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Spectral analysis and theoretical modeling of the
working mechanism of meloxicam and lysozyme
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Abstract; In order to explore the active mechanisms of meloxicam and lysozyme, the interaction between the
molecules of rheumatoid arthritis drugs, meloxicam and lysozyme was studied using fluorescence spectroscopy,
synchronous fluorescence spectroscopy and theoretical modeling analysis under the pH =7. 40 experimental
conditions. The results showed that meloxicam was able to effectively quench the endogenous fluorescence of
lysozyme, forming a 1: 1 complex and changing the conformation of lysozyme. Thermodynamic results indica-

ted that the main type of meloxicam-lysozyme system was a hydrophobic interaction. The results of theoretical
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modeling indicated that the system had hydrogen bonds in addition to hydrophobic interactions and that meloxi-
cam was surrounded by the active amino acid residues Glu35 and Asp52 from the lysozyme, which changed the
microenvironment of amino acid residues at the active center of the lysozyme. When a patient took meloxicam
15 mg, the protein binding rate of meloxicam to lysozyme W(B) was 3.71% ~8.79% , indicating that the
combination of meloxicam and lysozyme has little effect on anti-inflammatory and antibacterial function of lyso-
zyme itself, and the system drug binding rate W( Q) was 1.08% ~1.14% , indicating that the combination of
lysozyme and meloxicam does not affect the efficacy of meloxicam. This study theoretically proved that lyso-

zyme does not have a serious effect on its own function or the efficacy of meloxicam after it is combined with

meloxicam in plasma.

Key words: meloxicam; lysozyme; fluorescence analysis; theoretical modeling; binding rate
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FEAR . K B (meloxicam, f#jFk MEL)
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YIS K IS B S AR T — R 5 LR 4L
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2.1 {UaEFHikH

4% : RF-5301PC 5504 ( H A B L) 5 SYC-
15, BUB B IR/K I (B st R i Fiees ) ) ; SZ-
93 AWtk ZE A ( FIFW R ) o

A LYSO (26 B AR T 99% , Sigma 24
A, B4 W (5.0 x 10°° mol/L) ; MEL ( CAS#,
71125-28-7) , fifi% W (4.0 x 10 ™" mol/L) ; it kil
pH =7.40 {14 Tris-HCl 22 7% (N5 0. 15 mol/L
NaCl, AERp B PR ol ) o SE HIK
Yo AR, UL BB WAE 277 KR
BEOGIRAT
2.2 ZHRSR

PTG E - 78 298 K 310 K 318 K & Jif
T, #£10.0 mL L&A 1.0 mL Tris-HCl 2%
W, 1.0 mL LYSO(5.0 x 10 ~® mol/L) ¥ Jid fl
AFEMATRE MEL %59, %%, 1R 30 min, Pe4%
$ih5 nm, A, 430K 280,295 nm, FHHPEE
o AA DA 15 nm 3% 60 nm, S FEIE DG

g3 X 4 LYSO % & 4K 45+ (PDB 1D
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2LYZ) 3k 3 2 F 508 JE ( Protein Data Bank ) , #)
H] ChemDraw Pro 14. 0 #1 ChemBio 3D Ultra 14.0
231l MEL 25480, X H = 4E 4540 JE 17 B8 i fe /)y
fEAb B, I AutoDock 4.2. 6 %t MEL FiI LYSO
PR, R ABE R TTH5 MEL 55 LYSO
A RE g,

3 WR5®

3.1 MEL-LYSO {k &3t
A.. =280 nm i MEL 5 LYSO 15 [l 95856
R (A, =295 nm i, MEL-LYSO B93¢5 &
SHARL, HFO SRR Ik 1 R, 45RE
WY LYSO 7£ 343 nm 4k 5¢ G4 B MEL ¥ i (1) 1
IO K H 4 55 W e A i %, 1 MEL-LYSO
(R R AT AR T RE I o™
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K1 MEL-LYSO f9e:54 556%(T =310 K, A, =280 nm)
Fig. 1  Fluorescence emission spectra of MEL-LYSO sys-
tem (T =310 K, A, =280 nm). C,yq =5.0 x
107 mol/L, 1 ~9 Cyyy = (0, 0.05, 0.2, 0.5,

1.0, 1.5,2.0, 3.0, 4.0) x 10 mol/L

(1) /& Stern-Volmer™* 75, fid = (1) Af
DA FH 52 56 B A5 2 1 2 05 5 Bdm T s oK e
BK, AR R E R HK,

Fo/F =1 +Kr[L] =1+K,[L], (1)
Ho Fy F /AR D65 Al
(L1555 FHO ¥ A (200 107° ) Fgs
RFVHRE, TR AR IR 1, R 1 RV
TR K B R T 45 8 R A ) K o3 F 1 3
R R K H 4 2 x 10" L/mol - s [ it

M1 rh B R R LB Y B TR T
MEL-LYSO & & i1 K, LA K& K, B fE I REAR, X —
LU B MEL-LYSO 4 5 4% 2K J7 20 i 25
PR
MTFREREK, AN (2) P RITIZ
KRGS &R BK, MEE SRt n e

lqﬂgF}w@&+MQUJ-n”;FwJ}

F

(2)
Hop [ B, 143 LYSO ik i, T4 R E 1,
M1 A, SCERIRIE N n~1, B MEL £ 5
LYSO %5 & B HAF 78 — A & 58 M) i 45 & fr
AN BPMEL 5 LYSO B T 1: 1 &Y. 1R
FETFET, 45 HBCK MEARAE 10M B0 9, JF H
PR A, MEL 5 LYSO 1454 e S ba i E T+
wE N, BE—IER T MEL-LYSO 1K & 1926
PEIRGEFSIEK . K2 i MEL-LYSO & & LY-
SOy Tyr 1 Trp B 52 5 RN EN . B 2 TR,
24 A, = 280 nm Fl A, =295 nm [, MEL-
LYSO R Z K 42 B i, JFIA ES
Fl| g, XPLEH LYSO iy Trp 58I 5 Tyr 4%
ERSINT N5 T AL, =295 nm B MEL-LYSO {4
RIPERK 2R BRI B EE AL, =280 nm BF&5 5
TR 2 R O Ze R R B /N, XA 25 5 00 158 B A

A.. =280 nm [ LYSO 9608 K AL RE W
E 1.00 N =280 nm
2 €295 nm|
7 5 0.95} .
8 Iv2) - .
= 230.90} .
=
=] [ ] °
3 2085} .
>z
S So.80f . .
.8
=% .
g % 0.75+
E2
s 8070k -
x
27 0.65F =
g 1 1 1 1 1
E 0 20 40 60 30
= CMEL/CLYS()

K2 MEL 5 LYSO fEHIRARX 2L 2k (T =310 K)
Fig.2  Relative fluorescence curves of the interaction
between MEL and LYSO(T =310 K). Concen-
tration of LYSO C v = 5.0 x 1077 mol/L,
Concentration of MEL Cy; = (0. 05, 0.5,

1.0, 1.5, 2.0, 3.0, 4.0) x10~° mol/L
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%1 AFEEET MEL-LYSO {k 2R3 K 5 5%
Tab.1 Quenching reactive parameters of MEL-LYSO at different temperatures

A/ (om)  T/(K) K/(L+mol™ +s™") K /(L-mol™") r K,/(L - mol™") n r
280 293 2.08 x10" 2.08 x10* 0.993 2 2.34 x10* 1.08  0.9922
308 1.59 x10" 1.59 x 10* 0.993 9 1.71 x 10* 1.06  0.9969
318 1.28 x 10" 1.28 x10* 0.995 7 1.31 x10* 1.22 0.9956
295 293 1.53 x 10" 1.53 x10* 0.993 8 1.62 x10* 1.17  0.994 2
308 1.18 x 10" 1.18 x10* 0.996 5 1.23 x10* .12 0.9969
318 0.89 x 10" 0.89 x10* 0.997 4 0.93 x10* 1.3 0.9915

TEor NITHR Fo/F ~ [ LI EVERIDCR B r iR Ig[ (Fy - F)/F] ~lgi [L] -nl B, ] (F, - F)/F, | FIZAEACREG

[B,]=5.0x10"" mol/L

3.2 MEL-LYSO & Zm1EA HZEB
F34 van't Hoff 27 3148 MEL-LYSO 2 |i]
M EAMERABI 22550, AR ILE 2,

0 i, 2547075 AW K71 Z B f7 7E i L 5 |
71, AHRBAETRGEIN 2 AH <0, AS >0 n]
PABLHEFI W4l 5 1A 5 2 [0) 2 2R T 2R AR e

RInK = AS - AH/T, (3) R, KT RIE MEL 5 LYSO 2 b)Y
AG = - RTInK = AH - TAS. (4)  FBAE RSN, ORI T BT

*2 AREIRET MEL-LYSO k2B NESH (A, =
280 nm)
Tab.2 The thermodynamic parameters of MEL-LYSO

at different temperatures(A,, =280 nm)

K K./ AH/ AS/ AG/

L-mol™" kJ-mol™" J-mol™" -K"kJ+mol™ i

298 2.34 x 10" 7.82 -24.93
310 1.71x10° -22.59 8.15 -25.12 4
318 1.31 x10* 7.76 -25.06 b

E 10fsmm = . " - "

Hp R 2R E(HLA N 8. 314) , RAE 08l

MEL FI LYSO Z [a] 455 AFEHIH) AH Fi AS #R 0l L)
3ot 45 4 B 1 R (InK, ) TR BE 10 155 o

(1/T) ZIB LMk 2ok, R4 R T&
2, HFE2 0[5, AG <0, FH] MEL 5 LYSO #y4%
BN EEKE#ITH, AH <0, %] MEL-LYSO
HEYIE GRS . T KT HEST LA
S 4 77 2 B S8 245 W) AN 1 o ST S BEAIL
RYRCE, L AS >0, S8 #1E R 259 5> T M A
ST Z AR B KA ISR T X —
ST LK MEL 5 LYSO Z RIFEZEB K AE R 11

Ross il Subramanian'"”' A 824 AH=~0, AS >

58 HE X MEL-LYSO AHEA FH AR

[t E MEL FI LYSO B9 BEE, 235l i A [R)
JEH) NaCl, P F/F %) Cy o MEEL, o F oA
NaCl (5EEHREE , Fy A ARNA NaCl i 19556 58
JE AR 3,

0'40.'00 0.05 0.10 015 020 0.25
Crac/mol-L7!

3 MEL-LYSO A& % (95 658 Ji il NaCl ¥ B (1) A8

(T =310 K)

Fig.3 Fluorescence intensity of MEL-LYSO system as

a function of NaCl concentration (T =298 K).

Civso =5.0x1077 mol/L,Cyy =1.0 x107°

mol/L,Cy,, =(0,0.1, 0.2, 0.5, 1.0, 1.5,

2.0,2.5,3.0) x10"mol/L
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SLHRAR R W], Y NaCl W E T i, F/F,
(9 LU AELF A A A W R A2 1k, i ] MEL 5 LYSO (1
LEBIPAZE TR, W MEL-LYSO {£ £
VAT B R AR B o A R e A AR
TEH B S R R 45 5 ke 2 AR IR A&
PRZ R B R, R AN RC AR 2 8] B AR A
P PR I 25 A o X B4 AH <O,
AS >0 B, Jopk B FIWT MEL-LYSO £ £ 2 [ 19
EEAR IR A

700 F
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W

(=3
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(=3
S
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L 1 1 1
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S
™%

3(I)0 32IO
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K4 MEL-LYSO & £ 9 [F] 2L 556635 (T = 310 K)
(a) AX =60 nm;(b) AX =15 nm

Fig.4  Synchronous fluorescence spectra of MEL-LYSO

system (7=310 K). (a) AA =60 nm; (b)

AX =15 nm. C 35, =5.0 x 1077 mol/L, 1 ~9

Cyi. =(0,0.05,0.2,0.5,1.0, 1.5, 2.0,

3.0, 4.0) x10~° mol/L

3.3 MEL-LYSO & ZHIEH oAk
[l 20 5 Sl B AT 5 e ) AU R e 6L, 75
258 5558 B B P B8 AR5 F N AR )

R I A AR R RO I iR R
KSR RIS, T AR R 26 & 6 H BT
LR AR I M R B (5 B sl 4 R, Y
AX =60 nm F1 AX =15 nm BB, LYSO B5¢G
A Y IR e A, T H Trp R LA
Tyr BRELM D CIEH K A T R H A5 MR 3h, X
FEWAE MEL 5 LYSO (254 VE 15 LYSO X F
AN TR T P S SE R R L M RO R A T 2k
AR A AR N, B AR R, B
Tyr Fl Trp ZRIEILF S5 T 45 G 0, iX 5 3.1 45
w5
3.4 EBiptEE

P HIHE WY T AR ST BRI AZ (R A AH
HAERh EEEWREEEWER, BT iH#—25
E MEL-LYSO {& & [y 45 40 & 1} MEL 5 LYSO
G562 X T RO Z AR 52, SCE R FH LS
B ik @S T MEL 5 LYSO [y 45 & #i
9% 07 ST R R B AL AT L3R A MEL 5
LYSO Z5 &R RIVE SR BU IR R 25 A g, &
5(a) CEE WHIRIHEF ) 4511 T MEL 5 LYSO
GEEZ IR AR A0 B, Asp52 FREE  SerS0 5%
For5 5 MEL JE % T P A SR, B 4 oA
2. 104AF12. 2414 ) XASGE R T A BE7E MEL
5 LYSO (g5 Gt b &4 T HEE . KBS
(b) CEE WH A7) B/R T MEL Ji FA
Ala95 , Tyr53 , Trp62 , Trp63 , Trpl08 , Ieu56 , 11e58 F
1e98 4524 B K Mk 2 HE R R 3, 0F — 45 DI ¢
MEL 1 LYSO (45 & i # p A e i K VEH 1, He
Hr Tyr53, Trp62, Trp63 Al Trpl08 &5 4 JL i 4% Jik
FE B MEL F1 LYSO myZ5& o ARG, i1 S
i MEL 5 LYSO 45 & VE BB A 80 K LYSO
MINTRZEE, XGRS 5O K S 1 4518 —
#, Glu35 FRILHI Asp52 FRILE LYSO 97 M
SERRFEIL), N 5 (b) AT LI H MEL 45407
BEE Glu35 FRILFN Asp52 FRILHIIT , BIEHIHEAY
LELULRA MEL 5 LYSO fY45 4 fEfigtloas LYSO fi
A3 P 0 b S R R AR R ) OA B, 2 1
MEL 5 LYSO (%454 nl fE 24 LYSO ik i 1
FEAE R

R 4 B8 A HE T AR AT 1Y g 2 F8E nT
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MEL-LYSO & & ¥ i) | IR 45 & 68 A AG, =
-27.81 kJ/mol, 5525015 209 AG = - 25. 12
kJ/mol HHEIT . BUHE 45 R0 22 Pl BE &y T
TEXS FEAR AU T HEBR T 975 0] B R 2 BE R Ak B T,
Tyr ZAMNAZZRBIRIE . MEL 5 LYSO A £
PR Y LR RE s LR 3, SR T g T
PLE H, MEL-LYSO K & i i J7 2K T MEL 5
LYSO Z5 & B h e e Re i, S RE = M2
AL A HEEZ A, B MEL 5 LYSO Z [A] (1),
YEREHE R 55 . XS R 58 5 X T MEL-
LYSO R REOEE 5 m i SL i 45 R — 3. 456
YN LB AIH AR A EE A5 SRR, i KA FH A
AHZIRSN MEL 43+ LYSO 43 AH%54 M

+ meloxicam

lysozyme

FECLYSO BA R SYEK I EEAE T,

%3 MEL-LYSO F R Mxt#EEE= ( B 4L :kJ/mol )
Tab.3 Docking energy of MEL-LYSO system ( unit:

kJ/mol)
Protein PDB ID  AG, AE, AE, AE,
21L.YZ -27.81 -31.53 -31.11 -0.42

# 3 1, AG, & MEL-LYSO #9454 A i Bk
AE J2or TR EAR I BE, B2 uiitent, a6
RE, ZFGIME A BERIRRLBERY B, AR, 2T
i'é f—

€, FUHEREA LI A MBER B, AR 2
b
|

K5 MEL 5 LYSO AHEAR M EIERIER . (a) MEL 55 LYSO K AR X K MEL 5 LYSO i) 2 SRR 5k 2 2 7]
M (b) MEL 55 LYSO 456 0 i B AR IR I 0 i i il
Fig.5 Theoretical modeling of the interaction between MEL and LYSO. (a) Regions where MEL interacts with LYSO and

hydrogen bonds between docked MEL and amino acids residues of LYSO; (b) Distribution of amino and residues at

the bonding site of MEL and LYSO

3.5 MEL-LYSO (A &M E X
WFIT 25946 1 R IR R A B A 45 B R i)
SE4 A BT — IR 25 o AR 4 TR
FHEAE RS, AT AT AT 2580 70 78 AR 5
IR AR RS AERE, X T2,
B AR B 02 ORI FH DA B A AR BTy A
LYo

JIE 7 A S I T DR — S TSR TR, AR Y
HELE TS K, AT LA EAS 2] MEL 5 LYSO (124
YIS R MEALGS A%, Y n =1, MEL-LYSO
BRI SR (W) AR (5) . (6) Fia™, I
i, Q 03 MEL (80, B {03 LYSO 1) Sk
&

K’(Q-B)" +2K,(Q +B) +1

2K{L Q

x 100% . (5)

K’(Q-B)” +2K,(Q +B) +1

W(Q) = K,(Q+B) +1 -
EA A
W(B) = K,(Q+B) +1-

2K,B

x 100%. (6)
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MEHRA MEL B, 2544 7 a8 AR
THAL R G Bl P S A L RG2S, X B MEL {8
AT ko b 25 5 00K i LYSO $2 fl O & A= AR
Mo MEHFRA MEL 2 15 mg i}, 13 MEL
(M BEVE I 297 0.8 ~2.0 pg/ml"™™ | LYSO 7£ il
S He 2 02 10,27 pg/ml™ o FIH AL, =
280 nmiRfSEEG AT AFHY K M, IF 456 50(5) \20(6)
AL :3.71% <W(B) <8.79% , K # & I
15 mg i) MEL J&5, 35 M2 HhiiFes i) LYSO & &
Y50 91.21% ~96.29% (LYSO TEAK N 454
FRE—MRE 2R R, A% & LYSO 5
METILEYRMEEE) . XS5 RN R, &

MEL {45 &3 F MEL 253985l L 20 AR -
4 %

AR SCAERLRAE BT, SR 2G5 Hr Fi 3t
WHIEEAY 7 5E T MEL 5 LYSO 22 [a] i AH &
YER, #5717 MEL 5 LYSO (454 3pim  F
SEAT SRR MEL F1 LYSO {440 545 FI % 25 9
A2 LYSO A S Hi RS TH Dy g th 1 &7 5y
i 1012 31 R = 5w S P2 7/ WA NG s e T R
FHXT B8 1 BT BN 25 9 2535 s i B i T — 45
S o 38 A 56 A B T A S AR -2 1 BT AR &R
MG, 5 H e 5 0T Bk % 7 A

HHM MEL J5, XFFUF 85 LYSO ) & & 5% i A
K, XthREKE MEL O iiE A AMKSS, %FF LY-
SO PR AT BE S BSE I A K [l AR 4 =X
(5).
ZE N MEL M iRRE A A5, LYSO 5

XA

LU, TESS 5 W B A5 B B A e —
SERZE , (HIXLEH F IS5 5 ST T5 1A 1 S 3k
B B S T HL S 2 W S R R
A I CTE A DT TE 4G B R BT ik R A 1 B PRI
T

(6) ATLUIFFE]:1.08% <W(Q) <1.14%,
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