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A A -1 (eyclooxygenase-1, COX-1) F1¥ 4
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JRMOT I o g A S K LR S F KNGP 75 il
RRFEEL RG & A K & Mak L, TR A R bt
it i A R B R (R WO . AR, F AR B R
L 22— COX-2 (1% 75 76 30 il 4 1 B AL o A
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DM #E. A4k (yellow pond turtle pep-



170 LRI I NI <3 4

S

tides, YPTP) (K% 72.16 % ) i 2£ & Wrfe i 58 A1 BA
A0 A 410, 3 e BT 00 P A R f A 4 R B Lys-
Asn-Gly-Pro(KNGP) fil Arg-Gly (RG ) 9454 A AT BA
AT S R 100 A T AR TR (R ) I A BR A 7
B, BEEE R T 98% .

2) 15 o R A R 24 R At il
i FHK 28 77K, COX-2( € F Sigma-Aldrich 2%
A] ), 8- JHe BE 28 -1 - iR (36 18 Sigma-Aldrich A A ),
e VUG TR (AA, LG BTRL T A LB A A BR 2
A LN, NN, N-PYH S 28 b i #h (TMPD, |
IR A R B A A BR A 7)), IEBR 121 3 (Hema-
tin, ¥ , 32 [¥ Sigma-Aldrich 2% & ) , Tris (46 5% 2% 7]
B BRZ A, AR AR 3L AR 25 4 1A
AR R AR o
12 U&FE5EE

KNGP (1) 45 # ] ChemDraw 7.0 %k 4 £ i .
KNGP 5 COX-2 B 43 F Xt # 3% % Discovery Studio
2018 A (KAl A 2 A M A A= 27 [ 5K o i 5
EE) . ALt (H AR AR, 500
HiEAL F-4600( H A Jasco 2y Al ) o
1.3 IC,{EHNE

R Shang %521l Ha 48 45 2 R 19 7 A T
EMAEY . B, 0.1 mol/L B Tris-HCL 2% ik
(pH 7.8)%% COX-2 MRl il 25 U/mL W . B &
A2 BRSOV BT A O R R A T SLAL L R
Xof B ZH J2 DL G2 g AR A IR, &S R IR
PLGE mris ARl , 25 1 7 S 2H DA G2 i i A R
an A o K 140 pL A2 s L 20 pL 9 COX-2
.10 pl. Hematin(2.5%0) 43l 5 4 [R] e BE B9 R S TR
A 5] 18 25 C AL 5 mine B, 8010 pl 1
21 pmol/L B N, N, N, N-PU F 3 XF 2% = e 5 i@ £
(TMPD) #1100 pmol/L fE4E PUR R (AA) K 3 8l
¥ o AE 25 ‘CF W 20 min & , {48 40 0] W43 6k
JETHTE 590 nm Abid SO . A IXEmE S 3
W (DTSSR

jﬂ]ﬂ“}u% — 1 o Daample 7 Dsampleblank

Degro = Do
K, Do 32 25 FXF IR 2 A G 5 D onroniank
S22 S ICIE 5 Dy 2 FE A 20 A WO BE
D gmpieviani 22 FE G X BEAL 0 W o e L R
SPSS 26.0 % 15 21| iy B4 i 47 AR Lo v o1 1H 3 B 45 2
EECm v BE (1C5,) A

X 100% (1)

1.4 WIRWEAAKIENE

BT TR IR R I AR (Trp) (A TR
(Tyr) FIZE N Z R (Phe ) B A7 78 T AT RIRZEE,
HATHENHE IR V] LRI KNGP 5 COX-2 Z [H] 11
eI AR DA R WK PRI s 2 € R
PR AE 18] i ] Stern-Volmer J7 #220Hr 98 Y615
TR, LI Hop K s

F T KNGP % COX-2 S i SR K25 5, 3 A
B 15 KNGP -5 COX-2 Y 1 P57 5545 A5 T8 1l i 1 -
BTSSR Y AR SRk [17-18 R i A=t
B A EEA DB () ME ML AW (K K,
(BB, A0 0 5 3 A R R i 718

PENCTEK 5y J E AT K s 25 70 K 2 Fh Oy
SR M I A K B, KNGP 5 COX-
2 10 45 B 2 FRARCRS T #5 Fl AH T A D SRR L B K A
YERIAE AL T 45 0 MR Bk 3R ™ i K (8,
K Van't Hoff J7 2R 345745 (AH) K AE (AS) Fil A
HEAE L (AG) Y,

M AH<0,AS<TO B, 3= Z UK Bl 1 2 U 5 Y
AH>0,AS>>0 I, FEIKEhEHI 2 B KA AR ; 24
AH<0,AS™0 i, 32 B2 0K 50 1 1 2% 0 v A 2228
£ 200 pl 1Y 52 A& 2 L in A 150wl ¥ i T Tris-
HCI ZZ vh i (pH 7.8) iy COX-2(10 U/mL) , Z J5 43
2 U 50 L 1 1C 0 {8 fe A% 1 B B (KNGP) %
T, 43 ) 4 2 3 >0 0.00~0.50 mmol/L . SR 2%
FH F-4600 2 6615 5 4545 i i PR 261
Hor, 3% E Ok I K 280 nm, & 5 Ik K 350~500
nm, Bk 4 95 BE 1 5 nm, A 15 S 1200
nm/min, JERE R 700 V. FraEHEE 31K,
1.5 BEFZEHAKIENE

1R 25 D I i K [T (AN) 35k 15 #1160 nm
B, AT LA AT COX-2 Hb i) i 22 1 60 S R B B 11 o
TEASE, M B B COX -2 RIA G AR AR i B A ST
“LA” RIS OE U 5 W AR 7 298 KR
HEAT[RIZE S ENERE B E o 4313 E AA=15 nm
AN=60 nm , F4% F& BB E S~ 5 nm, $9 3 & H
1 200 nm/min, B & & 4 700 V., #4726 28000
TER . A IE S EE 3.

K SCHRL25 1H I A T KNGP X COX-2 1)
[|] 2 2¢ Y6 #% K 3 (ratio of synchronous fluorescence
quenching, RSFQ).

1.6 Z4EWRHAIENE
FIH = 4E20638E rT L3 At KNGP X COX-2 44
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GRFE R R IR SC 14T B 5 B 4 COX -2
WS KNGP W . TR WA T B RE il i B 2
200 5 J5 , BA 200 nm k2 4 8k I K, 200~500 nm
Ry S IC SR A, B4R TE R E S 5 nm, 7
48P 5E O 1200 nm/min, BRI E R 700 Vo BF
A 3R
1.7 RERKERNE

8- JHg HE 2% -1 -1 iR (8-anilino naphthalene-1-sul-
fonic acid, ANS)J&—Fh g K M HRES , BEAE 5 8
F1R) 25 YT L 7K 6 AL AR s 17 B, 388 58 L 6 Y BE AL, AT
LK A S W T K Pk AR A0 T K
AR A SR A AR B R AR 147
T ik 1 COX 25 KNGP L IR A5G
##E 10 min, il A 10 pL £ 0.10 mmol/L &) ANS ¥%
W, 7E 298 K K B 20 min, %€ B & % K 390 nm,
K FHE A 420~570 nm, 3 & B4 5.0 nm AR G B 4%
2.5 nme B AKX 7 A KNG P-28 s i 1A 2 (1 9¢
HRFIEE N ZE AT RES . AN EHE
3
1.8 HFxf#E

Gy F RS9 03 7 Z (R B AR o
EEW N5 Z ) Z [ A BAE R — R 8507
2 ERERAG LA TN Z AR S B4 AL URIE T 1 5%
T B L AR5 4 o 4 1ok R AN 45 SR 4 M 245K
Discovery Studio 2018 #3171, COX-2(PDB ID:
3NT1) B f ik 25 ¥ B B Protein Data Bank &5 H Jfi 5%
P KNGP KB 2548 B ChemDraw 7.0, 8422 il
U 1Y 25 ¥ 5 A Discovery Studio 2018 ¥4, F1] H
Small Molecules #Ht T Prepare Ligands T H 4b #
43 9 A Discovery Studio 2018 X COX-2 #4727k
Eime S S WAL . TS R ROC ik &)
DL AT o F X A 4T 43 oA, X 28 HERA R
R Y B R AR R, AT A E A
(XN, Y R, RV T BB, 7900 1 1 3
w2 T 52 SCHR [ 30 10 Hu b A i 00 E A
AT X AL SR AE B o COX-2 1Y 36 1 47 45
Arg120 . Glu524 Fll Tyr355 =A™ & KR 5% FE 4, 15
P A A5 8] Bl A A 55 7 — 2 2 B 1R % L - Lys83.
Tyrl15.Ser119.Val89 . Pro86.Leud3 . Leul23!, pfi
J& R CDOCKER X 4 7 12 6 42 , HoAth 2 B0k HUBR
INE, MR 4 25 & BB /N % 25 51 147 HE 3 A0l AL
I3RS

1.9 BIRGIT SR

AR 2 R0 2 AT A R AR R 3, AR
PIEAREZE" R . FIATSPSS 17.0 kAT 3%
PR3, P<<0.05 4 22 5+ . 7% . 2K H] Origin 8.0, Dis-
covery Studio 2019 45 #i {1 2 18 55 %¢ 't Ot 1% 4 s
I3

2 FHRE5HMH

21 AEHEMBICESH

3 Fh L BRRE i (A A 4R UK YPTP & Wk BE
KNGP 1 RG i) XF T COX-2 B4 il Z (& 1 fr
7, FARZRAE: [0S /A 45 2] 3 ol B SR i 0 BH 4 25 A
18 51 1C o, 18, 43 51124 0.609. 0.046 ., 0.056 F1 0.217
mg/mL. HK/NIEF N KNGP<<RG << [HE25 15 1%
N AR mMK YPTP(72.16%) , 3% 2L kE 5 rh
KNGP ) IC5 fH /)N, 2 B KNGP X COX-2 HAT i)
B RISy o PR, 9 KNGP 2R 17 5 22 1Y 26
TGRS, FRIT IR B KNGP % COX-2 I HL i
2.2 WIRERIERIES T

DB B 2 i i KNGP 5 COX-2
FE 298 K N2 & G615 . BliE KNGP ¥ B [ 14
i, COX-2 5t BE /N , W COX-2 &A= 5O
KG ., WIME KNGP 5 COX-2 Z A &4 THE
YERT, (ARG OA S & 4 T 28tk . @il 3 Ffias , 7
ANTEEFE (298,304,310 K) LA Ay i Mtk , &
B B KNGP 38 i COX -2 [ 58 e KA i — 1
mFE 1A, HAPRA IS K, YPTP X F
COX-2 B RITRLIE 1 K H 73 3138 R T die KAy I f3
PR HH[2.0<10" L/ (moles) ], 280 H ## A K
FEAE 5 [FI B, Bl 2 il B (298,304 i1 310 K) 38k
KNGP-COX-2 & & W K w8 (K,) FEAR (5351
2.09<10*, 1.51 X 10* F1 1.31 X 10* LL/mol) , B Ji Ji#
5, AR RS E PERRAIG, S B B SR K BUAEAE , BT LA
YPTP X COX-2 MR Ir SO HRSIEK o

) A HERMEE AL . 4 PR gl (Fy—
F)/F151g[ Q44 #9298 . 304 F1 310 K i BE F 3L
XTI 2SR R Y o AR T 3o 4 5 W3
2, ANFEHEET COX-2 M n{HEr 1, X B COX-
2 PAUAFAE B — 45 B A St KNGP 45 & . L4,
COX-2 A1 KNGP 7E A [a] 3 BE R 1 K A 500 4 4.3 X
10*.7.5X10*F1 12.5X 10* L./mol. ifi % I & T 5, e
HW) K A K, 3 R KNGP Fil COX -2 A B AE
RS PETH R

IS F B HREAE . R 351 T KNGP Al
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100
1€,,=0.046 mg/mL. D
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)
8% o
¥3 X
ET 60 O
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1 & 40] 2¢F
5 £ T
= S
© = é A:
£ 20 OiE
=
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B1 B&£&AAHMKYPTPA) . EHREE KNGP(B) .RG(C)FTi& s (D)Xt COX-2 Il &l =
Fig.1 Inhibitory rates of YPTP (A), KNGP (B), RG (C) and ibuprofen (D) on COX-2

1401 ——0.00 mmol/L 1.40- w298 K y=0.0451x+0.9899 R'=0.9769
——0.09 mmol/L L ©304K y=0.0203x + 1.0520 R’=0.984 8
= ——0.19 mmol/L 1.35- A310K y=0.0098x +0.9976 R’=0.966 1
Z 200 ———0.28 mmol/L -
= ——0.38 mmol/LL 1.30F
'z ——0.47 mmol/L 3
Z 100 1.25
S S -
2 = 1.20f
s I
= 80 1.15-
i L
= 1.10}
260 .
® 1.05-
| L ) 1.0 - L L !
e 400 450 500 0 3 6 9

[O]/mmol/L
3 COX-25KNGP 7£298.304 #1310 KTHY
Stern-Volmer ¥ 7K i £&
Fig.3 Stern-Volmer plots for the quenching of
COX-2 with KNGP at 298 K, 304 K and 310 K

2.3 BEHRIAHAIES

P K/nm Wavelength
B2 COX-25AREKERKNGPE
298 K T RIREE S i
Fig.2 Intrinsic fluorescence spectra of
COX-2 with KNGP at 298 K

COX2 RS2 28, KNGP 5 COX-2 B AR
AHHTAS 94 T F50125 4 i F2 g A e Fi R 8 TE KNGP 1276 F COX-2 By [R5 Y6 i Al 5

BREE . AS™0 Fl AG<0, % B KNGP 5 COX2  F7Re fEAA=15 nm i (18 5A) , KNGP ¥ J& (¥ 5
Z I8 AR B AR 2R 9K 3 iy A A& e . T2 COX-2 v i 2 R 5% Ak 1) 9 i B IR TS T
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*R1 AEEETKNGP X COX-2 BT &
Table 1 Quenching constants of KNGP on
COX-2 at three temperatures

T/K K,/[X10”L/(mols)]  K/(>X10"L/mol) R*
298 2.03 4.51 0.976 9
304 3.08 2.03 0.984 8
310 0.98 0.98 0.966 1
m 298K y=0.6314x + 1.3251 R°=0.9804
_0.4- ® 304K y=0.8761x +2.2495 R°=0.9893
. A 310K y=1.0958x +2.3819 R°=0.999
-0.8F

le[(Fy=F)IF ]
L
“.’

_]'()_
2.0 Il 1 1 1 ]
-4.0 -3.8 -3.6 -3.4 -3.2 -3.0
g O]
4 KNGP 5 COX-2 By W35 B3 h &

Fig.4  The plots for calculating the binding constants
and the number of binding sites of KNGP to COX-2
®2 FEBEKNGPX COX-2HEREHMEA A
Table 2 Binding constant and binding number of KNGP

on COX-2 at three temperatures

T/K K,/(X10*L/mol) n R*
298 4.3 0.63 0.989 4
304 75 0.88 0.989 3
310 125 1.10 0.999 8
£3 AEREKNGPX COX-2 A NESH

Table 3 Thermodynamic parameters of KNGP on
COX-2 at three temperatures

/K AH/ AS/ AG/
(X10* kJ/mol) [X10%J/(mol-K))]  (X10°kJ/mol)
298 / / —3.60
304 6.85 2.42 —5.05
310 / / —6.50

PR MG, H e K& 1A M\ 285.6 nm 5 % 5]
284.4 nm, F WM A KNGP i 15 COX-2 f4 i 42 F2 5%
HE B LA 7K P 2 AR PR 5 o AR 5B TR, £
AR BR A 1 2 G i JE ARG, [RIRE IR SE T 50 KB
%, Hife R & B M 280.6 nm #5721 279.2 nm, [7]

80
AN=15nm

=
=3
T

IS
[=}
T

——0.00 mmol/L
——0.09 mmol/L.
——0.19 mmol/L.
——0.28 mmol/L.
——0.38 mmol/L.
——0.47 mmol/L

PEERE Fluorescence intensity
(3]
(=]

280 290 300
W /nm Wavelength

0
270

90r  AN=60nm

60 J/—\ /’/ \

.00 mmol/LL
.09 mmol/LL
.19 mmol/L
.28 mmol/LL
.38 mmol/LL
.47 mmol/L

30¢

9N E Fluorescence intensity
SO0

1 L J
300 360 420

K /nm Wavelength
B 5 KNGP X COX-2HIRH K HIE
Fig.5 Synchronous fluorescence spectra
of COX-2 with KNGP

T b 2 B (0 2 TR 5 i T ALk ol B 5 110 50 /K A e i, A
PRV o T 2 R 53 R €0 SR B B 1) PR B A8 Ak —
o, 2B 2 P s SR R B I 1) [ 25 S R R
(RSFQ) , b8 BARSE & 0 4 5 2 Fh gk JE 0y 48 X
P

KNGP %} COX-2 i RSFQ Hth £kt /&1 6 i 7 , 75
0.09.0.19.0.28 .0.38 mmol /L4 Fhifk B i 550 T 144
P& 1) RSFQH K T & R 1) RSFQ, 15 B 1 2 iR 5 3
£ KNGP 5| #2 COX-2 (19 %618 K h Tk 3k .
I, 755 COX-2 MZ & it R KNGP 45 407 # 7l g

BT I TR o
24 ZHEWRRXIEST

KNGP-COX-2 Bt &5 ¥ (1) — 45 565 i 26 [ &
TR o W a R EG AU (A=) L 16 1 R I 2 R
I B TR % I R IR | U 2 222 COX -2 v Bk
fif o> BR AT 51 B R AE 6 . A B 7TA L 7B, X T
COX-2, it A KNGP J5 1§ 198 658 M 335.8 T [ £
52.52, W7 B % A T £ 10 nm B B R B, £
KNGP 5 COX-2 25 & o7 5 5 35 1% 2 2 5% 5 , KNGP
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941 %

0.2k —a— AN=15nm
—— AN=60nm

0.1F

RFSQ

1 I

0.0 .

1 1
0.0 0.1 0.2 0.3 0.4 0.5
KNGP/(mmol/L)

6 KNGP X COX-2H#) RSFQ #h%k
Fig.6 The corresponding plot of RSFQ of
COX-2 with KNGP

500

450

WP A /nm Excitation wavelength

200!
200 250 300 350 400 450 500
K HHE K /nm Emission wavelength
500

450

PSP A /nm Excitation wavelength

200
200 250 300 350 400 450 500
KK /nm Emission wavelength

B 7 COX-2(AZ#HIEREEFIFEKNGP
(0.47 mmol/L) B COX-2(B) =4 LT Lk E
Fig.7 Three-dimensional fluorescence spectraof COX-
2in absence (A) and presence of KNGP (0.47 mmol/L, B)

55 AR ELAE S 25 5] BRGSO 35 i K P 3 e A
PEVRSS o RIS, U 2 A8 2 S0 B o A BT A1, 2 k0
M 186.0 FFEF] 29.41, £ ] KNGP-COX-2 & &)
(I8 JRT BE 52 e 2 1 BT A R 450, T B COX -2
TR ARATL

25 FREBKETLSH

KNGP ¥ COX -2 & i i 7K P ) 52 el il i COX -2
m ANS 28 St B ARk e o WKl 8 s , KNGP
BN S 2 COX -2 B L T 5 K PEREAR . KNGP A g
5 COX-2 Wy 3G PEA 5 ) S5 7K B A A AR H 5 230
TEPEAT AT N B KO A R 7R, N5 COX-2 3%
T 1 5 /K L A 22 5%, 45 COX -2 (R 4 sk A 728 Ak, 0
HIEY 5 COX2 44,
5 —0.00 mmol/L
——0.09 mmol/L
——0.19 mmol/L
——0.28 mmol/L

——0.38 mmol/L
——0.47 mmol/L.

PEEHEE Fluorescence intensity

) ‘ . . . NS
420 450 480 510 540 570
WK /nm Wavelength

8 KNGP 3 COX-2 By ANS % ig

Fig.8 ANS-fluorescence spectra of COX-2 with KNGP

26 HFHELER

D)3 FX3H4E ROC 253 #r . H: T ROC il e ([
9) He#g, n] LIF F]-CDOCKER ENERGY (-ECD) il
21T H R R, RS AR 1 A2 R B AR ] ) B B i -ECD
7 1) 52 1A -Te (A AH B VE F B 5 -CDOCKER INTER-
ACTION ENERGY (-IECD) BE5 55 -1 X 4316 1 il
ARG T 53 1, AT LAVE S IR 3 X B 4T 40 R 8K,
H-ECD W RER A AR 1 i TEPE . 24
XN -ECD {E 8w , 160 52 K 5 BCAAR ] Y 5 e 1t ik
I XA R AR

2) 57 F X HE R BAT o A5 R . AR R A
CDOCKER 43~ Xf 2 B AT BE4DL 38 2od B 40151 ok
132 T KNGP | BH P X5 B (A7 98 25 G £ ok 22 19 )
[ Z2 AP BE AR G2, DA v 6 8 L v 5 B i A I A A8
AR AT BT A LA . W& 4 PR FERLU B2 1Y
KNGP A ¥ 25 FXE Bk 2 L 8 19 -ECD 474343 51 4
250.44 .117.25F161.53 kJ/mol, JZ I H ity A B AT 158
Bl K ENHES S KNGP = A5 % 2% > % 2, Tk 58 5k
B o Al LUE H, KNGP X COX-2 4 i /8 F 4T
PR 25 % BEAR 385 S5 RN O B & 1y . B KNGP 1]
AEA AR COX -2 M Gk .
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g =
¥ E 2000
s I
8 . b
5 ——Y:-CDOCKER_ENERGY £ 1000
& ——Y:~-CDOCKER_INTERACTION_ENERGY 4=
—Y:-PMF 8
—Y:Jain =
——Y:LigScorel_Dreiding
——Y:Ludi_3
G n 1 1
0 100 200

$T 43 PR 8L Scoring functions

ALK Y Ligand ranking
9 KNGP 5 COX-24 F31#: ROC #iZk (A) R ROCHI & TER(B)
Fig.9 ROC curves (A) and AUC of ROC curve (B) of docking between KNGP and COX-2

F4 KNGP PR (HEFIN ZBHEER) 5 COX-2HMRITH R

Table 4 Results of molecular docking between KNGP, positive controls (ibuprofen and acetaminophen) and COX-2

32 R -BL PR ) (9 L B -ECD/(kJ/mol)

B A Ligands

B SZ R -F R B AR A g -TECD/(kJ/mol)

—CDOCKER energy —CDOCKER interaction energy
KNGP 250.44 201.59
#i 1% 25 Ibuprofen 117.25 115.19
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Fig.10 3D (A) and 2D (B) docking mode of KNGP to the active site and specific amino acid residues of COX-2
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Interaction mechanism between oligopeptides from yellow
pond turtle and cyclooxygenase-2 based on fluorescence
spectroscopy and molecular docking

YAN lJiaxing, ZHANG Jiuliang

College of Food Science and Technology, Huazhong Agricultural University/
Key Laboratory of Environment Correlative Dietology ,Ministry of Education, Wuhan 430070, China

Abstract This study aimed to reveal the mechanism of action of oligopeptides KNGP on cyclooxy-
genase2 (COX-2) , and to explore the interaction between KNGP from yellow pond turtle peptides
(YPTP) and COX-2.The IC;, values of YPTP, synthesized KNGP and RG were determined by UV spec-
trophotometry. The mechanism of interaction between KNGP and COX-2 was investigated by intrinsic fluo-
rescence, synchronous fluorescence, three-dimensional fluorescence spectroscopic techniques and ANS flu-
orescence probe. The mode of action between KNGP and COX-2 was studied by molecular docking. The re-
sults showed that the IC;, values of YPTP, KNGP and RG were 0.609, 0.046 and 0.056 mg/ml., respec-
tively. The 1C;, of KNGP was lower than that of the positive drug ibuprofen (1C5=0.217 mg/ml.), indicat-
ing that KNGP had a significant inhibitory effect on COX-2 enzyme. The intrinsic fluorescence results
showed that KNGP had a static quenching effect on COX-2, and the action site was single.Meanwhile, the
results of thermodynamic parameter calculations showed that hydrophobic interaction is the main driving
force in the process of KNGP binding to COX-2, and KNGP binding to COX-2 is a spontaneous process
driven by entropy. The results of synchronous fluorescence, three-dimensional fluorescence spectroscopic
and ANS fluorescence probe showed that the hydrophobic environment of tyrosine and tryptophan in COX-2
changed, and the hydrophobicity of COX-2 surface was weakened. The molecular docking between KNGP
and COX-2 showed that KNGP molecules formed hydrogen bonds and hydrophobic interactions with the
amino acid residues of COX-2 active center mainly through NH, C=O structure, indole and imidazole
structure, and enhanced the binding stability by forming electrostatic interaction. Therefore, the results
showed that KNGP could form a complex with COX-2 at a single site through hydrogen bonding and hydro-
phobic interaction, and change the secondary structure of the enzyme to inhibit its activity.

Keywords fluorescence spectrum; molecular docking; COX-2; anti-inflammatory ; oligopeptides ;
tortoiseshell
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