14

f1 % % $f PACKAGING JOURNAL

2019 FE 11 EFE 451 Vol. 11No. 4July 2019

APRACE P AR N A S HLEE S

doi:10.3969/j.i1ssn.1674-7100.2019.04.005

pEE S

£ m'

MFEE' = &'

PRERFE |
E&

1.

XB 3.%3‘_:-1’2
Em],z

i I 4

A S FE R

Md Aol 412007

S Tk

& M R o R AR B
Mo B EELRE
e d 412007

W E: ISR EMHERANRETELBLESY ™ EBME T H R,
ATHRAELBLESMTAMKS FHHaRAERIIL, LT —RIREH
HIFAEY (SFEREFER, CMBA) & KARNEGBEENE, ZANE
OB M T, SREW, ZKEH 1x107 mol/L 4 CMBA &5, K
INE OB ZREMTARR, L a- BREMNRNEHHMNA 43.4% & ER Y
ZA42%, - & p-HAFRLAE BT ESHA 12.7%. 16.0% F= 27.2%
SRR ZHE 40.0%. 19.6% F7 36.2%, EBE B LM RS G atf B KK
HEHAE LA, CMBA 4 THFANE O L- 42469 a— BBk ZEMAG B,
MEMI, RELRAMEEINHEIR, RNEGBAXE, 2 CMBA L EE
HARNE OB, ERAEAERKBMIFELYS 7 nm, RAEREERKTE, X2
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Dﬂ X|FHE, &
BHR LS ANE QB K ENIZHAR

oK 55 A A P i R T R/ 22 AR Y SR A
MFHILELE A, A2 RhgE, wrkRmd
B R TR ER 1A L2 B, E I RS T4
MR DIRERA K o RIS 5 R A A0 = 2 AL
W, E T 495 T R 2 S 3 A5 T 1 L T i T e sz B
il FEEARIE, A AR AN R A A A 4
FET- B N s RIRN 0 TEHLUR AE MR A
SRR S A AR Gk S . ARG
HA BRI NREEE, 8 5 b b W B 7 R Ik R 280 V3
L, EHEA KGRI AR DR R -He™ - M2 A
“ICE AT, AT HE— 20 I B A R TEHLOK B
T, EARBH S BHoRhEE, EmA VRS Y
K U YRS YT sh i Rk, JEaE
SUN=LY/L TS N e S YNNG DOPN S 959
PR AR RS ™), 0 H AR g K A5 o

AU IE R B, AINEE (IR & He™ ¥ 84
JRARH U, H RS ) R 2 i 4 Jm Wk R AR
2 As N TEHLR A A 5 A I R F T AR ELAE
PLEEE A 5T U7, LA HLRALE Y5 AR N E H
T 25 A s A B VIR, WSS MG & (] AR
ARSI ARGE . 5 Hg 2 MY, PR
EW—TERAEFBR ( chlormercuric benzoic acid,
CMBA ) AR T 1x10™ mol/L i}, CMBA 1]
A NER (ARG, A IR FEEXT CMBA 194
RKEHHEEE R 1% 107 mol/L.

AL 32 F G 2 7 0 oy T R e By
IF 95 T CMBA ¥ &£ 4 1x107* mol/L i}, CMBA
5 OREE 1 A A B AR ML, J0 T P 0 45
ARG IR FOKE EBFSE T CMBA 5K K&
FIBG A A AR, b T MR A& P 6 AR R
B CTEG 00 LEE,  DUBA O R R b kL
PR Y. L B R SE A T R 1 fa R B
B —E NS %

2 SLIGER4Y

2.1 EEKFRMFBRE

1) FZAH

AJRE A [EC 3.4.22.2] (A ) | wFER
RIPER (fhsal) , £ Sigma AWl BEA, 4
Yrids), AR AR R A E ;. S EH R .
BEIR A . BRI A4, fhea, il EZERL
FEAARA R KK, ks Al

2) FEUER TR

A PG U IR AR s ) B HE 4, DF-101S &Y, o]
BT PR AT IR TR A A R AVE IR ST
46, GZX-9246MBE B!, | i iR B2 y7 A ) (X A%
e AR TR, AL204 B, AR -
FeR 2 (B AIRAR; RIPARGSIbEE
—. {8 (synchrotron radiation circular dichroism,
SRCD) JGiEAL . [l 4R T4 # ( Beijing synchrotron
radiation facility, BSRF ) , 4B8 FL.%5 54k i ( vacuum
ultraviolet, VUV ) , [ Flar B o AE Y B FE i 5
PG AL, LS55 AU, 3 [ H14 IR B vl
Materials Studio MRMERIITHE -5, JEEQIBRH A
PR
22 EBRAE
221 EikeymeH

AR G SR 28 F R pH=7.0 (Y B IR £
( phosphate buffered saline, PBS ) Z& M1 535!l Bie it
R E R 1 mg/mL AR FARGRBRAIRE S 1 x 107
mol/L () CMBA ¥ .

B 1 mL AR A BHA S 1 mL CMBA ¥
BA, A 40 CHA MR IR IR, T mpedsd, 9
TR 150 t/min, $EHE 4 h, LUBRISSIMIREY),
T SRCD KA HENIE .

2.2.2 SRCD %#

WE SBBCE T . FREEREE 25 ¢, SR 0.1
mm, fiff 77 55 (1 HL T RE B 1.5 GeV, ST 3R B 450
mA, PR 1.0 nm, HFER 172~260 nm, {5 E
] 1 min, BAIAESIE 5K, BOEME, 8.
223 kX ESH

WE SO E T HERE 25 C, BURK
1 280 nm, Wk SR AIRAETEEI R S nm, H
33 500 nm/min, VL 310~400 nm. A4
Al E 5K, BOPIME, 0 EdE . s B i
CDTool ¥ fF4b ¥, JfF CDPRO 4 Ak {4 1T 26 1
JRY 25K, CD R SEF -1.8 x 107°~1.8 x 107
deg-cm™dmol ™, 1 AIAHIX 4 FF R 110 Da.
2.3 ST

CMBA 5K JNE i (papain, PaP) 77 X 4%
FRAE IR R SCHR [14] 047 AJIVER 11 Al 1A S5 1 R
H Brookhaven %5 [ it  #l& /& ( protein data bank %
5 1CVZ) , FIH PyMOL BB 2 AR VAR 11 i
R Fy b 5 32 AR 45 W R AR 93 5 C48 FUK A1,
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FEXF Z AR PV HEA T I U n e far b B, | A Materials
Studio Y Ifj RE B Bt Discovery 1tk X} & 75 H iR

( 4-chlorobenzoic acid, PCBA ) F1 CMBA i) %5 [i] —
Yz, A A AutoDock 4.2 H AutoGrid il AutoDock
PR X PCBA, CMBA 5K JREE 4 il 431 17] (1)
FHEAE R AT, X0 I S A2 4 5 WP AR )
HIXT AT TG . RHERE, 2R K5 F A e+
K/NH 60 nm x 60 nm x 60 nm, A% g [7] 5 ky 0.375
nm, & 06 TEBEZRR (cysteine, Cys) 25 (1)
%k (—SH) I, iz Lamarckian j5t &35 3 5 F/#b
REE I RAHLE A, AR SR B B WP B A ik 7
FER L, TR REGRINHN 10 R BRIEH s H %
FEN 100 YOS XTSRRI S ek 5/ ae
AT pREL, TR AR S A ARG R 142
HRTREMI S AL S, TFRE XA R T U RIS o
Mr, HIJ57H (root mean square, RMS) 7£ 2.0 A N
HIRHZEE RV —H5 o e LRI B AR 245 5 RE AR
FEE O3 Mt 2 G BRI A VAR F1 -5 CMBA 45 5,
AT 5 SZ AR R 45 G e et R 422/ AT
T AR

3 GRS

3.1 SRCD ##f

AINEAM e —FEZENSIEEN, JEH 21240
BRI RS 3 X A R BB T,
—REER T T A Cys AL, o 6 ANTE A 3 X4k
AR B, 55— Cys25 TR Rl P o7 A il B )
ARINE A B A ) atp P B45H), R/ INRY
B ZEAT 2 A EERIA L, 2 A2 B B 2L A
GG, S AT PRAF A R BR AR ) ik
ZHEAR. Cys25- 442 (histidine, His) 159- K&
Wi (asparagine, Asn) 175, oo, ZEg5fysg (L-
1) B 10~111 F1208~212 S FEFRIEFEL N, £ 22 a-
WEGELE R, AT SR (R-38) i 1~9 F1 112~207
SULMRIR LA, HATE p- Pr345i Y. SRCD
TEAE GO B R PR R L A T R R R
T3, JUHAE 190 nm DLR R K X, BEWLEE
I T 22 413000 K R sk i U, il ik CDPRO H
SELCON3, CDSSTR #1 CONTINLL =/ {4 yEf7 &
BHEG, WE R A AR SELCONS,
SELCON3 # {4 % F Y TBasis6 -3l fili SL I 5
AR5 7 M2 bR HESS 7 2 8 /NF 0.1, 1E

FAFANE 1 g il 4 1,

T ANX (178~250 nm ) 2 IR A W IS 06, itk
DI S e T FHERA G . B AN s n
s Z IR 7™ A= SRCD 1547 B0 B . IR SO0 1 ot 553 4%
AAHTA], ATARYE SRCD Edi 153 s i b A E By
THEE . CMBA (HREEN 1x 107 mol/L ) AbFER A
A IR FIERE S B9 SRCD R AE E3E A CDPRO k{4
P AR I A5 o 124 4 WL 1 e 1.

20

6/107% deg * cm? * dmol!

a —AbHT
b4 A5

0 1 1
175 200 225 250
wavelength/nm

1 CMBA %ERIFAMEAEK SRCD XiEE
Fig.1 The SRCD spectra of papain before and after
CMBA treatment

F1 CMBA RERRANEAMH_REHMEE

Table 1 Secondary structure contents of the papain before

and after CMBA treatment %
NI TREER TR S
EAM HE) H) o 120E S@) Sd) - & p- i s
AhEERT 282 152 434 53 74 127 16.0 27.2
WFEE 1.8 24 42 278 122 400 19.6 36.2

T H() HH AL o— BRE; H(d) FHLI a- BREE; S(r) ML p-
Pide: S(d) Filh p- Pie.

ME T ATUE H, S5l a #itk, 4 CMBA 4t
P AN B SRCD — 24k 2s ik + 0 i,
JOR B ) WA A e i RS I, Pl G IR IR R S
CMBA KA GRZU A EAEN, EHEM G 50 4218 2%
o B3 1 ATH, 48 CMBA b3S A9 A R F R o—
W2 e 25 A4 1 T 20 B 43.4% 2R & 4.2%,
UL L- 5532 CMBA sEmEK, 238 EiR; f-
B s R R EOR 12.7% KIEE IR E 40.0%,
TCHAS Hh S5 R A o 70 B0 27.2% Y6 2 36.2%, X4k
25K, A B EE A AR VR U 1) ot RV ER
Y KA i 4 pAVEE T, CMBA 73 15 AR
M L-5E1Y o BRBESS M M TR, 454 T BiHl,
FIGANEL, AN IR KR RIBER, SR
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JNEE BT
3.2 WRARIEHH

2 WA KT 290 nm BF, AT A
T &AM (tryptophan, Trp) ¥&AE, Trp 5% LAY KK
WAL T B R LR s p Trp #RIL R L, K
JNVEFBESA SA Trp k2R Y, B HER AN IRZEE,
& 2 MZHSE N 1 x 107 mol/L i CMBA kb3 5 A
JNEE BRI P e A L

300

250} 340.5

FEEHREE/ (a.u.)

a—KbFURT
b

50 1 1 1 1 1 1 1
310 320 330 340 350 360 370 380 390 400
wavelength/nm

2 CMBA %ERIEAMEOEBHSEL L AL
Fig. 2 Fluorescence emission spectra of the papain
before and after CMBA treatment

2 AT, AR AL R FT AR I RS 7E 340.5 nm
b BB R K B, CMBA b B AR
Wt KN R SFIERNL BLIAL T 7 nm, 960 %
R, M ERENTOHERIG ., XEHT
AJNEE I 3 A4S Trp BRI TR IFRE, Ha2 4
Trp FRIALIE T2 U NSRS, 31X 2 4t
A5 CMBA MHEAER, R NE AR A A T
AT B L (a- 1858 ) BEMIR, WIRERREESS t ke T
FATR, S TR Trp BEETEM AR, %
s, WEAIZIR%, X4 S SRCD RAEZ R —3.
33 HFHEGHRE

G TR RN C A R 2 AR R, 24k
2Tt L U A TR ELAE O S 52
W - BORE AW SE R g & 00 5, BNy T s
Y15 A K o 1al AR B L 58 b B 40
FEME P R PR AR T &8 1
NGy F S AR AR TR I G A
331 5 F&4

Tz G SE, HATH OGS &8 R T
BERAEEARANE, USEATHEREFRE
2%, R TN FRHERET AutoDock % CMBA

IS M, AN BRAETZ % B CMBA K I 25 44 25 L 1)
PCBA WHFFEXT4E, 40l S5 ARG g %,
T 52454 PaP-PCBA Hll PaP-CMBA F X 42245 5
e 3 fis.

b) PaP-CMBA
3 AMEABEHSE PCBA 1 CMBA 3%
EHAEEASE

Fig. 3 Superimposed map of the active sites of docked
PCBA and CMBA with papain

i & 3 Al %0, K PCBA Fll CMBA 43 F 43 5] %
B R NEE IR0 TR R 1148, S5iE P 48 v i = 1k
14 Cys25-His159-Asn175 &, HIHHAw2E (root
mean squared deviation, RMSD ) ¥J/NF 0.6 A, 100
DR A G P B AR B ) o3 ARAL, HURAEAL
BHEMAZES, BRI E 5ARRNE A EIE
MEESGRER, MR . B, Ao
43 R4 7 X R N 83 5 PCBA A &
Y1 (PaP-PCBA ) Fl1AKJNZ i 5 CMBA E & ¥)
(PaP-CMBA ) 1K Z j&i&i Y, BEW% S it PCBA Fi
CMBA 5K JNEE g0 B 455 K. RS n
J5i, PaP-PCBA #l1 PaP-CMBA & & ¥k & v+ K TR
EARF A A I B 25 5%, HAHBAE IS
WAAHIE], PCBA R | 1)—COOH E ] Ti& PE M
451 Cys25 (DL 3a) , T+ Hg i CMBA 4 72K
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W i—HgCl 5iEM: 1480 Cys25 BHEAEH (WA
3b) , HUILRY] Hg XX A BIAT 1 52

V)N S N o i BT [ B W B S v
CMBA X AR St (8 AN P 3 00 e 5 0 NG P 6
H5C AT HE B AutoDock i A filill CMBA 5 AN 11l
S FIEAREAER], XA RGBT RE
332 CMBA 5KAZ Gty T2

K F1 AutoDock4.2 ¥ 4 {7 & 29 38 Xt 42, WF 5
CMBA 5 A K il ) 3% Pk = ik a5 A B Xt
100 WML IHRSE R T8, IR L g R,
1 CMBA FHHAF 9 A SE R IR Ak 32 2 AR Cys25 .,
Trp26. H% R (glycine, Gly) 66. JfiZd#& ( proline,
Pro) 68. Aspl58. His159. N & (alanine, Ala)
160, Asnl75. %2 % [i& (serine, Ser) 205. [ & iR

(tyrosine, Tyr) 67. 42 (valine, Val) 133 5§,

XA R L 2.

F2 CMBA 5EAMEABWEEROBEBERES
Table 2 Cluster analysis results of docking runs for
CMBA with papain
e MRS Ew/ E el ST AR P AN T

YF'S  (keal'mol™) (kcalmol™) 1 IRy 2 SERRSE I
Cys25. Trp26. Gly66.
Pro68. Aspl58.

1 9 45 —4.24 -3.94 .
His159. Alal60.
Asnl75, Ser205
Cys25. Trp26. Gly66.
Tyr67. Pro68. Vall33,
2 87 66 -3.93 -3.71

Aspl58. His159,
Alal60. Asnl75
Ser24. Cys25. Trp26.
Gly65. Gly66, Vall33,
Vall57. Hisl59.
Alal60. Asnl75

TE: N RAHERTE 100 DAY SIS REG By B
G EHE; Ene W TEHZERE.

B2 2 AT, XF 445 28 09 % 0 B o 100 4>
F G5y 0 3 1, 5 2 RS HA ) 87 Mg 4, H
RMSD 4 0.45 A, X445 B AE 75 M7 5 9 CMBA
¥y AT AR Ham AR, SO S 2 7 R
i, S5A MRS Z IR E A S S YIRS A Re i I
AT R B B AR e 2 )],
FEEE 66 5 CMBA FIA N ABLS &2 59k fc eSS
AR, T T — XA B AR T4
333 CMBA 5RAZ OB BEER
— AN, N TFER S SZIRE S A,

B A4 2 00 551 ] Rl — g B 9 L PN ) i TR

3 4 68 -3.75 -3.71

PR Fi ARG JE L CMBA il P67 s v ik
fritE b, PRI CMBA 5ARVE F B> 12 [ A
a5, LA AR, MR
F| CMBA 5 A AR 1R AH EL AT FH RO XA R, 5551
I 4.

b) CMBA 737 JH [l 5 A i N (1 2 SRR AR ik
R (I ENE
4 CMBA 5XMREAMEAZRN

Fig. 4 Binding mode predictions of CMBA with papain
MIE 4a AT LAFR H, CMBA 407 (ERHEBERL ) 42
TR AR T ARV (853 T S AR s T AS g ()
ARE) o 151 4b Sy CMBA JA [l 5 A Ji il A B9 24 6 TR
BRFL XA PR ECIET, T R A B R 2 A TR
P P A R G B, v ] 21 (8 BRAR AR TR Ay i

K CMBA, 8] H /) s A8 A 57 M 1 AR AU Trp26.
Vall33 SR HK 4%, FEHR — SR b ) 200 L
Pl 4b 47K . CMBA 3 TR IR RIS P T AE N

i & 2 Bk % (glutamine, Gln) 19, Cys25. Trp26,

Gly66. Tyr67. Pro68. Trp69. Vall33. Vall57.
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Aspl58. His159. Trpl77. Ser205 45 % 5t iR 5% it 4
BB K E N (DL 4b A SR RY ) H SR
CMBA 5 A JNEE FI 255 A7 (s K E . CMBA 43
T i—OH 5 AN 1l Gly66 [k RIE i St
RO 221 A, SHERIEGR . Gly66 £l T AN
FIfEF L= 3rp, IE R T2 F7E; CMBA
LB KA 1 S S L- 80 a— 185E 2 3L R ik
HEAMEAEN, B o- BHEMRIE, AJNEABY a-
HEUE L AL S i AR, - BUE RIRR, RRE A
M i% . 3 —Jr T, AJNE NG K RS L- 5
1A Trp 583 (Trp26 ) 5 CMBA 1 B ARIT,
UL CMBA 5 L- 3 b (%) Trp A AH EAEFHCHKAVER ),
LSRR, MR E T L- 38 o BRES5 14
XEEZE R SRCD . MGG 45 R —3 .

4 HHiE

A I SRCD Mz ik ot ik, 454
Oy TR ARG T A A BE A Rk E R 1x 107
mol/L ] CMBA Xf A AR B I/E HIHLEE, SRCD F
Trp 2 HIETE T 45 R, 4 CMBA AP 5 AR
JNE BRGNS oy R A AR, — e R
AR T CMBA 1EFNAREE PB4 5 576 A8 1
BLER, A TS CMBA FIAJIEE [ T IE
WEAWIEA, R BT RIS W ) 1 5
FEAERIR, E—25 Wit e 5487 T CMBA 5
ARINE B L LM EMER, CMBA 54N 17
T L- 3R Gly66 Fl Trp26 4% 5k 6] 47 7 il U B
MG KVER, F L- B 208, 28 o- BIEZ5H
R BURIREAR, p- SR BN, AL R )
B, KRG IERIIR, SRR, ARJNE 6
Rl o SR AI 3T X B R e R 45 R — 2K
PIEAHE AN T, A% DA S50 A0 B 9 Jy T B R 5%
CMBA TS5 ARRNE AR Z M HEAER, M55
E— I SR 4 a5 AR W R 43 IR A ELA R AL
R E SRR S

Sk

[1] SINGH P, WANI A A, LANGOWSKI H C. Food
Packaging Materials: Testing & Quality Assurance [M].
Boca Raton: CRC Press, 2017: 1-9.

[2] ZHANG S, GU W C, CHENG Z Y, et al.

(3]

[4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

-37 -

Development of Edible Packaging Materials[J]. Advanced
Materials Research, 2014, 904: 189-191.
ZARCO-FERNABDEZ S, MANCHENO M J, MUNOZ-
OLIVAS R, etal. A New Specific Polymeric Material for
Mercury Speciation: Application to Environmental and
Food Samples[J]. Analytica Chimica Acta, 2015, 897:
109-115.

CLARKSON T W, VYAS J B, BALLATORI N.
Mechanisms of Mercury Disposition in the Body[J].
American Journal of Industrial Medicine, 2007,
50(10): 757-764.

OULB, CHEN C, CHENL, etal. Low-Level Prenatal
Mercury Exposure in North China: An Exploratory
Study of Anthropometric Effects[J]. Environmental
Science & Technology, 2015, 49(11): 6899-6908.
BRANCO V, CANARIO J, LU J, et al. Mercury and
Selenium Interaction in Vivo: Effects on Thioredoxin
Reductase and Glutathione Peroxidase[J]. Free Radical
Biology and Medicine, 2012, 52(4): 781-793.
RAFATI-RAHIMZADEH M, RAFATI- RAHIMZADEH
M, KAZEMI S, et al. Current Approaches of the
Management of Mercury Poisoning: Need of the
Hour[J]. DARU Journal of Pharmaceutical Sciences,
2014, 22(1): 4e6.

BRANCO V, CAITO S, FARINA M, et al. Biomarkers
of Mercury Toxicity: Past, Present, and Future
Trends[J]. Journal of Toxicology and Environmental
Health: Part B, 2017, 20(3): 119-154.

VIEIRA J C S, BRAGA C P, DE OLIVEIRA G, et
al. Mercury Exposure: Protein Biomarkers of Mercury
Exposure in Jaraqui Fish from the Amazon Region[J].
Biological Trace Element Research, 2018, 183(1):
164-171.

BEVGYs, WRUTHE, ZRHRME, 4. Hg' XA IR
MR S8 g2 (0], v R4 AR AR ),
2013, 44(10): 3991-3997.

CAI Xiling, ZENG Hongyan, CAI Lianhui, et al.
Modification Effect of Hg”" on Papain and Its Kinetics[J].
Journal of Central South University ( Science and
Technology ) , 2013, 44(10): 3991-3997.

sAFEE, BITHE, RRet, 45 WAJE He' Al Cu™ Xt
AR IS PE S ZR52m (7). R R Al (A
SRRIFRT ) . 2013, 44(6): 2207-2213

ZHANG CY, ZENGHY, XIONG L B, et al. Effect
of Bimetal Hg”" and Cu’" on Activity and Conformation
of Papain[J]. Journal of Central South University( Science
and Technology ) , 2013, 44 (6): 2207-2213.
LIUXY, ZENGHY, LIAOMC, etal. Determination



m €1 %= = f PACKAGING JOURNAL
2019 F £ 11 E FE 4 8 Vol. 11No. 4 July 2019

of the Kinetics and Influence of the Mercury Ion on Deep into Protein Secondary Structure with Synchrotron
Papain Catalytic Activity[J]. RSC Advances, 2015, Radiation Circular Dichroism Spectroscopy[J].
5(84): 68906—68913. Biophysical Reviews, 2017, 9(5): 517-527.

[13] LIU XY, ZENGHY, LIAO M C, et al. Interaction [18] SREERAMA N, WOODY R W. Estimation of Protein
of Mercury and Copper on Papain and Their Combined Secondary Structure from Circular Dichroism Spectra:
Inhibitive Determination[J]. Biochemical Engineering Comparison of CONTIN, SELCON, and CDSSTR
Journal, 2015, 97. 125-131. Methods with an Expanded Reference Set[J]. Analytical

[14] RIZVI S M D, SHAKIL S, HANEEF M. A Simple Biochemistry, 2000, 287(2): 252-260.

Click by Click Protocol to Perform Docking: AutoDock [19] WAL S V D, CAPICCIOTTI C J, RONTOGIANNI
4.2 Made Easy for Non-Bioinformaticians[J]. Excli S, et al. Synthesis and Evaluation of Linear CuAAC-
Journal, 2013, 12: 831-857. Oligomerized Antifreeze Neo-Glycopeptides[J].

[15] DRENTH J, JANSONIUDS J N, KOEKOEK R, et al. Medicinal Chemistry Communication, 2014, 5(8):
Structure of Papain[J]. Nature, 1968, 218(5145): 929- 1159-1165.

932. [20] FORLIS, HUEY R, PIQUEME, et al. Computational

[16] MAMBOYA E A F. Papain, a Plant Enzyme of Protein-Ligand Docking and Virtual Drug Screening with
Biological Importance: A Review[J]. American Journal the AutoDock Suite[J]. Nature Protocols, 2016, 11(5):
of Biochemistry and Biotechnology, 2012, 8(2): 99— 905-919.

104.
[17] KUMAGAIPS, ARAUJOAPU, LOPESJLS. Going (FiEsmE, =xig)

Study of the Inactivation Mechanism of Organomercury Compound on Papain

LIU Xueying"?, WANG Fan', HE Dongsheng', LIMin', CHEN Yinyan', DENG Yan"?, MA Liang"’
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Abstract: Trace amounts of heavy metal bindings in composite food packaging materials pose a serious threat
to the health of consumers. In order to elucidate the effect and mechanism of heavy metal bindings on biological
macromolecules, the structural changes of papain were investigated when its activity was almost inactivated as treated
by chlormercuric benzoic acid (CMBA) of certain concentration. The secondary structure of the papain treated by
10 mol/L CMBA presented obvious changes. The content of a-helix of the treated papain decreased sharply from
43.4% to 4.2%, the content of f-sheet, f-turn and random coil increased from 12.7%, 16.0% and 27.2% to 40.0%,
19.6% and 36.2% respectively. The secondary structural components of the treated papain were almost transformed
from a+f type to full f-type. The CMBA molecule induced the stretching of a-helix and structural dispersion together
with conformation loosening, these all led to the destruction of the papain natural conformation and resulted in nearly
complete inactivation of papain. The maximum fluorescence spectrum absorption peak of the treated papain showed a
red shift of 7 nm and the intensity was reduced almost by a half, which might be caused by the embedding of tryptophan
residues in the polar hydrophilic environment. The molecular modeling indicated that CMBA could bind with papain
in the hydrophobic pocket and there was a hydrogen bond formed between CMBA and glycine (Gly) 66, while a
hydrophobic bond formed between CMBA and tryptophan (Trp) 26 in the ligand-binding pocket, which was consistent
with the results of spectral analysis results.
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