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The Amino Acids and Cellulose Conjugation Based Enzyme Mimics for Degradation of Phthalic Acid Esters
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Abstract: An enzyme mimics was designed by combination with amino acids and microcrystalline cellulose.
The microcrystalline cellulose was first functionalized by the NalO, oxidation method to form aldehyde groups
and then conjugated with amino acids (serine, histidine and aspartate ) via Schiff-base reaction. The enzyme
mimics were characterized by Fourier transform infrared spectroscopy ( FTIR ), X —ray photoelectron
spectroscopy (XRD) and scanning electron microscopy (SEM). The enzyme mimics showed good performance
in degradation of di(2-ethylhexyl) phthalate (DEHP), degraded as high as 60.1% of the initial DEHP within
48 h at pH 9.0 in 40 C. Besides, DEHP degradation efficiency was observed to be higher than those of dibutyl

phthalate (DBP) and dimethyl phthalate(DMP) under optimal conditions.

Key words: microcrystalline cellulose; amino acids; enzyme mimics; phthalic acid esters (PAEs ) ; degradation

Gl XK

FE,MEE, $ED, FRABR- T LM BB 2T ACR = P BB BAL A 69 R AR ()] RRATRETTA,
2020, 41(24):1-7

LI Xia, HAO Sijia, HAN Ailing, et al. The Amino Acids and Cellulose Conjugation Based Enzyme Mimics for Degradation
of Phthalic Acid Esters[J]. Food Research and Development, 2020, 41(24):1-7

FEGTH 5 B ARRAEES (21575102) ; KERHEIR H (18ZYPTIC00020 ) 5 HL 3T k27 [ 52 T s S22 JF i 4 (SKLEAC201911)
YEZ 4 2585 (1987—), L (U)Wt W5 1) - i 2e 4

S EIER XAk (1971—) I3 (B0) B2 P97 1« U RERRE R RIE £ PRSI 2 3 T 5 “EAR(1969—) , 55 (D), #42  AF5E 7 o < G
BRI 56 e 4 KU I



B A BURBR -4 S S AhRH 0 BRI B 2 AR 3R Y BR AR HR AL A 0 R

2010

— 2

LB — H iR g ( phthalic acid esters, PAEs ), /&2—2
N A AN E D) AE R — R 8850, 7z BT
TR AR A I TR, PAEs 5R-G W)k
S S N e S UL /B AR A (I |0 e o o i e
A, PUAE PAEs fifi FH KA P AR rP AR 28 5 LA B4 5
[EE 2y e WAN R g SRR 2/ I = v AN X G S
A2, Yageit AZE i B R K LR 4 fi
LG R L PAEs ()4 H BEHCE 7T =3k 70 pe/ke™? I
b, —2E PAEs B 2 80 BUBY) TR, R
FEARVR B 250 T B A (g e it g , £97] dn 45
TNRAYE G A AR T, R, AT A 8
il PAEs H 2575 AR EA , 56 R AR (Unit-
ed States Environmental Protection Agency,US EPA ) Fll
KK 224 6 Fil PAEs 51 AR Se4a s Yt 44 B

FIRTRIE 1R 275 12 R FE MK PAEs 19I5 44, 40
T A D AL DAL AR B A S
TE ARG o T PR e PR PAESs 175 54 i) 220
TiiE AR ETE HARFREL XS PAEs 17K fif 8 B2 18 L
AR, BARME R A K BE Y PAEs, BEZK g /& —Fh
= BRI PAEs V5 9407V, A BIF5 4l 1) 1 # J5
it RV il T e R PR A SRR I R — (2- £ B TR [di
(2—ethylhexyl ) phthalate, DEHP]”, {HJ& i T RIKAEEE
Fe il £ T2 ARG E P LR A LA B A 1Y S A
JAEAG R IR A N 32 BRI o R — R R RAY
TR 14 A T P S v IR R AR A B 55 i AL
BEADN B A R0

UEAFR , ARl R AL G2 A ST ADL il 52 3 52
B2 TR, Al ] 32 Bl i A R AR Bl ) A AL AL
Tl FNEE A RAEARARAF AT 1 o AT, 55 FH A0 A
PRI R G B AT HLE ZR0 BRARAE SE A
I RE YN IR 22 SRR R E ) — b
B K AR , AT LA UK A BREE, ABIESE LA RS (IR
TR ET AE RAE N B 2Rt e He 22 IR B 11 RO
(LR B FER (22 R AR KA AR ) , WAk AL
SUIRART, bl — R AR DL, IS A O R Xo
PAEs P RFEAESCR , S il A0 ll 50 r 98 £ 550 (9 2 i
PRt T —E E AL

1 #R57E=%
L1 ARG

T ABET4E Z (microcrystalline cellulose , MCC) (43T
i) BRI RO R B S R el (A at) -
A SEARAACRI A BRI s SR AN B A R
MR N IR U BRI S A LR (At ) -

AR R BORA FRA R T LA B (2l -
R S ORAC AR PR A ] AR (H)  RA R
(D) 225 R (S) MR (W) (F3Hral) : [ 25 4L 1k
WA R 7] 5 IE S Be (@i al) 482 — HI R (phthalic
acid, PA, 4% 99.5% ) R8I W — (2- 2 3 2 ) i
[di (2—ethylhexyl) phthalate, DEHP, 4 & 999 4B 4% —
H i — H g ( dimethyl phthalate , DMP, A 999% ) AR A
W2 T & (dibutyl phthalate , DBP, 4 99% ). |-}
BITRL T A AR B AT BR A 7]
12 eS8

F-2500 ¢G40 66+t . H A4S Hitachi 2 & ;
TG16-1 E.0HL: KV FLAAF] s Merlin Compact A
B s 78I Zeiss 28 A 3 QP2010 Ultral <SAH (013
JoT 15 3k FHAY ( gas chromatography —mass spectrometry ,
GC-MS): HA R HA | s X B4t H T REE AL (ES-
CALAB-MKID): 92 [&] VG 23w 5 i L2 /MG (1S
50): F[E Thermo Fisher 22 F] -

1.3 Fi
13.1 EEREAER %
S RSOk 6 — T SLAT e 20 RS BRI 7.2 ¢ 1L

ARZFUEZR VA T 445 mL oK, JC ORI, FEFRIK
11.4 g = MR AN TR I A R &8 MCC B M b,
B B B SR o, B R R T AT
IRV E T RE IS b, AR 48 °C 5%
#1000 r/min Z5AF R FATIFE . K 19 h 5 RO
S EATES L, 553 5 000 v/min, B0 ] 5 min, 37
£ B, VUMK EE 2R T B DR,
153 " FLLFYEE (2, 3-dialdehyde cellulose ,DAC),
132 TR YRR SRR R E

I FH R 5 B 2 300 5 DAC 11 Ak B2 1B (oxii—
dation degree, OD)™ DAC H i [ FE 1] DA 55 6 iR ¥ i
F1%) 2 Rl Aok RS B SN , SR I FH S AN S S iy
A R R A . THRARIT

- (-V)xC
ODI% = 2= 5 e x 161 x 100

K.V, o DAC IHAEE AN B, mL; V| A%
FR 6 T R S B AN A mL; € S B AN MR B
mol/L;m HFREUY B, g5 161 R 24 2 rh s o A A 4
AN 50% _EFL R T 5y T
1.3.3 IR SR L AWM H &

FREL 0.1 g DAC 3% T 3.6 mL i i 5 2% vl (pH
8.0,25 mmol/L) ', Jil A 0.4 mL 100 mmol/L % J& 2
(amino acids, AAs) VAR, TE 25 CEAF T ik v 6 h,
FEANA 20 WL 2 mol/L B S AANIA S Jehill s S5 i 4



2010

B 5 BURBR - S HL AR 0 BB X AR 3K = B2 AR AR AL 04 % g

Ja RE Y E TBENTASIENT 12 h, DABR SR RN
R, NS BN HEMR 5474 £ BB A B (DAC-AAs ) .
134 HIEMRSHYEEE SRR
1.3.4.1 ZIAMGIEN &

(LRI SR ST IDRE /e =] a1l Eva NIES
A LISHRE i (04 B BE P S S5 R A T S, DA 28 FE il D
FAET, IR A AR S IR IR ST TS
JEFE 25 CHAME RT3 S50k B o
B 4 em™, FHEREL 36 K, AL 4 000 em ™'~
500 em™, fHH OMNIC #RAXF 34 S EA T 047 o
1342 X FFEATHHNE

RIS AR X S AT SHURE i = b A
BSEOE VL 3°~500, FH6HEE 4°/min, SRJ5
PEAFINSE . I8 IS X BT HHE A jade B2F0EAT
30T,
1.3.4.3 49 AN E

A A A T AR T R S R, SR
sty 2% T FH EL A FH T 7= A U H - Sfe X R i B9 T S
FTRAE o 1050 FH 5 i BN R it [T, 76 S kV HUR T 38
I ELA AR R O O T B X A M
RRIEAT IS AT , A5-3) H B A 414 T R R IR
1.3.5 L8R DA IR E

A A 0 B R (WO I DO ol i i 4 1) 2F
Ar R LRI . ERR K 280 nm, K HEK
350 nm , A FI A SHAREE SEFE 5 nm (Y55 F T DU 7 2
ik
1.3.6 AR GAYERE A MORIK AP0 I E

B 400 pL 2 A A ERERINA 550 WL Tris 25 0h
oL FINA 50 pl PAEs(2 000 mg/L) , & T 1H IR
LRV 48 he NEEHR  HIE CGE BB B, B L
EAEPAH T GC-MS W& . X4 LLA I & okt
PE R B o e 25 an R - R A DB=5 4 (30 mx
0.25 mm,0.25 wm) 5 ZNE R B Aot s JEAE
WO 1 L RS THR R T - WA IR B 100 C, AR FF
3 min, L 10 °C/min FHEZE 300 °C, {445 7 min, FiEEA: -
EI B U6 ; l B RETR ly 70 eV ; B85 TR BE -l 230 °C;
TR E g 250 °C5 25 R T2 7y R

5 S /N WL

WA/ % = 1 - g x 100

0
K¢, BRI A1) PAEs W, mg/L; C, 42 X} 1]
ZHHP PAEs #RBE , mg/L.
1.4 BdEabr
JIT A BRI ATINGE 3 UK, K H] origin 8 FA#E4T

Bl R AR

2 GERE5SH
2.1 LIAMERE T
MCC .DAC F1 DAC-AAs BZTAMGRER LI 1.

7 DAC A
! 1730 8
885

Y DAC-AAs V)
i i 1394 4
3416 2934 1 149

4000 3000 2 000 1 000
WEem™
E 1 MCC.DAC #1 DAC-AAs FILTHMKIEE
Fig.1 Founer transform infrared spectra of MCC,DAC and
DAC-AAs

I 1 A0, 3 416 em™ &b (AW IACIGE 2 6 4 s AT
T O—H AR IR BhI5 52 934 em™ Kb 1% I8 1Ag s 2 N
HIEPHEAA L1 -CH, $iRsh W™, A8 LT MCC, il %
I EALE 78% 1) DAC 7E 1 730 em™ Ab 52 SR , 1%
JERERE(~CHO) BYAFAE WL S U4 5 885 em™ Ab P45 E Y
AR IR B X BL I MCC B C-C, {7 b A PR S b
IR RS . IR RS L 1 730 em™ AbAYIE
A5 /N, DAC-AAs 78 1394 em™ 4b HBUBR I, X )& C—
N HZadR sk, 76 1149 em™ SRR IR I 1Y
C-0 PR3l , UL SR bl U B2 RN AP 4 % 1
22 XA

MCC.DAC F1 DAC-AAs [ X HHEATHEE WLIE2.,

MCC
DAC
DAC-AAs
10 20 30 40 50

26/°

B2 MCC.DAC #1 DAC-AAs B X SHE&HTHE
Fig.2 X-ray diffraction patterns of MCC,DAC and DAC-AAs

X SRR AT 5 o0 M T2 I 5 B8 5 W 45 A E 1) FH
B, R HAT 53 3 ] LA e PR B A 2 R 2848 . DA
E 2 af LI, 78 MCC I NERAATES T B A2 A IX,



B A BURBR -4 S S AhRH 0 BRI B 2 AR 3R Y BR AR HR AL A 0 R

2010

—_ 4

20 A 15.5°.22. 5° 3444047 R AT TG . 2 MCC 4
if NalO, Mt DAC J& , AT s/  AUAE 22.5°0i
FEAE/INAT S0 , 136 I £ 4 22 1 245 A S5 A B IR, 4 4k
FEROT IS A P HES A i TC P HES . i At
M2 f5 , DAC-AAs AT L, Ui A 45 it
L
2.3 iR BT

MCC .DAC Fil DAC-AAs #9414 vy 7 b il s 1 AL
3.

i)

3 MCC.DAC #1 DAC-AAs K33 B FRHERE
Fig.3 Scanning electron microscope images of MCC,DAC and
DAC-AAs

FH & 3 AT, MCC (R IO ;s DAC R IMARTS
AR , ST RLBURITR R A — R 25 80, Ul ]
NalO, X} MCC W45 BA R MR, X AT e i T4
it NalO, EALZ IS, KA ITH) Co-Cs BRI
T, TR AR PR W S R BT R RSP AR
— R T 0 T A FLE., DAC-AAs J& DAC #f—
HG M E IR G RIES, 5 DAC HESR & B R
Ak, (DR AR TR RIS o 25 S i &

24 ERAHR LEENERER

AN [V B €0 B8 R 1) 9 I3 R k€ 2 R VK

BRI A 1A DL IE 4

N

16 000
14000 (a) — 0 pmol/L
12000 L ----3.125 pmol/L

/ N 6.25 pmol/L

B ow0000r s\ — 12.5 pmol/L.

D800 f e N e 25 pmol/L,

6000} ~== 50 pmol/L

4000 [
2000 [
0E ' =
300 350 400 450 500

PKmm

(b)
14000 y=26726x+1 200.1

R’=0.991 5

SO
S
S

0 10 20 30 40 50
e FE/(mol/L)

(a) OO ; (b)bRifh £

4 ARRENBEBIIOELENRTEE
BEREBRRENIRE#Z

Fig.4 Fluorescence spectra of different concentrations of
tryptophan and a standard curve for quantifying tryptophan

concentration

ISR FH 2 R i 1 7 v ok A T B AR AT Y 3R
RS R, OEIR(W )RR AR h HA %
PERT I S IR , TR IR 280 nm Ak, & 1 & ST
K H 350 nm, JHEERICE L2 HEAR M KL
MRA5 5 BILFAE R b, MR B8 K vie J3 Xof 7 A 2 Dl o i
oxfilbruEth 2, T A RE R RIS 4E R LA SR
H 4.15 mg.,

2.5 ARSNGB K g

R TS UE G A ALl A EAT R A S AL R Y g
77, B SRR i o )T B A R S A DEHP
SR PEARAE L | 4096~509%1F) PAEs JEDEHP2!,
B 2o TR E Y b, i (524 pe/g) A
(29215 pg/lL)  F (5 mg/kg) LA AR FHZK (2 347 pg/l) |
HiZ27K (0013 pg/l.~18.5 pg/l) M 7K (2 5.66 pe/l) 15
7K (0.716 pg/L ~122 pg/L)Fhi224,

RG5> BIHF5E T DAC.H.S.D . DAC-H .DAC-S,
DAC -D .DAC -HS .DAC -HD .DAC -SD .DAC -HSD X}
DEHP (R LA 5,

G5, DAC NREME R f# DEHP, 17 Bl ) 2 5
MR T H RILL BRI BTG ESN S Rl D R i
/R DEHP RYRE T, 302 T B R A B
I WA R TG M . YRR ST 4E R 456
Jei , A AR LB X DEHP B [ A 1 25 5 B
RIEIR , VLA 4k FAE R SRR IR i K A B AR
FH; H DAC-H F#f#RE 18T DAC-S, Uil WXt T
HEEHDL) 7K figp 0 B 1) A T DR Ay 2 2 1 I s
TE T 568 250 b BE vl LA 32t n] LAZS T 71529,
FHEE T & PN EIE IR 1 2 A AR, B il =3k 1Y



HET B F R BR -2 Y LA PP R0 B R AT K R B 4 ) 6 T R

5 —

100

80 |

60

40 +

20

a b cde f g h 1 j k

M a # k 43518 F . DAC H.S.D . DAC-H .DAC-S,
DAC-D .DAC-HS .DAC-HD .DAC-SD .DAC-HSD,

B 5 AEMSERSEEEN T4 R A ERM M MNE T
DEHP HIFf#%
Fig.5 The DEHP degradation rates by different DAC-AAs

52 A MBI AT fe s A TS X DEHP [ A 2R
ATLLIAE] 60.1% ,3X AT ABSE: HH T R4S IR (D )R AL 54
FATR (H ) WK B30 o SR L 38 7 20 R ke
R A1 pKa fHL A A B 5 DKL [ (Y EON 22
RIRFRIERTFAER, 2D XA TR e T
2.6 JRLEE XSO A AL T PR A 5

TR E X TR DAC—HSD /% DEHP Y520 W,
%l 6.

100
80 |

ol {
N

40+ -

Feefif %1%

20 L L L L
20 30 40 50 60
i EErC

B 6 REXTF4E#BEE DAC-HSD F£f% DEHP HI50H
Fig.6 The effect of temperature on the degradation rates of
DEHP by DAC-HSD

J52 7 Hak JEE 2 55 M 3% A A, P ) R R TR Ak £ £ v
ORI, AR R PR M | LA 45 A SRR
R S ) 3 25 30 A IR 1 A, L > ik 3 e
TEERT , B TR AR AP A T, S Ak iR
JE TR AR 0 Bl I, T S0 1 o o i 23 P I P,
TEAFER A AR A G Y BURE R ge 45 R E W
AL HOL T ) o ik 23 it 5 722 UG B2 ) P e T v JE R AR, O
HLTE 40 CHYIR B S50 T BEffRak B i KAl . 25K
B, B340 DAC-HSD Y5 d: s i R 40 Co

2.7 pH {EX G EHIEALTE Y S0
pH {E X} T DAC-HSD [%f#% DEHP [ 51
WL 7,

100
80 |
¥
& {_/%/ \%
40 + ¥//
20 L
6 7 8 9 10
pH {H

E 7 pH {EXF#E DAC-HSD [£#% DEHP #8200
Fig.7 The effect of pH on the degradation rates of DEHP by
DAC-HSD

pH {EEFZ M & 1 o — D HE N R, Bl 5
M) g - rh 22 B R 1Y) T AR A5 IS ) S i o 1
[E1) EEL a2 8%, DT 52 1) 5 S 90 1) 45 5, e 2552 i i
A R R

MR N pH s T B IR T il pH (BB
S O AEATE PR R B, ELAd R ol B 2 S B AR
PTG . FER LR 5 A 4t R 5 A MR B G 14 &
o ZE LR ITE pH 6~10 YU BI N, BLLEEXT DEHP [ F%
iR B pH {E A TH 5 SE RN, 24 pH HH 9.0 I, B
Rk KM, ZJ5WEE pH (E A ARSE T = |, Bl X
DEHP [WREff 5 2 Tk R A MR L
DAC-HSD ##AE pH {E4 9.0,
2.8 LR DEHP . DBP .DMP 3 Fft i # At () Ho

B DAC-HSD % DMP .DBP Fl DEHP B f# 2%
DL 8.

100
80

60

WeE 51 %

40t

20

0
DMP DBP DEHP

[ 8 # )l DAC-HSD Xt DMP.DBP #1 DEHP B&fE % tb 5
Fig. 8 The degradation rates of DMP,DBP and DEHP by
DAC-HSD

DBP il DMP 2 ¥k T- DEHP #32%  {i 11 i 28 4k



B A BURBR -4 S S AhRH 0 BRI B 2 AR 3R Y BR AR HR AL A 0 R

2010

=1

FRE, PR 1 26 43633 R 9 A ) 2 — 25 F 5 A 4L i 5
HATREA# 3 AN R I BE T

H1 & 8 AT, B BN DEHP ELAT B 8 R
HYKJE DBP . DMP, FEf#RIT 4 : DEHP (60.1% ) >
DBP(14%)>DMP(9.9% ) . iX FI fig 2 H T M5t L6 1)
KIFREM T Rfre R, LA AR5 Je A e 1) 998 105910 78 1
BREAULA Z2 o R A, T 1 9 1 790 U 25 2 B 1
XAl AEH THEK A PAEs #H FL T 5548 19 PAEs X0
SN T,
2.9 SrwrkEsRE)

BLALNEE X DEHP 1 RAe Ko 7= 4 o3 b DL 9.

8.0x10" | (a) DEHP

27.33 min
6.0x107

SHEE

4.0x10’

2.0x10’

0 . M SR L

12 15 18 21 24 27
5 [E] /min

3.0x107

(b) DEHP

27.33 min

2.5%107

2.0x107

HEE

1.5x10" |

1.0x107 PA
14.17 min
5.0x10°

N N €

12 15 18 21 24 27
A} [8] /min

(a) X HB4 5 (b)DAC—HSD BB R fF 2

9 GC-MS Xt DEHP F&fi# K H 8] 7= ¥ 46l i E
Fig.9 GC-MS chromatograms of DEHP and its degradation

intermediates

DEHP [ e 2= A MR i =1, it —%
KRG =), M 9 LA i, DEHP £ B0l
DAC-HSD F%f# 48 h J5 , P2 A= MREff =P 4R 28 —
FR(PA), G B 7F 14.17 min,

3 #ig

Wt T A DL A S ) b A e A R BT I 2R
DUsi, FESLULYIA N e RIR B AT JI 38 4,
TR Tl 7 (RS WS Tz Uk, Rt
—BRAAR P OB AR L AR LA

LR MCC M5}, it NalO, WEFErEE AL 2,3
PR R WL IR DAC HE— 538 35 35 I B s 1 %
PRI , B e T LR LR — 2T 4 2 4 B ARt
3 I X DEHP ¥4 G B A %, IFSE DAC-HSD
AR, BT LAFE pH 9.0, HE 40 CH&AFTF
48 h A RLFEM# 60.19%1) DEHP; IR gE— 2 L4
X5 AP RRSEAL 7] DMP A1 DBP (OREfE, K PR
JIETF¥ : DEHP>DBP>DMP, Af5T I T —Fh 255 A 4%
M IR - YR G GRS, 7T LU T
A4 DEHP (RSt 2 5%

SE 3

[1] DAIEM M M A, RIVERA-UTRILLA J, OCAMPO-PEREZ R, et
al. Environmental impact of phthalic acid esters and their removal
from water and sediments by different technologies —A review [J].
Journal of Environmental Management, 2012, 109:164-178

(2] JIF) . Al A R A ek e &0 TP R IR 28 4 o A 1.
A 5T, 2015, 36(20): 123-126

[3] NETS, SEMPERE R, DELMONT A, et al. Occurrence, fate, behav—
ior and ecotoxicological state of phthalates in different environmen—
tal matrices[J]. Environmental Science & Technology, 2015, 49(7):
4019-4035

[4] LIANGJ Y, NING X N, KONG M Y, et al. Elimination and ecotoxic—
ity evaluation of phthalic acid esters from textile-dyeing wastewater
[J]. Environmental Pollution, 2017, 231: 115-122

[5] ZHANG J F, ZHANG C N, ZHU Y P, et al. Biodegradation of seven
phthalate esters by Bacillus mojavensis B1811[]]. International
Biodeterioration & Biodegradation, 2018, 132: 200-207

[6] ZHAO X K, YANG G P, WANG Y J, et al. Photochemical degrada—
tion of dimethyl phthalate by Fenton reagent[J]. Journal of Photo—
chemistry and Photobiology A: Chemistry, 2004, 161(2): 215-220

[7] SALIM C J, LIU H, KENNEDY J F. Comparative study of the ad-
sorption on chitosan beads of phthalate esters and their degradation
products[J]. Carbohydrate Polymers, 2010, 81(3): 640-644

[8] DARGNAT C, TEIL M J, CHEVREUIL M, et al. Phthalate removal
throughout wastewater treatment plant: Case study of Marne Aval
station (France)[J]. Science of The Total Environment, 2009, 407(4):
1235-1244

[9] KIM Y H, LEE J, MOON S H. Degradation of an endocrine disrupt—
ing chemical, DEHP[di—(2-ethylhexyl)—phthalate], by Fusarium
oxysporum f. sp. pisi cutinase[J]]. Applied Microbiology and Biote—
chnology, 2003, 63(1): 75-80

[10] CHEN J X, HUANG L, WANG Q Q, et al. Bio—inspired nanozyme: a
hydratase mimic in a zeolitic imidazolate framework[J]. Nanoscale,
2019, 11(13): 5960-5966

[11] PHILIP C, DEVAKY K S. Multiwalled carbon nanotubes with sur—
face grafted transition state analogue imprints as chymotrypsin mim—
ics for the hydrolysis of amino acid esters: Synthesis and kinetic

studies[J]. Molecular Catalysis, 2017, 436: 276-284



/] =

B B BORBRSF S A S bR 0 BB R A B SR 6 B R
[12] MA X J, ZHANG L, XIA M F, et al. Mimicking the active sites of 2978

[13]

[14]

[15]

organophosphorus hydrolase on the backbone of graphene oxide to
destroy nerve agent simulants[J]. ACS Applied Materials & Inter—
faces, 2017, 9(25): 21089-21093

COLE J P, HANLON A M, RODRIGUEZ K J, et al. Protein-like
structure and activity in synthetic polymers|J]. Journal of Polymer
Science Part A: Polymer Chemistry, 2017, 55(2): 191-206

LI X, LI J P, ZHU J X, et al. Degradation of phthalic acid esters
(PAESs) by an enzyme mimic and its application in the degradation of
intracellular DEHP[J]. Chemical Communications, 2019, 55(89):
13458-13461

WANG M F, LV Y, LIU X J, et al. Enhancing the activity of pep—
tide—based artificial hydrolase with catalytic Ser/His/Asp triad and
molecular imprinting[J]. ACS Applied Materials & Interfaces, 2016,
8(22): 14133-141541

[16] NOTHLING M D, XIAO Z Y, BHASKARAN A, et al. Synthetic cata—

[17]

[18]

lysts inspired by hydrolytic enzymes[J]. ACS Catalysis, 2018, 9(1):
168-187

L POLGAR. The catalytic triad of serine peptidases[J]. Cellular and
molecular life sciences: CMLS, 2005, 62(19-20): 2161-2172
PLAPPERT S F, QURAISHI S, PIRCHER N, et al. Transparent,
flexible, and strong 2, 3—dialdehyde cellulose films with high oxy—
gen barrier properties[J]. Biomacromolecules, 2018, 19(7): 2969 -

[19]

[20]

[21]

KIM U J, WADA M, KUGA 8. Solubilization of dialdehyde cellulose
by hot water{J]. Carbohydrate Polymers, 2004, 56(1): 7-10

LIU X, WANG L, SONG X, et al. A kinetic model for oxidative
degradation of bagasse pulp fiber by sodium periodate[J]. Carbohy—
drate Polymers, 2012, 90(1): 218-223

LIU Y, CHEN Z, SHEN J. Occurrence and removal characteristics of
phthalate esters from typical water sources in Northeast Chinal|J].

Journal of Analytical Methods in Chemistry, 2013, 2013:1-8

[22] ZOLFAGHARI M, DROGUI P, SEYHI B, et al. Occurrence, fate and

(23]

[24]

[25]

[26]

effects of Di(2—ethylhexyl) phthalate in wastewater treatment plants:
A review|]]. Environmental Pollution, 2014, 194(2): 81-93
LIN C, LEE C J, MAO W M, et al. Identifying the potential sources
of di—(2—ethylhexyl) phthalate contamination in the sediment of the
Houjing River in southern Taiwan[J]. Jounal of Hazardous Materi—
als, 2009, 161(1): 270-275
ZHANG D, LIU H, LIANG Y, et al. Distribution of phthalate esters
in the groundwater of Jianghan plain, Hubei, China[J]. Frontiers of
Earth Science, 2009, 3(1): 73-79
SCHNEIDER F. Histidine in enzyme active centers|J]. Angewandte
Chemie International Edition in English, 1978, 17(8): 583-592
155, g TAREM. Jbat: Bl AL, 2009: 62-70

Yr#s B #1:2020-02-29

1111111111111 1@ [ [ [ [ [ 1111111111111 111111111111

w7 H 2021 F(B &M E L F L)

CEAIFSE 5T )2 i R B S F 98 BT A B A w R R e Tl i Tolb A = I ik bt =, N
HNATERATHIE S LB, 1980 AR T, 21 1 P R EBR A TIFAR 16 Jo HA L g, N
FH& RG2S AR SRS, LGS AR W I AR E BT e SCRHE
WPIEE I (S A A PR ) 36 B (A S ) e [ [ PRl 5 4= ik 2@ ik 58 ot (CABLD) (e 5
CERRHE U ) (FSTA ) &R 24 BRARISGR , FERE A Hr SOz D ) R AZ 0 B3 1) \RCCSE H [
AR MITI(A) . R HA SERETE N B Kb AR TR R ek & AU

AP E N GE— TS CN 12-1231/TS; [ b 75 1SSN 1005-6521; il &A% 5 :6-197 ., 4[4 1 il )= Bz
ARG AR IR T IT ] . ARG BT e e AE I =2/ \Pr b B, 2021 AR 4 :30 Ju/lt, 4248 720 It

ARG AR AR I PRI , DT B INZE AT -

CLMBJRITERER . Mk FHETT e B il 28 T T A X R XM R 9 5 s GO« (R FIR 5 01 )

Y 50 5 MBS - 301600,

(AT JFP AT T RART 7B 217,415 : 102110000863
-5 :0302095119300204171 ; B« KT B i b o8 Ir A BR A A

CEARWTFE S TT R G B
www.tjfrad.com.cn
E-mail : tjfood@vip.163.com
HLTE (£ 7)1 022-59525671



