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Thermodynamic Analysis of the Reasonableness of the Fluorescence
Enhancement and Quenching Theory Equations

YANG, Man-Man X1, Xiao-Li YANG, Pin*
(Key Laboratory of Chemical Biology and Molecular Engineering of Ministry of Education of China at Institute of Molecular
Science, College of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030006)

Abstract The action of the three kinds of the third generation cephalosporin-class new medicine, cefepime
hydrochroride, cefpiramide and ceftizoxime, with HSA and BSA was studied at different temperature
through fluorescence method. First the binding constants were calculated by using fluorescence quenching
and enhancement theoretical equations respectively, then their thermodynamic functions were also calcu-
lated respectively. Because the K4 corresponding to the different theoretical equations are not completely the
same, the thermodynamic parameters calculated from above are different too. In this paper, the difference
among these thermodynamic data obtained from the different theoretical equations have been analysed and
the result shows that the thermodynamic data, deduced from fluorescence enhancement Eq. (4) are more
reasonable. So we propose that even when the fluorescence quenching action of the acceptor-substrate is
studied, more conforming to reality results can be obtained by using the fluorescence enhancement Eq. (4).
Keywords fluorescence enhancement and quenching; serum albumin; the third generation Cepha-
losporin-class new medicine; thermodynamic analysis
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1.1
NI FE FI(HSA). AL F1 8 F(BSA), Eifgfl
LRGSR ALY il vk gl SRR Sk Lt Ji5 (Cefepime
Hydrochroride)(§1 ), RYIME LR ZNEAH PR A A, kil
UL} (Cefpiramide)(E 1)), 7 A48 1 B 1K e 2R AL 290 i
AR SkMEHY(Ceftizoxime) (51 51)), RHHF
AT B2 m) . AR o [, 23 #r 4.
1.2

HAS, BSA f1=F 2545 0.05 molL ™" [ Tris-HCl
B (pH="7.4)BCHH, JEIBIREEDHIA 1X 1071 F1 2%
1072 moleL ™", P, #E%¢)itrh, HAS 5% BSA: Fi
B 2X 1077 moleL ™', Z4#: 25— U N 1 &R 2k
JEH 5X107° moleL™", 1~6 KRG Z I (BRIINA 5
uL 25 S5, {E LS-50B 258 Y6 (PE 2 ) -3 52 254
PR A9 K. AR S5 Huber polystat ccl
temperture bath {ERAEIEHIE . H Tris-HC1 2% MifE
XTHE, 1 om 2806, [E R K AE 280 nm, R AGHET)
FIREVE 2 290~500 nm, 52 (4 5 A 158 K 5 i
MY SEIERUN 2%, H i HAS F1 BSA 71 330 nm
A BRI . TR K SR E SE e HAS A BSA
&R 2X 1077 moleL ™ (AR 2 mL)I %6 R 5t
AR I VI NS (R UM 2 AR S
pL ERE S AARRUAAR T o 2R ) 25 v K Ja
(2GR 1. FEAEVR K MRS, B U0 N 290 e 14 2
254k BE[QI LA H 5 HAS B BSA WK JE[P]Z tb
[QVIP] b7, SEHMTFIA R A KPS E K 1.

K1 {E25F145 CF4r5I1 HSA Rl BSA HHBOZ U 43 5l
PP ISR A WY 2 G E (Fo) VR S VAR TR (F,) 9 1 R Sl
fE

Table 1 The experimental fluorescence intensity (maximum)
values F, of the solution system while titrating gradually and
respectively the three medicines to HSA and BSA solution (F) at
25and 45 C“

) Fob, 1 2 3 4 5 6
HSA:

SRR KAL)

25/°C 534 489 463 431 391 374 353
45/°C 420 380 369 346 317 295 279
LRI

25/C 498 464 442 408 394 369 341
45/°C 453 408 383 365 337 316 307
Sk 7 5

25/°C 662 578 528 476 432 385 —
45/C 466 396 370 330 309 285 255
BSA:

EN oS ullidlE

25/°C 685 561 522 487 453 428 396
45/°C 990 772 704 637 576 525 —
SLTRIT

25/C 583 467 415 350 317 288 259
45/°C 524 483 411 349 312 278 237
Sk 7 5

25/°C 496 422 357 302 258 234 209
45/C 551 442 396 360 314 279 253

“HAS or BSA: 2X 10~ mol-L"'; medicine: the medicine concentration of the
system after titrating for the first time was 5X 107 mol-L ™", then increased by

equal value for 6 times (5 puL every time).

2

21 (3671
Stern-Volmer filf- 45 VA< K B i85
FyF=14+K[Q]=1+K[Q] 1)

K SR TR ERL, to AR KARIN 5014
(5 e i, RHEYIR 7200 10 nsP), [QE I K AR
W, Ks = Kqo s& Stern-Volmer ¥ K W £ . %
Stern-volmer J7FE{E B Wit — B £k, R AEE R
oAk, FFHXT TR R S v . TR, 1%
Stern-Volmer JFEE L B IR — et & kA4 T b fiE
VK, BUNTERASER Y, A 27 R R A H .
—FRIX 3 B AS TR AR, EEAAIR AN R (AT Ak
X473
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Figure 1 The quenching curves of three kinds
(a) Levofloxacin hydrochloride; (b

of medicine with HAS (left) and BSA (right)

) Cefpiramide; (c) Ceftizoxime
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R 2 =MW HSA Rl BSA [MIERASEIHEEON N T AT E0KA R Ko= 1K SIAECRE C TR NI
S AH, AS, AG [FET 756 K A2 HE 1]

Table 2 Static quenching constant K, dissociation constant Kp=1/K, of the three kinds of medicine with HSA and BSA, linear inter-
relation coefficient C and the thermodynamic parameters AH, AS, AG of the reactions [based on fluorescence quenching formula (2) from

Figure 1]

49 K,/(Lemol ") Kp/(mol<L™") C AH/(kJemol ") AS/(Jemol 'sK ™1 AG/(kJsmol ")
HSA:

LA 5

25/C 1.75x10* 571X10°° 0.9964 —1.38 76.6 —242
45/C 1.69 X 10* 591X10°° 0.9914 76.5 —25.7
SkARUE

25/°C 1.5210* 6.58%X10°° 0.9949 0 80.0 —23.8
45/C 1.52x10* 6.58X10°° 0.9923 74.8 —23.8
Sk M5

25/C 2.88% 10" 3.47X10°° 0.9953 —4.81 69.0 —24.0
45/C 2.55%X10* 3.92X107° 0.9944 69.0 —26.8
BSA:

skttt fis

25/C 2.02 X 10* 495X10°° 0.9981 15.9 135.0 —24.5
45/°C 3.02%x10* 331X107° 0.9985 136.0 —27.3
SkARVE

25/C 4.02%x10* 2.49X10°° 0.9982 3.39 100.0 —26.3
45/°C 438x%10" 228X10°° 0.9953 99.0 —28.2
Sk M5

25/C 4.83%10* 2.07X107° 0.9992 —8.9 60.0 —26.7
45/C 3.86X10* 2.59%X107° 0.9949 60.0 —27.9

£3 ZMZiYE HSA Fl BSA [H R &4 Kp BYEAACRE . WK EE KRNI S8 AH, AS, AG [K:T 296
RAK3)]

Table 3 Dissociation constant of the three kinds of medicine with HSA and BSA Kp, linear interrelation coefficient C, quenching con-
stant K, and the thermodynamic parameters AH, AS, AG of the reactions [based on fluorescence quenching formula Eq. (3)]

25 Kp/(molsL ™" K/(Lemol 's™") C AH/(kJsmol ") AS/(Jemol sK 1) AG/(kJemol ")
HSA:

LA 5

25/C 7.04X10°° 1.42X 10" 0.9963 —5.35 61.5 —23.7
45/C 8.09%X107° 1.24% 10" 0.9976 61.4 —24.9
SkARVE

25/C 8.33X107° 1.20X 10" 0.9959 18.0 138 —233
45/C 5.28%X107° 1.89X 10" 0.9874 138 —26.0
Sk M5

25/C 4.18X10°° 2.39x10"? 0.9995 3.18 94.5 —25.0
45/C 3.86X107° 2.59X10" 0.9983 94.6 —26.9
BSA:

Skttt fis

25/C 2.80X10°° 3.57X10"2 0.9914 8.97 117 —26.0
45/C 2.23%10°° 4.48 X102 0.9960 117 —28.3
LRI g

25/C 2.49%10°° 4.02%X 102 0.9982 —20.5 19.5 —26.3
45/"C 4.18X107° 239X 10" 0.9977 19.2 —26.6
Sk M5

25/C 279X 1073 3.58X 10" 0.9984 2.87 96.9 —26.0

45/C 2.60%X107° 3.85X10" 0.9904 96.8 —279
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Figure 2 The double reciprocal curves of the action of the three kinds of medicine with HAS (left) and BSA (right) based on fluores-

cence quenching Eq. (3)

(a) Levofloxacin Hydrochloride; (b) Cefpiramide; (c) Ceftizoxime
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Figure 3 The double reciprocal curve of the action of the three kinds of medicine with HAS (left) and BSA (right) based on fluores-
cence enhancement Eq. (4)

(a) Levofloxacin Hydrochloride; (b) Cefpiramide; (c) Ceftizoxime
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Table 4 Dissociation constant of the three kinds of medicine with HSA and BSA Kp , linear interrelation coefficient C, quenching con-

stant K and the thermodynanic parameters AH, AS and AG of the reactions [based on fluorescence enhancement formula Eq. (4)]

%) Kp/(moleL™") K/(Lemol 'ss™") C AH/(kJemol ") AS/(Jemol eK ") AG/(kJemol ")
HSA:

Skttt

25/'C 403%107° 248X 10" 0.9977 —2.47 75.9 —25.1
45/°C 429X10°° 2.33X%10"? 0.9983 70.5 —24.9
D {aluns

25/°C 4.18X10°° 2.39x10"? 0.9971 —3.45 74.7 —249
45/C 457X107° 2.19X 10" 0.9983 72.2 —26.4
kAt i

25/°C 2.38%107° 420%10" 0.9977 —5.44 70.3 —26.4
45/°C 2.73%X10°° 3.66x10" 0.9986 70.3 —27.8
BSA:

Skt

25/°C 4.17X107° 2.40% 10" 0.9995 —19.4 22.8 —26.2
45/°C 2.55%X107° 3.92x10"2 0.9994 23.0 —26.7
S {aluns

25/'C 1.83X10°° 5.46X 10 0.9989 —1.25 86.4 —27.0
45/°C 1.89X 1073 5.29%10" 0.9993 86.3 —28.7
Sk A fi

25/°C 1.49X10°° 6.71X10" 0.9985 —7.71 66.4 —27.5
45/°C 1.81X10°° 5.52X10" 0.9997 66.6 —28.9

BSA 7E4) 330 nm ALARGRIIEN. B YR C,
FERAPOCIEZEHE K. N FyF WQUIPIME
K5 RO EekmE 1.0 mE 1 595 3 Figim s
HSA Fl BSA 4 e H 3 Ka SR AR R C gk 2. Wy
B 1 R, HLREREEARR S N IA FLY R
BRI 459N, BLAGRIZAY RV, X I 2 i
KIVFFAE.

SBr b, Stern-Volmer fiff V< KB 7 FE(1) SR
HRKER AR A LEUMIEA. $% Stern-Volmer /572
TEE IS — ALk, KU IAEE 26k, JE B g K
M TR R, A 0 LE S R T A T K A A I
g AXQ2), T2, XMW Ky st T R(DK K,

Fi4b, Forster M- ARFRSS fe B R
HH 1021 o8 SAHR) 5 i JRS  5 52 R AR ) 95 B 11
WO AT RS TSI, A RE R A AR e A S
MG, FEEIE K. BATI AT I -5 SR S i S5
KW, TR IFEFHHGTEE 290~500 nm 3B, X
3 P o, R IR RRAT I ITIE S A R AN ]
FER RS RE R IRIE. XS 1 EARFRE R 3 Fidy
Y15 HAS FIl BSA K 235 0 KA ELZRAH— 3%

e N 9K A NGBS 3 Fh2id s HSA
A BSA FERISEIRHE (R DIEXUBIEE, 975 2 R4 )

HLWE 2. HE 2 B HELRRPRAT L HE AT
il 25 i RN 2 AT DG R B 3% 3.

W AROKITTA(3) Y Stern-Volmer Flff#V% K 77 T4
FolF=1+K,n[Q] L FR: Kya=1/Kp =K X1, L,
W FIIPO T ©A08 10nsP), R 1 TP Kp (i
BRI 545 =R 2545 HSA F1 BSA MR KEH K,
I 3. AN E KRS AR5 T I B K ot
FEVE R HHONT 2.0X10" (mol/L) s i EE T HE
A LA HY, IR e 20t 1 B A IR R WA K HL K K
T EAE IR R, MfdE— Rk T IX S8 2t
FUR R KA A2 T Bh &R 5 1.

3.2

FRE SCHRTAE A, 98 s B i A (4 IFAT 3
Fh2iPrx HSA F1 BSA B KAEH, FRHE 1 HSEE
W, AERUEIEE, TR R RIFM L mE 3, —2
WAE 726 sm B e AN 3 Fies = Ak
2555 LR VAR KA b 5 9K O R B A5 Rk R
P Rt T = TR R iR D 3 L W o L B o AP
KITFE.

33
SRE = b S 20 25 5 NI 1 & A R0 A I 1
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IR ELE T R AR .

IR 2~4 45 I ) 24 S HCE 53 B N 256
K ITRRIN(2)s G)FIZEIE s T (4). L AG {E
S £2h—240%F—282klmol |, £3H—233F
—28.3 kJemol '; % 4 &y —24.9~—28.9 kJemol . T i,
H =R B A T 2 RS AG<0 H A b
e Heil, RWFEAFRREE T 3 Mk 2 5 A ik
1A LRI AR L 1 8 AR F T B R T e AH VS
Fil: %2 H—8.9~15.9 klemol !, % 3 }H—20.5 % 18.0
kJemol ™', %4 }j—19.4~—1.25klsmol . W[, fEL 2
A 3 b AHFSH LT IFAL. 324K e 1 8 145
B RN, AN TG RE, BRI A N fE, IE
W 4 FrE2Lpanske. AR, 2 4 BE st i (o we
FnaR e A X (@) AR T NGB, I AS i £ 2
4 60.0~136.0 Jemol 'K ™', % 3 Jj 19.2~138 Jemol s
K™', %4 % 22.8~86.4 Jemol 'K ' 75 2 MK 3 P
HILT =iIA 136, 138 [ ASTH, Rl 23R 3 HILT M 19.2
138 Jemol oK LK. WG, LRI IR T,
TR L FEE G R TR R s AR, AR RN T
ShA RN, WA ST =R Sk B 2 ke 7 K8 — A
BEfA B AR R LLAL, JUT- 4635 A B /K e Nl
h T AR R RE I, XA E K AT EE TR o] e A ik
FIER K P, AR R a4, TRELEE VDN,
B2 S Nt N TR ELEE BRI, RV B TR R 7 i) 3
I, TSR R EL BN, (HX R R R I, 2D
AL PR K E ;. ok, BT EARRE T, 3

Pk AP 258 T R AR Y, fEgity EBORAREL, A
AR AN AR IR 3 B R, AT TR U K
HA 2 B M NAZARE, B 4 45 10 AS {H.
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