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Abstract: To investigate the inhibition mode of the yak bone collagen peptide fraction, YBCP-2-2, its antioxidant activity,
Cu’" chelating capacity, inhibition kinetics against tyrosine mono- and di-phenolase, and interaction with tyrosinase were analyzed
using fluorescence spectroscopy. The results demonstrated that YBCP-2-2 exhibited notable antioxidant capacity, with ICs, values of
6.02 mg/mL and 0.81 mg/mL for scavenging DPPH and ABTS free radicals, respectively. YBCP-2-2 also exhibited a total reducing
power absorbance value of 0.57 at 8.00 mg/mL, along with superior Cu”* chelating capacity, with an IC, of 3.22 mg/mL. Furthermore,
YBCP-2-2 substantially inhibited tyrosine monophenolase in a mass concentration-dependent manner. At an inhibitor mass
concentration of 20.00 mg/mL, the initial velocity of the reaction decreased from 0.012 /min to 0.003 9 /min. The inhibition

type on tyrosine diphenolase was identified as mixed competitive inhibition, with both V,,, and K, undergoing changes in

response to variations in the collagen peptide mass concentration; the inhibition constant KI was determined as 0.58 mg/mL. The
interaction between YBCP-2-2 and tyrosinase induced fluorescence quenching of the enzyme, accompanied by a red-shift
in the fluorescence emission spectrum from 340.20 nm to 351.60 nm. These findings conclusively demonstrate the potent
tyrosinase inhibitory activity of collagen peptides, thereby providing a theoretical foundation for further investigations into
peptide-based tyrosinase inhibition.
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RGPS, S AHENTKOEE, SR NRER S TEK
CENRAW, FHPEXTHEN GSH. AT
A~
D=(1- )x100% @))
E W

D——DPPH A &1 & iF %,

A,——#i#& 5 DPPH L&%;Zw&éﬁ OD 14;

A,——HR 5 K CEEE OD 14

A,——RKTEEE DPPH LB /&4 OD 4.
1.3.6.2 ABTS H H3E Mg 11 &

22 i SCEP I AR R . B 7.00 mol/L )
ABTS"™ &5 2.45 mol/L IR BRATA IR T, B
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K, HU2.00 mL AN [R5 &9 B2 YBCP-2-2 ¥ (2.50
5.00. 7.50. 10.00 mg/mL) 5 [& /& #1 500 U/mL F#&
RRHR A, FREA WM 56 R K.
280.00 nm, 3 A BTG IS G DY 300.00~500.00 nmo
13.10 #4EH%T 504

P e 35 A 3 Uk, Hdls 4 2 53 R A Excel
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Table 1 Basic components of yak bone collagen (%)

AR A EFaR Ko RA
tF 85.10+0.46  11.33+0.11  0.21+0.23

22 BAFEBRHRMN

2 $yE Al &, YBCP-2-2 gk, 5%
s MM PR I R R R A 28 A i ) Ak
RIEFRI 42.32% 10.04%. 28.43% M 63.45%. 1M
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BE 19, 2 R R AH OB 2 I — AN E A
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B ¥ RS 5 A LA AR M R B A AE T 2 K
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DA 5 20 f 7203 1, R 2 K S T R N 1R] ) AR
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Table 2 Amino acid composition analysis of each component

FAE100g) agg% E;Sjﬁjlﬁ) YBCP-2-2
RAZE (Asp) 133.1 225 2.08
A2 (Glu) 147.1 23 8.46
2 7B (Ser) 105.1 0.17 2.61
282 B (His) 155.2 2.09 0.3
H&E (Gly) 75.1 0 252
## B (Thr) 119.1 1.87 1.58
R (Arg) 174.2 3.05 6.86
AEE (Ala) 89.1 3.05 10.36
BERER (Tyr) 181.2 12 0.59
F A (Cys) 1212 0 0.11
AR (Val) 117.1 7.06 243
FERB (Met) 149.2 5.43 0.19
KAAE (Phe) 165.2 11.08 8.06
F A (Ile) 131.2 12.41 1.47
Z R (Leu) 131.2 10.12 5.17
HAE (Lys) 146.2 6.27 3.16
IR B (Pro) 115.1 10.87 8.76
Bk Q1A (kJ/mol) 3.515
B UK B P45 42.32%
AR F SRR L ) 28.43%
6% BB 24.14%
AR A 10.04%
PR ZIR B A 63.45%
T & b 2K B ) 44.40%

JE: BKMAIE: Leu. Ala. Val. Met. Phe. Pro. Trp
Folle ; MMRILEL: Ser. Thr. Tyr. Cys. Lys. Arg. His. Asp
#2 Glu; 6% & HAB: LM Phe. Leu. Lys. Val. Ile. Thr #=
Met ; &% 2B : Tyr. Phe #= Trp; IAMM R : Val.
Ala. Glu. Leu. Phe. Pro. Tyr. Ile. Arg. His. Cys. Met #=
Lys; TI 7% 1 & A& B: Asp. Glu. Ser. His. Thr. Arg. Tyr.
Cys. Val. Leu #= Phe.

23 MM HTFREM

XT 43 B Al A HT R IR R E Ik (YBCP) A4y g5 40
A3 21 YBCP-2-2 #4700 TRl b, 558 i 1
AR 3 fione & YBCP-2-2 #45r &8 K/ BLA R 5 A4
BBy, HIITE 3000 Da (28 ik) LLF, /T 1000 Da
(8 k) MIEBrIEE] T 96.56%, FHrh Mw ¥ 259-608 (1]
BB AT, SEZIN 90.73%, B 5.83% 4145
i AR

AT R BEE A 5 o T2 BN, HTIA 8
RHK, o FEALE 1000 Da LL T 2 4 30 1 %
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BE 5 47 1 R PR L AR i VAR . YBCP-2-2 [ AH X 4
FRE N EE AT 1000 Da (2~8 k) PR, JuH:
72 500 Da LA (AR 73 5 Bt 1t v& 1 40 B8 2R A0 Hi
& &, IXE Ll 2~4 BRI B R B R ALK, H
YBCP 1 YBCP-2-2 £ 3X #f 73 /5 JIK i e 1 AR 43 il
SLTH AR 49.04% F1 75.54%, T R i 0 619 1 A
B ) YBCP-2-2<<500 Da (2~4 k) HJ#64>tt YBCP &
26.53%, Xk — 5 3 BRI AR B T R B v
Y5 Z KA TR AEVIER, 572N,
ik 2 BRI il e 7 ey
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Fig.1 Peak distribution of YBCP-2-2 component
: a A YB; b % YBCP-2-2,
% 3 YBCP-2-2094> FE&H#T
Table 3 Molecular weight analysis of YBCP-2-2 component

ETARE 5/ %
»F&/Da i
YBCP YBCP-2-2

>5 000 >39 fik 0.53 /

3 000~5 000 23~39 fik 1.18 /
2 000~3 000 16~23 fik 2.32 0.04
1 000~2 000 8~16 fik 12.93 3.4
500~1 000 4~8 fk 34 20.99
180~500 2~4 fik 48.44 69.74
<180 BRI 0.6 5.83

2.4 YBCP-2-2% Ik #y 48 k&t

2.4.1 DPPHA &k FMR 4

100k —=— YBCP-2-2
< —e—GSH
g %00
&
i 60
i 40
jas]
& 20
& I
1 1 ]

00.0 Ofl 0.|2 l.IO 210 410 6.0 8.0
JHER A / (mg/mL)
& 2 YBCP-2-2 Xf DPPH B BB EBERER N
Fig.2 Effect of YBCP-2-2 on DPPH free radical scavenging

DPPH- &2 — M AEH fa € 19 A %, X A DPPH
PR RTORE S I PUA AL RE 7T, O JE B R R
DPPH- &4 I\ ZI 44 5 A i3 8000 4 5 Ji A TG e A%
NN R R, AR R BTG E B A R R
(1) DPPH- FI3 R IR/, LAUE SR VP B 0 R 5 T
FAbre I, wE 2 o, BEE 2K 5 A GSH 1)
WL THE, W DPPH [ 3 7 4 283 Wi 0 o
H v GSH () DPPH H H &G FREE S T3 R H, 1Cs,
4 0.054 mg/mL, BEfd S5 C0 VA IR AR JL I [H) Py AR 9 3 8
YBCP-2-2 (1) DPPH [ HH2EEFRAE A X855, sk
5 8.00 mg/mL 2N 62.87%, 1Cs, N 6.02 mg/mL.
A REZ& YBCP-2-2 43 & i & FL W2 Cys 1 Met (1155
WA SRR P R i L LT BT s PR
H o BUR, Met R I AL 5 0E P B E0d AL
Y. REEEAFEY; Cys fefe it il PR IEPIEL
TER®Y. IR Cys il Met #542& & & GSH FIRT A4 7 ,
& RO R B Cys A1y B R BEF R IR & RS
B, 1 GSH XAETS M A B, 4ERE 157
A&+ mEMERR.

242 ABTS A @Ak

K3 LLFE H, YBCP-2-2 Al GHS %} ABTS"
1 EH S B A B A IR B R N 2 BB
GSH A Ew A1 ABTS H HEEERRAE /1, K
FE 1E 0.15 mg/mL I} 5t GE 1% F1] 99.20% HI3H Bk 2%, 1Cs,
4 0.018 mg/mL ; YBCP-2-2 tt GSH A i i) 5, {H K
FEH 6.00 mg/mL I iE R mik 99.42% #IL A2 H
IC5, ¥ 0.81 mg/mL. ] &% K Jy YBCP-2-2 &% 1 5 =
B KRB IR 5 07 & R L s Gly. Val Al Ala 4%
Bt 7K B2 R R e 1o 0 % 11 i 7 A 1k 22 RRD B el R (]
LELAEERNREY, Phe &35 FIRA LR AL BT
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PR TR 38 A v PR SR E ™

. 100}
NS
i
& sof
i
2
m 60y —=— YBCP-2-2
2 —e— GSH
m
< 40

0.0 0?1 0.I2 l.IO 210 4:0 6I.O 8I.0
JREIR Y / (mg/mL)
& 3 YBCP-2-2 3t ABTS" H HE B EHZN
Fig.3 Effect of YBCP-2-2 on ABTS" free radical scavenging

243 RER N

B A I8 5 68 77 FE B K Fe(CN), I8 5 A
K Fe(CN),, K Fe(CN), it 5 Fe™ oA il i & 1=
1 B AMEIIALALE 700 nm OB EEARE A SR, H
A R SWRORFERIE EEBY, BT DA B . AR S
W JERE SR, B 4 TRT, GSH FIRIE R 5 R
BIRERUEL, BARERIVEIEIR T, {025 mg/mL #
TR S w9 0.787 5 YBCP-2-2 ) A3 Ji gt 5 0F
b, K E N 8.00 mg/mL B % I 0.547,
{3 GSH &k J5 Jy 2 T 2 K4 4y, GSH i E WK E
4 0.15 mg/mL B 55 2 K4 73 7£ 6.00 mg/mL i =
IR PR R 8 TR TR

1L.OF —=— YBCP-2-2

—e— GSH
0.8F

0.6 -

0.4

oD, (AU)

0.2+

0 Ojl 0.I2 l.IO 2.I0 4I.0 6.0 8.0
JREHAE / (mg/mL)
& 4 YBCP-2-2 M1 BEIR
Fig.4 Total reducing power of YBCP-2-2

2.5 YBCP-2-2xt B 2 B Bg 91 4| B o /) F#F %

2.5.1 YBCP-2-2%% B4 2 BR £ By il 4 447 1 1% )

B S Al 51, AR5 & W EE ) YBCP-2-2 X i 24
T T BTy T 1) A FH AR I 2, 2R KRR R I BT
WE . AR YBCP-2-2 I, 7€ N AT 3 min i £5 4}
KN, VLIRS RS s 7E 3~15 min P fhZR R R
MR, RGER PR ETFEERA, RN

0.0
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Az il B B T TR (3 R T s 7E 15 min JE IR
AR IR TR, BT IERS 2R S I B AL L- B
12 S5 S0 3o 4 B — A BORYRRAIE R A7 AE SR W RO, sk
2 Ut L RV 2R (1 A S T HH SR I ) ), 3R i e [) i
S S A (Y AT v B e s pa I 6 BT,
N YBCP-2-2 [f)J5 5 IRPEERG AN, [ SLIFIATE B2 3N,
00 42 o A< FE A F1) 20.00 mg/mL BRF, N E
dp/dt M 0.012/min & B& % 0.003 9/min, i B bifi fi% J5L 2
FUPRIR BE 3G 0, ARy g 1) 8 i 2805 ) R 1 5. 1Y
Kui, AT EIKER YBCP-2-2 5, #E4 B
HEENENS ETRIPOE ETHR S TP AR E
VR FEE TR R T A I AN ASL A i 2 R B My T 1) 0% 3 A
KT S B PR AR I T, L O A 4 i A SR
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