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Enantioselective Electrodialysis of Amino Acids with Charged Polar Side Chains 
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ABSTRACT: Molecularly imprinted polymeric membranes, bearing tetrapeptide derivative H-Asp(OcHex)--Ile
Asp(OcHex)-Glu(OBzl)-CH2-, were prepared during the membrane preparation (casting) process in the presence of print 
molecule Boc-L-Trp. The molecularly imprinted membranes thus obtained showed adsorption selectivity toward print molecule 
family, such as L-Arg, L-Lys, L-His, L-Asp, and L-Glu. The tetrapeptide derivative in the molecularly imprinted membranes 
preferentially recognized L-amino acid from racemic amino acids. Enantioselective electrodialysis was attained with the present 
membrane, and L-isomer was permeated in preference to D-isomer, while D-isomer was preferentially permeated by using 
concentration difference as a driving force for membrane transport. It was made clear that the optical resolution was attained 
by the molecularly imprinted polymeric membranes. 
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Developing novel membrane materials for optical 
resolution is an important and interesting subject in 
connection with pharmaceutical industry, food produc
tion, and so force. The optical resolution with synthetic 
membranes were first investigated by liquid membranes 
containing chiral crown ethers. 1- 4 From the viewpoint 
of the durability of liquid membrane, studies on the 
optical resolution with polymeric membranes have 
emerged. There have been pioneering reports on 
polymeric membranes for optical resolution, such as 
plasma-polymerized membranes of d-camphor5 and /
menthol, 5·6 polymeric membranes having cyclodextrin 
moieties, 7 polymeric chiral crown ethers, 8 poly(amino 
acid) membranes having amphiphilic side chains,9·10 
enantioselective ultrafiltration membrane bearing amino 
acid condensate, 11 ( + )-poly{l-[dimethyl(lO-pinanyl)
silyl]-1-propyne} membrane, 12 polysulfone membranes 
with immobilized bovine serum albumin, 13·14 sericine 
membrane, 15 cellulose tris(3,5-dimethylphenylcarb
amate) membrane, 16 poly{y-[3-(pentamethyldisiloxyl)
propyl]-L-glutamate} membrane, 1 7 poly(methyl metha
crylate) (PMMA) membranes containing ( - )-oligo
{ methyl(lO-pinanyl)siloxane}, 18 and (+)-poly{ 1-[ dimeth
yl(l O-pinanyl)silyl]-1-propyne} membrane. 19 

Optically active compounds, such as amino acids, give 
same physicochemical properties, excepting optical ac
tivity. From this, physical stereoselectivity might be an 
important factor to recognize and to separate optical
ly active compounds. All synthetic membranes for opti
cal resolution already reported 1 - 19 possess such chi
ral microenvironments in them. Oligopeptide is one of 
promising candidates to render chiral environment to 
synthetic membrane. Based on this, polystyrene resin 
bearing H-Asp(OcHex)-Ile-Asp(OcHex)-Glu(OBzl)
CH2- (DIDE-Resin) was adopted as a membrane ma
terial for optical resolution. 

It is required to introduce chiral microenvironment 
into molecular recognition site, tetrapeptide derivative 

t To whom correspondence should be addressed. 

residue, in the membrane so that the membrane may 
show optical resolution. Molecular imprinting tech
nique, which was first proposed by Wulff and his 
coworkers, 20 - 22 might be one of the promising and 
practical ways to introduce chiral recognition site into 
synthetic polymeric membranes. Molecular imprinting 
technique was applied to the free-standing membrans 
for the transport of nucleic acid component. 23 However, 
Wulff's molecular imprinting technique itself is not 
applicable to our case. So we prepared the membrane 
from the polystyrene resin bearing DIDE derivative 
(DIDE-Resin), which was expected to render chiral 
microenvironment, by the alternative molecular im
printing method, membrane preparation with simulta
neous molecular imprinting previously reported. 24·25 

In the present article, chiral recognition and enan
tioselective electrodialysis of racemic amino acids with 
charged polar side chains by using molecularly imprint
ed polymeric membrane bearing tetrapeptide derivative, 
H-Asp(OcHex)-Ile-Asp(OcHex)-Glu(OBzl)-CH2-, are 
described. 

EXPERIMENT AL 

Materials 
Protected amino acids, Boc-L-Glu(OBzl), Boc-L

Asp(OcHex), and Boc-L-Ile, were kindly provided by 
Kyowa Hakko Kogyo Co., Ltd. Chloromethylated poly
styrene resin (Cl-Resin) (1 % divinylbenzene), which 
Cl content was 0. 78 meq g- 1, and dicyclohexylcarbodi
imide (DCC) were purchased from Peptide Institute, Inc., 
Osaka, Japan and used without further purification. 
Dichloromethane, 26 trifluoroacetic acid (TF A), 26 diiso
propylethylamine (DIEA), 27 and 2-propanol26 were 
purified by the usual methods. The copolymer from 
acrylonitrile and styrene (AS), which weight fraction of 
acrylonitrile unit was 0.33, was kindly supplied by Ube 
Cycon, Ltd. o-Arg, L-Arg, D-Lys, L-Lys, D-His, L-His, 
D-Asp, L-Asp, o-Glu, L-Glu, Boc-L-Trp, sodium azide, 
and ethanol were used without purification. Distilled 
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water was employed. 

Preparation of Membrane Materials 
The membrane materials were prepared by Merrifield's 

technique of solid phase peptide synthesis. 28 ·29 Boc-L
Glu(OBzl)-OCH 2C6H4-resin was prepared from 1.000g 
(2.96xl0- 3 mol) of Boc-L-Glu(OBzl) and 0.726g 
(5.66 x 10- 4 unit mol of chloromethyl moiety) of chlo
romethylated polystyrene resin (1 % divinylbenzene). 30 

Boc-L-Glu(OBzl)-OCH2C6H4-resin (0.878 g, 5.05 x 
10-4 unit mol of Boc-L-Glu(OBzl) moiety) was placed 
in a manual reactor similar to one reported31 and carried 
through the schedules32 shown in Table I. The "pre-mix" 
reaction mixture used in all other couplings (Table I) 
was prepared as follows: 3 .15 mmol of Boc-L-amino acid 
in 9cm 3 of CH2Cl2 was cooled at 0°C and mixed with 
326mg (l.58mmol) of DCC in CH2Cl2 (6cm3). After 
the mixture was stirred for 30 min at 0°C, the precipitate 
was filtered at ambient temperature and washed with 
2cm3 of CH2Cl2. The combined filtrate and washings 
were added immediately to the resin manually. The 
completeness of coupling was monitored by qualitative 
ninhydrin tests. 33 Acylation was judged complete in 
coupling of Boc-L-Asp(OcHex) after two cycles. In case 
of Boc-L-Ile, three cycles of the coupling reaction were 
carried out to be judged complete. Following the schedule 
mentioned above, the polystyrene resin bearing tetrapep
tide derivative, Boc-Asp(OcHex)-Ile-Asp(OcHex)-Glu
(OBzl)-CH2- (Boc-DIDE-Resin) was obtained. The 
polystyrene resin bearing H-Asp(OcHex}-Ile-Asp(O
cHex)-Glu(OBzl)-CH2- (DIDE-Resin) was derived 
from Boc-DIDE-Resin by treatment with trifluoroacetic 
acid in dichloromethane. 32 

From the hydrolysis of polystyrene resin thus obtained 
and the derivatization with phenylisothiocyanate34 or 
( dimethylamino )azobenzenesulfonyl chloride, 35 the con
centration oftetrapeptide derivative thus introduced into 
chloromethylated polystyrene resin was estimated to be 
0.28mmolg- 1 DIDE-Resin. 

Preparation of Molecularly Imprinted Polymeric Mem
branes 
The polymeric membrane studied in the present paper 

was prepared from tetrahydrofuran solution. Copolymer 
of acrylonitrile and styrene (AS), which weight fraction 
of acrylonitrile unit was 0.33, was adopted as a membrane 

Table I. Schedule for performed anhydride coupling 

Step Operation and reagent• 

1 CH 2Cl2 , 50cm3 (5 times) 
2 20% TFA/CH 2Cl2 , 40cm3 (once) 
3 20% TFA/CH 2Cl2 , 50cm3 (once) 
4 CH 2 Cl2 , 50cm3 (5 times) 
5 5% DIEA/CH2Cl 2 , 40cm3 (3 times) 
6 CH 2Cl2 , 50cm3 (5 times) 
7 "Pre-mix" reaction mixture (once) 
8 0.5moldm- 3 DIEA/CH2Cl2 , I cm3 (once) 
9 CH2 Cl 2 , 50cm3 (3 times) 

10 2-PrOH, 40cm 3 (3 times) 
11 Repeat steps 4--10 

• Percentages express vol/vol ratios. 
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Mixing time 

min 

1 
2 

20 
1 
2 
1 

90 
15 
2 
2 

matrix because DIDE-Resin does not form free-standing 
membrane. Boc-L-Trp was adopted as a print molecule. 

The molecularly imprinted polymeric membrane was 
prepared from DIDE-Resin and AS, which mole ratio 
of print molecule to DIDE derivative was fixed to be 3: 
a 3.6mg of print molecule Boc-L-Trp, which amount 
being three times of DIDE derivatives in the resin, was 
dissolved in a 2 cm3 of tetrahydrofuran (THF) with a IO 
mg of DIDE-Resin. And then a 190mg of AS was dis
solved in the previous THF solution. The THF solution 
thus prepared was poured into a flat laboratory dish (8.9 
cm-diameter) and the solvent allowed to evaporate at 
ambient temperature for 24 h. The obtained membrane 
was dried at 50°C for additional 2 h. After drying, the 
print molecule was removed from the resultant mem
branes by known large volume of methanol till the print 
molecule could be hardly detected in methanol by UV 
analysis. In this case, it was found that approximately 
93% of added print molecule was recovered from the 
membrane. Thickness of the membranes thus obtained 
was 140-150 µm. 

The control membrane was prepared from AS and 
DIDE-Resin without print molecule Boc-L-Trp. Thick
ness of the control membrane was 140 µm. 

Adsorption of Racemic Mixtures to the Membranes 
The molecularly imprinted polymeric membranes from 

DIDE-Resin or the control membranes were immersed 
in the racemic compounds solution, which was the same 
mixtures studied in the enantioselective permeation, that 
is, a 50 vol% aqueous ethanol solution of racemic amino 
acids, which concentrations being 1.0 mmol dm - 3, and 
the mixture was allowed to be equilibrated at 40°C during 
216 h. Aliquots of the solution at the initial stage and 
after 216h were used for quantitative estimation by 
HPLC (JASCO PU 980) equipped with a UV detector 
(JASCO UV 970) by using a CROWNPAK CR(+) 
column (250 x 4.0 (i.d.) mm) (Daicel Chemical Ind., 
Ltd.) and aqueous perchloric acid solution as eluent. 

The amount of amino acid in the supernatant sub
tracted from the amount initially in the solution gave the 
amount of amino acid adsorbed by the membrane. 

Adsorption selectivity S A(iU> is defined as 

SA<iU) = ((AA);/(AA)J/(C;/Cj) 

where (AA); and C; are the amount of amino acid 
adsorbed in the membrane and the concentration in the 
solution after equilibrium was reached, respectively. 

Enantioselective Permeation of Racemic Mixtures 
The membrane, which effective membrane area was 

3.0 cm 2, was fixed tightly with Parafilm between two 
chambers of a permeation cell. The volume of each 
chamber was 40 cm 3. A 50 vol% aqueous ethanol so
lution of racemic amino acids was placed in the left-

H-NHCHCO-NHCHCO-NHCHCO-NHCHCOOCH2- n I 
I I I I~ 
yH2 yH-CH3 yH2 yH2 
C=O CH2 C=O CH2 
I I I I 

OcHex CH3 OcHex C=O 
I 

OBzl 

DIDE-Resin 
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hand side chamber (L side) and a 5Ovol% aqueous eth
anol solution in the right-hand side chamber (R side). 
Each concentration of racemic amino acid was fixed to 
be 1.0 mmol dm - 3 • In both chambers, 0.02 wt% of so
dium azide was added as a fungicide. All experiments 
were done at 4O°C with stirring. 

Aliquot was drawn from R side at each sampling time. 
The amounts ofo- and L-isomers that permeated through 
the membrane were estimated on an HPLC instrument 
described above. 

The permeability coefficient, P ( cm2 h - i ), is defined as 

P=Q·<J/!lC· A ·t 

where Q (mol) is the amount of permeated amino acid, 
<J (cm) is a thickness of membrane, /lC (mol cm - 3) is 
the difference in concentration of amino acid between 
the compartment L and R, A (cm2) is an effective 
membrane area of membrane, and t (h) is time. 

The flux value, J (mol cm - 2 h - 1 ), is defined as 

J=Q/A·t=P·llC/<J 

The separation factor ocifi is defined as the flux ratio 
JJJi divided by the concentration ratio CJ Ci in the feed 
side. 

Electrodialysis 
A 50 vol% aqueous ethanol solution of racemic amino 

acids was placed in the both chambers of the permeation 
cell. Each concentration of racemic amino acid was fixed 
to be 1.0 mmol dm - 3 • The electrodialysis was carried out 
with a prescribed applied voltage between platinum black 
electrodes ( 10 mm square; distance between the elec
trodes, 65 mm) at 4O°C with stirring. Aliquot was drawn 
from permeate side at each sampling time. The amounts 
of o- and L-isomers that permeated through the mem
brane were estimated on an HPLC instrument describ
ed above. 

RESULTS AND DISCUSSION 

Adsorption Selectivity of Racemic Amino Acids 
In Table II, amounts of amino acids adsorbed in the 

molecularly imprinted membranes and adsorption selec
tivities for the imprinted membranes are summarized. 

Table II. Adsorption of amino acids in molecularly 
imprinted polymeric membranes• 

Substrate I 06 (AA)mem/mol (AA)mem/(DIDE) SA(L/D) 

L-Arg 2.00±0.04 5.7 1.3 
o-Arg 1.51 ±0.04 4.3 

L-Lys 1.30±0,04 3.7 I.I 
o-Lys 1.16±0.04 3.3 

L-His 1.12±0,04 3.2 1.3 
o-His 0.84±0.05 2.4 

L-Asp 1.75±0.05 5.0 1.2 
o-Asp 1.47 ±0.03 4.1 

L-Giu 1.93±0.04 5.5 1.2 
o-Glu 1.68±0.04 4.8 

• The mole ratio of print molecule, Boc-L-Trp, to DIDE derivative in 
the membrane preparation process was fixed to be 3. 
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The results of control experiments, in other words, 
the adsorption of amino acids in the control membrane, 
which was prepared from DIDE-Resin and AS without 
print moleclue, are summarized in Table III. From the 
data summarized in Tables II and III, following two 
matters are derived: (1) Non specific adsorption onto the 
membrane surface was negligible. (2) The composition 
and concentration of racemic amino acid solution during 
experiments were scarcely changed. As for the adsorbed 
amounts, they are given not only in absolute values but 
also in relative ones, which were converted to those of 
DIDE derivative basis for convenience of the following 
discussion. All racemic amino acids in the present study, 
each L-isomer was incorporated into the Boc-L-Trp 
imprinted membrane in preference to corresponding 
o-isomer like selective adsorption of racemic trypto
phans24 or that ofracemic N-oc-acetyltryptophans.25 The 
surplus adsorbed L-isomer ranged from 0.4 to 1.4 DIDE 
derivative. It is hard to relate the adsorption phenomena 
to other natures such as net charges of these amino acids 
under the experimental conditions as given in Table 
IV, dimensions, 36 and hydrophobicity37 - 40 (or hydro-

Table III. Adsorption of amino acids in the control membrane 

Substrate 108(AA)mem/mol SA(L/D) 

L-Giu 0.2±1.0 1.0 
o-Glu 0.2± I.I 

L-Asp 0.2± 1.0 1.0 
o-Asp 0.2±1.0 

L-Lys 0.2± 1.0 1.0 
o-Lys 0.2±0.9 

L-Arg 0.2± 1.2 1.0 
o-Arg 0.2± I.I 

L-His 0.2± I.I 1.0 
o-His 0.2± 1.3 

Table IV. pH values and net charges for amino acids 
under the experimental conditions 

Amino 
R 

pH of Net 
acid solution• chargeh 

Arg 
~NHt 

-CH2CH2CH2NHC, 
NH2 

-7.9 +0.93 

Lys -CH2CH2CH2CH2NH3 + -7.7 +0.95 

-CH2-C=CH 
His I I -5.1 +0.89 

HN, hNH' 
CV 
H 

Asp -CH2Coo- -5.2 -0.95 

Glu -CH2CH2Coo- -5.4 -0.93' 

Trp -CH2w -6.4 -o.o 
# 

• Racemic amino acids were dissolved in a 50 vol% aqueous ethanol 
solution. Each concentration of racemic amino acid was fixed to be 
l.0mmoldm- 3 • bpK. values adopted for calculation of net charge 
were cited from ref. 36. 

+H3N-CH-coo
l 
R 
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philicity) of side groups of these amino acids. The ad
osrption selectivity of these hydrophilic amino acids 
were lower than that ofracemic N-oc-acetyltryptophans25 

giving 1.8. The amounts of the hydrophilic amino acids 
adsorbed in the membrane are higher than N-oc-ace
tyltryptophan and (AA)mem/(DIDE) values for N-oc
acetyl-o-tryptophan and N-oc-acetyl-L-tryptophan were 
determined to be 1 .40 and 2.50, respectively. From this, 
it can be deduced that more nonspecific interaction be
tween present hydrophilic amino acids and the im
printed membrane was formed compared with that be
tween N-oc-acetyltryptophans and the membrane. 

Through the adsorption experiments, it was made clear 
that the recognition site DIDE derivative, which was 
molecularly imprinted by the print molecule, was effec
tive in discriminating L-amino acid from o-isomer and 
this ability of discrimination was effective to any amino 
acids. 

Enantioselective Permeation of Racemic Amino Acids by 
Using Concentration Difference as a Driving Force 
Figure I shows the time-transport curves of racemic 

amino acid solutions of Arg through the Boc-L-Trp 
imprinted polymeric membranes. Against the adsorption 
selectivities, o-Arg was permeated in preference to L
Arg. Other racemic amino acid solutions, such as, Lys, 
His, Asp, and Glu, o-isomers were also permeated in 
preference to L-isomers. The enantioselective permea
tion data are summarized in Table V. The fact that 
the permselectivity was found to be opposed to the 
adsorption selectivity might be due to the suppression 
of permeability of L-isomers by the relatively high affinity 
to the membrane compared with the affinity between 
o-isomers and the membrane as reported by enantioselec
tive permeation. 5 •7 •8 •11 •17 

Electrodialysis 
When their concentration difference was used as a 

driving force for the enantioselective permeation of 
racemic amino acids, the permeability of one isomer, 
which is incorporated into the membrane in preference 
to the other isomer, had a tendency to be suppressed by 
the relatively high affinity toward the membrane. It is an 

15~------------, 

L R 

D-Arg _ 
I L-Arg _ 
8 ,. NaN3 "Cl 10 NaN3 

0 • _§_ 
e D-Arg • r-, 

OJ) • 1-, 0 L-Arg <t: • L....J 0 .,, 
5 • 0 0 0 • • 0 

•• 0 
0 

e e oO 
0 

• 0 

0 ·- - n 

0 100 200 300 400 500 
Time/h 

Figure 1. Time-transport curves ofo- and L-Arg through molecularly 
imprinted polymeric membrane. (The mole ratio of print molecule, 
Boc-L-Trp, to DIDE derivative in the membrane preparation process 
was fixed to be 3; [o-Arg]0 =9.94 x I0- 4 moldm- 3 ; [L-Arg]0 =9.90 x 
10- 4 moldm- 3 ; [NaN3] 0 =2.77x 10- 3 moldm- 3 .) 
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interesting and important subject to permeate the isomer, 
which is preferentially adsorbed in the membrane, in 
preference to the other one, in other words, to construct 
the membrane transport system, reflecting adsorption 
selectivity. Electrodialysis, which uses potential difference 
as a driving force for permeation, is one of promising 
methods to attain such a membrane transport system, 
directly reflecting adsorption selectivity of Boc-L-Trp 
imprinted polymeric membranes from DIDE-Resin and 
AS. Based on this idea, electrodialysis of racemic amino 
acids were investigated. 

Amino acids with nonpolar side chains such as Ala 
and so force, and those with uncharged polar side chains 
such as Ser and so on are not suitable for the substrates 
of electrodialysis, because their net charges under the 
present experimental conditions are calculated to be 
approximately null as shown in Table IV, that is, these 
amino acids are assumed to be zwitter ions to give, on 
the whole, neutral forms. 36 On the other hand, amino 
acids with charged polar side chains, such as Lys, Arg, 
and His, bearing basic amino acids, and Asp and Glu, 
having acidic side chains, are thought to be suitable for 
the substrates of electrodialysis, since their net charges 
are estimated to be around +0.9 or -0.9 as sum
marized in Table IV. 36 From this, electrodialysis of 
these five kinds of amino acids with charged polar side 
chains were studied. 

The time transport curves of racemic Arg mixtures at 
the potential difference of 2.5V is shown in Figure 2 as 
an example. Arg was charged positively under the present 
experimental condition and hence Arg was transported 
to the cathode like electrodialysis of Lys and His. In 
Figure 2, L-Arg was transported in preference to o-Arg 
as expected and permselectivity °'L;o was calculated to 
be 1.3, which is equal to adsorption selectivity SA(L/DJ· 

By applying electrodialysis to the present study, en
antioselective permeation system toward L-amino acid 
was able to be constructed. Glu and Asp were transported 
conversely, namely, to the anode. In all electrodialysis 
experiments, concentrations of o- and L-isomers in
creased linearly with time without time lag as shown in 
Figure 2. 

It can be expected that membrane performance might 
be dependent on the maginutude of driving force, po
tential difference. Next, dependence of electrodialysis 

Table V. Results of enantioselective permeation• 

Permeant 109 J 104 P 
SA(D/L) C(D/L 

molcm- 2 h- 1 cm2 h- 1 (=Po/ Pd ( = 1/SA(L/D)) 

L-Arg 3.0 0.42 1.3 0.75 
o-Arg 3.9 0.55 

L-Lys 3.2 0.45 1.3 0.89 
D-Lys 4.1 0.57 

L-His 3.1 0.43 1.4 0.75 
o-His 4.3 0.60 

L-Asp 4.8 0.67 1.2 0.82 
D-Asp 5.9 0.83 

L-Glu 3.3 0.46 1.3 0.83 
o-Glu 4.4 0.61 

"The mole ratio of print molecule, Boc-L-Trp, to DIDE derivative 
in the membrane preparation process was fixed to be 3. 
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on potential difference was investigated and the results 
are shown in Figure 3. In each racemic amino acid, over 
the threshold potential difference separation factor 
reached unity and no enantioselective electrodialysis was 
observed. Below such a threshold potential difference, 
separation factor toward L-isomer was increased to reach 
some value, which was equal to adsorption selectivity as 
can be seen in Figure 3. The optimum potential difference 
for electrodialysis of each amino acid, in which perm
selectivity was equal to adsorption selectivity, is 
summarized in Table VI. 

In each enantioselective electrodialysis, the total flux 
was directly proportional to potential difference. As an 
example, the relationship between the total flux for Arg 
and potential difference is given in Figure 4. 

Electrodialysis was found to be a suitable membrane 
transport system for racemic isomers, which reflects its 
adsorption selectivity between the membrane and per
meant. This is considered as follows: in the case that 
1.0 mmol dm - 3 concentration difference was adopted as 

7 1.5 
.§ 
0 
_§_ 
e? 1.0 

s 
<l 
0 
- 0.5 

20 40 60 80 

Time/h 
Figure 2. Time-transport curves of o- and L-Arg by electrodialysis 
at !1E = 2.5 V through molecularly imprinted polymeric membrane. 
(The mole ratio of print molecule, Boc-L-Trp, to DIDE derivative in 
the membrane preparation process was fixed to be 3; [o-Arg] 0 

9.94x 10- 4 moldm- 3 ; [L-Arg] 0 =9.90x 10- 4 moldm- 3 .) 

a driving force for membrane transport, permeation of 
L-isomer through the membrane was suppressed by the 
relatively high affinity between L-isomer and the 
membrane as previously described. As a result, D-isomer 
was permeated in preference to L-isomer, even though 
L-isomer was adsorbed selectively compared with cor
responding o-isomer. On the other hand, in electro
dialysis, additional driving force for permeation was 
supplied as a form of potential difference to the mem
brane permeation. As a result optimum potential dif
ference can make it possible to attain enantioselective 
permeation of L-isomer. However, relatively high po
tential difference was too much for enantioselective 
permeation to reflect adsorption selectivity and, as a 
result, permselectivity was hardly observed and aL/D 

reached to unity. 

CONCLUSION 

Molecularly imprinted polymeric membranes, bear
ing tetrapeptide derivative, was prepared during the 
membrane preparation (casting) process in the presence 

Table VI. Results of enantioselective electrodialysis• 

l08J 
!1E/V Permeant O(L/D SA(L/D) 

molcm- 2 h- 1 

2.5 L-Arg 0.29 1.3 1.3 
o-Arg 0.23 

5.0 L-Lys 0.63 1.1 1.1 
o-Lys 0.58 

2.5 L-His 0.18 1.3 1.3 
o-His 0.14 

2.5 L-Asp 0.47 1.2 1.2 
o-Asp 0.40 

2.5 L-G\u 0.43 1.2 1.2 
o-Glu 0.37 

• The mole ratio of print molecule, Boc-L-Trp, to DIDE derivative 
in the membrane preparation process was fixed to be 3. 

1.4~-----~ 1.4~-----~ 1.4~-----~ 

•• Arg Lys •• His 

1.2 • 1.2 1.2 • 
• • • • 

1.0 • • 1.0 • • 1.0 • • 
0.8 0.8 0.8 

Q 
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 

::J' 
1.4 1.4 

Asp Glu 

1.2 •• 1.2 •• 
• • 

1.0 • • 1.0 • • • 
0.8 0.8 

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 

tiE/V 
Figure 3. Influence of the difference in applied potential on enantioselective electrodialysis of amino acids. (The mole ratio of print molecule, 
Boc-L-Trp, to DIDE derivative in the membrane preparation process was fixed to be 3; [o-AA] 0 :e[L-AAJ0 :e 1.00 x 10- 3 moldm- 3.) 
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Figure 4. Influence of the difference in applied potential on total flux 
of Arg. (The mole ratio of print molecule, Boc-L-Trp, to DIDE 
derivative in the membrane preparation process was fixed to be 3; 
[D-Arg] 0 c:c [L-Arg] 0 c:c 1.00 x 10- 3 mol dm- 3 .) 

of print molecule. The Boc-L-Trp imprinted polymeric 
membranes thus obtained showed adsorption selectivity 
toward print molecule family, such as L-Arg, L-Lys, 
L-His, L-Asp, and L-Glu. The tetrapeptide derivative in 
the molecularly imprinted polymeric membranes dis
criminated L-amino acid from o-isomer, that is, showed 
L-specificity. Enantioselective electrodialysis was attained 
with the present membrane, and L-isomer was preferen
tially permeated, while o-isomer was permeated in 
preference to L-isomer by using concentration difference 
as a driving force for membrane transport. Electrodialysis 
of racemic amino acid showed possibility that permse
lectivity directly reflects its adsorption selectivity. The 
present study suggests that the molecularly imprinted 
polymeric membranes has potential to attain the optical 
resolution of amino acids. 
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