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Study on Binding Behaviors of Lead to Different Insoluble Rice Proteins

FENG Wei'?, FAN Daming®, DONG Tiantian'?, LI Keqiang'?, NI Shuangshuang'?,
WANG Tao?, ZHANG Hao?, WANG Ren™"?
(1. National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122,
China; 2. School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

Abstract: The binding characteristics of three water-insoluble rice proteins (globulin, glutenin,
prolamin) and Pb*" were studied from the perspective of kinetics and thermodynamics to explore the
binding behaviors of different rice protein components and heavy metal lead ion (Pb*"). The result
showed that Pb*" was rapidly bound to each insoluble rice protein, and the binding equilibrium was
reached within 30 min. The prolamin showed the highest binding capacity with a binding adsorption
quantity (q) of 20.54 mg/g. The binding of Pb*" to rice proteins was consistent with the
quasi-second-order kinetic model, and the Langmuir equation (R*=0.980~0.995) had greater fitting
effect than that of the Freundlich equation (R*=0.847~0.987). The result indicated the interaction
between protein subunits and Pb* was mainly by chemical absorptions. The thermodynamic
parameters, i.e., AS° >0, AH®° >0 and AG° <0, indicated the spontaneous, entropy-driven and
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endothermic binding reaction. X-ray photoelectron spectroscopy(XPS) showed that the characteristic

peak intensity of N1s and S2p was significantly decreased after binding (P< 0.05), suggesting that the

major binding sites of prolamin for Pb* were nitrogen- and sulfur-containing groups. Scanning

electron microscopy (SEM) displayed that the prolamin structures aggregated and formed a compact

cloddy structure after binding to Pb*, which further verified the binding of Pb* to rice prolamin.

Keywords: rice protein, lead, binding behaviors, kinetics, adsorption isotherm
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Table 1 Mass ratio analysis of different rice protein

ESVRiES & R 43 K%
REH 96.82+2.44
B R 88.50+2.08
HHEH 94.03+0.02
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Table 2 Kinetic adsorption parameters of Pb* to different proteins
HE— g I A KA

B Iy o/ " kot
min™ (mg/g) (mg/(g-min) )

BREH 0.16 12.3 0.933 0.24
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Table 3 Isothermal adsorption models fitting parameters and adsorption thermodynamic parameters of Pb** to different

proteins

S5 3l A7 A 280 2

Freundlich 1% 7#1

AG®/(k]J/mol)

K/ (mg/g)

288 11.49 0.075 0.992 1.23

BREEH 303 12.05 0.078 0.995 1.34
318 12.35 0.079 0.992 1.35

288 22.22 0.330 0.984 5.88

B 303 22.56 0.380 0.986 6.24
318 25.64 0.390 0.980 7.04

288 4.35 0.031 0.994 0.28

e 303 4.55 0.040 0.992 0.39
318 4.76 0.042 0.982 0.43

AH°/(kJ/mol) | AS°/(J/(mol-K))

n/(L/mg
1.84 0.983 -23.12
1.86 0.987 —24.42 1.33 84.89
1.84 0.985 -25.67
2.59 0.885 -19.34
2.60 0.896 -23.04 7.80 132.04
2.76 0.847 -27.49
1.75 0.977 -18.90
1.92 0.979 -21.69 4.50 100.20
1.96 0.969 -25.08

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 12 2021



—
e

3
j
3

<}

Bofh L F RRREGUS 5L

Cls
Ols e mEAED 14000 399.9
\ —— R -P 13 000 5 T — BRI 1
Nis [l ‘ . .
S2p V A b 12 000 Ji 75 2K 11 -Pb
P baf [
% T 4\‘ A = 11000
= £ 10000f
® 130& 120 150 Z 9000}
. JL S . 8000}
N 7000}
. L 1 1 1 1 6 000 i 1 1 1 1 1 1 |
0 200 400 600 800 1000 398 400 402 404 406 408 410
4itrfie/eV ZhifrfigleV
() WEV 2 11 45 A7 PO i (KX PS i (b) I B 2545 PO I N sUve 28 g W0 5 1]
35000 532.7 600
I 53231 5001
30000 A\ B
25000 / \ i 2 [41-Pb? o 4001
] - =
= o B 300E———s
F 20000} | | =
z ‘4‘ \ 200}
15000 | | \
“‘ \\ 100
wooof / N e ak
525 530 535 540 545 160 165 170 175
HitriitleV s trhit/eV
(c) BV 2 1 4547 PO BT 1O sl B g Tl 45 14 (d) By H 11 455 P2 I )i R S2plie 21 v 1T 0 45 151
B3 BAEA4S PIEN XPS RIERSHMUEGE
Fig. 3 XPS spectra of prolamin before and after binding with Pb*
W7 S AR S PR AE S5 G AE . Takashi S5 7E 6 BCUESE T HTSC P OCF P B AR AR R
FEPUR I, FKOKR B 8 P & B S R B AR £, 51 L 2 1 BN (25 A e S R D A T
T IF AR B ER U6 P B g o i Ji R WCREMG FEJEH T Ph> Uik IER AT 5 & A #
25 EBREASPYEEHNERAESTL T 7 07 HL Ay 7 2 TR A 27 B 5 | eS| 5 45 30 i o

MR A4S PO EIE MR T R MBES BRI R —
ML 4, REH P> AYBEE E A R B 7
LN R4S PO 2 E, A TUER kA R

.

% 15

X 3 FOKAN R E A A ST S
RE I EAT A3 BT 45 2040 T 4518 . 3 Fh 2R F1 B0 Y Y 45
A R IR B R T A B 12 B Uk AR
W B S 3, AR SR Bl 1 B R AR R G R A
R AW g sh 12 BT Langmuir 55 & W B AR
BY 3 b A 5 s A Ok A A B RE ) B
XPS i E R H SR A A A

(a) BHAEEH (b) BEH B H-Pb>
4 SR A P SN S PR BB A M R A R
7 e £ AU Y N N S PRy
: P o REEASNES AR R SOR, S5 TN ECE 5
Fig. 4 SEM image of prolamin before and after binding . N P
P L2 B R IR TP S P ) O

SZ Wk

(L] &M g, TRL, 5. MR RS e X R K P As Pb . Cd 75 Y& S o4 B KUK PF 40 [J]. FR 58 Rk 2% 24 ) ,2010,30(11) .
2314-2320.

A& S Lt £ 20 2021 EE A0 BE 128



RESEARCH ARTICLE FENG Wei,et al: Study on Binding Behaviors of Lead to Different
Insoluble Rice Proteins

[2] Balfe R4, X R al, % KRS Qe T BE R (D). I R )7 ,2009,38(2) - 74-78.

[ 3] FhWr . v B RO TR 43 7K T 43 7 B e e IXURS: DA [D]. m ¢« e st A0l K%, 2012.

[4] ¥, il , A, 45, AKAFFF 9 Pb (1431 B H 85 5 T2 & [J]. 4L 584797, 2001,20(3) : 129-132.

[5] Raf, T, FAA 4 B DK A B 5% SR 25 5 W00 43 Br [J]. 96 e 191 By 12 27 22 35, 2019,25(3) : 59-61.

[ 6] 5K G el , A st 3, ATV 35, 25 W B2 T 35 110 A Fo A I MR B R 45 P B9 i T 2200 AR 51 IR, 2020, 33(8) :65-68.

[7175% 4, £k, & HE 5 AFEKRE A5 5 m &) &6 5P, 2018,34(11) :4-10.

[ 8] M. MR Osborne ¥ 7343 & PU RN /N 22 45 T BESE[D]. )70 A6 g BT, 2015,

[9]1SHAIK B,KALPANA M, YASMIN K. Kinetics, equilibrium and thermodynamic studies on biosorption of hexavalent chromium
by dead fungal biomass of marine A spergillus niger[J]. Chemical Engineering Journal,2009,145(3) :489-495.

[10] ZOU S P,LIU M,WANG Q L,et al. Preparative separation of echinocandin B from Aspergillus nidulans broth using
macroporous resin adsorption chromatography[J]. Journal of Chromatography B,2015,978-979.111-117.

[11] KONG W J,LI Q,LIU J,et al. Adsorption behavior and mechanism of heavy metal ions by chicken feather protein-based
semi-interpenetrating polymer networks super absorbent resin[J]. RSC Advances,2016,6(86) :83234-83243.

[12] ER B, B H 3, 55 JHPR 7 $2 MO AE Wik 8y Jg 24 By 2 i (7], B 5 AR I EOR 2= 41,2017, 5(36) : 512-518.

[13] =30, BRIEAT 2R 0H , 45 oK i 2R 171 % 5 1) 105 R 28 R T 2K oF - 39 vl i 14 i A BT S [0 Al TR 22 412 ,2019,35(2)
221-228.

[14] KHAMBHATY Y,MODY K,BASHA S. Efficient removal of Brilliant Blue G (BBG) from aqueous solutions by marine
Aspergillus wentii :kinetics, equilibrium and process design[J]. Ecological Engineering,2012,41;74-83.

[15] ALVIN WM I P,JOHN P B, GORDON M. A comparative study on the kinetics and mechanisms of removal of Reactive Black 5
by adsorption onto activated carbons and bone char[J]. Chemical Engineering Journal ,2010,157(2-3):434-442.

[16] CHENG L P,SUN L,XUE W L, et al. Adsorption equilibrium and kinetics of Pb (II) from aqueous solution by modified walnut
shell[J]. Environmental Progress and Sustainable Energy,2016,35(6):1724-1731.

[17] ALOK M, LISHA K,JYOTI M. Freundlich and Langmuir adsorption isotherms and kinetics for the removal of tartrazine from
aqueous solutions using hen feathers[J]. Journal of Hazardous Materials,2007,146(1/2):243-248.

[18] MARKUS J T,SANDEEP K S,SEBASTIAN I,et al. Heavy metals and metalloids as a cause for protein misfolding and
aggregation[J]. Biomolecules,2014,4(1).:252-267.

[19] LIU D G,LI Z H,LI W, et al. Adsorption behavior of heavy metal ions from aqueous solution by soy protein hollow microsphere
[J]. Industrial and Engineering Chemistry Research,2013,52(32).:11036-11044.

[20] MCKAY G,OTTERBURN M S,AGA J A. Fuller's earth and fired clay as adsorbents for dyestuffs equilibrium and rate studies[J].
Water, Air,and Soil Pollution, 1985,24(3):307-322.

[21] 25, T, A BEEE . AR EL 2= M. b 5T . [ B Tl H Mkl , 2012 :297-300.

[22] PHILIP D R,SUBRAMANIAN S. Thermodynamics of protein association reactions ; forces contributing to stability[J]. Biochem—
istry,1981,20(11):3096-3102.

(23] XU dh. Po (1) (Cu( 1) (CA(ID ) 7F 5 1= 50 4 W B 2 St O A PR BIF SE[D]. LN - VL%, 2014

[24] MARYAM I,HANAFI I,ZULKIFLI A, et al. Synthesis of linear low-density polyethylene-g-poly (acrylic acid)-co-starch/
organo-montmorillonite hydrogel composite as an adsorbent for removal of Pb( Il ) from aqueous solutions[J]. Journal of Envi—
ronmental Sciences,2015,27(1):9-20.

[25] BADRUDDOZA A Z M,TAY A S H,TAN P Y, et al. Carboxymethyl-8-cyclodextrin conjugated magnetic nanoparticles as
nano-adsorbents for removal of copper ions:synthesis and adsorption studies[J]. Journal of Hazardous Materials,2011,185
(2/3):1177-1186.

[26] WANG D D,WANG J N. Electrospinning polyvinyl alcohol/silica-based nanofiber as highly efficient adsorbent for simultaneous
and sequential removal of Bisphenol A and Cu(Il) from water[J]. Chemical Engineering Journal,2017,314.714-726.

[27] YONG S K,BOLAN N,LOMBI E, et al. Synthesis and characterization of thiolated chitosan beads for removal of Cu(Il) and Cd
(II) from wastewater[J]. Water, Air,and Soil Pollution,2013,224(12):1-12.

[28] TAKASHI H,KUNITOMO K, TAKEHIRO M, et al. Amino acid composition of rice prolamin polypeptides[J]. Agricultural and
Biological Chemistry, 1989,53(2):513-518.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 12 2021



