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a  b  s  t  r  a  c  t

A  chiral  ligand  exchange  capillary  electrochromatography  (CLE-CEC)  protocol  was  designed  and
implemented  for d,l-amino  acids  enantioseparation  with  poly(maleic  anhydride-styrene-methacryloyl-
l-arginine  methyl  ester)  as the coating.  The  block  copolymer  was synthesized  through  the  reversible
addition  fragmentation  chain  transfer  reaction.  In the  constructed  CLE-CEC  system,  poly  (methacryloyl-
l-arginine  methyl  ester)  moiety  of  the  block  copolymer  played  the  role  as  the  immobilized  chiral  ligand
and  Zn  (II)  was  used  as  the central  ion.  Key  factors,  including  pH of  buffer  solution,  ratio  of  Zn  (II) to
ligands,  the  mass  ratio  of  monomers  in the  block  copolymer,  which  affect  the  enantioresolution  were
investigated.  Comparing  with  the  bare  capillary,  the  CLE-CEC  enantioresolution  was  enhanced  greatly
nantioseparation
lock copolymer coating
nzyme kinetics study

with  the coating  one.  5 Pairs  of  d,l-amino  acids  enantiomers  obtained  baseline  separation  with  5 pairs
partly  separated.  The  mechanism  of  enhancement  enantioresolution  of  the  developed  CLE-CEC  system
was  explored  briefly.  Further,  good  linearities  were  achieved  in the  range  of  25.0  �M–5.0  mM  for  quanti-
tative  analysis  of  d-glutamine  (r2 = 0.997)  and l-glutamine  (r2 = 0.991).  Moreover,  the  proposed  CLE-CEC
assay  was  successfully  applied  in the  kinetics  study  of  glutaminase  by  using  l-glutamine  as  the substrate.

© 2018  Elsevier  B.V.  All  rights  reserved.
. Introduction

Chirality is one of the most important characteristics of nature or

ife process, and chiral compounds are widely used in many areas
1]. Most of the compounds that construct the basic units of life
re chiral molecules, thus different spatial configurations between

Abbreviations: P(MAn-St-MAA), poly(maleic anhydride-styrene-methacryloyl-
-arginine methyl ester); CLE-CEC, chiral ligand exchange capillary electrochro-
atography.
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E-mail addresses: hyzhang@hbu.edu.cn (H. Zhang), qili@iccas.ac.cn (L. Qi).
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the enantiomers have a significant influence on the composition
of the life system and biological activity [2–5]. Amino acids (AAs),
the basic units of proteins and peptides with two  different D,L con-
figurations, play a vital role in many life activities. However, there
is a significant difference between d-AAs and l-AAs in biological
activities. For example, l-AAs are the important nutrients in human
bodies, which widely used in food and pharmaceutical areas, while
d-AAs are related to physiological processes [6,7]. Moreover, some
d,l-AAs related enzymes have displayed their catalytic specifici-
ties on different configurations of AAs. For example, glutaminase,
an amidohydrolase enzyme, which has been used as an efficient
anti-retroviral agent in treating human immunodeficiency virus
therapy, catalyses l-glutamine (l-Gln) to l-glutamic acid (l-Glu)
[8,9]. Therefore, analysis and separation of d,l-AAs is of great sig-

nificance.

In recent years, varieties of analytical methods have been devel-
oped for d,l-AAs enantioseparation analysis [10,11]. Among these
numerous methods, chiral ligand exchange capillary electrophore-

https://doi.org/10.1016/j.chroma.2018.03.031
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chroma.2018.03.031&domain=pdf
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is, with metal complex as chiral selectors, has exhibited much
dvantages in its simplicity and controllable enantiomer migra-
ion order [12,13]. However, these chiral metal complex based
ystems also meet the challenges of limited ligands and nar-
ow applications [14]. Nowadays, chiral ligand exchange capillary
lectrochromatography (CLE-CEC) with immobilized ligands has
ttracted much interest [15]. In CLE-CEC, the ligands with chiral
ecognition capability can be immobilized onto the inner surface of
he capillary or packed into the capillary. Subsequently, the d,l-AAs
nantiomers could be well separated based on the ligand exchange
rinciple with the immobilized or packed ligands [16,17].

Usually, l-AAs, d-AAs, their derivatives and some of chiral
rganic acids are used as the chiral ligands in d,l-AAs enantiomers
nalysis [18]. Several of these ligands have been immobilized onto
he capillaries to construct novel CLE-CEC systems for realizing
ell enantioseparations of d,l-AAs [19–27]. For example, Chen and

olleagues [26] made a l-phenylalaninamide-modified monolithic
ilica column and developed a CLE-CEC method to separate Dns-d,l-
As with copper acetate and 70% acetonitrile in the buffer solution.
ydoğan and co-workers [27] prepared a CLE-CEC system by mod-

fying l-histidine onto the capillary inner surface to realize the
hiral separation with copper sulfate and 60% acetonitrile in the
unning buffer. However, some of the assays suffered from compli-
ated operation process and time consuming [28]. Moreover, much
rganic solvent in running buffer is unfriendly to separate biological
amples. Therefore, it is desirable and important to develop novel
LE-CEC systems with distinctive immobilized chiral ligands and
ithout organic solvents in buffer solution for enantioseparation

f d,l-AAs.
In this study, a block copolymer, poly(maleic anhydride-

tyrene-methacryloyl-l-arginine methyl ester) (P(MAn-St-MAA)),
as first prepared and chemically bonded onto the inner wall of

he capillary. Then a new open-tubular CLE-CEC system was con-
tructed for d,l-AAs enantioseparation with PMAA moiety of the
lock copolymer as the immobilized chiral ligand and with Zn (II) as
he central metal ion. We  demonstrated that by using the proposed
LE-CEC method, well enantioseparation of d,l-AAs could be suc-
essfully achieved without organic solvents in running buffer. The
ossible chiral recognition mechanism was explored. Furthermore,
he developed CLE-CEC assay was applied in glutaminase kinetics
tudy with l-Gln as the substrate, showing the feasibility of the
rotocol in practical application.

. Materials and methods

.1. Materials and chemicals

The reagents for P(MAn-St-MAA) synthesis included styrene (St)
rom Chemical Plant (Shanghai, China), maleic anhydride (MAn)
rom Guangfu reagent (Tianjin, China), and l-arginine methyl
ster dihydrochloride from Sigma-Aldrich (St. Louis, USA). The
nitiator azobisisobutyronitrile (AIBN) and transfer agent Ben-
yl benzodithioate (BBDT) was bought from Shanghai Chemical
lant (Shanghai, China) and Sigma-Aldrich (St. Louis, USA), respec-
ively. 3-Aminopropyltriethoxysilane (APTES) and thiourea were
btained from Aladdin Reagent Co Ltd. (Shanghai, China).
d,l-amino acid (d,l-AA) enantiomers, dansyl chloride (Dns-Cl),

ere obtained from Sigma-Aldrich Chemical Co. (St. Louis, USA).
lutaminase (from Escherichia coli) was provided by Megazyme

nternational Ireland Ltd. (Wicklow, Ireland).
Sodium hydroxide, ammonium hydroxide, zinc sulfate (ZnSO4),
ris (hydroxymethyl) amino-methane (Tris), lithium carbonate,
oric acid, sodium acetate, dimethyl sulfoxide (DMSO), N, N-
imethylformamide (DMF), 1,4-dioxane, ethanol, tetrahydrofuran
THF), diethyl ether and other reagents were all provided by Bei-
 1548 (2018) 104–110 105

jing Chemical Corporation (Beijing, China). l-arginine (l-Arg) was
purchased from Sigma-Aldrich Chemical Co. (St. Louis, USA). Milli Q
(Millipore Co., Massachusetts U.S.A) water was used for the prepa-
ration of all the solutions.

2.2. Apparatus

All of the Dns-d,l-AAs enantioseparations and the glutaminase
kinetics study were carried out on a high performance capillary
electrophoresis analyzer with a UV detector at 254 nm (Beijing
Institute of New Technology and Application, Beijing, China). The
100 �m and 75 �m i.d. × 60 cm (45 cm effective) capillaries (Yong-
nian Optical Fiber Factory, Hebei, China) were used for separation
experiments.

2.3. Solution preparation

All of solutions were prepared with triply distilled water and
stored at 4 ◦C. Standard d,l-AAs stock solutions (2.0 mg/mL) were
diluted by 10–104 fold for quantitative analysis. Dns-d,l-AAs were
derived according to the reference [14]. Briefly, 20.0 �L D,L -AAs,
20.0 �L 40.0 mM lithium carbonate and 20.0 �L Dns-Cl (1.5 mg/mL
in acetone) were added in a 200 �L vial and kept at microwave
irradiation (480 W)  conditions for 6.0 min. The CLE-CEC running
buffer (pH 8.0, adjusted by Tris) was  composed by 100.0 mM boric
acid, 10.0 mM ammonium acetate, 4.0 mM  l-Arg and 4.0 mM ZnSO4.
It was filtrated with 0.45 �m membrane filter, and degassed by
sonication for 2 min  before use.

2.4. Synthesis of P(MAn-St-MAA)

Monomer, methacryloyl-l-arginine methyl ester (MAA), was
synthesized by acylation reaction according to the literature
[29]. Specifically, 3.7 g (14.2 mM)  l-arginine methyl ester dihy-
drochloride and 2.7 mL  triethylamine were added into 75.0 mL
dichloromethane, and after the mixture was  totally dissolved,
added 1.4 mL  (14.3 mM)  methacryloyl chloride under ice bath with
stirring. Then the above mixture was  stirred at room temperature
for 24 h. Finally the product was precipitated with excess ether,
filtered and dried in the vacuum oven at 50 ◦C.

The macromolecular transfer agent P(MAn-St) was synthe-
sized through the reversible addition fragmentation chain transfer
(RAFT) reaction with the initiator AIBN and transfer reagent BBDT.
The reaction took place in a 3-neck flask with the nitrogen
protection. The molar ratio between St, MAn, AIBN, BBDT was
1000:100:0.2:1. St was 10.0 mM with 5.0 mL  1,4-dioxane, magnetic
stirring at 60 ◦C for 24 h. Then the product was precipitated with
excess ether, filtered and dried in the vacuum oven at 50 ◦C.

The synthesized macromolecular transfer agent P(St-MAn) and
MAA monomer were utilized for P(MAn-St-MAA) synthesis with
DMF (10.0 mL)  as the solvent, AIBN (10.0 mg)  as the initiator.
Then the solution was  degassed by freeze-evacuate-thaw cycles in
nitrogen atmosphere and reacted for 24 h at 60 ◦C. Finally the prod-
uct was precipitated with excess water, filtered and dried in the
vacuum oven at 50 ◦C. Polymer-1, polymer-2 and polymer-3 rep-
resented different mass ratio between P(MAn-St) and MAA  (Table
S1), and the synthesis processes were same as described above.

2.5. Coated capillary and CLE-CEC analysis

Firstly, the bare capillary was rinsed with 1.0 M NaOH for 3 h,
and then water and methanol for 0.5 h, respectively. After dried

for 1 h, APTES and THF (50/50, v/v), subsequently the P(MAn-St-
MAA) solution dissolved in DMSO (15 mg/mL) were used to rinse
the capillary for 12 h. Finally, the capillary was  dried for 24 h for
further use.
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Fig. 1. Schematic of synth

Unless stated otherwise, the CLE-CEC running buffer was  com-
osed of 100.0 mM boric acid, 10.0 mM ammonium acetate, 4.0 mM
inc sulfate, and 4.0 mM l-Arg at pH 8.0. The applied separation
oltage was at −20 KV. Samples were siphoned to the capillary for

 s at 15 cm height and detected at anode side through UV detector
t 254 nm.  Thiourea was used as the marker for measurement of
lectroosmotic flow (EOF).

.6. Kinetics study of glutaminase

The kinetics constants of glutaminase were determined by the
onstructed CLE-CEC system. l-Gln dissolved in a buffer solution
40.0 mM  sodium acetate, adjusted to pH at 4.9 with 36% acetic
cid (v/v)) was used as the substrate of the glutaminase. All enzy-
atic reactions were performed in 0.2 mL  polypropylene tubes

t 37 ◦C. The final concentration of glutaminase was 5.0 �g/mL.
00 �L l-Gln and 200 �L enzyme solution were mixed together
nd incubated at 37 ◦C for 1 min. Then the reaction was terminated
y being heated in boiling water for 10 min, and then centrifuged
t 10,000 rpm for 10 min. Finally, the supernatants were collected,
erived, and applied to CLE-CEC. The kinetics study of glutaminase
as initiated by adding l-Gln solution of various concentrations

0.5 mM,  0.9 mM,  1.5 mM,  3.0 mM and 6.0 mM)  into the glutami-
ase solution. The kinetics of the glutaminase was  evaluated by
ichaelis-Menten’s constant (Km) and maximum rate (Vmax). Three

eplicates (n = 3) were measured for each concentration value.

. Result and discussion

.1. Synthesis and characterization of P(MAn-St-MAA)

The block copolymer, P(MAn-St-MAA), was selected as the cap-
llary coating for enantioseperation of d,l-AAs with the proposed
LE-CEC system. MAA  monomer was prepared through the acyla-
ion reaction (Fig. S1), and then reacted with the macromolecular
ransfer agent P(MAn-St) through RAFT reaction to obtain P(MAn-
t-MAA), and the synthesis process was shown in Fig. 1.

Fourier transform infrared (FT-IR) spectra of MAA  and P(MAn-
t-MAA) was exhibited in Fig. S2. C O in carboxyl of arginine

t 1662 cm−1 could be observed in Fig. S1a. As exhibited in Fig.
1b, except the C O of arginine in MAA, CH2- in benzene ring at
927 cm−1 and C C in benzene ring at 1541 cm−1 and 1495 cm−1

ere observed, which indicated the benzene ring in the synthe-
ocess of P(MAn-St-MAA).

sized polymer. The typical peak C O in maleic anhydride could be
observed at 1780 cm−1 and 1854 cm−1. The results showed that
block copolymer, P(MAn-St-MAA), was synthesized successfully.

3.2. P(MAn-St-MAA) coating characterization

The coating process of P(MAn-St-MAA) was displayed in Fig.
S3. The anhydride bond of MAn  in P(MAn-St) moiety of the block
copolymer could chemically bond with amino group of the silylated
capillary [30] and PSt moiety of the polymer could provide a uni-
form coating on the capillary inner wall. While, PMAA moiety could
stretch into the buffer solution and be used as the immobilized
chiral ligand to realize the CLE-CEC enantiomers separation.

Scanning electron microscope (SEM) images of the bare capillary
and coated capillary were depicted in Fig. 2. The surface of the bare
capillary was smooth while a rough surface in coated capillary was
observed, which indicating the block copolymer was bonded on the
inner surface of the capillary successfully.

3.3. Repeatability and stability of the coating capillaries

The stability of the polymer-2 coated capillary was evaluated
by measurement of EOF in continuously runs. The relative standard
deviation (RSD) of 30 consecutive runs EOF measurement was  4.6%,
which showed good stability of the block copolymer coating. The
electrochromatogram of EOF marker was  exhibited in Fig. S4, and
the EOF value was  calculated as (0.556 ± 0.02) × 10−4 cm2 v−1 s−1.
The capillary-to-capillary and intra-capillary RSDs of migration
times and peak areas were both less than 5.0% (Table S2), indicating
a good repeatability.

3.4. Enantioseparation of Dns-d,l-AAs

By constructing a new CLE-CEC system with P(MAA) moiety of
the block copolymer as the immobilized chiral ligands and Zn(II) as
the central ion, the separation of Dns-d,l-AAs was investigated. Key
factors of CLE-CEC conditions, such as: buffer pH, concentrations of
central ions and mass ratio of monomers in the block copolymer,

effect on enantioresolution were optimized in detail. Three pairs
of Dns-d,l-AAs, including d,l-serine (d,l-Ser), d,l-methionine (d,l-
Met) and d,l-Gln, were selected as the test analytes. It should be
mentioned that l-Gln was  selected because it could be used as the
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Fig. 2. SEM images of bare ca

ubstrate of glutaminase, d,l-Ser and d,l-Met were chosen for their
articularities with hydroxyl group and thiol group, respectively.

As we know, pH of running buffer is a key factor on enantiores-
lution. Fig. 3A and B shows that the migration time and chiral
esolution (Rs) increased with pH increasing at range from 7.1 to
.1, respectively. When the buffer pH was lower than 7.9, the test
hree pairs of Dns-d,l-AAs couldn’t obtain baseline separation. At
H 8.1, the migration time of the three test analytes was prolonged
reatly. In order to get the highest Rs within shorter migration time,
H at 8.0 was selected for the following research.

The concentration ratio of Zn (II) to l-Arg in buffer solution is
nother key factor for influence the enantioresolution in CLE-CEC.
ig. 3C and D exhibits that the test Dns-d,l-AAs couldn’t achieve
aseline separation when the concentration ratio of Zn (II) to l-Arg

n buffer solution was 5:1–2:1. Once the ratio of Zn (II) to l-Arg
as equal to 1:1 or 1:2 or 1:3, the test Dns-d,l-AAs could be base-

ine separated with the migration time was prolonged obviously at
:1 or 1:2, while shortened at 1:3. Taking consideration of Rs and
igration time, the ratio of Zn (II) to l-Arg at 1:1 was  chosen for

urther study.
The next crucial factor for affect the enantioresolution in CLE-

EC is the concentration of Zn(II). Fig. 3E and F depicts the
nvestigation results of the concentration of Zn(II) ranging from
.0 mM  to 7.0 mM.  We  observed that the test Dns-d,l-AAs could be
aseline separated at 3.0 mM or 4.0 mM Zn(II). While, their migra-
ion times decreased with the increasing of the concentration of
n(II). For obtaining a higher resolution within shorter migration
ime, 4.0 mM Zn(II) was selected finally.

In the constructed CLE-CEC system, except l-Arg as free lig-
nd in buffer solution, the chiral recognition of the immobilized
igand in the block copolymer coatings indeed played a vital role
n d,l-AAs enantiomers separation. Therefore, the effect of mass
atio of monomers in block copolymer on the enantioresolution
n CLE-CEC was investigated. Here, using P(MAn-St) and MAA  as
he monomers, three different block copolymers were synthe-
ized, and the results were exhibited in Fig. S5. It could be found
hat when block copolymer-1 (mass ratio of P(MAn-St):MAA was
:1) was used as the capillary coating, although shorter migration
imes were obtained, Dns-d,l-Gln and Dns-d,l-Met couldn’t achieve
he baseline separation. Interestingly, the enantioresolution of the
hree test analytes were greatly improved when block copolymer-

 (mass ratio of P(MAn-St):MAA was 1:1) was coated onto the
nner wall of the capillary with the prolonged migration times.

hile, shorter migration times and decreased Rs were observed
hen block copolymer-3 (mass ratio of P(MAn-St):MAA was  1:1.5)

as used as the capillary coating. Obviously, block copolymer-2
as selected finally as the coating one for constructing the CLE-
EC system. It should be noted that the polymer molecular weight
alue of the block copolymer-2 determined by gel permeation chro-
 (a) and coated capillary (b).

matography (GPC) was  18.9 kD and its polydispersity index was
1.4.

Also, wider coated capillary with i.d. 100 �m was used to inves-
tigate the influence of inner diameter of the capillary on the
enantioresolution. The results exhibited in Table S3 showed that
the three test Dns-d,l-AAs couldn’t be baseline separated, the Rs
was much lower than the data obtained with the i.d. 75 �m coated
capillary (Table S4). Thus, 75 �m was  selected finally.

With the block copolymer-2 as the capillary coating and P(MAA)
as the immobilized chiral ligand, 17 pairs Dns-d,l-AAs were enan-
tioseparated by the proposed CLE-CEC system under the optimized
CLE-CEC conditions: 100.0 mM boric acid, 10.0 mM ammonium
acetate, 4.0 mM Zn(II), 4.0 mM  l-Arg at pH 8.0. Moreover, the pro-
posed CLE-CEC method showed a good robustness as displayed in
Fig. S6. Finally, 5 pairs of d,l-AAs enantiomers were attained base-
line separation, and 5 pairs were partly separated as depicted in
Fig. 4 and Table S4. It should be noted although 7 pairs of d,l-AAs
enantiomers could not be enantioseparated (Table S4), the pro-
posed CLE-CEC system without organic solvent in running buffer
can realize better enantioseparation than other reported CLE-CEC
systems (Table S5), paving a new way  for chiral separation.

3.5. Exploration of chiral recognition mechanism in CLE-CEC

The chiral separation principle of CLE is based on the exchange
between enantiomers and the ligands in the binary complex which
is formed with the central metal ion. Then the enantiomers, ligand
and central metal ion can form ternary complexes [15]. The chiral
separation can be realized by the different stabilities of the ternary
complexes as shown in the equations:

M(L-Ligand)n + l-AA → M(l-AA)(L-ligand)n−1 + L-Ligand (1)

M(L-Ligand)n + d-AA → M(d-AA)(L-ligand)n−1 + L-Ligand (2)

M is the central metal ion; L-Ligand is the chiral ligand; d-AA and
l-AA is the amino acid enantiomers.

The three tested analytes (Dns-d,l-Gln, Dns-d,l-Met and
Dns-d,l-Ser) could be baseline separated under the optimized con-
ditions with the proposed CLE-CEC system. However, when the bare
capillary was  used, Dns-d,l-Gln could not obtain baseline separa-
tion even with the Zn(II)-l-Arg complexes in running buffer as the
chiral selector (Table S4). This result indicated that the differences
in stability of the formed ternary complexes were quite limited and
the favorable enantioseparation could not achieve. While, when
P(MMA) moiety of the block copolymer was used as the immo-

bilized ligand and there is no free l-Arg in running buffer, none of
the three pairs of Dns-d,l-AAs could be baseline separated, exhibit-
ing that the chiral recognition ability of the immobilized ligands
was also not satisfied. It should be mentioned that only syner-
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Fig. 3. Effect of buffer pH on enantioresolution Rs (A) and migration time (B). CLE-CEC conditions: 100.0 mM boric acid, 10.0 mM ammonium acetate, 4.0 mM Zn(II), 4.0 mM
l-Arg  at different pH from 7.1 to 8.1. Effect of the concentration ratio of Zn(II) to l-Arg on enantioresolution Rs (C) and migration time (D). CLE-CEC conditions: different
concentration ratios of Zn(II) to l-Arg from 5:1 to 1:3, pH 8.0; other conditions are the same as A, B. Effect of concentration of Zn(II) on enantioresolution Rs (E) and migration
time  (F). CLE-CEC conditions: different concentrations of Zn(II) from 2.0 mM to 7.0 mM,  the concentration ratio of Zn(II) to l-Arg was 1:1; other conditions were same as A,
B.  Applied voltage: −20 kV; injections, siphoned for 8 s in 15 cm height; detection wavelength, 254 nm;  polymer 2 coated capillary, 75 �m i.d. × 60 cm (45 cm effective).

F ns. CL
4 m hei
( Ser (6.

g
a
e
T
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e

ig. 4. Enantioseparation of three pairs of Dns-d,l-AAs under the optimum conditio
.0  mM l-Arg at pH 8.0. Applied voltage: −20 kV; injections, siphoned for 8 s in 15 c
45  cm effective). Dns-d,l-Gln (4.6 mM)  (A), Dns-d,l-Met (4.5 mM)  (B) and Dns-d,l-

istic ligands, the immobilized PMAA ligand in block copolymer
nd free l-Arg ligand in buffer solution, can induce much enhanced
nantioresolution in the proposed CLE-CEC system, as displayed in

able S4. Therefore, the chiral recognition mechanism of the devel-
ped CLE-CEC system was presumed to be the coordinating ligands
ffect, as exhibited in Fig. 5.
E-CEC conditions: 100.0 mM boric acid, 10.0 mM ammonium acetate, 4.0 mM Zn(II),
ght; detection wavelength, 254 nm; polymer 2 coated capillary, 75 �m i.d. × 60 cm
3 mM)  (C).

3.6. Quantitative analysis of d,l-Gln

The quantitative analysis of Dns-d,l-Gln was developed by the

new constructed CLE-CEC system. The linear relationship based
on the corrected peak area [31] and the Dns-d-Gln or Dns-l-Gln
concentrations were shown in Table S6. The results proved that
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Fig. 5. Mechanism illustration of CLE-CEC separation process.
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Fig. 6. Lineweaver–Burk plots of free glutaminase.

he CLE-CEC system could be expected for glutaminase enzymatic
inetics study with l-Gln as the substrate.

.7. Kinetic study of glutaminase

It has been reported that glutaminase is a kind of hydrolytic
nzyme, which could catalyze the conversion of l-Gln to l-Glu. The
nzyme has been popularly applied in clinical and metabolites anal-
sis [9]. In order to confirm the accuracy of the proposed CLE-CEC
ethod, the kinetic study of glutaminase was investigated. l-Gln
as used as the substrate and the hydrolysis efficiency was cal-

ulated through change of the l-Gln peak area measured by the
stablished CLE-CEC assay.

The kinetic constants of enzyme reaction Km and Vmax were
alculated by Michaelis-Menten equation [15]:

S]/V = Km/Vmax + [S]/Vmax (3)

here [S] is the concentration of the substrate, V is the enzyme
eaction rate. Km is Michaelis constant, which represents the affin-
ty of the enzyme, and Vmax reflects the enzyme activity and means
he maximum reaction velocity. Km and Vmax of the free enzyme
olution were calculated as 6.7 ± 0.85 mM and 6.7 ± 0.75 mM/min,

espectively (Fig. 6). Three replicates (n = 3) were measured for each
oncentration value. The data was similar as that reported in the
eference [32], demonstrating the feasibility of CLE-CEC protocol in
ractical application.

[
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4. Conclusion

In this work, a novel CLE-CEC system was constructed for the
first time with block copolymer P(MAn-St-MAA) as the coating
and without organic solvent in running buffer. Comparing with the
bare capillary, the enantioresolution of Dns-d,l-AA could be greatly
enhanced on the coating one based on the synergistic ligands effect
of the immobilized PMAA in coating and free l-Arg in buffer solu-
tion. The coated capillary exhibited good stability and repeatability.
The results displayed that well enantioseparation of Dns-d,l-AAs
could be obtained by the proposed CLE-CEC protocol, indicating its
favorable power in the chiral analysis. Furthermore, the developed
CLE-CEC system was  successfully applied in the kinetics study of
glutaminase with l-Gln as the substrate, showing the great poten-
tial of CLE-CEC method in bio-analysis.

Acknowledgements

We  are grateful for the financial support from National Nat-
ural Science Foundation of China (Grants 21575144, 21475137,
21727809, 21635008, 21621062) and Chinese Academy of Sciences
(QYZDJ-SSW-SLH034). We  also gratefully thank Dr. Zi Li for his kind
help in GPC measurement.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at https://doi.org/10.1016/j.chroma.2018.03.
031.

References

[1] H.Z. Zhang, L. Qi, L.Q. Mao, Y. Chen, Chiral separation using capillary
electromigration techniques based on ligand exchange principle, J. Sep. Sci. 35
(2012) 1236–1248.

[2] K.H. Ernst, Molecular chirality at surfaces, Phys. Status Solidi B 249 (2012)
2057–2088.

[3] P. Bargueño, Chirality and gravitational parity violation, Chirality 27 (2015)
375–381.

[4] Y. Wang, J. Xu, Y.W. Wang, H.Y. Chen, Emerging chirality in nanoscience,
Chem. Soc. Rev. 42 (2013) 2930–2962.

[5] A. Giuffrida, G. Maccarrone, V. Cucinotta, S. Orlandini, A. Contino, Recent
advances in chiral separation of amino acids using capillary electromigration
techniques, J. Chromatogr. A 1363 (2014) 41–50.

[6] J. Wu,  P. Su, D. Guo, J. Huang, Y. Yang, Cationic �-cyclodextrin-modified
hybrid magnetic microspheres as chiral selectors for selective chiral
absorption of dansyl amino acids, New J. Chem. 38 (2014) 3630–3636.

[7] K. Imai, T. Fukushima, T. Santa, H. Homma, K. Hamase, K. Sakai, M.  Kato,
Analytical chemistry and biochemistry of D-amino acids, Biomed.
Chromatogr. 10 (1996) 303–312.

[8] K.V. Sarada, Production and applications of L-glutaminase using fermentation
technology, Asia. Pac. J. Res. 1 (2013) 1–4.

[9] R. Sindhu, P. Binod, A. Pandey, A. Madhavan, J. AnjuAlphonsa, N. Vivek, E.
Gnansounou, E. Castro, V. Faraco, Water hyacinth a potential source for value
addition: an overview, Bioresour. Technol. 230 (2017) 152–162.

10] I. Ilisz, R. Berkecz, A. Péter, HPLC separation of amino acid enantiomers and
small peptides on macrocyclic antibiotic-based chiral stationary phases: a
review, J. Sep. Sci. 29 (2006) 1305–1321.

11] V. Poinsot, C. Bayle, F. Couderc, Recent advances in amino acid analysis by
capillary electrophoresis, Electrophoresis 24 (2003) 4047–4062.

12] M.G. Schmid, Chiral metal-ion complexes for enantioseparation by capillary
electrophoresis and capillary electrochromatography: a selective review, J.
Chromatogr. A 1267 (2012) 10–16.

13] Z.L. Chen, K. Uchiyama, T. Hobo, Chiral resolution of dansyl amino acids by
ligand exchange-capillary electrophoresis using Cu (II)-L-prolinamides as
chiral selector, Anal. Chim. Acta 523 (2004) 1–7.

14] X.Y. Mu,  L. Qi, Y. Shen, H.Z. Zhang, J. Qiao, H.M. Ma,  A novel chiral ligand
exchange capillary electrophoresis system with amino acid ionic liquid as
ligand and its application in screening D-amino-acid oxidase inhibitors,

Analyst 137 (2012) 4235–4240.

15] X.Y. Mu,  L. Qi, J. Qiao, X.Z. Yang, H.M. Ma,  Enantioseparation of dansyl amino
acids and dipeptides by chiral ligand exchange capillary electrophoresis
based on Zn(II)-L-hydroxyproline complexes coordinating with
�-cyclodextrins, Anal. Chim. Acta 846 (2014) 68–74.

https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
https://doi.org/10.1016/j.chroma.2018.03.031
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0005
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0010
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0015
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0020
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0025
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0030
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0035
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0040
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0045
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0050
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0055
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0060
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0065
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0070
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0075


1 togr. A

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

pharmaceuticals by capillary electrophoresis, J. Chromatogr. A 1050 (2004)
10 L. Zhao et al. / J. Chroma

16] Z.X. Fei, M.  Zhang, J.H. Zhang, L.M. Yuan, Chiral metal-organic framework used
as  stationary phases for capillary electrochromatography, Anal. Chim. Acta
830 (2014) 49–55.

17] B.B. Sun, X.Y. Mu, L. Qi, Development of new chiral ligand exchange capillary
electrophoresis system with amino acid ionic liquids ligands and its
application in studying the kinetics of L-amino acid oxidase, Anal. Chim. Acta
821 (2014) 97–102.

18] J.F. Jiang, X.Y. Mu,  J. Qiao, Y. Su, L. Qi, New chiral ligand exchange capillary
electrophoresis system with chiral amino amide ionic liquids as ligands,
Talanta 175 (2017) 451–456.

19] S.C. Chuang, C.Y. Chang, C.Y. Liu, Polystyrene monolithic column
functionalized with copper–iminodiacetate complex as a stationary phase for
open  tubular capillary electrochromatography, J. Chromatogr. A 1044 (2004)
229–236.

20] E. Pittler, N. Grawatsch, D. Paul, G. Gübitz, M.G. Schmid, Enantioseparation of
amino acids, �-hydroxy acids, and dipeptides by ligand-exchange CEC using
silica-based chiral stationary phases, Electrophoresis 30 (2009) 2897–2904.

21] Y.L. Zhang, L. Huang, Q.H. Chen, Z.L. Chen, A silica monolithic column with
chemically bonded L-pipecolic acid as chiral stationary phase for
enantiomeric separation of dansyl amino acids by CEC-MS, Chromatographia
75 (2012) 289–296.

22] S. Mizrahi, D. Rizkov, A.I. Shames, O. Lev, Chiral separation of dansyl amino
acids by ligand exchange capillary electrochromatography in a low molecular
weight organogel, Electrophoresis 29 (2008) 3941–3948.

23] P. Puchalska, E. Pittler, M.  Trojanowicz, G. Gübitz, M.G. Schmid,

Enantioseparation of amino acids and �-hydroxy acids on ligand-exchange
continuous beds by capillary electrochromatography, Electrophoresis 31
(2010) 1517–1520.

24] J. Schmid, P. Wank, G. Kargl, H. Zöhrer, G. Gübitz, Enantioseparation by
ligand-exchange using particle-loaded monoliths: capillary-LC versus

[

 1548 (2018) 104–110

capillary electrochromatography, J. Biochem. Biophys. Methods 70 (2007)
77–85.

25] M.G. Schmid, N. Grobuschek, C. Tuscher, G. Gübitz, Á. Végvári, E. Machtejevas,
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27] C. Aydoğan, A. Denizl, Chiral separation-based ligand exchange by
open-tubular capillary electrochromatography, Anal. Biochem. 447 (2014)
55–57.

28] J.H. Zhang, P.J. Zhu, S.M. Xie, M.  Zi, L.M. Yuan, Homochiral porous organic cage
used as stationary phase for open tubular capillary electrochromatography,
Anal. Chim. Acta 999 (2018) 169–175.

29] N. Li, Y. Shen, L. Qi, Z.B. Li, J. Qiao, Y. Chen, Preparation of an amino acid-based
polymer monolith for trimodal liquid chromatography, RSC Adv. 5 (2015)
61436–61439.

30] B.B. Sun, L. Qi, Y.P. Li, J. Qiao, M.L. Wang, Separation of aromatic amines by an
open-tubular capillary electrochromatography method, J. Sep. Sci. 36 (2013)
3629–3634.

31] S. Kamoda, C. Nomura, M.  Kinoshita, S. Nishiura, R. Ishikawa, K. Kakehi, N.
Kawasaki, T. Hayakawa, Profiling analysis of oligosaccharides in antibody
211–216.
32] A. Weingand-Ziadé, C. Gerber-Décombaz, M.  Affolter, Functional

characterization of a salt-and thermotolerant glutaminase from Lactobacillus
rhamnosus, Enzyme Microb. Technol. 32 (2003) 862–867.

http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0080
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0085
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0090
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0095
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0100
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0105
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0110
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0115
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0120
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0125
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0130
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0135
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0140
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0145
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0150
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0155
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160
http://refhub.elsevier.com/S0021-9673(18)30324-8/sbref0160

	Construction of chiral ligand exchange capillary electrochromatography for d,l-amino acids enantioseparation and its appli...
	1 Introduction
	2 Materials and methods
	2.1 Materials and chemicals
	2.2 Apparatus
	2.3 Solution preparation
	2.4 Synthesis of P(MAn-St-MAA)
	2.5 Coated capillary and CLE-CEC analysis
	2.6 Kinetics study of glutaminase

	3 Result and discussion
	3.1 Synthesis and characterization of P(MAn-St-MAA)
	3.2 P(MAn-St-MAA) coating characterization
	3.3 Repeatability and stability of the coating capillaries
	3.4 Enantioseparation of Dns-d,l-AAs
	3.5 Exploration of chiral recognition mechanism in CLE-CEC
	3.6 Quantitative analysis of d,l-Gln
	3.7 Kinetic study of glutaminase

	4 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	References


