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Comparison and theoretical modeling of capillary electrophoresis
analysis for the interaction between caffeine and serum proteins
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Hangzhou 311300, China)

Abstract: The method for analyzing the interaction between caffeine and human serum albumin (HSA) was
established by capillary electrophoresis. Under physiological conditions, the interaction between ligand (caffeine)-
receptor (HSA) was studied with frontier-analysis (FA) method, Hummel-Dreyer (HD) method and plug-plug
kinetic (PPK) method. The interaction parameters of caffeine-HSA system were obtained using non-linear equation,
Scatchard equation and Klotz equation. The results showed that FA, HD and PPK methods were suitable for
caffeine-HSA system, among them, HD method was the best, and the Non-linear equation was the best theoretical
model to caffeine-HSA system. Interaction parameter tests showed that caffeine-HSA interaction was a single site
interaction and the binding stability was moderate. The mechanism of caffeine-HSA interaction has been elucidated,
which can provide valuable information for further research of alkaloids.
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fic 1 0.2 mol - L Na,HPO, ¥ ¥ A1 0.2 mol - L
NaH,PO, ¥, B Na,HPO, ¥ # 81 mL 5 NaH,PO, iA ki
19 mLERT 1 L&/, RIS A B4 0.02 mol - L,
pH 7.4 [ R 25 (1 G2 iR (BRI FH AS VA8 AT 4] 420 5 1)
R G2 PPRAE N S % U AR RO E 252, T IRD).
FR HC W #fE (51 0.048 6 g, LA pH 7.4, % /% 0.02 mol - L*
BEIR 2 R P R, E R T AR T, A&, 1
H{ HSA 0.166 3 g, DL pH 7.4, J& 0.02 mol - L™ fif ik
MR, BB ERE 25 mL R, A&,
B AC 1) B FE A 1.0% 102 mol - L2 () nfi i K] ) 9 A
1.0x10* mol - L™ # HSA B -

FEMmATRECH  F RSS20 S AL BUAS R AR A
R 0 el 5] BE R HSA BRI E A 2= 10 mL &R . %
Wi P R BV R R A 5l 1.0 107~ 1.0% 1072 mol - L1
AN AR WA TR TR 1.0x20°° mol - L [ HSA &
TSNS (1.0%10%~1.0x10° mol-L™) caffeine-
HSA VR &I, 45 1~10. FRHEL0.1 g NaOH & fift i
%% 25 mL &, BPEC K FE A 1.0x102 mol - L 1)
NaOH ¥« F b3k BT L ¥ 35 F 0.45 um R A 41 4
KR AL U I L U8 2 YR IF B A5 min, 45 .

##3 caffeine-HSAMHEER AR NH CEHIA,
4 FA 7L JHD 7 PPK VA F BRI B T S B8 43, 759
TR AR T8 A P man kDR 5 HSA (1) A HAE
B HE AR AT ARSI
GIMT, W R — 25 0o 52 A RN HE A4 22 8] i A0 B4 gk
ITRAES M &, CLAE VPN Fa 2, 2Emst o+ [ 45 &
T A M H I, AL A B A HR AR, N 2 A 5 R
HBEAT R BLE B A AT

SZIG BT A 0.1 mol - Lt NaOH . — ¥R 2818 /K LA e %%
H PBS 2 Ml M e B 40 E & 5 min, JfFAH R )i 1T 4%
PR e 5 min, B FE P RSE 56 2 ()4 A 0.1 mol - L
NaOH . — /K ZE 18 /K LA B =% 1 PBS 2% i i o ¥k & 4
%5 min, BN EERSE (1.0x10%~1.0x10° mol - L
W BRLRE YA W, 1.0x104~1.0% 10 mol - L caffeine-
HSA R A HR), e 3N EE, KRECFIHE .

BIVE 3 T3 (FA): 1% 7732 AL PBS N 1 )BT 4%
T, A AN R FE B B 1Y caffeine-HSA VB & RN
TUREE S, BHARBERE, BT CEVLRTIY M. UK SRR &
B 15 KV; JE JHERE: 0.5 psi, 15's; #6771 20 psi,
3 min; 7> B[] 12 min; A 25 C; Al 214 nm.

fai 1k i) Hummel-Dreyer 72: (HD): i% /7 LLZS € )
WA P AT 94 B2 2% 1F N 29 gk B IRRE, — ik L, — IRFE
i, AR AR P ORRE R BT 3 A5 1 S 50 5t DA 43 A el (R
HSA 45 G 15 Ol BA& A AN [R1 R B ffy o vl (51 A 5 5%

HILAR BT, 75 1 PBS 22 o =% I i, DM BB
4 1.0x10° mol - L™ fY) HSA ¥ ¥ R i3k B i, BH AR ik
FE, AT TR HD 381 . MUK &4 20 B LR 15 KV
Jk J73EFE: 0.5 psi, 15 s; #he & 77 20 psi, 3 min; 43 &
INFIE]: 12 min; 23R 25 C; KK 214 nm.

X B —[X Bl fy 243 (PPK): %5 i, REf 2> 341
HERE, S — GRS A RE A ) 7 B DR B N 20 KV, 56
=S 20 KV HLE 0.5 min, FRE HL R R N 15 KV,
SRR, T R 43 B E e PR AR A T X U R 3
S, S B AR B DMF IS AE RS IR . EEEI
J¥ N5 —4: DMF.PBS. IIHERA (1.0x10° mol - LY); 2
. 4: DMF.HSA (1.0x10° mol - L") Bk X (1.0x10°
mol - LY); 25 = 41: DMF.HSA (1.0x10° mol - L) Wi
(1.0x10° mol - L), HLyk 264 43 55 i 15,20 kV;
J& 3 3ERE: 0.5 psi, 15 s; PRt 770 20 psi, 3 min; 43 25
I5FIA]: 12 min; FEiR 25 °C; kK 214 nm.
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S ALE, S A e 43 7 5 HSA RH B AF FH B, o
MEDR 5 HSA [ 45 & AL o g, B o vy 3l S 4 o 72
P+ nM < M,P, PfE HSA, MACEINHER, M P A E
caffeine-HSA & &4 . CE 4y 58 it #2 v v % ok o 5
HSA 145 & i 551 7 DA R 2893 194 2 (B 1), T3
B [ ik R A HSA . caffeine-HSA 5 & 4 1 17 Ji L AS
[, DR T B O A% 3 AN [, | AT DARE A FA V% W HD
V2 PP VA 3 B8 AT 3 S A 2% v 1 D ol el R i 2 1
HSA Fli7 2 i) caffeine-HSA & &4, 3t 1M Al 3l i 46 )
F5 AT 0T

FA % B 408 18014 R i v 2 1 PBS, L&

caffeine-HSA [ 2% pi il R HEFERE i, SV WAE B4
X A7 HH O U S 1 uhn e R U5 B Y HSA A caffeine-
HSAE AW 3 MRS X 7. FykitfE i, 3R
Xar SR T4 G5 M- P r g2, 24 HSA.
AW A% KT ok R (3 A R A, X AR
BHBIREH WD BRE, YE SV ARRY T4
Gy B, RIS S AE SR 34T &, 4 3 Ak R X
7 VHSA [X i | caffeine-HSA & A ¥ [X 7 ; 24 HSA [X
17« caffeine-HSA & & ¥ X 45 L B 3l A0 I H 5 %
e R X RS 5 4 4 B, R DUAE S e AN T
FIEE (K12). 20 BT 2 77 %0, 10 SRR (Y5 1~10),
FIF FA 3145 caffeine-HSA AH ELA/E I, 39 B A
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Figure 1 The separation principle of capillary electrophoresis
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Figure 2 The interaction of caffeine-HSA by frontal analysis (FA)

I, alE A b I, alf iy HSA/caffeine-HSA K &4 14
AN WS o g Sy il R /N 2 1 5K A U U o il
OB P BRI B PR3 K, b 06 5 ) 1 4R A I A B T 3 1
K, H bW bl a b () 0 s 1) L ERA T 3 R AR T AT
i N, TERC T ZAY, HundER 5 HSA P 3 (14
Ji EE S ], el R 6 7 52 B /T HSA 5 caffeine-HSA
AW LG, Sl R RS R K TR AW,
WEFE ST B W2/

fai 4k HD v25: w5 HSA TE T 40 55+ vh A2+
HAER, 4 i N AW AT AT S A, 76 H
VKO R b B R HSAL B S 3 AN X, S B AE
HL UK ] F o — AN g S — AN TR T B X
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Figure3 The interaction of caffeine-HSA by Hummel-Dreyer (HD)

S A oA, FHVK T IR 5 BB T AR R, HSA
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= A FERE IR Bl KL . DMF B2 5244 3 Mg, iy s
5 30 R A 43 B RN [, AR AT A I TR A 2 R AR
MAE (K 4). 4B 4 AT 5N, PPK 25 caffeine-HSA A
HAERT, L& B2 1 DMFIEBIE NS I, 5
—% (a): DMF.PBS. Bk (1.0x10° mol - L), FEf T
InHER \DMF P> TE U 55 — 40 (b): DMFHSA. Bl HE
(1.0x10° mol - L), J¥ & 1 Wik 51 . DMF . caffeine-
HSA Fl HSA & &) 34~ IEI; 25 — 41 (c): DMF.HSA
(1.0x105 mol - L) .Mk (1.0%10° mol - LY, R 1 i
HEK .DMF . caffeine-HSA FI HSA 2 & ¥ 3 M 1EIE .,
FR AN, PPKIEIE FH T A R A BAERH . BT
5 G5 = R R A B B R AN ], R AT A ]
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FIF FA V% JHD 7% \PPK %, #JF 7% caffeine-HSA 14
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Figure 4 The interaction of caffeine-HSA by plug-plug kinetic (PPK). a: DMF-PBS-caffeine (the first injection, 20 kV); b: DMF-HSA-
caffeine (the second injection, 20 kV); ¢c: DMF-HSA-caffeine (the third injection, 15 kV)

FaJF R RO R T, W6 rey B 06 THD AR BE R v TR
BRI TIG K, A R K&S . TR IEL M
[\l 95 £  Scatchard 5 72 PA J Klotz /5 #4243 B AL 2 1 ik
A Z . BESRIG S T A R A A TRt HER M T 2
HEPE DL R mT B
3 MHEES HSAHEERANEEERKREES
#n

PBS 2% i i T i1l 28 471 AN 5] 94 55 PR AR ot 59, E AR
) S fF T 3RS B R Ukt Pl DA T AR A KT B C i
ATERPERNA, 193] R UF 2R 5C R, BRI Ze v 113 5 42
A =563 754.3 +32965.7C, N = 6, H15x A %r=0.998 6.

A8 B2 AR A2 9 P S 2 WP [R5 HSA 1) 45 4 2 3 A
RN 7 5 8 B WS E AR A T, B
[ (1) 2 3 W] 22 41 7 AR R, B

C, & niKC

R:C—p g{l+Kin @

mal (1) /TE1, RN T 5SEANG S, C 2
S8/ T HOMREE, C 2 B I SR BE, il 85 /)
TR, mo2 A 45 A A0 m R, n R B 1 R AL
PBL, KSR T 80T U 45 B F B, /Ny TR 25
AL S SR AN A E], BI m = 1, J7 R AT AR R N
ST HIKRIE C 54 AR AR MG R, BT E:

R = nKC; 2
T 1+ KC, @
Ak TR (2) I Co5 R B AR % T 2
Cy
TG ¥
_t —
nK n

A LT RE () ML N R 5 RIC LT RIC, =

Table 1 The binding constant K and the binding number n by FA

~-KR+nK (Scatchard 5 #2024/ &} 55 #h #E n] B
R S5 B K FEE A0 5 n (Klotz J7 FEEY).
1 1 1

— = — +
R n nKC; @

FH I 2.345 43K 1.2 fTE 5 a] WL, kR 5 HSA 17
TE— G5B AL, WITHER 5 HSA 2 (R 75 45 4 i &
W a5 A AR, 45 A UK ER 2 103 8 i 4, H O HD 2
T FAVL . UKL FE b, U 5 1) HSA 1 caffeine-HSA
GG ML I, IR A — T

PPK i HR W HE 5] /N 73 F 5 A2 ) K 43 F HSA [ 45
BB G A T8 R K, 5 K o P B AR PR
SEL, e R 9 W) 5 A, HSA A ¥ i B, caffeine-
HSA 5 &I AR C, caffeine-HSA 115 124 25K, «
Ko~ K B H BL R 75 F245 21

Ky = 1 Inhao'ha2= 1 Inhbo'hbz
’ t- G haU - ha3 t- 6 hbo - hb3
- 1 - bOal — 1 bo(ao - Cl) (5)
o tl( Qo - bo) aObl tl( Q- bo) ao( bo ) Cl)
_ Kon
= Kot

3 (5) 1, ag by~cy 73 Al A MIHELE] \HSA F caffeine-
HSA 1R B 5 o 9 W HE R BE A a, B 1 16 =5 5 DMF
U 5 PRI EEAEL, D~ hggs oo~ g FITAR 26 A 45 SC LA DR 23
ty t AN [R1IZ AT HE R T IR D] B HSA 1) HE U B 1] ¢,
MR 5 HSA & A 456 4 FT s Ta], i a7y B e
K5 HSA AR FLAE FH R U vy (&1 4) E47 715, 58— Ik
HERE AT IR1F S 507 Neateine Nomer 26— IXBERE AT K15 2
H N0 Neareine! Nowes 55 — X BERE T3R5 250 hg! Noggreine/
howeo AR 4 77 FE 20 RI AT SR 15 K, < Ko % caffeine-HSA 4

Theoretical equation K /L-mol? n Fitting equation r
Non-linear regression 3.690x10° 0.60 y =x/(0.448 09 + 1.653 4x) 09751
Scatchard 6.752x10° 0.49 y =0.032 99 - 0.0675 2x 0.801 6
Klotz 0.917x10° 1.35 y = 0.740 42 + 0.000 081x 0.920 1
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Table 2 The binding constant K and the binding number n by HD

Theoretical equations K /L-mol* Fitting equation r
Non-linear regression 1.265%10° 1.42 y =x/(0.000 56 + 0.706 7x) 0.994 4
Scatchard 1.361x10° 1.35 y =0.018 34 - 0.013 61x 0.9437
Klotz 1.887x10° 151 y =0.015 07 + 0.018 87x 0.997 9
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Figure 5 Fit diagram of caffeine-HSA interaction detected by HD. a: Non-linear regression; b: Scatchard; c: Klotz

HAE I 45 4 B K3, K = K, /K,y = 3.455 4x10°
mol- L, IS B S K 3. 5K 4.

Table 3 Dynamic parameter of K, by PPK

a,/mol-L* h.o h,; h, t/min t;/min Ko /St
1.0x10° 6.136 6.020 6.087 4.496 4.018 0.020

Table 4 Dynamic parameter of K , by PPK

ao bO tcaﬂeme tHSA /S cl Kon
/mol-L* /mol-L* /min  /min ! /mmol-L* /mol-s
1.0x10° 5.0x10° 4.496 4.018 25.522 7.932x10* 67.956

4 FIEHER

AR S5 53- 591 FA Y \HD & PPK AR 5T T caffeine-
HSA (1) AH B /E F, %4 9E 28 14 [51 )3 J5 72 | Scatchard J7
TN Klotz 77 72 15 caffeine-HSA 45 & H B K &5 &
7S En B AR R B r. a3 be ok L 3 A7 v 4403
T4 #7 caffeine-HSA A 5, 1 H 3 Fh A [ 396 75 FE 44
(A TELAE B 24 e A 0 e v o TR R F R .
Hh FA Y HY IR AT, U e B R P B 1, SR IR
AR K, BN T RIS & X T
ALRTHE LR P B 5 75 R B & A T FA L 40 T, HD v
W 5 Rt A 5 ) Y, AR SR 5 5 i R AT 17 7 06 3K v 4
m, RERE B E OS5 E GV AL, W3 4 &
Bt R F, B A BT R AT SR S 8 Lk Ak LT
AR 2 A 18] U5 5 R A Klotz 77 72 585 T HD VE 9 2
T PRSI0 # 1 1] 5, REIS 506, 5 T 3R A3 1A 4 5%
SEAN B R, BRSHUE BA R, vl IEH Al
S 45 A BRI T B . SR A UL, PPKIE A M8
PRAE, FAVEFI HD VL 3k 2 858 8, HL 4L HD ik
EH, B AR R R AR T R

g

K BHE IR R 3MITE, kg g &
F BN A o> BT PREEMERA, S T e AL AT HSA
(45 R, B HE DR 96 38 B K 55 HS A 45 5 1) e i
BUBK HL P B DR 45 5 R B0y, o, mT i B
5 HSA KA 1 456 I B HBE S 321 HSA TR 1k, A
KA REfS M5y 1 7KF B R L 25 B SE i I, 2
e T RO 22 Ak, Dy uim e BR) ) 245 A A K 2R 0 A
TR SRR B 22 O BIS SCHF . ARSI R S5 R ALY
T BE KA LE AL YR S HSA U ) SE 18, AL
XRS5 HSA A BLAE L B AT R TU R, A A ED
B R AL & W0 A LI R R T AR i EE — 2D K B R
2%,
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