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Abstract

In this paper, synchronous fluorescence spectroscopy was used to study the mechanism of cefapi-
rin sodium (CP)-bovine serum albumin (BSA) interaction and drug synergism and the drug bind-
ing rate of tyrosine (Tyr) and tryptophan (Trp) residues as well as protein binding of the drug at
different temperatures. The results showed that: with the gradual increase of CP concentration,
the wavelength was red-shifted, the microenvironment around Tyr and Trp residues was changed.
The binding of CP to BSA took place in a static burst, and both Tyr and Trp residues were involved
in the binding reaction of the system. Nsrq(ryr) < Nsrq(rrp), the binding position was closer to Trp re-
sidues, the number of binding site n * 1, AG < 0, AH > 0, AS > 0, the system environment was domi-
nated by hydrophobic interaction. Under simulated physiological conditions, the Hill coefficient ny
was slightly less than 1, which showed weak negative synergism. ccp = 48~72 pg/mlL, the protein
binding rate of CP at Tyr residues W(B) ranged from 47.92% to 58.00%, and that at Trp residues
W(B) ranged from 48.13% to 65.05%, the free drug rate ranged from 40% to 50%, indicating that
40% to 50% of the drug was pharmacologically active, and 50%~65% of the drug bound to plasma
proteins to form a conjugated drug, affecting the pharmacological activity of the drug.
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2PNy TS AR . R 2 ai o Wik B B ke vk . s R MU, mT kb o sk e AR
HTIR3 S 5, RN 2 S E A Tyr 5 Trp SRS S, 608 SGa1ER K
Tyr 5 Trp FHEJH BRI ST O, 13212595 8 A A BAE R RO LEE .

SLIUCAHREN(CP)E T — kU 3=, EEH TR BERRE . W& BRI S PiifE A . CP Ry ik
ARG POBIE. B RO VR R R ANESE[4] [5], SR FE 56 e ik w7t CP 5 BSA M H1E
FEIATL A0 252 W [E A R B T AR IE B/, AR SCHUR T RD 56 58 CP Al BSA 454 HIAE FI AL R 24
Yo E) 1 B s 2 R (Tyr) 8 B2 (Trp) R L I 25 45 5 R AR LI 45 6 3R, N2 TE IR PR B FH B 1%
HESE,

2. SRS
2.1. (RS RA

X3S RIEHIEIEE A (Agilent Cary eclipse, Germany), pH iF(PHS-25, i)
Al MG EEEBSA, Sigma A#]), KHIILHEH(CP, Sigma AF], 46 >98%), 0.5mol/L NaCl
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WIRTat), pH = 7.36 i =58 H B 3L F e 2R 1R Eh(Tris-HCD) G i (o iy, SR /KA IR IEK.
2.2. SEIGBR

B CP il HERIFRE 0302, EAN 100mL, KN 3.02 g/L.

P BSA it WERIFRE 72.5 mg, F pH = 7.36 [ Tris-HCl e W E A S 100 mL, Ak
4 0.725 mg/mL, B TUKFEA R IRAT o

[F5 9 MR 7E 25 mL L& PR KA 2.00 mL BSA. 5.00 mL 0.5 mol/L NaCl i&#, Ik
BN 0.00. 0.20. 0.40. 0.60. 0.80. 1.00. 1.20. 1.40. 1.60. 1.80. 2.00 mL ] CP &4, H pH=17.36
[ Tris-HCl ZEMPyAMEZS % 25.00 mL, ##8 30 min. ZEGHAMA 1 em, ASHHHE 54834 5 nm,
53 TE 310K, 298 K, 288 K, Al=15nm Fl AZ=60nm b}, A RKFEDRIECAE.

3. ER51e
3.1. CP-BSA BRI HFRANIE

T BSA SKili, 4 AL=15nm B HIEZOEEE, RN BSA FEZER(Tyr) A 1EIEE R,
24 Ad =60 nm AR (Trp) L GG B, I CP-BSA HIEZ G EILE 1), W& CP 1)
BIIAST BSA 7 Tyr Al Trp 5RIE F 6 RE(S S IR0 .
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Figure 1. Synchronous fluorescence spectra of CP-BSA (T=310 K, (a) A2 =15 nm; (b) AL = 60 nm)
1. CP-BSA BRI RAXILE(T= 310K, (a) AL =15 nm; (b) AL = 60 nm)

M 1@ ATLAE H, B CP REIZHHE K, BSA wh Tyr FRIEAITOGHREE & AW B 76K,
PR RAEFMNIFES), N 286 nm A ZE 292 nm, L1827 6 nm; & 1(b)FFHH, Trp #RIERAH0EFTHR
B, FANBEKRAEPHZRIE, M279mm 2% 292 nm, 28T 13 nm, R Tyr FRIEF Trp 53
BB PO B R A2 38, ANTITRZ ) BSA FRIRE R S5 o

RIEAFIUELE N CP-BSA 14K & Stern-Volmer 5 F2[6] (A 1), AL=15nm fl AL =60 nm i, L Fy/F
XF e MEEL K 2.

E
70:l+chq=1+qucq 8
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Figure 2. Stern-Volmer plots for the quenching of CP-BSA at different temperatures ((a) A4 = 15 nm; (b) AL = 60 nm)
2. FELRE T CP-BSA KB Stern-Volmer BHZ%((a) AL = 15 nm; (b) A4 = 60 nm)

2(a), P 2(b)7 N AL=15nm Fl AL=15 nm i} CP-BSA £ & ] Stern-Volmer 2k, & thzk(@E
y‘j 1)’ ?%iﬂﬁlﬁ]/ﬂfﬁ?ﬁ‘] stiFD qu W_,i‘% 1:

Table 1. Quenching reactive parameters of CP-BSA at different temperatures

%% 1. CP-BSA HIRHIER R B H

Ad(nm)  T/K) K/(L-mol s K,/(L-mol™") " K, /AL-mol™") n I
288 0.747 x 10" 0.747 x 10* 0.9959 0.6933 x 10° 1.0890 0.9965
15 298 1.515 x 10" 1.515 x 10* 0.9979 1.374 x 10° 1.0854  0.9986
310 2363 x 10" 2363 x 10* 0.9923 6.604 x 10° 1.1320 0.9978
288 1.081 x 10" 1.081 x 10* 0.9960 1.013 x 10° 1.0128 0.9940
60 298 2363 x 10" 2363 x 10 0.9964 1.814 x 10° 1.0645 0.9979
310 4.947 x 10" 4.947 x 10* 0.9939 17.10 x 10° 1.1607 0.9966

n 7& CP-BSA WZEGAL Bl r RITFEFJF ~ ¢, METER KR REL: r RTTHE log(F, - F)/F ~1gc, MEME
FHIR R HL
MF B, A =15 nm Fl Ad= 60 nm ARG R K, >2.0x10°L-mol ™ s, £H] CP 5 BSA
FHEAE R A B EK 7], RIS B R B T 5, K 3B s MRENRE N, Ad= 15 nm [ K, 5 AL =60 nm
AL, AZ=60 nm [I45EHE K, KT AA=15nm, ¥il] CP 7E5 BSA 45 & CP 421 Trp #k A
TR EEY, FIRAEAFRAZE, BHRET G, 8658 K, B, RYTRETH&AH T CP 5 BSA
gie. FEHTRARQUEREEEGL A n LS EHBK,.
lg(F, - F)/F =1gK, +nlgc, Q)

AFHLE T, Ad=15nm fl AL=60nm, log(F,—F)/F ~lge, fFE, W 3.

M3 AT LLE B, AFEIRE T, CP-BSA [log(F, - F)/F ~lgc, Mk 2 RIFIMBEIER R, BiEhL
EBn RS AR KBRS T 1, kS CP-BSA MG &M n~ 1, RWIZY CP 5 BSA JERL 1:1
2EM.
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Figure 3. log(Fo -F ) / F ~lgc, plots for the quenching of CP-BSA at different temperatures ((2) AL = 15 nm; (b) A4 = 60 nm)
3. TEIRET CP-BSA #log(F, - F)/F ~lgc, Bi#%((a) A4 = 15 nm; (b) A1 = 60 nm)

RAHE R LFE Repq [8] (Rgpg = (Fy = F) [ Fy YRIELHI 538 Nsgq [9]
(Nagorrs) = Reroqra /(RSFQ(M) +RSFQ(Tm)), Ny =1~ Nap(rye) )T HE S FR BSA o Tyr Fl Trp Hedt % 5

R RGEE R BIVEFZAE R 310 K, cpga = 58 pg/mL, ccp = (0.20, 0.40, 0.60, 0.80, 1.00, 1.20, 1.40,
1.60, 1.80, 2.00) x 120.8 pg/mL B, Neporryn 75 40.81% 43.64%- 46.06%- 47.31%- 47.76%- 48.08%.
48.61%- 48.76%- 49.11% 49.13%, “FYJME N 46.93%; Nsporrm 73N 59.19%. 56.36% 53.94%- 52.69%-
52.24%. 51.92%- 51.39%- 51.24%. 50.89%. 50.87%, “F-IIMEHN 53.07%, 45 %W BSA *F Tyr Al Trp
WIS SRR GG RN, 5 R CP-BSA S5 &M B4R —8 H Nsporrp) > Nseoeryns VIR REE &
NS Trp Bk, thaiit s bk .,
3.2. CP-BSA & S1ER L E

TEARFIRET, H Stern-Volmer FREHEFEN(3), H 1/ - F)~1fc, fEE, WA 4.
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Figure 4. l/(FO - F)
& 4. REIRE T CP-BSA #1/(F, —F)~

~ 1/ ¢, plots for the quenching of CP-BSA at different temperatures ((a) AZ = 15 nm; (b) AL = 60 nm)
I/c, B1%k((a) A2 =15 nm; (b) AZ =60 nm)
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&l 4(a), B 4(0) 5 BIRAFIREE T A2=15 nm Al AL =60 nm W {11/(F, - F) ~1/c, &, WTLLAEH,
AR R 1/(F, - F) ~ /e, MR EIELFHILIERL R, A =15nm fil AA=60 nm I, FEEIRET &, Kp
BT MR AR, AL =60 nm ] Kp KT AZ=15nm ) Kp, [FIBfHREZiY) CP 5 BSA 454

SEIT Trp FkSE.
H4E Vant’s Hoff 77 FE (3 4) M3 )22 7R 5), 115 CP-BSA 45 &1 28, 458 0% 2.
RInK =AS—AH/T “4)
AG = AH —TAS 5)

IR ARAS K, AH FEARAARA, DL RInK ), 5 /T EP, AH B ] AN AR CP-BSA ) Vant’s-Hoff
LRk REAEE, WK S,

80 B A)=15nm
® AA=60nm
~
75 F
1 1
0.0032 0.0033 0.0034 0.0035
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Figure 5. Vant’s-Hoff plot for the interaction of CP-BSA at different temperatures
B 5. TEIRET CP-BSA A Vant’s-Hoff Bk

M5 FATLLE H AL =15nm & AL =60 nm I, RInK, 5 1/T £ RIFILMER R, r 25518 0.9990
F10.9984. 1K 5, RO)EFEI AH, AS, AG, ZERF|TFE 2+,

Table 2. Thermodynamic parameters of CP-BSA at different temperatures
# 2. FRELEE T CP-BSA AN FESH

T/(K) Kp x 10*/(L-mol ™) AH/(KJ-mol K™ AS/(J-mol™) AG/(KJ-mol ™"
288 5.4426 118.01 -20.60
AL =15nm 298 6.6348 13.39 118.10 -21.80
310 8.0927 118.01 -23.19
288 8.1209 163.07 -21.55
Al =60nm 298 11.890 25.41 163.28 -23.25
310 17.243 163.07 -25.14
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M2 FEAREH, AH,, _omm > AH s » B AH >0, R CP 5 BSA FEilL Trp 45 &1, JBUHK)
MEE K, AG FERETE AG BHEK, CP 5 BSA & AR, FHAEMBEET,
AGy, comm > AGuiisom » W CP 5 BSA i GBI HEFEIT Trp FREE, X 50700 58 45 — 80
AS, i comm > ASpiism » VLHITE CP 5 BSA Z54 1, Trp SRIEMIVRELE T KT Tyr 5k3E, KW Trp fRILH
55 CP 454, AN AS >0, W] CP-BSA M8 a7 70 7 LLA P77 307 CP 5 BSA R R AH >0,
AS>0, AG<0, HILA[HIK CP 5 BSA 454 IVE 11 LA /KAEH J1 83107,

33. PRI REBREEE
2591 [E)PE TR BRI PRI & FH 250 2550, IR L 259 0 03 [RD R VR e A it 7R 2659 5 8 A R 45 & O ER
BENEZ . 4 EMERT LU Hill HEE[ 110 R ny 47 2 &0, Hill J5FE(6):
Y
lg[mj =IgK, +nyIg[L] 6)

Y NEEEWASE, Hhy/(1-Y)=0/(0,-0), O=1-F/F,, 1/Q % V[LWEEFE] 1/0,: ny N
Hill %0 ny B 1g[ Y/(1-Y) | X 1g[LIEEARE], ny > 1 RICAIEWBFEER, ny <1 AGDEERM, =1
BA W FRER[12].

HRAE Hill 7772453 AL =15 nm J AL =60 nm I ny, Z5RINETE 3.

Table 3. Hill coefficient of CP-BSA at different temperatures
F 3. TEIRET CP-BSA Y Hill R¥

AJ.=15nm A= 60 nm
T/K
ny ry ny )
288 1.1500 0.9933 1.1340 0.9923
298 1.0582 0.9988 0.9494 0.9976
310 0.9266 0.9944 0.9165 0.9968

M 3 FEPEE N, AL=15nm M AL=60 nm i ny B&/NTF 1, RIZ5% CP I BSA J&, BEA5M
WEVER, XHEZE254) 5 BSA 45 & B 559 I 7 45 B ek @l i .

CP-BSA ! Tyr Fl Trp 5% ZE 2545 5 ZF(W(Q)) X Z5%) CP [ & 1 455 Z(W(B)) [ 13| AT AR HE A 2(7)~(8)
THEAR],

W(Q)zKa(Q+B)+1—\/Ka§i—QB) £2K,(0+B) 0

K, (0+B)+1—K>(0-B) +2K,(0+B)+1
(5)- Kel@+B) 1 EKB) (0+8)

x100% (®)

KD ERE®)H, K, CP-BSA 4G HE, O B 73 KK [CPIF[BSAIM S E .

AR, cop £F 24~240 pg/mL i, CP-BSA 1 Tyr BRIEHI 2545 & R (W(Q)) N 0.48%~0.13%,
TEES 1) Tyr 5%%:9 99.252%~99.87%: Trp FkIE AL A ZE(W(Q) A 0.77%~0.15%, TiFE 1 Trp 5kEEH
99.23%~99.85%, MEHEEI, CP IIAZE] BSA )5, BSA H Tyr #IEA Trp 5L =LA, HE
BLIFEDIRAS AL, H CP 55 BSA 454 IEANM CP (25K .
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A?H

A

CP FUIRM WS 22 , 5 P T LRI S5 AR KR S, AR KR 24 1g LUS, 15 22815 Cax 9 40~70 pg/mL,
50%~65%M] CP S E AL A114]. ALIGH AT T, cop £ 48~72 pg/mL i, CP 5 BSA 1 Tyr
FRIE I B 255 Z(W(B)) N 47.92%~58.00%, UiF S 255N 52.08%~42%, CP 5 BSA " Trp 5L H
LEE R (W(B))N 48.13%~65.05%, B 25N 51.87%~34.95%, 455 CP KK Z125108) 11245
PEHEAR B, R CPFFANMHKSE, FEMIK PRI AAAESS & RS AW, S Y ZAE 40%~50%
[H], B 40%~50% 1258 B 25903t 50%~65%HI2545 3% B A 45 A s A R 250, BT Ok 2 21
Y, AT IR, REBIZERER, X 200E R &SRR R KR R
4. B&

AR, SRR REEHE, AL=15nm M Al=60 nm I, W50 T AREIEE F CP-BSA 1k %
FIVERIALEL,  [FI E— 2D RS T CP-BSA 1R R 25 [ PEAT CP [ HE 455 % S BSA H Tyr A1 Trp %
B AR . R AR A E A RIS G E NS AR ARG —EfESL, N
ZYMITENG IR IR 5%

E&WH

KA B2 H (No: 2023142234094, 2023142234029);
NI 22 e R A BHIE H (No: 2023DXS018).
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