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Study on tyrosinase inhibitory activity and Cu®* binding activity of tilapia
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Abstract: To find out whether the tilapia (Oreochromis) skin collagen peptides can effectively inhibit melanin production, we
used enzymatic method to prepare the tilapia skin tyrosinase (TYR) inhibitory peptides (TSTIP) and studied the relevance
between TYR inhibitory activity and Cu** binding activity. The results show that the product of tilapia skin hydrolyzed by alca-
lase for 4 h exhibited both the highest TYR inhibitory activity and Cu** binding activity, which were significantly positively cor-
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related (R=0.856). When TSTIP was bound to Cu** or tyrosinase, the intrinsic fluorescence absorption had a consistent decreas-

ing trend, but the UV absorption increased and the maximum absorption wavelength had a red shift. For FTIR results, TYR and

Cu** bound to TSTIP mainly by carbonyl and amino groups. Circular dichroism shows that the B-turn and random curl con-

tents of the two conjugates decreased relatively, while the B-fold content increased relatively, which was more obvious for TSTIP-

Cu®* conjugate. In conclusion, the structural change of TSTIP-TYR is similar with that of TSTIP-Cu** conjugate, which indi-

cates that TSTIP can inhibit TYR's activity by binding to its Cu’" active site.

Keywords: Tilapia skin; Collagen peptides; Tyrosinase; Peptide-Cu’* conjugates; Structural characteristics

Bt (Oreochromis), )& TRERE Y],
EH. ek, HEAEER. AR, 5%mY
SRRy ek EE Y, P E S EA
Ji, @MU I, K & IR
T 1, BTEEARRGIED, 2020 FREP IR0
T RN 54.95x10% t, fiR/KEEZE P, Bk
N T LR VR R R 3, I Tad A e = A i K Al
FEIanAn Ry | A0 A SR T A PR A R AR
FEAE TR PR 2R A B AR 8 75 e S [ T B ge
B, fa PRI A S B EA SRR 25%,
HAEA NRLTEE 8 Fha IR, HA RS A M
B, AT HPRAEERINRENG sy Y Ak, BiE
XK 7= R R I PE R T IR AR A, B fa
VER BRI B ARk, BT R & RSt

B RYoE NMARR @R SR 1, TgaE
(1) 58 A 2R 55 Ak U IBE DGR 4 B2 Tk T s A R i
(Tyrosinase, TYR) f& S0 2 & 1 0 B w906
PESEG , TEE v) 5  dk B e 2R A I AR
S|P . M BT, RN . MRk M R
PO, KRR T, M TYR 36 P AT A Rk
DB A R AN, TYR FESBRE RS AT
PR AL = 2 B T M 22 BB S SR N B AL
T B AR SR A A 5 1 2B A T B D 4 AR AE AT
WA M, TYR MG PEHLELL 2 M T (Cu™)
KA S K 2 s, A Ca* sl 3 A4l
AR A EY, H o Z M PVEN%H:, TYR
G PR BT Cu* Z R R TE R B 1E . 75
Cu & A ML T /IR F IR, SEOLTTE
RAFALAEA, TYR BITEPEE S . ik, 76
PE KA AT REAE IR 2 U i A TYR W 57K H
88, HAEIRMLE AN, JFEA S Cut B B
HAEM S, BAL Cu’ b is o, SEmiH TYR
e

FAT, B HNANET IO TYR B30 HIALH
CHKRZIRE, F2HE S LM A B TYR

IHRE MR R, MH SRS TYR | Co*' i
PR ZE G IR B IR IE , W ICA P R
RUR TYR #HIBR A AR 5T, Bk, ARBF5ELS
A0 Bz Sy Jopek ] 5 s 2 PR BRI AR (Tilapia skin tyro-
sinase inhibitory peptides, TSTIP), Jf-illid4s A AR
BAIE TSTIP 5 TYR 7 Cu®* i P O A BAE
DIh i BRI RRI AR D625 . i . BRI
SR OE 9T LA B A e B AR Al i 28 % A0 A 4
5%,

1 MRSIE

1.1 RS

B W T AR A g YRR AR A A
BRLPESE UG . R T . AR R (B IE e AR
YRR A RAF); @ EAABEH K (Mw 307.3) .
FFER K (FEXT20F i MW 6511.44) (J7 M55 =
EYFARGIRAT); AMEAZER C (MW 12400) .
FIRKES (MW 1422.69) . L-BRE R . WElR &40
(NaH,PO,-2H,0) . #R& —4h (Na,HPO,-12H,0)
(2 AR A IR F] s EAR B e H Ak
(Mw 612.63) . L-Z M, B A RE (T3824) (£
Sigma 2y H]); BERHN (CuSO,) CREHT A AL T
BIRAF); M (CH;CN), =% M (C,HF;0,)
(E 252X AR A ]
1.2 UE5EE

HLRE &AL (Kjeltec™ 2300, J}# FOSS 2
H]); WOtEEARIY (Sunrise-basic Tacan, Fit
TECAN A #]); 26 6EE T (Cary Eclipse, 3
[ VARIAN AF]); $500] WL 6T (UV 2550)
LIHMEIEAL (IRAffinity-1) . =& AH ARG (LC-
20AD, HZA SHIMADZU A7)); [8 — %%
(Chirascan, #[E Applied Photophysics /A r]); HHJE
&% Tl (Inductively coupled plasma mass
spectrometry, ICP-MS, Agilent 7900, [ Agilent
NP
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1.3 Ak
1.3.1  F 3k & ZIJR & G K b6 &

S BRACIR A i 9 vk ) IR R AR B B
B AL R R RS, T 1010 (m: V) AR A AL
44 (NaOH) ¥ (0.05 mol-L™Y), #i#+F 30 min J5 Ui
KBEEFE; 4% 12 10 (m: V) IIA AL S (HCD)
W (0.05 mol-L™Y), 2 10 min J5 /K k2 ik,
WTHTH, 60 C fEIREAMAMIA 5h, 10000 r-min™
B0 20 min JEHC B, FHPLRE A% (GB
5009.5—2016) & Bl R .

B2y 100 g WS ARt R SR, M BT 0 50k
2% (FEBSRE A S m IR MEAM, 754 Hix
LB 25 (3R 1) T 3B ff 1~8 b, MR &EFR
1 h 3799 pH, BRS¢ BUS B KB I 15 min K
i, VA HE, 10 000 r-min' B0 10 min, H
IEWA TR TR RN B R R K

x®1 TEEOHEMNEEMEEYE

Table 1 Enzymatic conditions for different proteases

fitHfif 2611 Hydrolysis condition

i 536 ; - .
s W W SRR W
rotease act)i,vit ) pH Temperature/ Enzyme Hydrolysis

(U_mg?'l) C content/%  time/h
ik 2 1 1,2, 4,
Alcalase 200 90 >0 2 6. 8
1.2, 4,
*I[&EEEE 1500 6.5 50 2
Papain 6.8
; 1. 2. 4.
FF%EF’% 250 8.0 37 2
rypsin 6,8

132 &jkmanl e

BEFRME S % GB 5009.124—2016 ( B %
S E GARMER M Th AR I E ) .
133 oFEaHn

Z M Guo % IR, SRR
RFIHERH 43 (High-performance size-exclusion
chromatography, HPSEC) 72l % JIK 1) 435 70 o
WA A OK, SHRBUIECH 0.1% = ZR) - B
(O, SHWBECH 0.1% =H LK) =80 = 20
(V2 V), #REEARFN 20 uL (2 mg-mL™"), HEH
0.5 mL-min~", ¥R 214 nm, ANFEAHXT>F
AR iEsh (G ER C, AARAMH AL, 15
TAZSIDEH R, APk, A iR IK) FH I Sl AH Bk 2
mg-mL™' IRE W, 0.22 pm L uE it 38 J5 i
F, FIHREAARMESRIVEPREINZ, MU 0 fR
2N LIRS W SR e T

1.3.4 TYR p4] & 2

P B8 Yu SR TR AR B . OV AE 96 FL
Wit 7, RVAAZR 200 ul, DL 1 mgmL™ i L-%
Eak LB R AR, LU pH 6.8, WE A 0.2 molL™
() PBS NZE i . JShA 80 uL EMIEW, BN
A R SR TR B (B 20 mg-mL™"), 0
B 5 min J5E 475 nm AWE(E . HJE A 40 uL
TYR % (500 U-mL™"), 37 °C %% 15 min, FHIX

E 475 nm AIOGIE ., XTRRZH LA PBS IR Gl
fi#r. TYR #0342 (1) 35
Ryyr = (1 - AZ‘,_ Az) x100% (1)
A — A

e Ryyp 4 TYRHIHIZR (%); A A, 53004
TN 25 B 4L TS 3% 5 min IWOGIE
AVFIA, G5 PSR 15 min 5 IO GIA
1.3.5 Cu"&&-Freyml st

fii FH ICP-MS X i ik ) ) 4 285 5 1 PR 2R A 7 )
FEP HEEY) S CuSO, AR 1: 1 (V: V) IRA
J& 37 C fHIRIEY 90 min 1 H 454, B 20 mL
GEEWOENT 24 h, B4 h H—UOK, iICRBIEE
W SR AR, B 1 mL BRI, A
5 mL S BR AT 8O0 I i IS E 45 & 50 mL, SRH
ICP-MS M 5E B I Cu® W E . Cu 454 %
N

X Vx
R = 7 100% )
m

X ROA Cu 85 F (%); ¢ BB Cu® i
R (ugmL™"); VAREIKIARE (mL); m AN
AEBERETE (mg); n IR
1.3.6 ®RAKEEH

Vot 2 1l T 2 £ R R ROK S 4 b JR AR E
() B R A T B 0, B0 T A B R R T L A
A TSTIP, 435l#% 0.2 mol-L™" Cu**, 5 mg-mL™" TS-
TIP., TSTIP-Cu** (Cu* ik & 0.002~0.2 mol-L ™),
TSTIP-TYR (TYR B¢ B 500~1 000 U-mL™")
BTG, BRI 300 nm, KRGS
I 290~310 nm, [A]#E 0.2 nm.
1.3.7 ESPT L4 (UV)

43504 5 mg-mL ™ TSTIP, TSTIP-Cu®* (Cu®*ifk
B 0.1 mol-L™"), TSTIP-TYR (TYR & ot & ik &
500 U-mL™") #ATEAMGIEAHR, HHEE R
200~500 nm,
1.3.8 442t & Hesr sl bigiats (FTIR)!

A1l 4& TSTIP, TSTIP-Cu*' } TSTIP-TYR f¥)




158 2R S

H19 %

BT, #il4 TSTIP-Cu* R THERT, K TS-
TIP 5 CuSO, Wik 1 : 1 (V: V) IBEJG 37 C
fEIRIRY 90 min, 256 RN ZHGENT 24 h, ¥
BN T . 145 TSTIP-TYR B9V THRERS, ¥ TS-
TIP 5 TYR IEWH% 2 : 1 (V: V) IREHE 90 min J&
BT RIEE 1 mg R THE S 100 mg T
KBr IRA MBI, W5 E FLsaisi .
FTIR S5 HLL A6t BT 4 000~400 e ™!
WHEINIES, SHEER 4cm™
1.3.9 = &, (Circular dichroism, CD) 1244

K Chirascan [ — 35453 5I%}) TSTIP, TS-
TIP-Cu™* 5 TSTIP-TYR #EA7R —aikif, =i
Fil°A 190~260 nm, K CDNN #2EHNAFE i — 2%
SR
14 HEFKITS5HH

SIS BT FH SPSS 18.0 BAF AT 843 Mt
SEIRDL OPYEAARER (XESE)” Fon, S5RA2E
SRR R E 78T (One-way ANOVA),
P J5 #£4T Ducan's Z H L5, P<0.05 X/RnZE5F W
=5 RHRUZ & Pearson REGIHATAH 4305 R
F Origin 8.0 FAFAER .

2 HER5r

2.1 AEBEMEYH TYRIHER Cu™"EEERKE

KD

TEHRL 3 AR BT 2 A 10 R I A T, A
A B B 2R R %Y (Alcalase hydrolysate,
AH) . ARJNE A GHGAHEY) (Papain hydrolysate, PH)
KA i %4 (Trypsin hydrolysate, TH), 4%
T A 0 ) TYR 41 LI 1-a A1 1-b, 7E TYR Y
YERIE R, TYR ¥R RN L- 218, 1E
PE RN o ELA A TR SRS TYR B L-Z A
e Z B, SO A RS . AR
IR, 3 RPN TYR F0H R (RS w5
g A A ) AR T [ ) A 2 S T
JEBEARI R JLER BRI 2R AL 5 6 /N AH i
o, RN RRESS 4 ANA R R, H
TSy o TR B % . =9 TYR A%
K/NA AH >PH > TH. [§f# 4. 6 F1 8 h T3
AH J TYR MR B E 2R, H RS,
AN 4 h £33 B R BRI AH 2
AR TYR 06

TYR J&— 4 J8 A ALl , 254 o i 3%
Cu LA AL TR . ©A MU/ N 7Rk 5
TYR H XU Cu®* I S 24 35 1 7 A= A BAE
1, M TYR MAEACVE R, 3 FhEs A it
fRPIT) Co™ 45 &R E 25 R UK 1-co ATLUE
B 2R B A A RN AR IS A TH Y
Cu” 45 &85 TARNE A MGRHFY) PH, BT
R T 4 h B, TH® Cu® 4552 E T AH; 5
4 /N E S S RO ; 4h 5 TH 1Y Cu® 454
RET AH, HFEE BRI ZE K AH ) Cu®* 454
R ERR, VREEBEAS B0/ T IKBON £,
H/ASTIKBES 5 Cu? 454, Xt 4 h 1y
AH JE T BB E R S Cu® 45 G R B A M
Mr, #3380 W3 A R A CE, MR ECH
0.856 (P=0.01) (/& 1-d)., Chen %! fJf 5% 2 B K A%
Cu™" 5 G38m, TYR MHIRCREGE . JERIgs R
LA Deng %61 BURFSEH . AN AHL 7] BB
454G TYR iy Cu® 3G MOk TYR 1975
P o SOR FH B B B RS 4 h (97749 (TSTIP) i
T fESAERSESN, PR HSHYS
TYR J¢ Cu** 454G, XT45G kAT 45 b ik
2.2 TSTIP IS FENT

P Pl 2 AT, A A 1 A ] ) S
K, PHEf RS R R IKEL (>10 000 D)
BHED, /N RBE (<3 000 D) B,
fitifi#% 4 h J5<1 000 D [ RkB R 38 hn, Hrh<500 D
435 40% LA F. TSTIP H1>10 000 D (4145 5
27.56%, 5000~10 000 D fJ4 415 3.78%, 3 000~
5000 D AYZH43 15 3.18%, 1000~3 000 D AYZH 53 i
17.34%, 500~1000 D 44535 19.72%, /T 500 D
FI4153 5 28.43%, ULRH TSTIP fh[a]it HAG TYR 11
HE S Co® 45 A i KT & 7E 1 000 D L)
o MRS T REARN R B, KEMR
FH TYR 0603 B AR o T 7
2000 D AR, Deng Z K A4 (Citrus reticu-
lata Blanco) #f & L5>F <1 000 D 415311 TYR #J
s A . 55—, Ko
W e B AR EEREZ —, Guo %Y
B BT RTINS &% (Gadus chalcogrammus) 8 57 it i
YIiATIE E AL Cu* 2B AZNT, 153 H7E 500~
2000 D WAL HA 1) Cu™ 45516, Car-
rasco-Castilla 25 "SI7E 4l b =3¢ G 8 1 A 4 it 2% 0
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fiff Alcalase W AJNE AN Papain (b)
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abA bA aA
50 F ablzkiA

LIS HnIES

Monophenolase inhibition rate/%

1 2 4 6 8
it fiF i} 7] Hydrolysis time/h

(6) —a— BHIEEE A Alcalase —e— AR EE (/i Papain

26 JiREE F 1 Trypsin aA
24
bA
o 22} bA bA
% 20 L aA
%Z 18| B
o 9
& ERN N B B
:'5 —g 14
©3 1|
gt B e B € dc
s L 6§C/§/§\{»—§
6 i 1 1 1 1 1
1 2 4 6 8

ity fi i5f [14] Hydrolysis time/h

bB
bC

40

30

SRR

Diphenolase inhibition rate/%

20

10

1 2 4 6 8
it fiF f ) Hydrolysis time/h

(d)
57.50

55.00

52.50

50.00

Py A )
Diphenolase inhibition rate/%

47.50

45.00

12.50 15.00 17.50 20.00 22.50 25.00
Cu** 454 % Cu* binding rate/%

B SRR B TY RAD 5 Cu 45 5 S AR ST
T a MR BRSSP b BEARMIA BRI GRITEE; o BEIRY Cu™ 4584 d. TSTIP — Bl fiiG1ES Cu™ 45 & R AHIE
T AR [R)ING RS [l i PR A (] AR P 1) A AR 0 1) 10 A 3 2 5 T35 (P<0.05) 5 ANIRIRS FRERR AN R 8 A B 7R
7l — P e I 1] BT W A A 1 ) 3 22 57 (0.2 (P<0.05)

Fig. 1 Tyrosinase inhibition rate and Cu®* binding rate of different hydrolysates and correlation analysis

Note: a. Monophenolase inhibitory activity of hydrolysates; b. Diphenolase inhibitory activity of hydrolysates; c. Cu** binding rate of hydrolysates;
d. Correlation analysis between tyrosinase inhibitory activity and Cu** binding rate. Different lowercase letters indicate that the same protease at
different hydrolysis time had significant difference (P<0.05), while different uppercase letters indicate that different proteases at the same
hydrolysis time had significant difference (P<0.05).

I3 FHE<1 000 D 2040 Cu 45 B im M IE & TR
Ty, 454 2.0 WEER, i 4h 5=
TYR MG R E 225, M Co™ &5 A 20
R HEE# 4 h J509 Y b4+ &K T 1000 D
P R, SR SRS — 25 fff e X3k P AR i
PEEA H R TTRR A o F 457
2.3 TSTIP S EBESENT

M 2 Al EEfRE AR . NER . AER
FIVRG 2R O it LU AR 1o 2 AR, H i S R %
s ILHIA e, HAZ AR EEAR . GRS
I . R EIR SR A RRTE TYR WGP &
CuM 45 & iEM iR EZIEN, WAAHER. MR
MR, NaEMR . M. RS ORI G
PR —E DTk

KRN, BKEZRR (HZER . N
AR . BREART) MOFHEWRERR (nEmR) B
bR E IR T TYR G PR W m >, G
il TYR $HAKRERS ELHE 5 B rh AU Cu™TE
A, X EESKFI PR ERA ", T
AR . THRER SNZIR 3 Fha B0 = M 8
TEME 2R, TERIFE AP SR FEE . b
HER . WMEARAEY AR, B8E64
J& BT RE T A SRR . RS BRI 2 ISR
B R4 R TYR 45 5 451E, HIMERAL S
Cu’ By 1220 Megias %P B EME S (Cicer
arietinum Linn.) & FKEP 44013 2] Cu® 245G
BK, RINGEERRBOK I TR 2R & . It
dh, SEBEFEGHIRT R S A AR R IR
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TE: o BEERREHM KA 23 T 505 5 b. SlMER A REREAR YR RIZH 531 & 1

Fig.2 Molecular weight distribution and proportion of alcalase hydrolysate

Note: a. Molecular weight distribution of TSTIP; b. Proportion of alcalase hydrolysate with different components.

S, PUORHRIET 5 Cu A i o R A T
X Cut FLAT AR I 3 P KB 1 G LR R

R2 FIFERMBEIREBNSRKPIERNSNRESH

Table 2 Amino acids composition and mass fraction of

tilapia skin and TSTIP %
IR VRN B |l J Tk R D A K
Amino acids Tilapia skin TSTIP
KAZMR Asp 6.200.23 6.00+0.28"
B Glu 10.78+0.14° 10.65+0.21°
AR Lys 3.69+0.238 3.62+0.26°
ZH %R His 0.90+0.10* 0.87+0.25%
AR Arg 9.45+0.18° 9.20+0.23¢
{5 R Trp 0.1520.20" 1.80+0.22'
g R Tyr 0.65+0.23" 0.61%0.18'
R Phe 2.2140.25' 2.1140.15'
HZm Gly 26.2840.21° 27.70%0.21°
AR Ala 11.2240.17° 11.16%0.23°
SR Val 2.210.211 2.1940.26'
AR Met 1.1840.17" 1.4740.347
SRR lle 1.17£0.24 1.10+0.40*
I % #% Pro 14.3240.15° 13.68+0.23"
AR Leu 2.9540.09" 2.9240.22"
IR Thr 2.95+0.04" 2.9440.17"
225 R Ser 3.84+0.148 3.7240.328
BEERE Cys 0.010.12" 0.04+0.13™

e ANIRING SRR R R U AS [R) 2 BE R 26 (1 AR X 5T k4
R W E (P<0.05),
Note: Different lowercase letters indicate that there are significant dif-
ferences in the relative mass fraction of the same material in dif-
ferent amino acids (P<0.05).

IVRERE4S & TYR WA Cu®, Al 5 Cu® JH Y 56
I BLRR N Val283 . Met280. Phe264. His85.
Glu256 . His263 Fl Asn260 ZFer tHEAEH 11, &
SR E Co* s A RO TYR WM. H
BEHREN TSTIP AEAEHEA TYR M6 Pk b IF 2545
Cu” K JE & FEmR, LR HAT TYR #0356 P
5 cu g5 E&TEE
2.4 TSTIP-TYR K TSTIP-Cu*" Hy3% S 43>

& 3 A4 % KA 305 nm B, TSTIP 434l
5 TYR e Cu™ 45 & 556 & SHtiEr 224k (290~
310 nm). ZGHREMREMRULI] TSTIP 454 T
TYRPY, BfiZ5 TYR WEEAYHE N, TSTIP BN IR EDE
S5 WA . 24 TYR i % h 500~750
U-mL™ B, 2O T FRIREN R (K 3-2), &
Cu VR BE IS I, TSTIP 14 N 5 2% S0 35 38 W7 1
&, 5 0.002 mol-L™" Cu*"45& i, TSTIP AYZGik
JENBRIR B s B Cu VR BEARZEH K,
PR EE MR ZE, YOI R AEMII AR (H
301.03 nm B & 302.03 nm, ¥ 3-b), FEEHREEFET
J& TSTIP S F IR AR S Cu™ kA 454 1
RURRAEDY . Cu” Bl DR KA E R,
78 TSTIP 5 Cu™* 45 G e HM G LR, s
RGBS, X T RE Mo I 85 2= ik
KIEREER, TYR M4 A b 2 g Hm e, i i
TSTIP HA A TYRIIHIGE ST . & 3-a 5& 3-b
B TYR 5 Cu*¥iE S TSTIP 454

H &l 3-c 5& 3-d AT&E ), TYR %454 TSTIP 1)
B Cu™ 5 TSTIP (45 A HRE, HREER
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—— 0.2 mol-L! Cu**
ety by~ TSTIP-Cu* (0.002 molL-)
- -Cu** (0.002 mol-L~
700@ —a— TSTIP-TYR (500 U-mL"") 700 . TSTIP-Cu?* (0.02 mol-L™")
—v— TSTIP-TYR (750 U-mL™") —= TSTIP-Cu?* (0.1 mol-L™)
5 600 [ —* TSTIP-TYR (1000 U-mL™) 3 600 | —— TSTIP-Cu* (0.2 mol-L™")
Z PN < ~<~——301.03 nm
= 2N = 7
£ 500 | / N\ £ 500 | /
= =]
22 40 | N ER U
;[5% 300 \A\ _‘E% 300 |
Q O
g 200 | \ £ 200 ¢ / .
g v"\v\ = S
= 100 | P antaN = 100 | N
!4./' e .
s SN

292 296 300 304 308
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Note: The a and b represent the changes in fluorescence intensity of TSTIP combining with TYR or Cu’* at different concentrations, respectively;
the c and d represent the changes in fluorescence intensity of TSTIP combining with TYR or Cu’* at different time, respectively.
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