Available online at www.sciencedirect.com

& sc.ENcE@D.REcT@ Talanta

ELSEVIE Talanta 69 (2006) 463-468

www.elsevier.com/locate/talanta

Preparation and evaluation of stable coating for capillary electrophoresis
using coupled chitosan as coated modifier

Xiaojia Huang**, Qiuguan Wan§, Benli Huand*
@ Environmental Science Research Center, Xiamen University, P.O. Box 1009, Xiamen city, Fujian province 361005, China

b Department of Chemistry & the MOE Key Laboratory of Analytical Sciences, Xiamen University, Xiamen 361005, China

Received 10 July 2005; received in revised form 13 October 2005; accepted 13 October 2005
Available online 28 November 2005

Abstract

A coated capillary modified with a coupled chitosan (COCH) was developed by using a simple and fast (60 min) process that could be ea:
automated in capillary electrophoresis instrument. The COCH coating was achieved by first attaching chitosan to the capillary inner wall, &
then coupling with glutaraldehyde, and rinsing chitosan again to react with glutaraldehyde. The COCH coating was stable and showed ampho
character over the pH range of 1.8-12.0. When the pH value was lower than 4.5, the capillary surface possessed positive charges, which cau
reversal in the direction of the electroosmotic flow (EOF). The normal EOF direction could be obtained when the pH value was higher than 4.5. T
COCH coating showed strong stability against 0.1 mol/L HCI, 0.1 mol/L NaOH and other solvents compared with conventional chitosan coatir
The relative standard deviation of the run-to-run, day-to-day and capillary-to-capillary coating was all below 2% for the determination of EO
The COCH-modified capillary was applied to acidic and basic proteins analyses and high efficiency could be attained. The comparison betw
unmodified capillary, chitosan-modified and COCH-modified capillary for the separation of real sample, extraekfrbghossum yoshinagae
with water, was also studied. Better results could be obtained on COCH-modified capillary than the other two capillaries.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [6] or fully ionized [7]; using of additive in the sampl8,9];
coating of the inner capillary wall by chemically bonding or
Capillary electrophoresis (CE) has been utilized as a domiphysically adsorbing,9,10-22]. In the last approach, adsorbed
nant separation technique for biochemical sample analytes, sugball coating is an attractive alternative to covalent coating due
as proteins and peptides, because of its high efficiency, fast sefp the simplicity and speed of the coating process. Many types
aration, small samples need, dtic-3]. However, when proteins  of reagents, such as polyacrylam[@8,24], poly(vinyl alcohol)
were separated by using uncoated fused silica capillary, adsorf25—-27]and poly(ethylene oxidg8,29], etc., have been used
tion of the samples to the capillary wall often occurred, whichto coat capillary inner surface. There are several reviews focused
would result in protein peaks broaden, tailing, decreased repran wall coating and modificatiof30—35].
ducibility and even being impossible to be detected. The reasons Chitosan, or (1 4)-2-amino-2-deoxy-B-p-glucan, is a
of low separation efficiencies for protein are complex, but thehydrophilic polyelectrolyte obtained by deacetylation of chitin,
presence of charged silanol groups on the wall surface plays amhich is very abundant in natuf@6]. Yao and Li[9] have
important role[4,5]. employed it as both a dynamic and static cationic adsorbed coat-
Several approaches have been proposed in order to decreasg for the analysis of basic proteins. Good separation results
protein adsorption on capillary surface, including manipulationwere obtained and higher 400,000 theoretical plates/m could be
of the buffer pH to make the silanol groups fully protonatedachieved. However, only a pH range of 3.0-5.5 was used in the
work, which was narrow for the analysis of basic proteins and
real samples. At the same time, the stability of chitosan coating
« Corresponding authors. Tel.: +86 502 2186477 804; fax: +86 592 2183052'€€ded 0 be improved. In this study, a simple and stable chi-
E-mail addresses: hxj@yanan.xmu.edu.cn (X. Huang), tosan coating process was described. Chitosan first adsorbed to
blhuang@xmu.edu.cn (B. Huang). the capillary wall, then coupled with glutaraldehyde, and finally
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Fig. 1. Scheme of the capillary profile of COCH coating.

coated chitosan again to obtain multiple polymer layers, whicl2.3. Procedure for coupled chitosan (COCH) coating

thickly coat the capillary wall like a “carpet”. The characters of

coupled chitosan (COCH) coating and chromatographic perfor- COCH coating was achieved by the procedure described
mance for basic and acidic proteins were evaluated. Comparisdoelow. All of the rinsing employed the rinsing function of the
between unmodified, chitosan-modified and COCH-modifiedBeckman” P/ACE MDQ system under the rinse pressure of
capillaries for the separation of a real sample was also inve20 psi. The capillary was rinsed with 1 mol/L NaOH for 30 min,

tigated. and then with deionized water for 15 min in order to clean the
capillary and enhance the dissociation of the silanol groups.

2. Materials and methods After preconditioning, the capillary was rinsed with chitosan for
10 min and allowed to contact statically with the capillary for

2.1. Chemicals and materials 10 min, so that more chitosan was adsorbed by silanol groups,

then rinsed with 12.5% glutaraldehyde solution 5 min and con-
Chitosan (average molecular mass ca. 300,000 and degrégcted statically 15 min for coupling with chitosan. Finally, the

of deacetylation, 92%) was obtained from Yuhuan Chemicatame concentration chitosan solution was used to rinse over the
Factory (Zhejiang, China). Its stock solution, ca. 1% (w/v) inglutaraldehyde 10 min and contacted statically 10 min to form
1% aqueous acetic acid was prepared by stirring at room tenthe outer cationic coating. The scheme of the COCH-coated
perature then filtering through a 0.45n membrane. Bovine capillary was shown iffrig. 1.
serum albumin (BSA) and cytochromeevere purchased from
Sigma (St. Louis, MO, USA) and their samples were diluted in3. Results and discussion
deionized water at a concentration of 0.2 g/mL. Glutaraldehyde
(25% water solution), benzyl alcohol, which was used as a.1. Effect of chitosan concentration on the EOF
EOF marker, and other reagents were obtained from Shanghai
Chemical Reagents Co. (Shanghai, China). Fused silica capil- The polycationic chitosan can be adsorbed to the nega-
lary (75pumi.d. x 375um 0.d.) used in this study was obtained tively charged surface of fused silica capillary because chitosan

from Yongnian Ruifeng Instrumental Co. (Hebei, China). exhibits high density of positive charges in aqueous acidic solu-
tion[9]. Effect of chitosan concentration on the EOF was shown
2.2. Apparatus in Fig. 2. It could be seen from the figure that the concentration

of chitosan was just at 0.005% (w/v) an inversion in the direction
CE was performed with a “Backman” P/ACE MDQ system of the EOF was exhibited, which indicated that the interfacial
(Fullerton, CA). Thirty-two karat workstation was used for datadouble layer had been modified by the adsorption of chitosan. As
processing (Fullerton, CA). The theoretical plate numbers (Njhe concentration of chitosan increased further, more chitosan
were determined from peak widths at half heighg §usingthe  molecules were adsorbed to the surface, which results inincreas-
formula N = 5.54(r/wo5)%. The capillaries were thermostated ing ¢ potential of the electric double layer at the capillary surface,
at 25°C by using liquid coolant and the samples were injectedand faster EOF was observed. With above 0.15% of chitosan,
by pressure (0.5 psi) for 5s. All samples were detected by U\the capillary exhibited relatively constant EOF, which indi-
absorbance at 214 nm. cated a saturation of chitosan coverage at the capillary surface.
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charges NH groups decreased. When the pH value increased
continuously, the number of charged silanol groups that have
not been modified by coupled chitosan increased, while positive
charges NH groups decreased further. There was no EOF could
be detected at pH 4.5 because the amount of charged silanol
groups equal to the amount of charges Nioups. EOF was
normal from anode to cathode when the pH value was above 4.5
because ionization silanol groups predominate on the capillary
wall, but it was lower than the EOF of uncoated capillary, which
demonstrated that parts of the activity of silanol groups on the
capillary wall was restrained by the coupled chitosan coating.

3.3. Stability of COCH-coated capillary

A comparison of stability test of the chitosan-coated capillary
and the COCH-coated capillary against continuous analysis was
Fig. 2. Influence of chitosan concentration on the EOF. Conditions: applieé)erformed’ and the reSUItS_ were ShOWtFIg. 4. The Stabll_lty
voltage,—8 kV; buffer, 0.05 moL/L phosphate buffer at pH 1.8; capillary,#s ~~ Was evaluated by measuring the EOF at pH 3.0 for chitosan-
i.d. x 31.2 cm (21 cm effective length). coated capillary (it could be used only pH 3-5%), and pH
1.8 and 12.0 for COCH-coated capillary. If the EOF could not be
The concentration of chitosan 0.2% was chosen for furthedetected within 60 min, the EOF was defined as 8\ s1).

research. It could be seen from the figure that the EOF of chitosan-coated
capillary continuously decreased and endured only 14 runs at

3.2. Comparison of EOF on uncoated capillary and pH 3.0. On the other hand, the COCH-coated capillary endured

COCH-coated capillary atleast 500 runs and 150 runs at pH 1.8 and 12, respectively. The

severe disadvantage of the conventional chitosan-coated capil-
The EOF of uncoated capillary and COCH-coated capillarnjary wasits low endurance. However, this problem was overcome
over the pH range of 1.8—-12 was investigated. The results wergmply by coupled chitosan coating, which described above.
shown inFig. 3. The EOF of the uncoated capillary was gener-
ated from anode to cathode, and was stable above pH 9. Howevérd. Chemical stability
the EOF started to decrease when the pH was lower than 9,
and was almost suppressed below pH 3.5. On the other hand, The chemical stability of the chitosan-coated and COCH-
the COCH-coated capillary exhibits positive charges because abated capillaries was investigated, and the results were shown
the existence of Nklgroups on the chitosan molecules whenin Table 1. The EOF was first measured when the coated capil-
the pH below 4.5, so the EOF reversed from cathode to anodary was prepared. Then the capillary was rinsed with the solvent
below pH 4.5. At the same time, EOF decreased when the plisted in Table 1for 15 min, and the EOF was measured again.
value increased from 1.8 to 4.5 because the number of positivEhe chemical stability was evaluated on the basis of the degra-
dation ratio described ifable 1.
It could be seen that the chitosan-coated capillary was unsta-
ble after 0.1 moL/L HCI, 5moL/L urea, CG4OH, CHsCN and
1% (v/v) HCOOH rinsing, the coating was severely detached
after 0.1 moL/L NaOH rinsing. Although the degradation ratio
for COCH-coated capillary was 12.25% after 0.1 moL/L NaOH
rinsing, it was much more stable than chitosan-coated whose
degradation ratio was 94.91%. After other solvent rinsing, the
degradation ratio obtained from COCH-coated capillary was all
below 4%, which demonstrated that the chemical stability was
improved. The tolerance of COCH-coated capillary to both HCI
and NaOH assured the relatively wider pH range to be used in
analysis than that of chitosan-coated capillary.

3.5. Reproducibility
Fig. 3. EOF of uncoated and COCH-coated capillaries under different pH. Con-
ditions: the concentration of chitosan, 0.2%; applied voltage, 8 kV for uncoated The reproducibility of COCH-coated was investigated based

capillary, —8 kV for COCH-coated capillary at pH<4.5 and 8kV at pH>4.5; .
buffers, 0.05 mol/L phosphate buffer at pH 1.8-3.5, 0.05 mol/L acetate buffer a?n the detection of EOF, and the results were shovaisie 2.

pH 4-5, 0.05 mol/L phosphate buffer at pH 67 and 0.05 mol/L borate buffer aft could be seen from the table that good reproducibility
pH 9-12; capillary, 75um i.d. x 31.2 cm (21 cm effective length). were obtained. The run-to-run £6), day-to-day (= 6) and
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Fig. 4. Endurance of chitosan-coated and COCH-coated capillaries. Conditions: applied voltage, 8 kV for COCH-coated capillary (pH8LQk&hdr COCH-
coated (pH 1.8) and chitosan-coated capillary (pH 3.0); other conditions were the sanfégaS8in

Table 1
Chemical stability of chitosan-coated and COCH-coated capillary

Chitosan-coated COCH-coated

EOF EOP Degradation EOP EOP Degradation

(10 8m2v-1ls?) (108m2v-1s?) ratio® (%) (108m2v-1s?) 10 8m2v-1ls) ratio® (%)
0.1M NaOH —2.985 —0.152 94.91 —2.726 —2.392 12.25
0.1M HCI —2.995 —2.207 26.31 —2.722 —2.623 3.64
5M urea —2.984 —2.794 6.38 —2.729 —2.714 0.55
CHzOH —2.989 —2.722 8.91 —2.731 —2.682 1.79
CH3CN —2.990 —2.715 9.21 —2.735 —2.660 2.72
1% (v/v) HCOOH —2.998 —2.849 4.96 —2.738 —2.696 1.53

a8 EOF was measured before rinsing with the solvent.

b EOF was measured after rinsing with the solvent.

¢ Degradation ratio = (EGF— EOF)/EOF? x 100 (%). Conditions: applied voltage;8 kV; buffer, 0.05 moL/L phosphate buffer at pH 3.0; capillary, i#8
i.d. x 31.2cm (21 cm effective length).

capillary-to-capillary (r=4) R.S.D. were all below 2%. The
good repeatability could be achieved easily just as other perma-
nent coatings had done if the experiment was carefully carried
out[5,37,38], which was one of the great advantages of COCH

coating. @ W (o) (B)
3.6. Protei lysi
rotein analysis (B) (A)
The ability to perform the protein analysis of the COCH- §
coated capillary was evaluated by using acidic BSA and basic £
cytochromec as test samples. The isoelectric points (pf) of %
BSA and cytochrome are 4.4 and 10.2, respectivehig. 5a =]
=
Table 2
Reproducibility of COCH-coated capillary coating |
EOF average R.S.D. (%) e —L—
T T T T
(0 8m?v-ts) 10 12 14 16 1 2 3 4
Run-to-run (= 6) —4.875 0.49 Time(min)
Day-to-day (1= 6) -4.818 1.13 _ _ . ,
Capillary-to-capillary (= 4) _4.916 168 Fig. 5. Electropherogram of proteins obtained from COCH-coated capillary at

pH 4.0 (a) and pH 7.5 (b). Conditions: applied voltag& kV for pH 4.0 and
Conditions: applied voltage;8 kV; buffers, 0.05 moL/L phosphate bufferatpH 8.0kV for pH 7.5; the others were the same as describEajir8. Symbols: (A)
1.8; capillary, 75um i.d. x 31.2 cm (21 cm effective length). BSA and (B) cytochrome.
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Fig. 6. Comparison of the electropherograms of the extract Etaphiglossum yoshinagae on uncoated capillary (a), chitosan-coated capillary (b) and COCH-coated
capillary (c). Conditions: applied voltage, (a) 15kV, (b) and<d)5 kV; buffer: 0.05 mol/L acetate buffer at pH 4.0; capillary,t8 i.d. x 50.2 cm (40 cm effective
length); the other conditions were the same aBiin 3.

showed the electropherogram of the two proteins at pH 4.0on uncoated capillary, chitosan-coated capillary and COCH-
Good separation result was obtained. The plate numbers of BSéoated capillary were shown kig. 6. Only several small peaks
and cytochrome: were 5.55«< 10° and 6.01x 10° plates/m, were detected on the uncoated capillary at pH 4.0 after run-
respectively. COCH-coated capillary had an advantage of anaring 1 h (Fig. 6a). No more peaks could be detected at pH 3.0,
lyzing protein under alkaline conditions because its ampho6.0 and 10.0 on uncoated capillary (data not shown), which
teric character on the capillary waltig. 5b depicted the sep- demonstrated that the extract strongly adsorbed to the uncoated
aration result of bovine and cytochromeat pH 7.5. The capillary wall. On the other hand, good separation results could
plate numbers of cytochromeand BSA were 2.0k 10° and  be obtained on chitosan-coated capillary (Fig. 6b) and COCH-
2.15x 10°plates/m, respectively. The separations of BSA andcoated capillary (Fig. 6¢). These might be owing to the coulom-
cytochromer on uncoated capillary and chitosan-coated capil-bic repulsion between ionic-polymer layers that could avoid the
lary were also investigated (data not shown). No peak could bimteraction between the proteins and the capillary wall besides
detected on uncoated capillary after running 1 h at pH 4.0 anthe activity of silanol groups were restrained by polymer layer.
7.5 because the proteins were strongly adsorbed to the capillahy Fig. 6b, the chitosan-coated capillary was flushed with buffer
wall. Good separation results of BSA and cytochremeuld be  for only 5 min prior to sample injection. The peaks were detected
obtained on chitosan-coated capillary at pH 4.0. However, thguite well during the first run. However, the separation efficiency
chitosan-coated capillary could not be used to separate protedecreased and most of the peaks could not be detected when four
at alkaline conditions because it could be used only under theeplicate analyses were performed. It may be that the analytes
pH range of 3.0-5.19]. were adsorbed on capillary wall and impossible to be removed
The separation ability to real sample analysis is an importansimply by rinsing with the buffer prior to analysis. To over-
evaluation criterion for a new-coated capillary. The electro-come this problem, rinsing the capillary with NaOH to flush out
pherograms of the water extract frdttuphglossum yoshinagae  the adsorbed sample before analysis should be preformed. The
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optimum conditions were first rinsed the COCH-coated capil- [6] R.M. McCormick, Anal. Chem. 60 (1988) 2322-2328.
lary with 0.1 moL/L NaOH for 5min and next with the buffer [7] H.H. Lauer, D. McManigill, Anal. Chem. 58 (1986) 166-170.
for 5min prior to the sample injection. The adsorbed sample[s] M.J. Gordon, K.J. Lee, A.A. Arias, R.N. Zare, Anal. Chem. 63 (1991)

. 69-73.
was flushed out to the capillary by 0.1 moL/L NaOH, and hence[gl Y.J. Yao, S.EY. Li, J. Chromatogr. A 663 (1994) 97—104.

reperUCiblf«' peaks were obtained d.uring four runs (Fig. 60) lt10] M. Chiari, M. Nesi, J.E. Sancoval, J.J. Pesek, J. Chromatogr. A 717
was impossible to perform a NaOH rinse when the conventional  (1995) 1-13.
chitosan-coated capillary was used. The strong stability of th81] C. Gelfi, M. Curcio, P.G. Righetti R. Sebastiano, A. Citterio,

COCH-coated capillary against alkaline conditions assured the H: Ahmadzadeh, N.J. Dovichi, Electrophoresis 19 (1998) 1677-

N .. 1682.

aOH rinsing. [12] H. Katayama, Y. Ishihama, N. Asakawa, Anal. Chem. 70 (1998)
5272-5277.

4. Conclusions [13] Y. Mechref, Z. Elrassi, Electrophoresis 16 (1995) 617-624.

[14] M. Chiari, N. Dellorto, A. Gelain, Anal. Chem. 68 (1996) 2731-2736.

A stable and amphoteric coating for capillary electrophoresiél®] B-G. Belenkii, G.E. Kasalainen, D.G. Nasledov, Y.V. Belov, M.l
Medvedeva, S.T. Khor, J. Anal. Chem. 53 (1998) 940-947.

was _devel()ped by COF’p'ed Chitosa_m coating procedure. COC 16] M. Du, J.H. Flanagan, B.C. Lin, Y.F. Ma, Electrophoresis 24 (2003)

coating could be achieved by a simple and automated proce- ~ 3147-3153.

dure with good reproducibility. In comparison with conventional [17] F.C. Leinweber, J. Stein, M. Otto, Fresenius J. Anal. Chem. 370 (2001)

chitosan-coated capillary, the COCH-coated capillary exhib-  781-788.

ited strong endurance, chemical stability and could be used #}8] X-L. Ren, Y.F. Shen, M.L. Lee, J. Chromatogr. A 741 (1996) 115-122.
. . . . 19] H. Wan, M. Ohman, L.G. Blomberg, J. Chromatogr. A 924 (2001)

the range of pH 1.8-12.0. Highly separation column efficienc 50-70.

of protein could be obtained on the new COCH-coated cappoj s. Konig, T. Welsch, J. Chromatogr. A 894 (2000) 79-88.

illary. The comparison between unmodified capillary, chitosan{21] H.J. Fu, W.H. Jin, H. Xiao, C.H. Xie, B.C. Guo, H.F. Zou, Electrophore-

modified and COCH-modified capillary for the separation of the ~ sis 25 (2004) 600-606.

real sample, extracted frof yoshinagae with water showed [22] Y- Jin, J.Q. Mi, H.-T. He, Z.Q. Guo, M.P. Zhao, W.B. Chang, Talanta

that good r_eproducible result could be obtained on COCI_—|r23] g? ;?23221,1§0<5:;1ig§12togr. 347 (1985) 191-198.

coated capillary than the others because the strong chemiqahj m.x. Huang, W.P. Vorkink, M.L. Lee, J. Microcol. Sep. 4 (1992)

stability of COCH-coated capillary assured that it could be  233-238.

rinsed with 0.1 moL/L NaOH to flushed out the adsorbed sam[25] M. Gilges, M.H. Kleemiss, G. Schomburg, Anal. Chem. 66 (1994)

ple. However, chitosan-coated capillary could not be rinsed with _ 2038-2046.

. . . [26] D. Belder, A. Deege, H. Husmann, F. Kohler, M. Ludwig, Electrophore-
basic solution. In the future, we will apply the COCH-coated™ ™~ ", (2001) 38133818,

capillary to micro- or nanospray CE/MS for the detecting the27] 3. peuravuori, T. Lehtonen, V. Lepane, K. Pihlaja, Talanta 67 (2005)

proteins in the extract of. yoshinagae. 103-111.
[28] G.J.M. Bruin, R. Huisden, J.C. Kraak, H. Poppe, J. Chromatogr. 480
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