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M ethodology of electrospray ion trap mass spectrometry for analyzing
the non-covalent binding of protein and low-molecular-weight ligand

CAO Yi, HAN Feng-mei, CHEN Yong
(Hubei Prvincal Key Lab ofBio-Technology of Tmditional Chinese Medicine, Hubei University, Wuhan 430062, China)

Abstract: A new MS-titration method for the non-covalent binding of protein-ligand based on the
research of berherine and a, -acid glycoprotein was established. The major presumption of new method is
that the total concentration of protein-ligand complex is approximately the same as the total concentration of
acting protein if a certain extent of affinity is existed between protein and ligand, in addition, the mole
amount of acting ligand is more than that of acting protein. The non-covalent binding behaviours between
berberine and a, -acid glycoprotein was studied by using electrospray ionization ion trap mass spectrome try
( EST-ITMS), and the rsults were verified by fluorescence quenching method. The results showed that the
binding behaviours between beberine and a, -acid glycoprotein, for example, stability constant, number of
binding site, type of the main binding force, were almost the same by using the new MS-titration method
and fluorescence quenching method. Comparing with the reported MS-titration method, the presented MS-
titration method in this paper is more simple and applicable, does not demand much for the devices, and
can lead to reliable results in same cases.

Key words: electrospray ion trap mass spectrometry; fluorescence; berherine; a, -acid glycoprotein

( ESFMS) “ ” . . .

: 2006-07-07. .
(2002AC004) ; [31]

(040106) .
Tel / Fax: 86 - 27 - 88663590,
E-mail: ¢yl 01610@ npc. gov. cn



T . 409+

L, , 2 mL, 10 mL, , 37 C
10 min. 2.5 mL 1 cm
( TOF)"!, , 0, 20, 40, 60, 80 100 L 1.0
SUPREX *°1 ( MALDI-MS-based stability detem i mmole L' BER, 37 C 1 h.  AAG
nation method) ~ PLIMSTEX '*°! ( the method of , 288 nm
protein-ligand interaction in solution by MS, titration, , 340 nm( S =1,0 =2)
and H /D exchange) , s , s 37 C 27°7C,
[2,4,6]u
a, - ( a,-acid glycoprotein,
AAG) ( beberine, BER)
, ( ESF-IT/ 1
MS) , 1.1
3.0x10"° mol* L' BER ESI-MS
, 336.2,
, 336.37 .
, AAG © 1 1.0x10° mol* L'
AAG s Xcalibur
LCQDUO ( (
Finnigan , , TSP AS3000 1A
, , )
Xcalibur ) ; RF-540 ; pHS- AAG , AAG
3C pH . ( 44 094 Da( RSD =0.039% ,1n =5),
), - ( Sigma ) 44100 Da , 1B
( Fisher ),
0.01 1.2
mmols L' a- ( AAG) 50 UL : BER
0.3 mmols L' ( BER) AAG ,
Ep , 10 mmols L' (pH 7.2) BER  AAG N=(M -
500 KL, 1:1,1:3,1:6,1:9,1:12,1:15, M )/M M .2
1:30,1:60,1:90,1:120  1:150 AAG/BER  BER/AAG  60:1 , 3
, 37 C 1 h, 10 BER AAG ,
mmols L' (pH 7.2) 100 BER /AAG 60: 1,
. 60:1  BER/AAG . 4 ,AAG BER
, 27T 1 h, 10 mmole L' N 1:6.7.
(pH 7.2) 100
4.5 kV.
190 C . 35 V. m/z 350 ~ Masaki Otagiri
2 000. (N,) 0.60 L* min™';
100% ( BER), 50% 50%  ( , AS>0
AAG) .100%  ( AAG-BER) , 20 ML, ; AS <0 s AH >0, AS >0
0.2 mL* min"'; 10 min, i AH <0, AS <0
10 mL 0.5 s AH<0, AS >0 i
mols L' NaCl 2 mL, 0.1 mol* L' TrissHCI , (1) (2)

(pH 7.2) 2 mL, 0.01 mmol* L' AAG AH, AS.



* 410 Acta Phamaceutica Sinica 2007, 42(4):408 - 412

+113 -
< E
5 100 3
100 T
A B
AAG 90
¢ 804 +114 80 ’/
g = 70 "
E o0 s g 60 '
< 3 50 AAG
P 3 +112
Z 404 +116 *+111+110 40
% +1°17 S S L 109 30
= o204 B I 20
| | 10
0 L | 0 e
300 380 385 390 395 400 405 2000 43900 44000 44100 44200 44300
mz Mass

Figure1 ESI-MS spectra ( A) and the average molecular weight calculation ( B) of 1.0 x10™° mol® L' AAG

using 1.1 methanol-water as mobile phase
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Figure2 ESI-MS spectra ( A) and the average molecular weight calculation ( B) of1: 60 AAG/BER molar ratio

in ammonium acetate, pH 7.2 using water as mobile phase
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Figure 4 Scatchard-analysis plot from ESI-MS
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Figure 5 The effect of berberine on the fluorescence
em ission spectrum of AAG. The added volume of BER
are 0, 20, 40, 60, 80 and 100 ML
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Figure 6 The Scatchard plot of AAG and BER
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