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l-ml volume of sample solution was incubated 
fur 1 h at abaut 25T, and the free concentration 
of enantiomers in the filtrate was determined by 
HPLC with chiral separation using an Uftron 
ES-OVM column after filtration using MPS-3. 
All operations were performed at ambient tcm- 
perature with the mobile phase at a flow-rate of 
I.0 mlimin. 

3, Results and discussion 

The retentian and the chiral resolution of 
enantiamers with prute~~-~mmob~l~~~d CSPs 
were infhxcnced by mobite phase conditions such 

as buffer concentration, buffer anion, organic 
modifier and pH, Variations in these conditions 
may change the inbzaction of solutes with the 
solid phase caused by the ~~~~~at~~~ of the 
pro&in andior the electrostatic situation and the 
hydrophobicity of Solutes. 

The variations in the capacity factor (k’) and 
the separation factor (a} with ahxation of 
methanol content are shown in Table 1. The k’ 
values of all compounds on e~e:ry CSP increascxl 
with, decreasing methanol content. Hence these 
four CSPs clearly undergo a reversed-phase 
separation. In addition, the Q: values also in- 
creased with decreasing methanoI content in 
almost all instances, although PP vs. OVM-CSP 
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and CM vs. AVI-CSP showed opposite results. 
This trend of LY values was clearly observed when 

neutral compounds were used on the OVM-, 
CON- and FLA-CSPs. 

The effects of organic modifiers of the mobile 
phase on the retention and separation of en- 
antiomers on the four CSPs are shown in Table 
2. This examination also showed that these four 
CSPs were involved in a reversed-phase sepa- 
ration mode. In the case of using straight-chain 
alcohols as organic modifiers such as methanol, 
ethanol and 1-propanol, an increase in the 
hydrophobicity of their alcohols induced a de- 
crease in the LY values. These results were the 
same as those obtained in the experiment with 
variation in methanol content mentioned above. 

On the other hand, using 2-propanol resulted in 
LY values the same as or lower than those ob- 
tained using ethanol. Different results in chiral 
separation were sometimes induced by adding 

acetonitrile to the mobile phase. The IY valve of 
PP using acetonitrile was larger than that using 
methanol, in spite of the significantly weaker 
retention on OVM-CSP, and FLA-CSP using 
acetonitrile also promoted better enantioselec- 

tivity for BZ than with 1-propanol with almost 
the same retention capacity. 

From the results obtained in these studies, the 

increase in a values with decreasing hydropho- 
bicity in the mobile phase suggests that the 
hydrophobic interaction in chiral recognition 

cavities significantly affected the difference in 
affinity for protein-CSPs. Addition of methanol 
as an organic modifier resulted in better res- 
olution than that of other straight-chain alcoholic 

solvents on every CSP. Methanol is the most 
polarized and the smallest molecule among the 

organic solvents generally used in HPLC, hence 
it may be able to elute with minimum interfer- 
ence from hydrophobic interactions between the 

Table 2 
Effect of organic modifiers on retention and chiral separation of enantiomers on four CSPs 

CSP Solvent KP 

k; a 

PP 

kl a 

CM 

kl a 

BZ 

k’, cr 

AVI 

OVM Methanol 1.64 

Ethanol I I4 

1-Propanol 0.74 

2-Propanol O.Yl 

Acetonitrile 0.71 

Methanol 

Ethanol 

1 -Propanol 

2-Propanol 

Acetonitrile 

CON Methanol 

Ethanol 

1 -Propanol 

2-Propanol 

Acetonitrilc 

FLA Methanol 

Ethanol 
1-Propanol 

2-Propanol 

Acetonitrile 

11.Y2 

4.52 

1.97 

2.Y2 

1.W 

5.60 

4,15 
3.51 

4.W 

3.73 

3.03 

1 .w 
I .37 
1.02 
1.2h 

1.00 
I 00 

I .oo 

I .OO 

I .oo 

I .s!l 
1.31 

I .OO 

1.11 

l.OO 

l.OO 

1 00 

1.00 

1.00 

I .oo 

1.12 

1.10 

I .OO 

1.10 
1 .OO 

67.67 

13.82 

I.IY 

3.98 

4.01 

3.46 
2.44 

1.66 

2.31 

I .13 

7.71 

5.49 

3.31 

4.03 
6.03 

16.00 

8.07 

3.Y1 

6.53 

4..50 

1.07 

1 .QO 

1 .OO 

1.00 

1.15 

1.03 
1 .O(l 
1.00 
1.00 

1.W 

I .oo 

1 .oo 

1 .oo 

1 .OO 

I .flo 

I .OO 

1.00 

1 .oo 

1 .oo 

I .oo 

0.93 2.14 2.33 1.96 

0.56 1.18 1.00 1.49 

0.35 1.00 0.55 1.00 

0.48 1.00 0.78 1.42 

0.37 1.00 0.58 1.00 

1.94 
1.14 

0.66 

0.89 

0.53 

1.44 

1.11 
1.00 

1.00 

1.00 

I.19 

1.12 

1.00 

1.00 

1.00 

1.44 

1.15 

1.00 

1.00 

1.00 

2.17 1.06 
1.50 1.00 
1.05 1.00 

1.38 1.00 

0.87 1.00 

1.35 

1.18 

1.12 

1.22 

1.28 

2.96 1.06 

2.43 1.06 

2.18 1.00 

2.46 1.00 
2.43 1.00 

0.84 

(1.73 

0.62 

0.71 

0.56 

2.61 1.25 

1.77 1.14 

1.22 1.00 

1.75 1.13 

1.21 1.09 

Chromatographic conditions: mobile phase , 20 mM phosphate buffer (pH h.O)organic solvent (OVM. 80:20; AVI, 80:20; CON, 

98:2; FLA. 9O:lO); flow-rate, I.0 mlimin; detection, UV at 230 nm; sample amount, 200 ng in 10 ~1. ki = Capacity factor of 

first-eluted enantiomer; a = separation factor. 
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solutes and the chiral recagnition cavities on 
proteins immobiked on a silica support. On the 
other hand, the results for PP vs. OVM-CSP 
and CM vs. AVI-CSP in Table 1 were exception- 

al cases and suggest that methanol as an organic 
modifier did not interfere much with the specific 
interactions in the chiral recognition cavities in 
those cases. Acetonitrile was sometimes a good 
organic modifier in the mobile phase. The reasun 
for this seems to be that the interference mecha- 
nism with acetonitrile on the hydrophobic inter- 
action between solutes and chiral recognition 
moieties in the solid phase differs from that with 
methanol, and the hydrophobic interaction in 
cavities having a specific affinity was sequenced 
by the hydroxyl group in the alcuhol. 

The effects of buffer concentration in the 
mobile phase on k’ and LY values on every CSP 
are shown in Table 3. The k’ and ar values of 

CM and I32 were not substantially changed. The 
k’ values of KP on the OVM-, AVI- and CON- 
CSPs decreased with increasing buffer concen- 
tration, whereas those on the FLA-CSP were 
nut changed. Although the k’ values of PP on 
FLA-CSP decreased with increasing buffer con- 
centration, those on the other three CSPs did not 
vary, in contrast to the results with KP. On the 
other hand, with AVI-CSP, the cy values of PP 
increased with increase in buffer concentration, 
whereas those of all the others were not substan- 
tially altered. These results suggest that the ionic 
interaction between protein-CSPs and ionic sol- 
utes contributed to the retention capacity. 

Changes in the buffer anion in the mobile 
phase also affected the retention of ionic solutes 
on the four CSPs (Table 4). The k’ of KP 
increased when borate buffer was employed in 
comparison with the use of phosphate buffer on 

Table 3 
Effect of buffer concentration on retention and chiral separation of cnantiomers on four CSPs 

CSP Buffer 
concentration 
(mm) 

KP 

kI a 

PP CM BZ 

k; N k; a ki a 

OVM 5 1.6% 1 .OCf 32.75 1.08 0.69 1.64 1.31 1.68 
10 1.52 1 .OO 30.04 1.07 0.71 1.63 1.33 1.68 
20 1.16 1.00 33.89 1.09 0.67 1.63 1.24 1.67 
50 1.05 1 .OO 30. (HI 1 .O& 0.69 1.67 1.36 1.68 

100 1.01 1.00 23.15 1.03 0.69 1.64 1.31 1.69 

AVI 5 22.73 I,00 2.98 I.00 2.00 1.43 2.19 1.06 
10 17.7% 1.59 3.06 1.00 2.ut 1.45 2.20 1.06 
20 12.92 1.59 3.46 1.03 1.94 1.44 2.17 1.06 
50 IO.115 1.57 3.13 1.06 2.00 1.49 2.17 1.06 

100 8.29 1.52 2.8.7 1.07 1.96 1.53 2.10 1.06 

CON 5 8. I2 I.00 8.43 1 .(I# 1.50 1.30 3.1% I.11 
10 6.9% 1.00 10.49 1.00 1.56 1.51 3.31 1.12 
20 5.60 7 .OO 7.71 1.00 1.35 1.19 2.96 1.06 
SO 5.11 l.OO 8.4% I .oo t 54 I.12 3.28 1.04 

100 4.45 1.00 7.50 1.00 1.43 1.15 3,15 1.05 

FLA s 2.xs 1.15 22.96 1.00 (I.91 1.41 2.70 I .26 
10 3.13 1.16 18.40 1.00 0.90 1.42 2.73 1.27 
w 3.03 1.12 1h.M I.00 0.84 1.44 2.61 1.25 
50 2.X0 1.13 13.47 1.00 0.89 1.43 2.64 1.28 

100 3.22 1.13 10.94 1.00 0.91 1.44 2.77 1.30 

Chromatographic conditions: mobile phase. phosphate buffer (pH 6.0)-methanol (OVM X:25; AVI, 80:20; CON, 98:2; FLA, 
9O:lO): flow-rate. 1.0 mlimin: detection, UV at 230 nm: sample amount , 200 ng in 10 ~1. k i = Capacity factor of first-eluted 
enantiomer; a = separation factor. 
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Table 4 

Effect of buffer anions on retention and chit-al separation of enantiomers on four CSPs 

CSP Buffer UP 

k; a 

PP 

k; a 

CM 

k: (Y 

BZ 

k; Ly 

OVM 

AVI 

Phosphate 1.16 1.00 33.89 1.09 0.67 1.63 1.24 1.67 

Acetate 3.1s 1.00 19.74 1.09 0.71 1.63 1.31 1.66 
Borate 0.46 1.00 15.91 1.11 0.66 1.68 1.22 1.66 
Tartrate 1 .OO 1.00 24.04 1.05 0.75 1.63 1.35 1.62 
Citrate 1.01 1.00 26.23 1.09 0.71 1.00 1.37 1.69 

Phosphate 15.38 

Acetate 7.22 

Borate _ 

Tartrate lO.O7 

Citrate h.3(1 

1.58 

2.27 

2.87 1.05 1.99 1.45 2.20 1.07 

1.68 1.00 1.45 1.30 1.92 1.00 
1.15 1.00 1.93 1.30 2.17 1.00 

2.67 1.06 1.96 1.56 2.19 1.00 

3.38 1.07 1.92 1.57 2.16 1.04 

CON 

FLA 

Phosphate 7.24 

Acetate 10.26 

Borate 20.13 

Tartrate 6.49 

Citrate 4.42 

Phosphate 

Acetate 

Borate 

Tartrate 

Citrate 

3.03 

5.14 

6.72 

3.43 

2.61 

_ 

1.53 
1.60 

1.00 

1.00 

1.00 

1.00 

1 00 

1.12 

1.11 

1.13 

1.13 

1.15 

5.80 

5.18 

5.58 

7.05 

8.78 

16.(W) 

13.84 

IX.35 

ll.hY 

14.38 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1 .oo 
1 .(I0 
1.00 
1.00 

1.37 1.12 3.24 1.00 
1.40 1.19 3.13 1.00 
1.39 1.19 3.20 1.00 
1.52 1.14 3.51 1.00 
1.36 1.00 3.33 1.00 

0.84 1.44 2.61 1.25 
0.94 1.41 2.96 1.22 
0.90 1.34 2.70 1.21 
0.90 1.40 2.70 1.27 
0.78 1.72 2.89 1.30 

Chromatographic conditions: mobile phase. 20 mM buffer (pH 6.0)- methanol (OVM. 75;25; AVI, 9O:lO; CON, Y8:2; FLA, 

9O:lO); flow-rate, 1.0 mlimin; detection, UV at 230 nm; sample amount, 200 ng in 10 ~1. k; = Capacity factor of first-eluted 
enantiomer; a = separation factor. 

every CSP, and the order of the increase in k’ 
was OVM > AVI > CON > FLA. The strengths 

of retention using the borate buffer were about 
nine times those using phosphate buffer on 

OVM-CSP, about four times on AVI-CSP, 
about three times on CON-CSP and about 
double on FLA-CSP. This order agrees with the 
amounts of mannose in the carbohydrate [25]. 

The carbohydrate moiety of glycoproteins is 
known to form a carbohydrate-borate complex 
with the borate anion, and this protein surface 

change may be related to the above phenom- 
enon. On the other hand, in contrast to the 
result with KP, the k’ value of PP on the OVM- 

and AVI-CSPs was the lowest when the borate 
buffer was employed, although on the CON- 
and FLA-CSPs it was not substantially changed 

compared with the result with the phosphate 

buffer. Regarding the cy values, the OVM-, 
CON- and FLA-CSPs did not display much 
variation, whereas AVI-CSP showed different 
results attributable to the change in buffer anion. 

Table 5 shows the results for k’ and (Y values 
obtained on changing the pH of the mobile 
phase. The pl values of OVM, AVI, CON and 
FLA are 3.9-4.3, 9.5-10.0, 6.05-6.6 and 3.9- 
4.1, respectively [25]. However, KP was most 
strongly retained at pH 4 on every CSP. This 

may indicate that the same amino acid residue in 
the four proteins is related to the retention of 
KP. KP has a carboxylic acid group in its mole- 
cule, so that its pK value is about 4-5. Conse- 
quently, the retention of KP increased with pH 
change from 7 to 4 in the mobile phase because 
its hydrophobicity increased. However, at pH 3, 
the retention of KP became weak; we consider 
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Table 5 
Effect of pH on retention and choral separation of enantiomers on four CSPs 

CSP PH KP 

kl a 

PP 

k; a 

CM 

kl 

BZ 

a kl a 

OVM 3.0 2.96 1.07 0.01 l.W 0.50 1.40 0.66 1.27 
4.0 4.04 1.00 1.61 1.00 0.55 1.35 0.88 1.53 
5.0 2.85 1.00 2.92 1.00 0.53 1.36 0.87 1.59 
6.0 0.91 1.00 16.25 1.10 0.53 1.36 0.82 1.49 
7.0 0.39 1.00 60.72 1.20 0.54 1.43 0.80 1.41 

AVI 3.0 14.26 1.23 0.00 1 .oo 1.84 1.71 2.05 1.00 
4.0 34.69 1.38 0.70 1.00 1.81 1.59 2.04 1.05 
5.0 30.08 1.46 0.86 1.00 1.78 1.57 2.05 1.07 
6.0 IS.38 1.58 3.87 1.05 1.99 1.45 2.20 1.07 
7.0 7.29 1.61 7.24 I .ot) 1.90 1.45 2.11 1.06 

CON 3.0 22.65 1.00 0. 15 1 .oo 1.71 1.00 3.26 1.00 
4.0 24.74 1.00 0.58 1 .oo 1.45 1.12 3.17 1.00 
5.0 19.16 1.00 2.06 1.00 1.45 1.23 3.11 1.08 
6.0 7.24 1 00 5.80 1 .oo 1.37 1.12 3.24 1.00 
7.0 2.66 1 .oo 2.66 1 .oo 1.42 I.18 3.27 1.00 

3.0 11.58 1.12 0.00 1 .oo 0.95 1.05 2.10 1.13 
4.0 23.2(1 1.34 0.96 1 .09 0.89 1.21 2.87 1.00 
5.0 12.39 1.27 4.83 1 .07 0.87 1.36 2.86 1.19 
6.0 3.48 1.15 15.63 1 .oo 0.85 1.47 2.96 1.28 
7.0 1.42 1 .oo - 0.94 1.53 3.01 1.29 

FLA 

Chromatographic conditions: mobile phase. 20 mM phosphate buffer-methanol (OVM. 70:30; AVI, 80:20; CON, 98:2; FLA, 

9O:lO); flow-rate, 1.0 ml/min: detection. UV at 230 nm: sample amount. 200 ng in 10 ~1. k; =Capacity factor of first-eluted 

enantiomer ; a = separation factor. 

that alteration of the conformation of the protein 
itself based on the dissociation of an amino acid 

residue, which was attributed to the non-specific 
interaction, contributed to this phenomena. For 
PP, the k’ values increased with increasing pH, 

although CON-CSP showed a different ten- 
dency. The pK of PP is 9.5; therefore, the 
hydrophobicity of the enantiomers themselves 

increases on approaching alkaline conditions. 
However, CON-CSP has a weaker hydrophobic 
interaction for retention in comparison with the 

other three CSPs; thus the change in the hydro- 
phobicity of the protein itself seems to affect 
retention more than those of PP. On the other 

hand, the LY values of KP on AVI-CSP changed 
with alteration of the buffer anion, although the 

other CSPs were not substantially affected ex- 
cept for CM vs. OVM- and FLA-CSPs. KP has 

a carboxylic acid group in the molecule, and the 
enantioselectivity of KP may decrease owing to 
inhibition due to the access of buffer anions 

containing a carboxylic acid to the chiral recogni- 
tion cavity in AVI-CSP. 

The k’ values of non-ionic compounds were 

not greatly affected by pH changes, but the best 
pH conditions for chiral separation of CM and 
BZ were different among the four CSPs. These 
results seem to show that amino acid residues 
related to non-specific interactions were different 
from amino acid residues related to chiral recog- 
nition in many instances. 

The recoveries in the protein binding assay 
procedure are shown in Table 6, and indicate 
that this assay procedure could determine the 
concentration of the four racemates in the filtrate 

without adsorption on an ultrafiltration mem- 
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Table 6 

Recoveries of four racemates with native protein binding 

assay 

Racemate Recovery ( %) 

KP 100.3 + 2.2 100.4 + 2. I 
PP YS.8 + 2.2 Yh.2 + 2.2 

CM 99.2+ I.1 101.2 f 1.0 

BZ 101.4 2 2.6 101.0 + 7.6 

Chromatographic conditions: column. Ultron ES-OVM (150 

mm x 4.6 mm I.D.): mobile phase, (KP) acetonitrile-20 mM 

phosphate buffer (pH 3.0) (10: 100). (PP) acetonitrile-20 

mM phosphate buffer (pH 6.X) (3O:lOO) and (CM. BZ) 
ethanol-20 mM phosphate buffer (pH 4.6) (1O:lOO); flow- 

rate. 1.0 ml/min; detection. UV at 230 nm; n = 4. 1 = First- 

eluted enantiomer: 2 = second-etuted enantiomer. 

Table 7 

Protein binding (%) of enantiomers for native proteins 

brane. These results were sufficient for inves- 
tigating the difference in protein binding be- 
tween enantiomers. The results of protein bind- 
ing of enantiomers for four native proteins are 
shown in Table 7. A tendency for the bindings of 
ionic compounds for native proteins to be 

stronger than those of non-ionic compounds was 
observed except for the cases of PP vs. CON and 
FLA. OVM showed good capacities for binding 
to each compound, whereas the binding capacity 
of CON was very weak except for KP. AVI did 
not show a binding capacity for PP. In addition, 
the binding ratios of KP for AVI were opposite 

those of the others. On the other hand, com- 
pounds which had greater differences in protein 
binding between enantiomers were better re- 

solved on protein columns in each instance, as 

Protein pH KP 

1 2 2/l 

PP CM BZ 

I 2 2/l 1 2 2/I 1 2 2/l 

OVM 3.0 19.6 14.5 0.99 3. I 
3.0 4.4 6.7 I.57 17.6 
5.0 3.7 6.0 1.62 18.6 
6.0 3.1 5.8 1.87 20.4 

7.0 0.0 0. 1 _ 23.0 

AVI 3.0 60.8 35.5 (1.7.5 0.0 
4.0 70.5 52.6 0.75 0.0 

5.0 71.2 54.1 0.76 0.0 

6.0 76.3 57.x 0.76 0.0 
7.0 74.2 53.0 0.71 0.0 

CON 3.0 42.0 39.8 0.Y.s 0.0 
4.0 17.5 17.6 I .Ol 0.0 
5.0 16.2 16.2 I .ou 0.0 
6.0 9.4 10.0 1.06 0.0 
7.0 0.0 0.0 _~ 6.X 

FLA 3.0 32.4 34.0 I .os 0.0 

4.0 33.h 31.2 1.23 15.3 

5.0 28.5 38.1 1.34 13.7 
6.0 2.5.7 3x.5 1.50 33.0 
7.0 8.4 ll.h I.?& 55.2 

2.0 
5.0 
6.0 

4.2 

4.7 

9.4 

18.2 

26.9 

‘7.9 

29.7 

2.x 

1 .o 

0 I 
0.Y 
0.Y 

1.Y 

4.0 

2.3 

2.x 

0.9 

6.8 

15.6 

17.1 

16.4 

23.7 

30.4 

30.7 

32.9 

32.8 

31.9 

0.5 

4.8 

3.3 

6.2 

10.9 

3.40 

3.12 

2.85 

3.90 

5.04 

3.23 

1.69 

1.22 

1.18 

1.07 

0.43 

- 

- 

- 

0.26 

1.20 

1.43 

2.21 

12.11 

4.8 10.8 2.25 

4.0 11.5 2.88 

5.2 12.8 2.46 

6.0 13.5 2.25 

4.9 10.6 2.16 

11.9 12.4 1.04 

12.2 12.7 1.04 

14.7 15.7 1.07 

16.6 17.7 1.07 

16.2 17.5 1.08 

0.0 
0.0 

0.0 

0.0 

0.0 

4.8 

13.0 

15.6 

17.7 
18.4 

0.0 

0.0 

0.0 

0.0 

0.0 

4.9 1.02 

14.0 1.08 

17.9 1.15 

22.1 1.25 

29.7 1.61 

1 = Protein binding (%) of first-eked enantiomer of each compound on Ultron ES-OVM: 2 = protein binding (%) of 

second-eluted enantiomer of each compound on Ultron ES-OVM: 2/l = protein binding ratio. 
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shown in Fig. 2. The opposite binding ratios of CSP could achieve the chiral resolution of KP 
KP for AVI (Tabie 7) suggest that the elution much better than UVM-CSP. This is due to the 

order of KP on AVI-CSP may be opposite ta difference in the contributions to non-specific 

that on the other CSPs. OVM-CSP showed the interactions, That is, AVI shows a smaller 
best chiral recognition ability among the four 
CSPs using four enantiomers. However 1 AVI- 

change in non-specific interactions than OVM on 
immobilization on the silica support. 

Titnc (Inin) 

Time (min) 

- 

0 

Tinlc (min) Time (min) 

Fig. 2. Typical chromatograms obtained on protein-immobilized CSPs. Chromatographic canditions: column. (a, b) OVM-CSP 
(150 mm X 4.6 mm I.D.), (c) AVI-CSP (150 mm x 4.6 mm I.D.) and (d, e) FLA-CSP (150 mm x 4.6 mm I.D.); sample, (a, e) 
benzoin, (b, d) chlormezanone and (c) ketoprofen; mobile phase, (a) 20 mM phosphate buffer (pH 6.0)-methanol(85:15), (b) 20 
mM phosphate buffer (pH S.O)-methanol (90:10), (c) 20 mM phosphate buffer (pH 7.0)-methanol (80:20), (d) 20 mM 
phosphate buffer {pH 7.0)-methanol (9X:2) and {e) 20 mM phosphate buffer <pH 6.O)-methanol (94:6); flow-rate. I.0 mi/min; 
detection, UV at 230 nm: column temperature, room temperature: sample amount, 200 ng in IO ~1. 
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Protein CSPs act in the reversed-phase mode. 
so the retention times of solutes were controlled 
by the ~on~~ntrat~on of the organic solvents in 
the mobile phase. However, these organic sol- 
vents interfere with the interaction between 
solutes and chiral recognition moieties in pro- 
teins. It is preferable to choose mobile phase 
components that produce an appropriate reten- 
tion for analysis with less interference for affinity 
binding in chiral recognition cavities for the 
resolution of enantiomers on protein CSPs. 

4. Candusisns 

The retention properties and chirai separations 
of enantiomers on four protein CSPs were in- 
vestigated, and these four CSPs were found to 
have different properties. The retentions of the 
enantiomers on each CSP were influenced by 
both hydrophobic interactions and ionic interac- 
tions on all non-specific parts in the solid phase, 
and chiral separations might also be influenced 
by the hydrophobic interactions and the ionic 
interactions and changes in confurmation of the 
protein molecule itself, such as ionization or 
non-ionization of amino acid residues in chiral 
recognition moieties. The protein binding prop- 
erties contribute substantially to the retention 
and chiral separation on each protein CSP. 
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