFUAT ;5 ¢ 2l c-ATRP B4 5 ORI ZLIT 4 .

2.2 Zeta AL HTAARRRE ST

I RE Zeta HAASE, XA A FLAT BRSBTS B9
TR AT E A AT, ISR S TS BMEiE
AP FUAT PR 18 o

RASME IFE Y FLAT TR B Zeta 157 H—8.43 mV,
Z&3:k PD 1 PNIPAAm &4 5 BIAE 9 FLAT B8 AL 57
9 1.791 mV F1 13.767 mV . BEHIRY 19525 563E
T N5 PN 36 TN s TR e BRL AR 85 HT 1 L, 3 3 T R
ATRP J7 365, B W0 ZUAT TR 2% T A0 M 9% N-S=2 15

FEPYIR I AR, (L Zeta FAZEH TGS IE . B
A PD 2 LAB@PD@PNIPAAm [ Zeta HL{7 i 2
(P<0.05) It T° LAB@PNIPAAmM, iX &K N PD 247
A, 3/ T PNIPAAmM (E )20 AL, #E—
UESAA P FLAT R T IMEM T REWZ
2.3 RIVHRESUE I ZBBETEE

R & 2 AT, RSB A ) ZLAT BRAE 16 Rl
86%. f#iH] p-ATRP J5 A& 5 WA ZLAT R AT IS
FAT TR, iK% T 70.9%, MiZsid c-ATRP J7 :4&
YRR FUAT B AT A5 %R 76.3%, SEUEE i
75 c-ATRP AHXT T p-ATRP {E4EFR 40 AFTS 35 b a]
BEHEA —E L. HHET p-ATRP, c-ATRP £R
PRIECARS/ INF ST LA B B AR A P, B DA R B3
G NHT ATRP S o
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Fig.2 Flow cytometry for cellular activity
TE: a N ARGBEMIAEYIFUT B b 2l p-ATRP J5 ik & A
JE WA FLFFTE s ¢ 283 o-ATRP J5 & 18 4 5 1 Al 9 3
FFA
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2.4 WIS ENEDILTERM AFB, MRAY
EaY

FPIFUATEXT AFB, BAA—E W IHE ST, BiFS
FERUSEIIN, A FUATEXT AFB, YRtk
WaZe, (HIREEZ B PR [R]T 5 & R
FURTF B FIARAS G A FLAT B XS R AFB, 2 4n
&l 3 .

90
I A
80- o P-ATRP
—"'_C-ATRP
£ o] ':.j_;"'---f'-f:'_#:-___r 3
: 7
40- :

0 20 40 60 80 100
WA RE (ng/mL)
K3 PR[5S A ST BRI AE M A )
FUFFIEXT AFB, MR GE 4K
Fig.3 Comparison of adsorption properties of plant
Lactobacillus synthesized by two different methods
and unmodified plant Lactobacillus for AFB,

N B TR R WKE 0.1~100 pg/mL B, AH P ZLFF
DR B 5V 5B Ry 75.3%; Z23 p-ATRP &A1 14 4%
WPIZUFF B, EAE [R] 8 th 75 55 22 W B 1 W B 27 340 2
83.8%; £54:k c-ATRP EMRAIAEIFLATE IS 79.4% .
4 AFB, M LBAIRAT RS, 7 AFB, fES5 40
MO 45 A S AHSS A, NI AFB, R RK
=P AT AR AR I FLAT B WL R T, S
p-ATRP &M AE P FLAT TR 40 B S5 ta HAT R 2 1
JH&)Z, ¥E N T 4546 A 2N, Bk T WBRRE /15 Z84d c-
ATRP &1 A P2 UFT B8 A1 3% i HE B0 248, 39m 1
W S TR, Bt v TR RE T .
2.5 AEIRHIETEI RS BRI L AT E IR AFB,
MERAEL R

TR B, WEN 0.1 pg/mL 55101, 5k
i i PR A ) FLAF T8 . p-ATRP &1 A AR 4 FLAF 1 .

—a— c-ATRP
881 —a— p-ATRP
%6 } { —— TR
il T FS x
. 841 ; + -
,‘:)g_ 821 :.’.n"; }_---_"‘“——_i_____\____
& 804 ¢ %
R
A
¥ I 4
74+

1] (h)
P4 ANIRI R )Xo =AhdA e B B X L
Fig.4 Comparison of adsorption performance of three materials
with different adsorption times

c-ATRP B AR ZLAT PR T B =20 & 4 s .

AR ZFTEE . p-ATRP UG AEIZLAT
. c-ATRP &4 AR ZLAF PR AE 1 h 3k 21 0 B igs
{8, 538N 75.3%. 83.4%. 79.7%. KfiZ5 B a] iy iy
i, = Al R B R 2L, 3¢S R A R A B T 1) 3
i, —LERZE & S G NEE Y AFB, MAZLA
BRI Y% T ok, T p-ATRP A& (448 4 FLAT BE 2% i 19
WZ MR AT USSR R AFB, 2456, AN g,
FHEE T AASAMT AR ZLAT I, c-ATRP &R A FL
AT B 440 i 2 T R A A i AR 45, B8R T I B AT
B, T AR BF 3R i T A A R Z LA
2.6 [E ATRP F5AE IR EL AT E AR 35 IR Mt A
Mt AFB, T8¢

22 1 A] 0, p-ATRP AR BIFE ) FUAT B
MHBEFTME = T c-ATRP SRR ZLAT I, SRTAE
e, it c-ATRP B AFE I ZLAT B4 25 Hh 7555
2 B, MK p-ATRP Ji% (4 0.53 /%, 3% Al fE
PR p-ATRP &4 ITTE Al 10 2R 22 B i )2 0) o Hh A 5
= B, A BRI MHE, B3R M2 I ASGENLT
HEMMETER B, 45K, c-ATRP BEiifH FL
AT B ELAT 258 v A UL fRURR R, X T BB RR ZE N
T BE 2% Y B R RN PG 25 A0 B %) g FH P R Ry
AHH

%1 RIF ATRP Jr s LR i A0
M AFB,

Table I Temperature-controlled adsorption desorption of AFB,
by lactic acid bacteria modified by different
ATRP methods
R B (%) JBERf i (pg) JBERE (%)
st/ Bk ] 51.0+0.2 0.3+0.03 6.140.1
p-ATRP 63.4+0.1 1.6+0.02 25.6+0.2
c-ATRP 58.2+0.2 2.8+0.03 48.2+0.2
3 4hp

i PR ATRP J7 il 65 HAT iR s vEgk
MEMEM AR ZUAF IR, R PR Z N ATRP
(p-ATRP) J7 &4 TAEIFLAT B, Hl4 T LAB@
PD@PNIPAAm, AUMIAFEHZN 70%.. FI A0 A A4
AL G ATRP(c-ATRP) J7 84 T A M FLAT T,
#1458 T LAB@PNIPAAm, ZHIIAFIE 3 74%.

T8 A S R B R AR B I B TR B, 1Kk
MRE 1 E2EAE 1 h N PRI 7 i A ) LA B
SR AE P FUAT B AR L, 23 p-ATRP Fil c-
ATRP & BOAE P FUAT B8 X B ih R 25 32 10 W S R
SFANELER T2 7.8% Fl 6.4%, T 5 B2 fE 43 5148 i
T 14.4% FIl 42%, 3 BT 5 04 B&1 R 76 W [ 70 i
e h e 222 B, A mitEREfS s T B, Hop c-
ATRP J7 A& (0 AR 4 LT B 1 vk 3 m) o7 P4 fig B
by JEgEn] LAGE I 0 A i, $R5T c-ATRP Hl
p-ATRP EAAE Y ZUAT B8 10 HARP LI, A5 41X P btk
ATk, PRl A ROR o FE S N B 5 4% 1 SE PR
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