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Abstract

The conformational change of human serum albumin (HSA) was studied through its binding with basic drug-mexiletine by chiral capillary
electrophoresis. The effects of the conformational change of HSA resulted from pH, thermal, acute vibration, and alcohol onits chiral selectivity
to mexiletine were investigated in detail. This study offers a simple and complementary method to investigate the binding of proteins with
drugs and the characteristic of conformational change of protein. The method is easy to perform, high speed, low reagent consumption, and
no modification is required to the commercially available CE instrument.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction In 1991, Karger first reported the influence of column tem-
perature on the electrophoretic behavior of myoglobin and
The study of conformational change of protein is impor- «-lactalbumin by CH7]. After that, CE was applied to study
tant for the understanding of protein stability and unfolding the thermal-dependent conformational changes of proteins
pathway, and it is a hard task because proteins are composeB,9,11-19] investigate the denaturant-induced unfolding of
of huge number of atoms and the folding/unfolding process proteing20,21], monitor the effect of ligand binding on con-
is complicated. The common techniques used to study theformation of proteing22,23], and analyze the single-strand
unfolding transitions of protein involve differential scanning conformation polymorphism gi53mutation[24]. Ishihama
calorimetry[1,2], spectroscopic methods (circular dichroism [19] developed a new method to accurately estimate the tem-
spectropolarimetry2,3], UV spectroscopy4] and fluores- perature inside the capillary and to measure the transition
cence spectroscod,5]) and nuclear magnetic resonance temperature of proteins using the corrected electrophoretic
[6]. In the last decade, capillary electrophoresis (CE) has mobility. In most of the cases, CE was used to estimate the
been successfully applied as an additional and complemen-thermal stability of protein, but the applications of CE were
tary technique for characterizing protein unfoldiffg-24]. strongly limited due to the requirement of precise temper-
Possessing the advantages of high separation efficiency, rapidture control and the relative narrow operation temperature
analysis ability, low reagent consumption, simple perfor- range of commercially available CE instrument (426.
mance in free solution and involving no mass transfer, CE Therefore, the analytes were limited in the proteins with low
is perfectly suitable for the monitoring of the protein unfold- transition temperatuif@,22]. Otherwise, the instrument must
ing. CE can provide a population profile of the species within be modified for the requirement of wide operation tempera-
folding/unfolding equilibria, and can provide some kinetic ture rangg11-13,15]
and thermodynamic informatidg,10]. Due to the chiral nature, proteins can interact differently
with the enantiomers of chiral molecules, especially for chi-
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interactions between proteins and chiral molecules, including running buffer under the separation voltage for 10 min. Be-
hydrophobic interaction, electrostatic interaction and hydro- tween runs, the capillary was rinsed with 60 mM sodium do-
gen bonding interaction, are the basis of the chiral recognition decyl sulfate (SDS), 1 M NaOH, doubly distilled water and
of protein to guest. As a kind of biomacromolecules, proteins the running buffer each for 2 min. The capillary was partially
are readily to vary their conformation (unfolding/folding) filled with a protein zone in a certain plug length, i.e., from 0
with the change of their physical or chemical environments, to 13.5 cm, prior to the introduction of sample (5.0kPa, 2 s).
such as temperature, pH, acute vibration and adding someThen, electrophoresis was performed with the both end of
chemical denaturants (e.g., ethanol, propanol and urea, etc.apillary dipping in the running buffer (2%).
[27]. The conformational change of protein may affect the In the experiments of thermal denaturation of protein, the
special interaction between protein and guest, therefore, theprotein solution was heated in the water bath in the 30000
chiral recognition ability of protein to guest is affected cor- temperature range for different time (1-48 min). After the
respondingly. But this kind of effect is always ignored in the protein solution was cool down to room temperature, elec-
experiment. trophoresis experiments were carried out.

Human serum albumin (HSA) is the most abundant pro-
tein in blood plasma. It has a single peptide chain with 585
gmino acids. The molecular mass of HSAis 67,000 Da. HSA 3 Rasuits and discussion
is a heart-shaped molecule assembled by three homologous
[28]. The conformational transitions of HSA at different
environment have been studied previougy3,5,6,19,29]
Therefore, HSA was chosen as model protein in this work.
The conformational change of HSA was monitored by its
binding with the chiral drug-mexiletine in CE. To avoid
the interference of UV detection with protein as buffer
additive in CE, the patrtial filling techniqug0-34] was
applied.

3.1. Chiral separation

In the partial filling method, protein is partially filled into
the capillary prior to the introduction of sample. Then elec-
trophoresis is performed in the buffer without protein. At the
experimental condition, basic drug is positively charged and
migrates toward the cathode. The isoelectric point of HSA
is 4.7, so it is negatively charged at pH higher than 4.7, and
possessed electrophoretic mobility towards the anodic end.
Therefore, drug, which moves in a faster apparent velocity
than protein, can enter the protein zone and interacts with
them. The interaction difference between protein and drug
enantiomers leads to the enantioseparation of drug. Because
of a faster apparent velocity than protein, drug reaches the
detection window prior to protein in the partial filling mode.
Therefore, the UV detection interference caused by protein
can be effectively eliminated. The enantioseparation of mex-
iletine with HSA as selector was obtained by systematically
optimizing the operation variables, and the electropherogram
of mexiletine is shown irfrig. L

2. Experimental
2.1. Apparatus

The CE experiments were performed using an Agilent
CE3P CE system (Agilent Technology, Waldbronn, Ger-
many) equipped with 50cm (41.5cm effective length)
50pm I.D. uncoated fused silica capillary (Yongnian Op-
tical Fiber Factory, Hebei, China). Detection was carried out
by diode-array detection (DAD) at 200 nm (at the cathode
end).

2.2. Reagents
124
Analytical grade reagents were used in all our experiments mAU
and water was doubly distilled. Running buffer was 67 mM
phosphate buffer in desired pH value, which was prepared by 8
mixing disodium hydrogenphosphate and potassium dihy-
drogenphosphate with a certain proportion. Mexiletine and 61
HSA (essential fatty acid free, Sigma) were dissolved in the
running buffer to prepare 0.5 mM solutions. HSA solution
was stored in the 4C. Unless noted otherwise, the pH of 2
HSA was adjusted to match with the buffer. o M
8

0 2 4 6 .
2.3. Electrophoresis procedures min

104

. . . . . Fig. 1. The electropherogram of mexiletine. Running buffer, 67 mM phos-
Priorto the first use, anew Caplllary was rinsed with 0.1 M phate buffer, pH 7.4; sample: 0.5 mM mexiletine; injection, 5.0kPa, 2s;

NaOH, doubly distilled water and the running buffer for 30, selector: 0.4mM HSA, the plug length of HSA zone, 9.0cm; detection:
10, 10 min, respectively, and then pre-equilibrated with the 200nm; voltage, 12kV; 25C.
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3.2. Effect of conformational change of protein on the 2.0+ e oH742.0 .

chiral separation . e oH74-2.0-7.4 /
The structure of protein is complicated; it can undergo 124

many conformational transitions with the change of the en- IS /

vironment. The multiple-sited specific interaction between %’ 0.8+

protein and drug is hereby affected with the conformational § 0.4

change, which results in the corresponding variance of its ’

chiral selectivity to drug. In this study, the resolution of mex- 004 a . y

iletine with HSA as chiral selector was determined to inves-

tigate the effects of the conformational change of HSA on its 044 : : : : : .

chiral selectivity. 2 3 4 5 6 7 8

pH
3.2.1. Effect of pH Fig. 3. The effect of pH-induced conformational change of HSA

The effect of running buffer pH on the chiral separation of (7.4— 2.0— 7.4) on the resolution of mexiletine. Running buffer, 67 mM
mexiletine was studied (the pH of HSA solution was matched phosphate buffer at the same pH as HSA solution; selector, 0.4 mM HSA
with that of the buffer); the result was shownFi'rg. 2 Itcan at dif_ferent pH. Thg triangles represent the addition of HCI tp_ the protein
be seen that the chiral separation cannot be realized at pHsolutlon,whllethe circles reflect the reverse process upon addition of NaOH.

R Other conditions as ifig. 2
<6.0. When the pH is increased from 6.0 to 7.8, the resolu- 9

tion of mexiletine increases. While, further increasing the pH (Fig. 3. The trend was similarwhen the pH was adjusted from
from 7.8 to0 9.4, the resolution decreases gradually and finally 7.4 fo il 0, then back to 7.4 (figure not shown). The results

reachgs zeroat pH 9.4. '!'he fact ind'ica}tes.that HSApossessegy, gy that the conformational change of HSA in the range of
the chiral recognition ability to mexHetme in the pH_ range of 5o 11.0is reversible, and the unfolding and refolding are fast
.6'0._ 9.4. The dl_sappeargn_ce of the ch_lral sep_aratlon of mex'processes. The chiral recognition ability of HSA can recover
lletine at the slightly acidic and alkaline enylronment ,(PH about 70% when the pH of protein shifted either from neutral
<f6'0 and >h9.4) Tallé’_be duefto the_confcf)rmanonal tr;:;nsnpns to acid, then back to neutral or from neutral to alkaline, then
of HSA. The unfolding conformation of HSA at acid envi- back to neutral. While it cannot recover completely, which

ron;net:ltgas ? Izrg_e hydrat_ed s?rLace, w_rluc_h IS not fa_vorablemay be due to the destruction of some saltbond at the extreme
to thle-|S},/A rXp obic |r|1terr1act|on IO the ”f'%x' etmzenantlgmehrs acid and alkaline environment, since this kind of destruction
wit . As aresult, the resolution of drug reduces. Onthe 0041 recovered completely.

contrary, the unfolding trans!tions of HSA, at basic environ- Furthermore, the electrophoresis behavior of HSA at var-
mentform aclosed subdomain structure with a small h'ydratfad ious pH was investigated. In order to eliminate the effect of
surface. EfUt the drug molecule enters the _hydrophob_|c cavity e running buffer pH on the mobility of HSA, pH of the run-
of HSA with more d'_ﬁ'CU|ty’ so the resolution of mexiletine ning buffer was fixed at pH 7.4. It was found that the mobility
also decreases at higher pH. of HSA at pH 7.4 is faster than that at a higher or a lower

Further study shows that when the pH of HSA solution is H (Fi Th k sh f HSA obviouslv broadened at
shifted from 7.4 to 2.0, then returned to 7.4, the resolution of PH (Fig. 4. The peak shape o obviously broadened a

mexiletine reduces from 1.89 to 0, and then increases to 1.39 AU
mAU A

2.0 ./-\ 250(}? [\
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Fig. 2. The effect of pH on the resolution of mexiletine. Running buffer, Fig. 4. The electropherograms of HSA at different pH. Running buffer,
67 mM phosphate buffer at different pH; samples: 0.5 mM mexiletine; se- 67 mM phosphate buffer, pH 7.4; sample, 0.4 mM HSA at different pH,
lector, 0.4 mM HSA at the same pH as buffer, the plug length of HSA zone, 1=pH2.0,2=pH6.0,3=pH 7.4,4=pH9.2,5=pH 11.0, injection, 5.0 kPa,
9.0 cm. Other conditions as Fig. 1 2s; voltage, 12 kV.
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pH >9.0 and <6.0. It is easy to understand that the mobility 2.0

of HSA at pH 7.4 is larger than that at higher pH. HSA is

negative charged when pH is above 4.7. The higher the pH 1.6+

is, the more the negative charge is, and the larger the mo- c

bility is. While, the migration velocity of HSA at pH lower % 129

than 7.4 is slower than that at pH 7.4, this is contrary with 2 08l

the above explanation. Therefore, there should be another T

force affecting the migration of the protein. It is known that 0.44

the protein undergoes several pH-dependent conformational

transitions[28,35] The conformation is the most compact 0.0+

close to physiological pH (7.4). Moderate pH deviations from 7 s 20 2 0 %o
physiological values to either acidic or basic ones cause an min

increase in HSA globule size (unfoldinfB6]. The increase

in HSA size leads to a large resistance in its moving. Conse-Fig. 6. The effect of heating time of HSA on the resolution of mexiletine.
quently, the mobility of HSA reduces. The peak broadening Sample, 0.5 mM mexiletine; selector: 0.4 mM HSA heated at 60 ariC80
of HSA at pH >9.0 and <6.0 indicates that there maybe co- for differenttime; other conditions as Fig. 1

exist several conformations in the pH range. It is very obvi-

ous to observe several splits in the electropherogram of HSA

at pH 2.0 Fig. 4(1)). Their study by two-dimensional near-infrared spectroscopy
indicated that the secondary structure of HSA changes sud-
3.2.2. Effect of temperature denly near 60C, and hydration changes markedly neat 60

Unlike the common CE method of investigating the con- [37]. After heated (70—90C heating 1 min) HSA was stored
formational change of proteins, the electrophoretic behavior at 4°C for 1-48 h, its chiral selectivity to mexiletine was
of the proteins at different column temperatures was stud- studied by CE. The result shows that the chiral recognition
ied. In this work, the conformational change of thermal- ability of HSA cannot recover even 48 h later. This suggests
induced HSA was investigated by determining the chiral se- that the thermal-induced conformational change of HSA is
lectivity of HSA, which was heated at different temperatures irreversible over 70C.

(30-100°C) for 1 min and cooled to the room temperature. The influence of the heating time on the recognition abil-
Therefore, no high column temperature is required and thereity of protein was studied at both 60 and8D. Fig. 6 shows

is no need to modify the CE instrument. It showsHig. 5 that when HSA is heated at 8Q, the resolution of mexile-
that when protein is heated at the temperature belodC60 tine decreases generally with the increase of heating time,
for 1 min, no significant effect on the resolution of mexiletine i.e., the chiral recognition ability of HSA decreases gener-
is observed. When protein is heated ovef8Qthe resolu- ally. The recognition ability of HSA remains 41% when it is
tion decreases sharply with the increase of temperature. Atheated at 60C for 48 min. However, when HSA is heated
last, the chiral selectivity of HSA disappears above’ @0 at 80°C, its chiral selectivity reduces sharply and disappears

The sudden decrease of chiral selectivity ovef®0ndi- in 3min. This indicates that the thermal-induced conforma-
cates that the conformation of HSA changes suddenly overtional change of HSA is a rapid kinetic process, the time
60°C. The result agrees well with Wu et al.'s rep{B7]. of unfolding process is shorter than the sum of the time of

thermal treatment and the electrophoretic running (12 min).

Furthermore, the conformational change is dependent much
2.0+ on the temperature than on heating time. Consequently, com-
bined with the fact that the chiral selectivity of HSA has no

1.54 obvious change at temperature below&Qit can be specu-
c . lated that the conformational change of HSA in this temper-
S 1.04 ature range is reversible. The speculation is in good accor-
§ dance with the results of Lumry and Eyri[&9], and Pi©[5].
&£ 054 In addition, the electrophoresis behavior of heated HSA was

studied in the pH 7.4 phosphate buffeid. 7). All of the mo-

bility of heated HSA is slower than that of native protein (pH

7.4), and the shape of peak broadens as well as the height of

. . . . peak decreases at the higher temperature. The decrease of the

20 40 TZ% eratBO . 100 120 140 mobility of thermal denatured protein is due to the thermal-
perature induced conformational change of HSA. The broadening in

Fig. 5. The effect of thermal denaturation of protein on the resolution of shape and the decrease in height is a consequence of a mix-

mexiletine. Sample: 0.5 mM mexiletine; selector: 0.4mM HSA (heated at ture of several conformation states with different migration

different temperature for 1 min); other conditions aig. 1 times.

0.0+ .
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mAU| the protein solution containing 1.1% (v/v) 1-propanol has no
1 AA_—/Q‘ chiral selectivity ability. It has been reported that high content
12001 alcohol (>50%, v/v) could cause the conformational transi-

] tion of protein. Whereas at low content of alcohol (<20%,
1000} v/v), the conformation of protein does not change, it main-

. JL tains the compact native-like structure, but decreased stabil-
soo—: ‘//\\ ¢ ity [40]. In our experiment, it is found that the percent of

alcohol leading to the disappearance of the chiral separation
of drug is very low &5%, v/v). This result suggests that
the protein conformation does not change and the addition
of alcohol affects the interaction between drug and protein.

] The stronger the hydrophobicity of alcohol, the low the con-
200+ centration of alcohol leading to the disappearance of chiral

] a separation. Therefore, it can be concluded that the hydropho-

0 bic interaction may play an important role in the interaction

T T T T T T min between HSA and mexiletine.

600-]

Fig. 7. The electropherograms of thermal denatured HAS. Running buffer,
67 mM phosphate buffer, pH 7.4; sample, 0.4 mM HSA heated at differ- )
ent temperatures; a=native, b =80, 48 min, c=80C, 2min, d=80C, 4. Conclusion
3 min. Other conditions as iRig. 4.
Passing through the study of the effects of conforma-

3.2.3. Effect of vibration tional change of HSA on its chiral recognition ability to
Acute vibration (such as ultrasound) can also bring about mexiletine by capillary electrophoresis, the results can pro-
the conformational change of proteif8,39] In this study vide a series of useful information to understand the inter-
the HSA solution, which was ultrasonically vibrated for action between HSA and drugs and the characteristics of
2 min, lost its chiral recognition ability to the enantiomers, conformational change of HSA. Capillary electrophoresis

Its chiral recognition ability cannot recover after placement at [€Clnique can provide a simple and assistant method to re-

4°C for 1-48 h. This fact suggests that the ultrasonic-induced veal the conformation characteristics of protein by study-
conformational change of HSA is irreversible ing the influence of conformational change of protein on its

chiral selectivity. The method possesses the advantages of
easy performance, high speed, and low reagent consumption.

3.2.4. Effect of alcohol . .
. . The following conclusions can be drawn from the present
Alcohol has been proven to cause a conformational transi- K

tion of protein[40,41] The effect of alcohol on the chiral sep-

aration efficiency of HSA was studied. It can be sedriin 8 _ ) ) _

that with the increase of ethanol, the resolution of mexiletine (1) The HSA interacts differently with enantiomers of the
decreases gradually, and reaches zero when the percent of chiraldrugs by reversible binding, the binding interaction

ethanol in the protein solution reaches to 5% (v/v). Similarly, _ Mainly involves hydrophobic interaction. o
(2) Ultrasonic-induced conformational change of HSA is ir-

reversible, while pH-induced conformational change is

1.8 4 reversible in the pH range of 2.0-11.0. The conformation

16 \\ of HSA is the most compact close to physiological pH

14 (pH 7.4).

12 e (3) The thermal-induced conformational change of HSA
5 104 -\ strongly depends on the temperature, and it is a rapid dy-
% 08 —_ namic process. The conformational change is reversible
8 06 N below 60°C, but it is irreversible above 7. HSA un-
« 04 ] i dergoes a sudden conformational change ne&a€60

0.2 \.

0.0

-0.2 | Acknowledgements

T T T T T T T T T
0 0.20%0.60% 1% 2.20%2.60% 3% 3.40% 5%

i 0 . . . .
Percent of ethanol in HSA zone /% The financial supports by the National Natural Science

Fig. 8. The effect of ethanol on the resolution of mexiletine. Sample: 0.5 mM Found_ation of Chi_na (992_06037’ 2(_)305009) and the Fund
mexiletine; selector, 0.4mM HSA containing different percent of ethanol. Of National Education Ministry of China (20010284030) are
Other conditions as ifig. 1 greatly acknowledged.



214

References

[1] T. Kosa, T. Maruyama, N. Sakai, N. Yonemura, S. Yahara, M. Ota-
giri, Pharm. Res. 15 (1998) 592.

[2] B. Farruggia, G.A. Pig, Int. J. Biol. Macromol. 26 (1999) 317.

[3] M. Dockal, D.C. Carter, F. Bker, J. Biol. Chem. 275 (2000) 3042.

[4] F. Zsila, Z. Bikadi, M. Simonyi, Tetrahedron-Asymmetry 14 (2003)
2433.

[5] G.A. Pico, Int. J. Biol. Macromol. 20 (1997) 63.

[6] O©.J.M. Bos, J.F.A. Labro, M.J.E. Fischer, J. Wilting, L.H.M. Janssen,
J. Biol. Chem. 264 (1989) 953.

[7] R.S. Rush, A.S. Cohen, B.L. Karger, Anal. Chem. 63 (1991) 1346.

[8] V.J. Hilser, E. Freire, Anal. Biochem. 224 (1995) 465.

[9] V.J. Hilser, G.D. Worosila, E. Freire, Anal. Biochem. 208 (1993)
125.

[10] B. Dong, F. Dong, X. Qian, Lett. Biotechnol. (Chin.) 10 (1999) 314.

[11] D. Ruchu, G. Ducret, P. Masson, J. Chromatogr. A 838 (1999) 157.

[12] D. Ruchu, G. Ducret, F. Ribes, S. Vanin, P. Masson, Electrophoresis
20 (1999) 1586.

[13] D. Ruchu, C. Georges, J.€Riton, N. Vigug, B. Saliou, C. Bon, P.
Masson, BBA-Protein Struct. M 1545 (2001) 216.

[14] E.D. Lorenzi, S. Grossi, G. Massolini, S. Giorgetti, P. Mangione, A.
Andreola, F. Chiti, V. Bellotti, G. Caccialanza, Electrophoresis 23
(2002) 918.

[15] N.H.H. Heegaard, L. Rovatti, M.H. Nissen, M. Hamdan, J. Chro-
matogr. A 1004 (2003) 51.

[16] Z.H. Fan, P.K. Jensen, C.S. Lee, J. King, J. Chromatogr. A 769
(1997) 315.

[17] P.K. Jensen, C.S. Lee, Anal. Chem. 70 (1998) 730.

[18] H.J. Dai, I.S. Krull, J. Chromatogr. A 807 (1998) 121.

[19] Y. Ishihama, Y. Oda, N. Asakawa, M. lwakura, Anal. Sci. 13 (1997)
931.

[20] F. Kilar, S. Hjerén, J. Chromatogr. 638 (1993) 269.

H. Xu et al. / J. Chromatogr. A 1055 (2004) 209-214

[21] M.A. Strege, A.L. Lagu, Am. Lab. 26 (1994) 48C.

[22] D. Ruchu, F. Renault, P. Masson, Electrophoresis 23 (2002) 930.

[23] K.A. Mcintosh, W.N. Charman, S.A. Charman, J. Pharm. Biomed.
16 (1998) 1097.

[24] C. Gelfi, A. Vigano, S.D. Palma, P.G. Righetti, S.C. Righetti, E.
Corna, F. Zunino, Electrophoresis 23 (2002) 1517.

[25] T.A.G. Noctor, in: .W. Wainer (Ed.), Drug Stereochemistry: Analyt-
ical Methods and Pharmacology, Marcel Dekker, New York, 1993,
p. 337.

[26] D.K. Lloyd, A.-F. Aubry, E.D. Lorenzi, J. Chromatogr. A 792 (1997)
349.

[27] A. Fersht (Ed.), Structure and Mechanism in Protein Science, W.H.
Freeman & Co., New York, 2002, p. 508.

[28] T. Peters Jr. (Ed.), All About Albumin: Biochemistry, Genetics, and
Medical Applications, Academic Press, New York, 1995, p. 35.

[29] R. Lumry, H. Eyring, J. Phys. Chem. 58 (1954) 110.

[30] Y. Valtcheva, J. Mohammad, G. Pettersson, S. WjertJ. Chro-
matogr. 638 (1993) 263.

[31] A. Bazzanella, K. Bchmann, R. Milbradt, V. Bhmer, W. Vogt,
Electrophoresis 20 (1999) 92.

[32] A. Amini, U. Paulson-8rman, Electrophoresis (1997) 18.

[33] Y. Tanaka, S. Terabe, J. Chromatogr. A 694 (1995) 277.

[34] H. Xu, X.D. Yu, H.Y. Chen, Electrophoresis 24 (2003) 4254.

[35] D.C. Carter, J.X. Ho, Adv. Protein Chem. 45 (1994) 153.

[36] T.O. Hushcha, A.l. Luik, Yu.N. Naboka, Talanta 53 (2000) 29.

[37] Y.Q. Wu, B. Czarnik-Matusewicz, K. Murayama, Y. Ozaki, J. Phys.
Chem. B 104 (2000) 5840.

[38] L. Gebicka, J.L. Gebicki, J. Enzym. Inhib. 12 (1997) 133.

[39] C. Barnes, J.A. Evans, T.J. Lewis, J. Acoust. Soc. Am. 83 (1988)
2393.

[40] V. Bhakuni, Arch. Biochem. Biophys. 357 (1998) 274.

[41] K.D. Wilkinson, A.N. Mayer, Arch. Biochem. Biophys. 250 (1986)
390.



	Analysis of conformational change of human serum albumin using chiral capillary electrophoresis
	Introduction
	Experimental
	Apparatus
	Reagents
	Electrophoresis procedures

	Results and discussion
	Chiral separation
	Effect of conformational change of protein on the chiral separation
	Effect of pH
	Effect of temperature
	Effect of vibration
	Effect of alcohol


	Conclusion
	Acknowledgements
	References


