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2.1
-PDMS ( ) 24 44 )
( ) ; XCDY (0~8000 V/
500 pA, ) ; XSP-BM (Nikon ) KQ-50E (
)3 TG328B ( )
HSA( 66478 Da, pl 4.7, ), TRF( 77000Da, pl 5.9 Sigma ;
0.3814 g , 50 mL s NaOH pH 10.
0, 100 mlL.,
: HSA TRF 0.075 g, )
25 mlL, 5.0 g/I.  HSA.TRF , .
ol 5 mL 5 mL(
“+4++", 1500 r/min 5 min, .
2.2
-PDMS )
, , SiO;, ; SU-8 ( ),
PDMS , . ,
-PDMS C 1A, (be) 6.0 mm,
(ad) 3.0cm, 80 pm, 15 pm; ¢ 1B )
) ) . ANSYS
) , OrCAD
’ [7] ’
550 pm, 40 pm, 0.1 pm, 20 pm;Si0O, 1 pum,
450 kHz, 10 V¥,

1
Fig. 1 Electrophoresis microchip with integrated contactless conductivity microelectrodes
A, B sa, b, ¢, d
N N N (A, B was photograph of the electrophoresis

microchip integrated of two-electrode contactless conductivity detection, Photograph of the con-
duc-tivity dectecting electrodes; a, b, ¢, d was buffer reservoir, sample waste reservoir, buffer

reservoir, sample waste reservoir) ,
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K+
[8] s
R [9] , A/D
s . PC
3.2.1 MES/His
, MES/His , .
’ pH °
s , ; , ., HSA  TRF
4.7 5.9, pH , pH 10 R
s D) ’ pH:10 10
mmol/L o
3.2.2 s
s 0 N s , 300
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. 300, 600 900 V ( 100, 200 300 V/cm) s
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900 V ; , 900 V,
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600 V,
3.3
, pH=10 10 mmol/L
s 10 s, 600 V, HSA TRF
3.3.1 -PDMS
, 5g/I. HSA TRF , s
« 3. 6 , TRF 5.8 min, HSA 8.0 min,
Joozv 300,V 231
900 V
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Fig. 2 Effect of voltage on separating urine sample from 0 2 4 ﬁ6_ 8 10 12
min
nephrotic syndrome patients on CE chip
3 5g/L
RSD 4.2%  7.5%,
2.0, ° Fig. 3 Electrophoretogram of 5 g/I. HSA and human
’ 5g/L HSA  TRF transferrin( TRF) with homemade integrated conductivit
g y
o s detector on electrophoresis microchip
b o b b
b o
3.3.2 -PDMS 1 HSA TRF
X 1.2.3. 4 5 g/l Table 1 Linear regression equation and detection limit
HSA TRF Equation of . LOD
’ Sample linear r Lm(car/ range (S/N=3)
g/L)
y regression (g/1)
, ; 1 g/L HSA TRFE HSA y=0.058x—0.0694 0.9478 1~5 0.4
TRF y=0.07922—0.0189 0.9491 1~5 0.8
> 3
(S/N=3), 1, 241
3.3.3 24051

: 24}
0.1~0.5g/L  “+”,0.5~2.0g/L

“+47,2.0~5.0 g/l 47,

Signal/V
[\S)
()
h=l
h

“ + + + ”»” 2'39 L
° 2385+
b b
238 L L L L 1 J
, 2 4 6 8 10 12
t/min
b b 3
) 4
’ s 8 min Fig. 4 Electrophoretogram of HSA and TRF in urine sample of ne-
HSA , 6 min

phrotic syndrome patient with integrated conductivity detector on CE

microchip
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TRF . . 1.3 min ,
s HSA, TRF
b b b b HSA
o 1 HSA 3 s
HSA , HSA c HSA 1.40 g/L
3 ( ““++7), HSA ,
. 2,
2 HSA
Table 2 Detection results of HSA by homemade microsystem
Sampl Original Added Found ?;I? Recovery Sulfosalicylic
SAmpie (g/L) (mg) (g/L) ! ) acid test
1 <0.4 0 0 / / -
2 0.4 1.0 1.03 / 103 +
Nor mal
urine 3 <0.4 1.5 1.46 / 97.3 ++
4 <0.4 2.0 2.08 / 104 ++
1 1. 40 0 1. 36 / ++
2 1. 40 0 1. 39 3.27 / ++
_ 3 1. 40 0 1.45 / +4
Pati ent )
urine 4 1. 40 0.5 1.93 / 101.6 +++
5 1. 40 1.0 2.29 / 95. 4 +++
6 1. 40 1.5 3.02 / 104.1 +++
(Note): “+70.1~0.5 g/L;“++70.5~2.0 g/L;“+++72.0~5.0 g/L;*“—" (Not detected) ,
( — ) ’ ( + ) ]
b o 2 ’
b o
4
b
HSA s N
. 10 min , 1~5g/L
HSA TRF s 0. 9478 0.9491, 0.4 0.8
g/L, HSA 97.3%~104.0%  95.4% ~
104. 1%, . N ,
References

1 Wittke S, Fliser D, Haubitz M., Bartel S, Krebs R, Hausadel F, Hillmann M, Golovko I, Koester P, Haller H,
Kaiser T, Mischak H, Weissinger E M. J. Chromatogr. A, 2003, 1013(1-2): 173~181

2 LIU He-Chun, YANG Chun, YANG Qing. ZHANG Wei-Bing, ZHANG Yu-Kui( s s s s
). Chinese J. Anal. Chem. ( ) 2004, 32(3):273~277
3 Mazurczyk R, Vieillard J, Bouchard A, Hannes B, Krawczyk S. Sensors and Actuators B, 2006, 118(1-2); 11~19
4 HUANG Huai-Qing, DAI Zhong-Peng, QIN Jian-Hua, LIN Bing-Cheng ( , s s ).
Chinese J. Anal. Chem. ( ), 2008, 36(6): 719~723

5 Tanyanyiwa J, Hauser P C. Anal. Chem. , 2002, 74(24). 6378~6382
6 SHEN Xia, ZHANG Min-Hua, WANG Ping, TAO Mei-Hua( s s s ). Chin. J. LabMed.



1128 39

( ), 2001, 24(5): 266~268
7  GU Wen-Wen, WEN Zhi-Yu, WEN Zhong-Quan, XU Yi, LIANG Feng-Fei, LLIU Hai-Tao ( , s s
s s ). Nanotechnology and Precision Engineering ( ). 2010, 8(4).362~367
8 XuY, Liang J, Liu HT, Hu X G, Wen Z Y, Wu Y J, Cao M X. Anal. Bioanal. Chem., 2010, 397 (4).
1583~1593

9 LiuHT, WenZY, XuY, Liang J, Yang Y F. Optics and Precision Engineering » 2009, 17(7): 1640~1645

Separation and Detection of Urinary Proteins by Microfluidic
Chip Integrated Contactless Conductivity Detector

MA Liang-Bo" **, XU Yi*" **, LIANG Jing" *, LIU Hai-Tao* *, GAN Jun',
LI Dong-Shun''?, PENG Jing-Lan' ?, WU Shan '
(! Chemistry and Chemical Engineering College ,
* Defense Key Disciplines Lab of Novel Micronano Devices and System Technology
¥ International R & D Center of Micronano Systems and New Materials Technology s

Chongqing University , Chongging 400030)

Abstract Based on the homemade analytical microsystem with the micro-fluidic chip integrated
contactless conductivity detector, a new separating and detecting method of proteins on microchip
with sample injection, separation, and detection was proposed. Human serum albumin (HSA) and
human transferrin (TRF) in urine samples from nephritic syndrome patients were separated on the
designed microsystem, and HSA was quantitavely detected. Factors affecting on-chip electrophoresis
processes, such as running buffer, separating voltage, injection modes and sampling time were inves-
tigated and optimized. Under the optimized conditions of 10 mmol/L borax buffer (pH=10), 600 V
separation voltage, and 300 V/cm electrical field strength and 10 s injection time, human serum
albumin (HSA) and human transferring (TRF) were separated in 10 min with resolution of 2. 0. The
detection limits of HSA and TRF were 0.4 and 0. 8 g/L(S/N=3), respectively. The correlation coef-
ficients of the detection in the linear range of 1—5 g/L. were at 0. 9478 and 0. 9491, respectively. The
recoveries of HSA in the sample of patient urine were at 95. 4% —104. 1%.

Keywords  Micro-fluidic chip; Integration conductivity detector; Urine protein; Electrophoresis

separation
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