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Introduction

We describe a simple method for coating fused silica capillaries with TMS, which involve the synthesis of diethylaminotrimethylsilane in ether. Polymerization[1-3] is not required prior to separation. This method improves the favorable degree of silanizing reaction and decreases the number of steps and coating time, so that stable capillaries at high pH are easily obtained. To test the reproducibility, we electrophoresis more than 150 runs and to confirm the stability of coating for pH, we separate double-stranded DNA utilizing TBE buffer at high pH (pH 8.5). We also study the effect of sieving medium condition (molecular weight, concentration) and electric field to optimize the condition of sieving media.

Experimental section

1. Diethylaminotrimethylsilane Synthesis

The diethylaminotrimethylsilane synthesis was modified from Dalton et al [4] for synthesis of diamino monomers. Chlorotrimethylsilane (5ml) and Diethylamine (3ml) were added to anhydrous ether (100ml) and reacted with stirring in ice bath for 2 hour. While Chlorotrimethylsilane and Diethylamine were reacted, this solution is cloudy because of making salt. (See fig. 1) The solution of product was filtered using celite 545-packing column to remove salts, so that the solution of diethylaminotrimethylsilane in ether was obtained.

2. Capillary Preparation

In all experiments, 75
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i.d., 31.2cm long (effective length 21cm) fused-silica capillaries (Beckman Instruments, Fullerton, CA) were used. Untreated fused silica capillaries were pretreated by rinsing 1.0M NaOH solution for 30min and then with d.i water for 30 min. Residual water was evaporated from the capillaries at 100ºC. In the process of coating, capillary was first flushed with ether for 20 min and then was flushed with the solution of diethylaminotrimethylsilane in ether under nitrogen for 1hr. Next the capillary was flushed with nitrogen gas and was rinsed with 1mol/L HCl solution.

3. Capillary Electrophoresis

A Beckman P/ACE System MDQ (Beckman Instruments, Fullerton, CA) was used for CE analysis. Instrument control and data collection were performed using an IBM 586 computer utilizing P/ACE System MDQ program. CE separations were performed using 31.2 cm 
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capillaries (21cm to the window). Coated capillary for DNA analysis was first rinsed with water for 5min and then rinsed with TBE buffer for 5 min. Next coated capillary was rinsed with HEC solution for 5 ~ 10 min according to its viscosity. The DNA digest sample was introduced into the capillary by electromigration at 3kV for 2 s. The electrophoresis was carried out under negative polarity at 25
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. An ultraviolet detector was used with the filter set at 254 nm.

Results and Conclusion

1. Reproducibility test

To test reproducibility of TMS coated capillary, we separate DNA digests every 30th analysis with 0.25 % (w/v) 720K HEC in TBE buffer at pH 8.2. (See Fig. 2) The RSD in migration times calculated for the 
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X174-Hae III restriction digest is less than 0.7%. These results indicated that the electroosmotic flow and shielding of surface silanols were nearly identical in these capillaries.
2. The effect of concentration, molecular weight and electric field

We experiment with 90K HEC solutions in concentration range from 0.4 to 1.2% (w/v), 250K HEC from 0.2 % (w/v) to 0.6 % (w/v) and 720K HEC from 0.06 % (w/v) to 0.25 % (w/v). In the case of 90K HEC, SPB of small DNA fragments (~ 300bp) significantly increase with an increase in HEC concentration. SPB for large DNA fragments (1000bp ~) decrease with increasing concentration from 1.0 % (w/v) to 1.2 % (w/v). We think this concentration (1.0 % w/v) is transition concentration for SPB, at above which the selectivity decrease with concentration. In the case of 250K HEC, same as the case of 90K HEC, SPB of relatively middle DNA fragments (~ 500bp) increase with HEC concentration. SPB for large DNA fragments (800bp ~) increase with concentration until 0.5 % w/v. In the case of 720K, the increase of SPB for large DNA fragments (500bp ~) with concentration is more than for small DNA fragments. We determine 0.25% (w/v) as transition concentration since SPB of large DNA fragment (1216bp) at 0.25% (w/v) is almost same value at 0.2% (w/v). These results, as Sunada et al [5] described, show that increasing the concentration of a polymer solution leads to better separation of small DNA and high molecular mass DNA is best separated in high molecular mass polymers at lower concentrations.

Figure 3 shows the comparison of electrophoretic mobility and SPB for each different molecular weight HEC solution at the transition concentration. The electrophoretic mobilities of analytes increase with molecular weight of HEC. These results are caused by the pore size of sieving media. [5, 6] The pore size increase with the molecular weight of HEC at transition concentration, since the length of HEC molecule is proportional to the molecular weight. Therefore the resistance force of sieving media on the migration of DNA molecules reduces with the increase of the pore size. Finally, the electrophoretic mobilities increase with the molecular weight of HEC. SPB also rely on the molecular weight of HEC. 90K HEC solutions separate well small DNA fragments (~ 250bp) and 250K HEC separate relative middle DNA fragments (250bp ~ 500bp). Large DNA fragments (500bp ~) are analyzed well in 720K HEC solutions. We believe this trend is also due to the pore size of sieving media, since the best value of pore size exist for certain range of DNA fragments. 

The effect of electric field on electrophoretic mobility of DNA fragments in HEC solutions is shown in Fig. 4. The electrophoretic mobilities of small DNA fragments were found to nearly constant with increasing electric field. On the other hand, the mobilities of large DNA fragments increase slightly with the electric field. This trend results from the effect of electric field on the driving force of migration of DNA molecules. When the electric field rises, the increase of driving force is larger for large DNA fragments than for small DNA fragments, because the number of 
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 ion involved in DNA molecules increase with size.
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Figure 1. The schematic representation of the synthesis of diethylaminotrimethylsilane.
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Figure 2. Reproducibility test for TMS coated capillary
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Figure 3. The effect of molecular weight of HEC on mobility per base for each optimal concentration: (a) mobility, (b) selectivity per bp
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Figure 4. The effect of electric field on mobility with 0.5 % w/v 250K HEC solutions.
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