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Removal of Aflatoxin G1 by DNA'Adsorption

MA Qiong, LI Junsheng", HUANG Guoxia, YAN Liujuan, MA Ji
(College of Biological and Chemical Engineering, Guangxi University of Science and Technology, Liuzhou 5450006,
China)
Abstract: In view of the high toxicity of aflatoxin Gi (AFG)) and the difficulty in decomposing and effectively removing it, an effective

method for selective adsorption and elimination of AFG; was established via intercalation of AFG; and DNA. The optimum reaction conditions for
intercalating AFG; into DNA molecules were pH 7.4 and 30 'C, and.the DNA binding saturation value and removal rate were 1.66 and 88.14%.
After the addition of sodium chloride, caleium chloride, L-aspartic acid, glucose, urea, leucine, lysine or vitamin C, the DNA binding saturation
values were 1.45, 1.45,1.29, 1.05,.1.95,1.95, 2:32 and 2.90 respectively, with the removal rates being 78.08%, 76.44%, 75.92%, 75.16%, 88.41%,
88.67%, 88.87% and 90.27% respectively. A negatively charged group (such as sodium chloride, calcium chloride, L-aspartic acid and glucose), or
a relatively high ionic strength, was not conducive to the intercalation of AFG; and DNA, whilst substances carrying positively charged groups and
similar groups (such as urea, leucine, lysine, and vitamin C) were conducive to the AFG1-DNA intercalation. The removal rate of AFG1 in peanut
oil reached over 80%. The kinetic correlation. coefficient and adsorption capacity showed that the adsorption process conformed to the
pseudo-second-order order model, indicating that the rate-limiting step of the adsorption process was chemical interaction. The adsorption process
followed the Freundlich isotherm adsorption‘model, thus the adsorption process was multilayer adsorption. Thermodynamic results showed that
the adsorption of AFG1 by DNA was a spontaneous exothermic process. In conclusion, DNA can selectively adsorb AFG;. Therefore, new DNA
materials can be further developed, which is of great significance in the removal of aflatoxin in food.
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Fig.2 Effect of DNA concentration on resonance scattering
spectra of AFG;-DNA
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Fig.5 Effects of the concentration changes of sodium chloride
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the intensity ofAFG{-DNA resonance scattering peak
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F, JRESFAAETED S TREE, mEys-1
(R PSR FIAR LA, A —Fh R AT U2 AR A
PREAM AT LA 5 B MR AR R R I 45, T DL
RIS, A% HFR IR % H A5 R B P 2
A, JERE S EEBAMEED A ™). EE R R T
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6 FRE (a). =& (b). BEEE (c). YEFRC (d) BIK
FEZRAL 3T AFG,-DNA FAfRBGSTUESE BE RIS/

Fig.6 Effect of the concentration changes of urea (a), leucine (b),
lysine (¢) and vitamin C (d) on the intensity of AFG;-DNA
resonance scattering peak

7#:30°C, pH1& 7.4, p<0.05. [AFG;]=5.31x10" mol/L,
[DNAJ =3.71x107 mol/L.

£30 °C, pH {H 7.40 K61 T, RINSEAF A I,

AFG Z S WAME R LR 3. Y5 DNA 46510

278

FUE AR T 5, SAL YA EAGES . 8 & B DL &
L-RAZAIRAFAER, AFG: ¥ DNA 25 G 1EAME/ N T2
HEZME N DNA S5 SFIME, JRE. BEmR. =&
B2 UL R 4 3 C AEAERS, AFGy ) DNA 458 A K
TR AT T 1) DNA 255 M0AME. SEAPPITIRE .
B LR L SRR R TT REXT ARG 5 DNA k445
A, A G AR EALAS . A B DL B
FIE A L- R A2 B A F T AFG ik A\ DNA 73
i IE AR IR R . B LR AR FAEE C
LHFIT AFG ik A\ DNA 7T

2.2 %ol DNA st ARG Mty B & 247
22.1 DNA A=. & & R it AFG) 5

[ DA
a 90r
85 | " }
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¥ 80t
“
o T3¢
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<
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Fig.7 Effects of DNA dosage, temperature, and reaction time on

AFGiremoval rate
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FRIAF] 2.50x10° g/mL I, £BRFN 86.42%, ZJ5
ERRBEAF KA RENR, R, 1E
41 HashemBPOTiR, FE#E DNA FHEFIABIG N, WK
AL R AR BEIZ BB, S TR R B 7 R P
b2 i) R RS 2B o U g EOP G VAR R S
R PO E S, AREXT AFG T 2R B o

Kl 7b KB, 730 CH, LBRFEN 87.08%, MiE
TRFERITE S, AFGy IR B 22280, 5 DR A] e 2 B
LR TS, DNA BE5HAECA €, AFT
AFG: 5 DNA HJik{difEH, M43 AFG) )\ DNA
BT TR, ERAEIR TR

] 7c N DNA X AFG 1) B 26 i i 1] (1) A A4 1
i, 80 min I, AFG £ FRZFIEF] | 88.14%, 80 min
ZJ5, AFGI I ZERRZF VPR A WIS 222
&SN, VIEM B AFG: P 5 DNA _E 45 & 47
Rt . AW TR, AR AT i T
>, SEURMER B 218, R IA R
222 DNA Foi& M &3 AFG) IR F69750h

< 2 DNA FGEME RN AFG, B3R
Table 2 Effect of DNA and activated carbon on adsorption of

AFG;
s E AFGAME  AfE ANE
/mg /mg /% /(mg/g)
DNA  2.50x103 5.45x1073 88.14 | 2180.34
R 0.31 2.84x1073 75.67 9.10

5T AFG, 5 DNA #dfisi &a4E A, FIH DNA K
Bt ARGy, FFIET 7 MER 235k /K ARG I SEER X EE
DNA FEPER YT AEGy W P& L2 2. DNA X AFG,
W BB 7.54%103 mol/g (2 180.34mg/g), AFG; %

N 88.14%. THTER KT AFG B I &y 3.66x10°
mol/g (9.10 mg/g), £FRFEN 75.67%, SHyiimttx
LA, DNA ZiBk AFG) FRCRENT, B DNA &
SONTEE R 1/125. SRU645 FR W, DNA B it
2k AFGio
223 BT AFG) A% 0930

HIT DNA &5 G AFIE I RN, T A7 %f
AFGI-DNA 4GS G 52, 7RI -, % DNA
W Bt ARGy IR . Wn#e 3, 7630 °C, pH{H 7.40 %
£, 24 DNA A 2.50x10° mg I, AFG [k E
N 1.20x104 mol/L I, AFGi HIERRFE N 88.14%. ¥
I3 ia, R4 DNA Z5GH0RI{E DL & AFG) ()£
KOS, AR S, LR A G R A8 2 B AN A
T DNA Xf AFG) IWRF, JReR. &R e iy
4E C A F DNA X AFG B

2.3 DNA xt AFG; WMt 4734 g #F 52

23.1 REHEA

AE—BRIE B PR3N ) AR (1) 30 ) S 55y
Sl EIREIK 8ay 8b F1E 4, 4 DNA (RN 1.00.
1.50. 2:50 pg B, #E =Rl JIB AL I AH ¢ 52481 (0.997 0.
0.998 8.0.9992) ¥ K F1HE—Fra 1184 (0.754 34
0.689 65.0.836 9), 1X—25 K. HEZBah A
ARAFHIRR S . HRAEHE— N 3l 1257 FE 5, DNA
X AFGy [ KB & (238.65. 123.46. 80.38 mg/g).
AR B2 1125 77 FE 1 H 5 DNA G ARG (15 R
BiiE: (469.48. 303.95. 194.93 mg/g), HHELSLK O,
(MR . IR R R A v B sl R ik, %
BF G BRI R P PR D B A A B

7% 3 DNA L5 & 1AFMER AFG, KffE
Table 3 DNA binding saturation value and AFG; removal rate

» @ DNA#4  DNA#&fafeffi  AFG-DNA
ta A LA FE/%

30 C-pH {4 7.40 1.66 100.00 88.14
FMAA(1.00%10° mol/L) 1.45 -12.00 78.08
M55 (1.00x107 mol/L) 1.45 -12.00 76.44
L- X &A% (1.28%10% mol/L) 1.29 -22.00 75.92
# H4(6.10x107 mol/L) 1.05 -36.00 75.16
J# (3.20x10 mol/L) 1.95 17.00 88.41
A8 (1.28%10% mol/L) 1.95 17.00 88.67
# A8 (4.00x107 mol/L) 232 28.00 88.87
% & % C(1.02%10° mol/L) 2.90 74.00 90.27

7E: AFGi-DNA % &-tafeffife k% £ A AFGi-DNA-30 ‘C-pH 18 7.40 T 4951 R N - AP i%.
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8 (a\ b) DRIAE—MFEZMBhIERLMEIEE
Fig.8 (a, b) shows the linear fitting diagram of pseudo-first

FALZIRBS, 1 Freundlich MR B (KRINR R R 9 2
JEWRB o ARYESLIGFFEE R, DNA XF AFG: B i
FEE AT Freundlich #5220 I RN 2 IR -

a
0.020

0.015

9 0.010

0.005

0.000 1 1 1 1 1
0 10 20 30 40

e,

b 2.8F

26
24+

log O,

22+
20F
1.8+

1’-62.0 -1I.5

-1.0 -0.5 -0.0 -0.5

order and pseudo-second order model
x4 FREIMFIFE TE—MAEZM N IERNEHEEH
Table 4 Kinetic parameters of pseudo-first order and

pseudo-second order models under different dosage of additives

log C,

9. (a) (b) 43379 Langmuir, Freund! ich B IR HMIHERY
Fig.9 (a) and (b) show Langmuir and Freundlich isothermal

adsorption models respectively

K 7 492 ug

R AR A E X
1 1.5 25

Ocep 53585 35723 21434

M AR Qo 23865 12346 8038
R® 07543 0.6896.0.8369

Ocea 46948 30395 19493

g ABA. k. 00021 00033 0.0051
R 0.9970.0.9988 0.9992

2330 I AR
% 6 A1, AHy (-90.33) <0, £ DNA Xf AFG,
IR B — MG . AS) (307.33) >0, BEIRR
I TE YRR N, THRAS BIARE B HREAGo<<0,
YOI I AR R BE W 1 AT A TR SN o
% 6 TEIRET AFG, 7E DNA EIRMIAINZE S
Table 6 Thermodynamic parameters of AFG; adsorption on

DNA at different temperatures

E: Qeeyl(mg/g): FERMFEAIREZ; Oocamglg):
HOMF RN A EE
232 HFEBAMEAR
%5 LRWMHERIAESH

Table 5 Parameters of Langmuir and Freundlich isothermal

adsorption models
Langmuir Freundlich
Ona/(mg/g) Ki/(L/mg) R Kfmg/lg) 1/n R

293.26 8.50 0.974 8 372.16 0.54 0.9999

S5 0 R B R T 48 R PR S R D o KT B A
Langmuir A1 Freundlich #A4¥) Z4(4n5K 5. Freundlich
PRI I R 2L (0.999 9) KT Langmuir #5784 [ 4H 56
ZH (0.974 8). Langmuir 7Y BT 48 7 (1 I FE A

280

I F A5
AHy/(kJ/mol) ~ ASy/[J/(mol'K)]  AGy/(kJ/mol)
303.15 -183.51
309.15 -185.35
315.15 -90.33 307.33 -187.19
321.15 -189.04
327.15 -190.89
24 BRELEWFH AFG

FERETH A K AR 2E i A G & K ARG, BB

WASAELE I ARG IR & 8 84.75 ng/kg, TEAE B
WO 2 R R IR B T 85.25%~86.46% , Bk B &= 1F
11.47~12.50 pg/kg, &5H8%W, FIH AFG) 5 DNA ik
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WeEr, LA AFGr. I TAEA M=
MTZMZER, AFG & BAAEZER . WASPNHEX
LR BT AFG) BIREES 7104 82.70. 99.01 pg/ke,
% B FAE 80.48%~8545% 2 I8 . H % ¥ & 7
14.42~18.37 pg/kg 2 ). Rosa 2557 A= W b () 77
GBS TR A 6 h BF, ARG R RN 82.00%. Ft
BRSSO VA S5 B8 T AR A H S P K v 8
BRI EREICH 79.65%. 4 F DNA 7] LUE 22
FrimthEsR.
R7 BEREATEMESEG,
Table 7 Pollution of aflatoxin G; from different sources

WX KE/(uglkg) AFG EM%E/% K8 /(ug/ke)

86.46 11.47

FEE D] 84.75 85.36 12.41
85.25 12.50
80.48 16.14

BT

. . 2. 2. 14.

Boh i 82.7 82.03 86
81.81 15.05
81.45 18.37

EP

HohE 99.01 85.25 14.61
85.45 14.42

3 Zhip

ASCHIF DNA 48 IR B 22 5 AFGy, i1 DNA
P EEEREEHRR AFG) 718 B0 ES pHAR.
SUALEN. SEALES. WERE. 4E 3 C AN R AR
Fo 04k DNA 2265 AFGy I 461 SEt gt Rk
By, AFG: BN 5.31x107 mol/L i, 30 °C, pH &
7.40 }y AFG, #x \ DNA 7T s 3450 b DNA
G HAE N 1.66 F12:REEA) 88.14%, NaCl, CaCla.
L-RAAIR MEkE RE SRR BEmR. 44
# CHEHNRRRIAET, HDNAG A WAMES A
1.45. 1.45. 1.29, 1.05. 1.95: 1.95¢ 2.32 f12.90. %
B 5 5 78.08% 1 76.44% + 75.92% - 75.16%-
88.41%. 88.67%-+ 88.87%. 90.27%. R4 DNA Z54
PAME DL A ARG IR 25 BR 28 1R 45 F T AR ST R R ik
JEE BHFE DAL LR SE I AT REXT DNA Wt ARGy 7= 4E
s, AP SEARENRI SRS . B EREE SRR EE A
FIF DNA W B AFGy BLAZ A 6 B ) L- R &
RAIRMWAFIT AFG #r N\ DNA 41 1 1F H 3 [ 1)
JRE. MEBRUSRER. 45 R CESGHT AFG
N\ DNA 731, #EM%T DNA W AFGy =B 5400
I Bl 5w T A, iSRS DNA &
(1) 125 557, DNA [ EFRFEN 88.14%, TMiE 1t % (1)
ERRERA 75.67%01ET DNA HIEFRECE, Frll DNA

RER T 1) Bk AFGro s B2 1 JE BRI 7 DA |
WHERZAh, 5 DNA F&. 55 LR R (R 2K
SEAGSE BT, 7E 30 'C. DNA HI&4 2.50x10° g/mL
i, DNA Wt AFG: 7E 80 min FHEU P47, AFG 2%
FRIFA 88.14%. it 3 ) # AR MRS 1 5 SH ) 25 R
AT, 15 H DNA XF AFG W I R Sl — 03l /)
SRR, SRR AR R BRSPS AR AR
Langmuir (R?=0.974 8) F Freundlich (R*=0.999 9) 2§
T R B A Y UL A 4 R R B IR B O AR A S
Freundlich #&%, ZW M FE N2 EM . A J12540%
B E SRR IR & A G TS R . Bk
TELEM I AFGr, HEFRETE 80.48%~86.46%. bk
BT 11.00~18.37 pg/kgo A 3C0 DNA W B B 3%
HE R GHT T YIRS T DNA [E5Efk
[ ST, 5 DNA 5 22 3R 24k | 22 2 B8 ARSI 3 DNA
[#] 58 AU A4 kst =20 TH B ARG
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