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Laccase mediated jute enhancement for the removal of methylene blue from water

SUN Xiuxian', MENG Zhaofu'*", CAO Xuewen', WANG Teng', HU Xiaolong', WANG Xinxin', LIU Xin'

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory of Plant
Nutrition and Agro—Environment in Northwest China, Ministry of Agriculture and Rural Affairs, Yangling 712100, China)

Abstract: In this study, laccase was loaded in a segment jute (SJ) matrix, and a series of laccase—jute composite materials (0.1%1.-S]J,
0.5%1.-SJ, 1%1.-SJ, 5%1.-SJ) were produced. The effects of laccase dosage, temperature, pH, ionic strength, and regeneration on the
efficiency to remove methylene blue (MB) were studied using the batch method. Furthermore, Fourier Transform Infrared Spectroscopy,
Scanning Electronic Microscopy, and the surface charge were assessed to characterize and explore the mechanism of MB removal. The
results indicated that the laccase—loaded jute exhibited enhanced MB removal ability compared with that of raw jute. The order of MB
removal rate was 1%1.—S] > 5%1.-S] > 0.5%1.—S] > 0.1%1.—S]>SJ, exhibiting a trend of first increasing and then decreasing. Additionally,
the MB removal by the five materials conformed to the Sips adsorption isotherm model, where 1%1.—S] exhibited the highest removal rate of
95.12% and the fitted adsorption capacity (gs) was 1 097.11 mmol « kg™'. Furthermore, the removal process was spontaneous, and the
increase in temperature and ionic strength and a decrease in pH were not conducive to MB removal. Finally, 1%L~S] maintained a removal
rate of 76.66% after being regenerated four times. The mechanism of MB removal by the laccase—jute composite was found to the
synergistic action of jute adsorption and laccase enzymatic hydrolysis. Jute adsorption contributed to 91.12% of MB removal, while
enzymatic hydrolysis of laccase contributed to 8.88% of MB remval. The adsorption mechanisms of jute mainly involved electrostatic
interaction and hydrogen bonding, whereas laccase improved the MB removal by enzymatic hydrolysis and altering the jute structure.
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WA :2020-12-13  FFAHE#:2021-03-08

PRE ST VTS (1995—) Lo IAREEM BTS2 B FETT 1 N R BETG UAE S . E-mail : 17392448277@163.com

HEISE1EE  MfE  E-mail: 2fmeng1996@263 .net

BETIE : FHR A RRMIAIH (41271244) s PP 4 55 0F & 155 F (2017SF-385)

Project supported : The National Natural Science Foundation of China(41271244) ; Key Research—Development Project in Shaanxi Province (2017SF-385)



F0F5 5 MR 2 B K I S O 1549

BEE BN YL TSV T I R R Bk 1 T A
2970 5 BN A A EHBHAE , Horh ik 15% i3
Hh2x Lhis K BB CHE AR ht YRR KA ALY
Yy ity BEPEAN Bk MELLAREAR o [ A
JRE K Ak B FEME A 2, b R EE (MB)PE K
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Figure 1 MB kinetic curve
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Figure 2 MB isothermal removal curve

F1 AEERMHEX MBERERMENIUESH
Table 1 Fitting parameters of MB isothermal removal curve by

different jute materials

W ot 551 Sips HE T A B 4L Fitting parameters of Sips model
Adsorbent 4o /(mmol -kg™) Ks 1/ns R
sJ 468.13 5.14 190 0.992 1%
0.1%1-8J 416.27 15.77 1.89  0.996 1%+
0.5%1.-S] 431.56 15.75 219 0.994 7
1%1-S) 1097.11 6.72 152 0.990 5%+
5%L-S] 528.21 13.05 1.71 0.994 7

TR TE 0.01 KA e B

Note: ** indicates significance at 0.01 level.

FEAEIR IR B N S8 AR 3R B IR K B i, 2o PR i 4%
WRAR I TR % . R R T MB 1 K bR
LR, 5SIM L, L-SI % MB iy LR it T
1.09~1.11 5, ZLBR 3 T 8.02%~9.66%. MB 2Pk
7 RN A 19%1L-S8]>5%1-S8)>0.5%1.—S]>0.1%1.-
SI>S], BV it 45 T o2 ) 3500, AN [] 4 Rl Ak 8L ) S8 PR XoF
MB 2 B & 19 22 58/, 76 d5c = MB R R (1.56
mmol - L"), SJ I L-SJ % MB ) 2 [ 143 51 o~ 267.17
mmol - kg™ H1292.24~297.38 mmol - kg™, =B 34351l Ky
85.46% H193.48%~95.12% , Sips $2L 451 FH W -2 5
} 1%1L—-S]>5%L-SJ>SJ>0.5%1.-SJ>0.1%1.~SJ , 1%~
SIHAT S5 KWW R RE 1, doe KR AR o 2k 1109711
mmol - kg™ XFEL 5 FAARLAY 1n BB, 1/n 8T 1,
Ul B HOR Y 5 PE4 50 . SR L—ST X MB A4 25 B = i
S i (AR A S BRAR R AR TR B
2.3 MR EEITERRERR MB #9200
2.3.1 JRE

T BE X MB 25 B 1 B8 B9 5 i an ) 3 BT L FE 34
TR, ST L-S Xt MB 2 Bk 1 48 Ak # $8H B, 47 Bt
ek B 1) T v T R AL, Ry R AR N R AE , AT — B
TR 20 CTF 2 40 CH, ST AT L-S] XF MB f4 2% Bk &
Ay T 245 4 mmol -kg_1 F16~13 mmol - kg_1 ,BRR
IRITFE T 3.83% F16.47%~10.42% ., 1E 5256 16 FE T
LN, ST L-STEVA L BR B 24N

5 Flob AL 2B MB (1 #1 ) 2 Z 80 WL 35 2, B ST #E
40 CHI AG>0 A1, FABAAE T BRIV I AG Y /NF
0, RIS A &R o [Fl—MRFEARFRIEE T -AG
FIIG T K 20 C>30 °C>40 °C, E S &- A MB Y
FBRAEARIR S5 A R, AT B B RRAE
232 pH
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Figure 3 Effect of temperature on MB removal performance

F2 AREERMEX MBEBRIRNZESH
Table 2 Thermodynamic parameters of MB removal by different

jute materials

118 B 551 20C 30C 40 C
Adsorbent K AG/(kJ-mol") K AG/(kJ-mol") K AG/(kJ-mol™)
SJ 1.41 -0.84  1.00  -0.01 0.82 0.48

0.1%1L-S) 3.17 -2.85 2.69 —2.44 1.15 -0.35
0.5%1.-S) 3.68 -3.22 3.09 -2.79 3.68 -3.22
1%1.-S)  5.89 -4.38 3.10 -2.80 1.85 -1.52
5%1.-8) 3.39 -3.02 2.83 -2.57 1.05 -0.12

L-S] AN ARSI pH3 3 2 pHI12 B, SJ
X MB ) 25 Bk it A 25 B R S5 Bl pHL 179 386 KT 3 K, 43
38 KT 17.40 mmol - kg Al 13.91%., 1fif L—SJ Bl 5
pH AT+ 87, B3 SR AR L B/, HOAN A L-S) 2 A
—80ME A pH 3~4 B, B BRI K 1.019%~2.94% , pH
16 4~12 B, 2R R E LR 94%~97% JL N, =B &
FaETIE115~120 mmol-kg'lO
233 BT

B S B TR X MB EBRPERERI R, ST S
L—SJ X} MB B 2% Btk F1 25 Bk 246 52 B9 158 5 1) 52 1) 2
IR H A (] 1 728 A e B, M7 -5 8 1) 34 o v R A1
TE B T30 /1 0.001 mol - L #4112 0.01 mol - L'}, )
55 L-SIXF MB 1) 25 B 2 A 2B e i) AR f R 3 A /N, 2%
B 20 9 R R T 7.12 mmol - kg™ F1 5.18~9.84 mmol -
kg, BRI T T 5.69% H15.18%~9.84% ; &1
58 B 1 0.05 mol - L™ JF 22 0.1 mol - L7 A, % MB A9 2 4
O R BR R A R R, BB T
15.69 mmol - kg™ .7.55~15.13 mmol - kg™, 2 [ 2 43 il

1% WHART]

brdllE7Spak=t= 2l 55 40 558 7 5
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00.1%1-S] -0-0.1%1.-8]
7 0.5%1L-S] - 0.5%L-S]
1961,-5) - 19%1.-S]
B 5%1.-S] ~>-5%1.-S]
2001 S 1100
3 160 f 180 %
=
B 0] eBRa7N=lazY =IE7N=RRgE g
ok ’ H AP AN AN A [T £
# 2 = (1R [[AE | IAE [T | IRE] =
=5 g A | (A | I | (0 2
= 2 | AR g 3R]
g oI A |1 | (A (TN =
= 40 oA || [T | (A | [ 20 =
= o | (LA | | =
= 2 | [ RE o 0| [AF
3 4 5 6 12
pH

4 pHXt MB XBRMEEERI LMD
Figure 4 Effect of pH on MB removal performance

FFET 10.57% F17.55%~12.10%., FHH T & , S) 2R
R IEEK, L-S) AR AL R AR KT /N o
2.4 BRI X MB RN

6 AT 1, ST 19%1L.—-S) Xt MB 1) 2% 55 2% 34 B 15
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Figure 5 Effect of ionic strength on MB removal performance
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