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WE R T — PR A KPS 4 2 L7 2 FE IR 2K A (high density lipoprotein, HDL)MV.2S [ /v, FJH H IR 3%
B, EEEOLES TR RS, 40 mmol/L Tricine. 50 mmol/L H L I(MEG)~ 0.2 mmol/L SDS (pH 8.5) 4 ¥F fit S 3 »
40 mmol/L Tricine. 50 mmol/L MEG. 0.01 mmol/L SDS (pH 8.5) 44> BiZZ ¥, 4 min P HDL; Fl HDL, W5 F IV 275 $I 5L 25 43
B, R EE RN, SRR, WS MRAE, ACIGIR HDL W2 (R b B B (0 A 5

KEEIR ORISR, SEEREA, o8
FRISHES R446, R446.1142

171 % % JI5 2% 11 (high density lipoprotein, HDL) &
— MR IR ORI BT B, AETBAR . L KL
RN HAE R B ARE  45 7 T A AT B OR S  PE 1)
JREH, ©Z5HERETEE, AP
¥ (atherosclerosis, AS){F FJ. HDL V.28 % 4 7] LA
YE VL AS &R 2R, 57600 (coronary heart
disease, CHD) % ) 1%, {H X I3 HDL, Al
HDL; PR AR H S [ A I IR b — AR AR 23 B
[ ARG — AR, Horh— 2 P2 A
Bz 5] 5y HERf HDL V282041 77 v2:.

e O i K e s S 303 B9 40 AT DNAB,
ALY, . A, ek, HE
PEGF. AHESURI B A S5 i a5 GO 2K
Y% (laser induced fluorescence, LIF) Kl R 45, £EA
W TG T A O P R, R, &
oy B HDL W26, JF 0 g Fe ik & F1 CHD &
B MAEARAYEAT /34T, PR T i s 8 v ik
FI-F- HDL V28538 ()1 K B F AN 8.
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1.2 RFI SR

1.2.1 R, WKRE R 155 gL (1) HDL A5 4E & -
Tricine. H & % & (N-methyl-D-glucamine, MEG).
T TR R B (SDS)s 4 . W . BRI
(phosphotungstic acid, PTA). & ft £ (MgCl). ¥R
1B (KBr) ¥4 1) T35 [ Sigma 2375 Al 28 0 —
M -Co- B 3 #5 % 2 (NBD Cg-ceramide) I - 32 .
Molecular Probes A 7] s ULVE 7 4% i b 42 = 2
ﬁ%%ﬁ%ﬁﬁ%?MW@ﬂ@&*%ﬁ%%m
(1.52 mmol/L PTA. 0.05 mol/L MgCl,, pH 6.1); Ff
i 22 MR 40 mmol/L Tricines 50 mmol/L MEG.
0.2 mmol/L SDS (pH 8.5) 4 B : 7 B 2% b Wi th
40 mmol/L Tricine. 50 mmol/L MEG. 0.01 mmol/L
SDS (pH 8.5)41 1. Bt A4 73 Hrat, il
FIH K Z R zEmK, WA E 4 0.22 wm
e L g

* [H R e BORWI ST R 71 21(863)(2007AA042106), [H 5% F 45 KL Rl F
9% & %11 (973)(2007CB 714502, 2007CB936000), 11 A= # 5 k& 17
(2009ZX10004-301, 2009ZX10004-505), IT. 7545 = 27 B s 5l % 22 R
B1(XK200723), il 1 #123 & i vF (58919, S2009012) % B 3 H Al
LRI H (08110700200, 0752nm021).
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Fig. 1 Structure for the microchip

(a) Chip. (b) The SEM photograph for the cross-point channel. /: Sample reservoir; 2: Sample waster reservoir; 3: Buffer reservoir; 4: Buffer waster

reservoir.

1.3 A&

1.3.1 AR, ZIRERT 3 KRG, BHRTEX
1fi. 3 ml, LA 3 000 r/min &5 10 min Ji5 53 &5 13 ,
FUME PR A IO FARR DO R, AriRA), BE
¥ 15 min J5 3 000 t/min 550 15 min, 250 )5 W H
EWALI . ESK 4 h 2 e BRI, Bk
~70C {R47. HDL br#E S At fE: 1wl HDL #5
AES I 10 pl 223 7/K, FRIIA 4 pl 0.2 /L NBD
Ce-ceramide(Lh o (L 7)) - (R =9 0 1 RGN
SRR BT 1 min, FJS N 60 wl K 5 25 pf
W MEARA AL B R 6 I B E A 2 l
TR, B 4 ul 0.2 g/L NBD Ce-ceramide it
JETRZE 1 min, BN 20 pl A S22

132 HVKEE R, fEOS R RS BRSO G2t
G I I S B GRA,  FATTE A P 7
OB, FERES I IR, RO R R AR
TR BT IE SR AL 4% AR A 4
AN I L, AT ERE R A B R ERE
45's, FEfbh. BESERBOL . St SRR
WS> BN 760 V. 0 V. 300 V AT 450 V HL T
SYES 4min, ARG ARG SR, 27
PRI 43St 500 V. 500 V. 3500V ATOV
Hik. IS 25°C, 3 Bk 450 Viem.
1.3.3  FPKJREE. 0 P Ao 1 3R T 0 28 i
BRPERITE LT, AR AR B A f i ar, G2
BH B 705 F /87 B B Ho Ar 3 10 T B — [ F T 1) FH

T, NI ERTE, AR5 1 BT
¥, MIERHBR. &iE T HDL WK T i A
AN WA 5B RER NS R, BT
HYZ AL R A RS0 KTl voRE 1 T sz W JiEH
JIT ARE ok~ B TE AT 5 HIB R T I — B 2238
TR, 5 aE I R i R U 25 ARSI 3 45 21 K
SES

1.3.4 it K SPSS 11.0 AR TS24
AEE, HHEH x o+ s RIS, AR ZE SR T %
38T, P<0.05 iR,

2 4 R

2.1 HDL AR TFE

HDL ik 5 1 HL vk S LIS 2, HDL #5324 2
MXAf(a, b XAr), HH TR 53550 24 1.5 min A
1.8 min, 4 min M5S0 5. HRYE Havel 25004
(1) 250075 4% HDL, 1 HDL;, HDL, A E4)
HrRE S b Dy B S . A G, WL 3
HDL; S B3R AR a DX I 9 58 . T AR
K, WE 4. wrRLAE REGT %0 a 25 HDL,, 18
MR b 4 HDL,.
2.2 TETIALIERT R MAG K TR E

1 AREHLIEH i B AS # E AR A, AAk
3 BT ASCIN A5 R 0 i 57 A BE R i I AR K T CE A
Ab PR S MG HE 2 A5 R, BT LAAL 2R S DU A4 b e
L 2.
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1y Table 1 The serum lipid levels of healthy subjects before
10 a s,

9 and after the serum treated by precipitating agent
§ gl Before treated by ~ After treated by
% 7L Indicator precipitating  precipitating agent
S 6} agent x2
E St ¢ (High density lipoprotein- 1.87 0.93x2=1.86
g 4r b cholesterol)/(mmol+L™")
()
“ 3r ¢ (Low density lipoprotein- 3.04 0

2+

| cholesterol)/(mmol-L™")

0 TS Y T Y S T S S p(Apolipoprotein A1)/(mgeL™") 1980 980x2=1960

030609 1215182.124273.0333.639 . .
+/min p(Apolipoprotein B)/(mg+L™) 830 10x2=20
p(Lipoprotein (a))/(mg*L™") 280 0

Fig. 2 Eletropherogram of the separation
of standard HDL
The injection concentration of HDL was 80 pmol/L. Separation conditions:
Sample buffer solution contained 0.2 mmol/L SDS, 40 mmol/L Tricine,
50 mmol/L MEG at pH 8.5. Separation buffer solution contained
0.01 mmol/L SDS, 40 mmol/L Tricine, 50 mmol/L MEG at pH 8.5, with
E at 450 V/em.

11}
10+ a

o
T

Relative fluorescence

S = N W kA LN
T

0306091215182.1242730333639
/min

Fig. 3 Eletropherogram of the mixtures
of standard HDL and 2 pg HDL,

Separation conditions were the same as described in Figure 2.
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Relative fluorescence

S = N W A LU NI 0 O
T

03060912151821242730333639
t/min

Fig. 4 Eletropherogram of the mixtures
of standard HDL and 2pg HDL,

Separation conditions were the same as described in Figure 2.

2.3 l&FRIL;E HDL RIS 4h

Bl 5. Bl 6 23l ok il AR R 25 A1 CHD JB 4 I
TEPRAIESE 3 IRk B2 R 2 BB A AT
#3 HDL-C ¥ FE43 )24 1.78 mmol/L A1 0.56 mmol/L.

HDL,

HDL,

HDL,

HDL,

HDL,

HDL,

0.0 03060912 15182.124273.0333.639
t/min

Fig. 5 Eletropherograms of the healthy subject
and its reproducibility

Separation conditions were the same as described in Figure 2.
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HDL,

HDL,

HDL,

HDL,

HDL,

0.0 03060912 1.51.821242.73.033363.9
/min

Fig. 6 Eletropherograms of the patient with CHD
and its reproducibility

Separation conditions were the same as described in Figure 2.

2.4 CHD £2&5RAEE ADL TZEAIEEFR

% 2 2 RXFRA HDL,. HDL, WE[HI AR 14812
ghHL, WL CHD 3 HDL,(P < 0.001) i f g 3%
KT AR # 41, CHD i3 HDL, (P < 0.001)l%
AR W2 v T AR A 4, $¢78 CHD 3% HDL,
b ias, HDL, 412 .

Table 2 Peak area of serum HDL subclasses

x1 000
CHD(n=18) Healthy subject(n=23)
HDL, 0.285+0.039° 0.552+0.096
HDL, 1.394+0.091° 1.108+0.074

* Compared with control group, *P < 0.01.

3 it it

PR O F HEUK AT g 3 S B PR AR () BEF:
TR IEERRAT, IR TR 2 IR0 R A0 Lk

CUAR I b, Rl BIPUE . S By, s
O WK T I T 2 ) 23 28 20 A a2 i Weiller
LU 2002 A B RIRAE 1, AWFIT LT AT
U S R STk SR €57 N 1D SR N S N YA
4 LIF Kl R 45 3 min P43 & 135 HDL. K% B2 T
AR ARG 2% B G O A DG HRaE, E S AR
PSS UT

HDL A2 FH I 5% (B A5 R 29 0 L] 7 T Jkr 2
0T, o S R = e T A% L) R i 1 (3T
R 2 B /b LA B (1) 4R B AR K O T
HDL A A28 v DU FL %5 L JoRi /Ny WAy
S AN R EAT 3 85, 43 BT 77 2% 3 B A R T B
RO R R B LR AR LR G A,
G5 58 M ZHTVEIS XUa) HLUK - f e BN O4E,
{RIXLETTIE L ORI AR ), FORZER S, BRAE I
7 ARNAE D

AWEI B AR O kAR A &, 45
4 LIF R0l &R 48, gk 0 il HDL v 28 (1) J7
% PR E AL T S 4 F. Tricine. MEG
ST R AT FE ) pH Va5 HLVKE R P BEAE R
Rl s, 4R AEAREFMNESE.
MEG i& BA B WRZEH,  REHE 7071 B & BE X i
FUTIRIE. RATH 52T MEG ¥R X S0 45 B 11
M, I KW MEG ¥ % 4 50 mmol/L, Tricine
WL 40 mmol/L I, HDL 5 2 T 5 £ 43 & 24
. R CRORLAEB I R A AT, KRR
W, nf 5 EEAS R R IR B 200 A8 H B VR IR 9K 8l T 5K
LAy, e pH A RIS, H TR AR
pH Zy i AR YE, semaAs g A, AT g nh
W pH HEATOLAG, 2% %2 T pH A 7.8, 8.0,
8.2, 8.5. 8.8. 9.2, 9.8 Il HDL V2514 B 34
WJa KRB, pH M 8.5, HDL 7> B He. &
1 T B 2 7 HE R 43 B AR A AL 1, SDS &
A H B 1 BRI VG PE R, Ceriotti 25023 i J40OG HL
SEor BT SESGUE S, FF S I ARG BE () SDS
IN AN R R R BB 45 A 1R 2, AT 2 I e
it G PTOVRCFN 4 B 2 v VR N T 0.2 mmol/L
0.01 mmol/L SDS, A3 T 73 B35 oy 2 i

SIS S R DO E A B R B 2R R B 2 )
SHELEN PTA-Mg UUIEE R R B, SR B R
DUERIT Ko+ 2 P& T G (1R &) 5 A
BH S~ (B B 1) DO M3 v FLBEROR: . K% FE IR R
M IR EREAMIEE @), EO0kF LiER
ST HDL — MRS . BE 1 s, R
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HDL (145 #5 HDL-C FIUIG 8 1 AT 75T 71 b 3
A LA, AR IR . AR G
EAMEEA@MY 3 N EFRATLL 0, kW e
BbJE BiEWR 545 HDL — Rl ig & . Ak
HAd 92 6 4k NBD Cy-ceramide S —Fi g 5 i
T RN AR S G i k), A2 I rh A4 i
q:? Ll

Bl 5. Bl 6 29 il b fg AR 25 F1 CHD JE3 I
I HDL 345 3 YRk ik 11, HDL, F1 HDL, U
KRR E, HENMRE, K5 Berh
HIDL, U4 1) HH 06 e i) R0 06 7 A AF O A 7 i 22 0 531 A
2.76% . 2.92%F1 2.85%. 2.93%, HDL, W 1) H! i
I [0 R 06 RRURH O A AR 22 20 0 R 2.15% 2.24%
F12.17%< 2.31%. %2 4 18 {9 CHD H¥& L& bx
AN 23 {51 i B ARG 3 0375 A AN () HDL MV 288 ¢ i
MGt 4 8. W W, CHD % HDL, & % 1%
(P<0.01), HDL, W¥7F@E(P<0.01), WHEZHA
CHD 35 300 [n) % 12 IR [ /1 B8 ) BARAIG, o 2R 19
HDL, #EHMER678 i3 HDL. 65 4seih, Fk
e — A k5, JFIREEGIE R AR, 4L
PRUTH ] 56 B Fl o

Zr TR, AW AR I i KA P
&, 454 LIF KRS, HDL W2E4E 4 min Wik 3
mRr g, AR, MRS FACHE, RAN T AR
GEARTIN 7 IR BB R, AR
UIKIER

2 % x M
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Analysis of Serum High Density Lipoprotein Subclasses
by Electrophoresis on Microfluidic Chip®

ZHENG Hui-Fei"?, CONG Hui", WANG Hui-Min"", JIN Qing-Hui?", ZHAO Jian-Long”
(" Laboratory Medicine Center, Affiliated Hospital of Nantong University, Nantong 226001, China;
2 Shanghai Institute of Microsystem and Information Technology, The Chinese Academy of Sciences, Shanghai 200050, China)

Abstract A method that could separate the subclasses of high density lipoprotein (HDL) rapidly by microfluicic
chip electrophoresis was reported. Combined with laser induced fluorescence detection system, using the
microfluicic chip designed independent, using 40 mmol/L Tricine, 50 mmol/LL MEG and 0.2 mmol/L. SDS
(pH 8.5) as sample buffer solutions, using 40 mmol/L Tricine, 50 mmol/L MEG and 0.01 mmol/L SDS (pH 8.5) as
separation buffer solutions, the two subclasses, HDL; and HDL, could be separated in 4 min. HDL subclasses could
be separated with high efficiency and good reproducibility. The operation was easy and cost little. This method

could meet the demand of the clinical examination of HDL subclasses, with good clinical value.

Key words microfluidic chip electrophoresis, high density lipoprotein, analysis
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