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Fig. 1 Schematics of the linear-imaging UV detector.
Location of (a) the optical slit and (b) a linear photo-
diode array. Data were taken from ref. 3, with per-
mission from Elecrtrophoresis.
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Fig. 2 Schematic Illustration of the microchip used
in this study. BI, buffer inlet ; BO, buffer outlet ; SI,
sample inlet ; SO, sample outlet.
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Fig. 3 Separation length-based electropherograms
obtained by entire separation channel detection in
the analysis of an Al racemic mixture. Running buf-
fer, 10 mM phosphate buffer (pH 7.0) containing 10
mM S-B-CD ; detection wavelength, 214 nm ; tempera-
ture, 25 C. A sample solution of AI (1.0 mg/mL)
was injected by the pinched injection technique.
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Fig. 4 Separation length-based electropherograms
of the chiral separation of Al in 10 s. Running buf-
fer consisted of (a) 1.3, (b) 2.5, (c) 5.0, and (d) 10
mM S-B-CD in 10 mM phosphate buffer (pH 7.0).
Other conditions are shown in Fig. 3.

Table 1 Electrophoretic data for chiral separation of
Al in MC-CDKEC®
time for length for
[SB-CD1/ v » RSD for . baseline

tr /s Rs o baseline .

mM tr, % . separation/
separation/s mm
10 52 3.4 4.0 14 6.1
5.0 37 2.6 5.3 17 11.7
2.5 29 2.0 5.1 23 20.0
1.3 21 1.1 3.1 24 23.6

a) Conditions : running buffer, 10 mM phosphate buffer
(pH 7.0); temperature, 25 T ; detection wavelength, 214
nm. A sample solution of Al (1.0 mg/mL) was injected by
the pinched injection technique. b) The migration time g
and the resolution Rs were obtained using full separation
length (25 mm).
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Fig. 5 Changes in the resolutions of Al enantiomers
with the separation time. The running buffer con-
sisted of 2.5 (closed triangles), 5.0 (open circles), and
10 mM S-B-CD (closed squares) in a 10 mM phos-
phate buffer (pH 7.0). Other conditions are shown
in Fig. 1. The inset represents the electrophoretic
mobility differences of Al enantiomers as a function
of the S-B-CD concentrations.
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SBCDEEBRDOBEE, K BL UK I&K 4D RMKE
SB-CD gtk DA R EHk, [C] 1L SB-CD DIRETH 5.
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L, [CliELTTr Yy M3 5L Fig. b DIFAKIIRT
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KEL, ZRLUEOREIZLTH AU KT T2 2 &5
LhtoTwsd, Lizd->T, #HD CESH T [C]
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bNa. LALLM, UVY =74 A=Y 7miiick
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TR=AFA Vi ZR LT 5, AU EALE A
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Fig. 6 Calibration curve of the peak areas for the
first migrated Al enantiomer.
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BRI FI 25 um & F ¥ FIVIED 1/2ETH LD B
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VIA VRIBAWEE R R &, ERD AT THIVIEF &t
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TIFBBIAIEFEICE V20, BELTSVEHWRLT
b, HHBWPTOME1T) 2P TELHTOERTY
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~100mDF ¥ EF)—FHNTE ¥ 554 UVHHIC
LG EATH. KA RSEEEEFOWEERLRED %
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M EREIISERESOMET TR L-0bELL, 20
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(w, 30 um; d, 50 um) (scan range 18.0 mm)

Fig. 7 IEF microchips used in this study.
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WD, BEZFHNT 5 L HEWEOF L5720, 7~
NI B EBITNE Sl ORBEE TRBIS¥L 2 &
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512, MBI AR B & V8 7 BRI O E I
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o T, HERGOPOR - GEEANZER S 72 L AMERT

N, R, KK - V=74 A=Y 7 uvEliGzHVE< A 7 aFy TEKE T 729

&5 X912 hY, 51013, BECEEEMZRICLE
IZEWLEDB Y YNV EORE A D RIMTE S, L2l
BH, FYEF)—%X=2 & L7 CIEF TlE, tiEE%
5L —Y—%EHfAICAF Y U TRLENRHD, FrET
U= MR T 2D HEL Wz, KSR REE SN
Eh., FITHEESIE, VoTA A=V IR ER
3% MCE 2§18 % HI v C MC-IEF 4#T % 17V, k% vo3
PEBFx ANVNTHHET 2280, ZolEEk
IZDOWTHRE 21T o 72, Hil o X 5 IS EER SR o w1
TRTFANEA A=V VY TTHLIENRETHY), BE)
METELZRBNY FIEDIED ) 237% L b 720, 5k
e EAIfE s h s, &5, UVHRHZHWS DI
AR OFENFEMEDAEEL 2 0, FEMLITHES FE
FALDOBZENRD L h b0, SHEEOERLE HH
FoT, FUNIHEDIEF HMICHE L2 EETHD L ER
bNha. ko7 a2 MF v 2 VF v 7T, IEF @RI
BOTHBBEGOY =770 ZAHTEL, SEERESEKT
THHDEFREINTZ20, KHIETIZERROF ¥ F v
F v 7EVEHE L, MC-IEF 5H~#H L7z,

41 BN EORFBREOEH

MCIEF 73 #T i B\ Cid, AZEREARIZIE 110 pm, &S 50
um, FAEIE 38.8 mm (A% v YHiB 25.6 mm) ORI
FrANVEER L0 7 F v A VF v T (Fig. 7a) B &
OVliF 80 um, 2 E 50 um, AZRNE 18.0 mm (A F v » #ipH
18.0 mm) PF ¥ ANEFTLYa—bF xR NVF v 7
(Fig. 7o) AW 7z, FIZHD OB WVIRY, 0¥ 7 F v 3L
FoTEROTEREZ T/, B, Fry VRIS
X EOWAEB XU EOF T 5 72D IC B RY
TIUNT I FBfiZELAEY. SEcECTIE Ho5h
U2 2 7w B R AW (2 % Ampholyte
3-10) & F ¥ A VAR L, R E LT2 % hydroxy-
propyl methyl cellulose (HPMC) % &% 10 mM Y ~ K
B (pH 2.4) %, B E LT 2 % HPMC % & 40 mM
KEEALF b ) 7 2K (pH 12.6) & 4 Y ¥ — /N —IZEA
L7z, iz LizFy 7T, V=74 A= 7t
2% 49 % MCE 2 (MCE-2010, B#t#) 12ty FLT,
ENINTEE 440 V/cm, MR 280 nm I2 THHMT 247 - 72.
Fig. 8a i34 70207 F v A LF v 7IlBW
T MC-IEF 731 L7241 CHh 5. oL oMb AL
EERLTBY, LN, A B 1 s
LTwa. BEZEINL TH 5 50 HkI2iE, B S5
BWEE VN, —ono¥—2 L LTEHAENTYS. 150
BEIZIE, 202250 —=271310.5 mm OfLEIZ—DDK
AR —Z L LTIHLZ Zo¥—2id, SEEST720
A7 ue Yy EERSIRE Sz 20014121, 8.5 mm
OMBEICEBEA68DT A VAL MCHETEhE %
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Fig. 8 (a) MC-IEF analysis of myoglobin on the

long channel chip. (b) Changes in the peak posi-
tion with the separation time. Sample, 59 pug/mL
myoglobin in neat eCAP cIEF Gel containing 2 %
ampholyte ; anolyte, 10 mM phosphoric acid contain-
ing 2 % HPMC ; catholyte, 40 mM sodium hydroxide
containing 2 % HPMC ; electric field strength, 450
V/cm ; detection, 280 nm.

Y—rasglil s h, FEAGEIER SN, SRR
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5 X918, PUORAE T L2BICEEZEMULETCTH E—
ZAEIZEELTE ST, EOF 2R 727 YT I FEfi
BIOWKEIRICE TN S HPMC 12 & » TREEICHIHI S h
TW5 Z EMPHERINA. EOF B HIfl E N, ¥— 7 fiE)s
—EE b i, RARHOFENZAMD S5 2T
WCTHETDHY, RELLIZOTEHFICBY TS ¥
HAOBEGHAMEIIRLDDEEZ LN,

4-2 pH DECHEETE O H]
MC-IEF 12 & % % ¥ /8 7 B 0 WK BFE DFEMT I B W T
&, 77494 MZXoTF ¥ AVHIC pH AERATERK
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Fig. 9 Changes in the UV absorption of mNP at (a)
250 and (b) 270 nm in the microchannel during the
MC-IEF process. Sample, 0.5 mM m-nitrophenol in
cIEF Gel containing 2 % ampholyte.

ENLBEREEHONIITALIEDPEETHLEEZON
5. TZTpHIERFELLTm-=bE 72/ =)V (mNP)
PR, ZHEEOBOCEEZNETS I ETTF ¥ AIVHNDOHE
W pH ZEL72'Y. mNP ® pK, 1383 THY, Kk &
DD pH 2 RKDDH T EHNTE S,
pH =pK, +log {[In"]/[HIn]} (%)
Z 2T HIn i mNP OIEMBEEER, In" I3H#EATH Y, h
ZF 270 nm B X250 nm (12 AZ7R9. Beer Bl & D,

(4)
(5)

Agso = Egzormnl[HIN] + €9501,L[In" ]
Ag7o = Egromml [HIN] + €71, L[In" ]

e T EMIDERE, 1R EERT. X(4), (5) 2:X(3)
WRAT S L,

pH=pK, + log{(A2505270H1n = Avr0€950mmn) / (Agz0€a501m- — Asso€o701-) }
(6)

LRy, POLEEZ ZRRETHNETAI LT, BROpH &
RODDLZENTES. B, Eoonm Eosome Evromm Evrome 1
ZNZFN 328, 6660, 3270, 335 M 'em ' TH 5D

Z 2 TP EMAEER (2 % Ampholyte 3-10) 12 0.5 mM
mNP 22720 %0 Y7 F v 2 )IVF v Sz L, B
BB X OB 2 ) — N —IZIEA L Th S EBIEZHN
LC, % 250 nm B & 0270 nm OWOLEEZ & L 72
(Fig. 9). ZO®EH, MERICBWT, BB L ) -2 28
B s, F v FOVPFIEHICPOR L T BTSRRI S
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Fig. 10 (a) pH profiles in the microchannel during the MC-IEF process. (b) Changes in the channel position

giving pH 8.0 and 8.4 with the separation time.

7o, TNRRO L ITHMTE 2. 0.5 mM mNP % & Lol
MBI E IO pH & mNP D pK, 1312135 L\ 720, mNP
OFFEEA & IREEAR SR IZEIRE TF v A VNI 72 S h
T EEZONL. BIESHMING &, fFEEED mNP
T =F VIR KB T 575, i 57 a b
YHPFE SN, pH MK T3 2720, BREHAOE G A5
5. TORRE, JFMEEARIEGE Sz — 2B L
V-t LTBlilllzsnhzdnltELO6N5.
CoWOtEZLEX(6) X1, F ¥ ANVHOERD pH
EHML72E 25, Fig 10a 7”37 & 9 7% pH AR DO
WEEBIT 2 2 EATTE . BIEEN 10 & T, B
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0~10 mm DfLE T pH DT 2%, 19~25 mm DfLET
X pH O LR BN S . 75 BHRICIE, 2E% pH AR
DH7H313.8~14.6 mm DN E THBM SN TWS. pH 8.0
BLU84 %G 25T v A VALE A BILENKERII L <
7y b LK% Fig. 10b IR, ZORLD, B
FFxANT v FIZBWTIE, Fry A VoiRIIIHLETH
% pH 8 D pH AL AHK 70 TR T35 2 & HH
BrE ol D MC-IEF EBSEATIcBWw T, ¥
Y7 BEOPHIZ120~ 210 B L 722 L0 5, pHABLA
T ¥ A NVER T S N2 RIC, BB 37 B oA
ETT5IeDBbhroiz. L7z > T, MC-IEF 2B 3
IS pH RO AL ST, 5 ¥ /587 Tk
B L o TRT D EMMER SN, 2, pHA
TR B o % Wi Pk B A9 0D 35 50 A% 600 7= DI
L. RO FREEBITHY, BLRIKEBHILOD
HEDNPEETHDLIOEEZLND.

Conditions as in Fig. 9.

4-3 # /N ED MC-IEF 38

WAy VNI 4FE (o, h—K=v 77 e F5—E1
(pI5.9) ;b, IA7u¥ s (pI68, 73) ;¢, LY FILL
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MC-IEF %2 1 > 7 F ¥ £ )V F v 7 LTI o 7245k % Fig. 11a
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ZEOHE - PHICE L 2RI 2108 THY, Fx T
1) —~X—2Z® CIEF (~4047) {2 LTH 10 o m#E Lz
B L7z pl H35.9~8.6 DI IZD W TIZ RAF 2= 50 #EDS
Boh7zbon, JREXZLT—EADE— 27 FIRIETEL
molz., TR, HWIZWPEERE D pl 533 205 10 DOF
MTh, VRXZ L7 —¥ADpl 25EHHPMIHIAMED
TPz LIGERT 2D EE R 5N 5. Fig 11b i3
%5 N BOEEMIIK LT, 210 BEICE S PUR
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¥ R BOEBROWEEIMERE DV WTRETH L Z L8
R E N

Y— 27 OWHRMBEOHBM L AEb >72L 25, RSD T
54% &%), ¥4 r0aF v TR=ZADG5HE LTIFEIF
xR L7z. TORSD 2 SELLEETOMET 0.07
UTFTHY, MC-IEF Or8ERE L D w720, Tk
W HT LT ehbhol. T2, E—=7HEDRSD b
1.9% UTFELRIFRMEEZRL, ERASICHFAHTESLZ
LAREEN, LALeDs, I+ 7ue ol TR
& 3 ug/mL & FWEIC 7 5 72, IEF TEIPCRISHE 5 2
HLE DD, HOHREORER LAEBTELL0D, V)
ZTARA=TV 7 UV BROREEEZM ) 72DIc8 5%
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Fig. 11  (a) MC-IEF separation of the standard pro-

teins on the long channel chip. a, 28 ug/mL car-
bonic anhydrase II ; by, by, 56 pg/mL myoglobin ; cy,
¢y, 170 pg/mL lentil lectin ; d, 150 pug/mL ribonucle-
ase A. (b) Calibration curve for the focusing posi-
tion versus the p/ value of the standard proteins.

BLRWLETHL L) IZBbNL.

44 Y a—bF v xIF v TICHT 5 MC-IEF 5B
MC-IEF O3 HiEfe 2 B bRA L LT, Ya— M v
ANF v TOBHICOWTHRE 2 ITo 72, FHEREL &
5720, SHREHOEHELSMESNSG., LTI 4
rueryrfv, aryrsFryRvFy 7L UEERE
(450 V/cm) ZHEINL72E 25, IHRICE$ 5 KRR IZ 140
s 47 ETICEHTEL L LA S, 4o
R BEOGHIIOWTHIER LA, Ya—+Fx
ANVF v T TRGEERPMETL, 9y 7 Fx 2N F v T T
BB ENTW 20, D=7 BB SN2, ¢ & o
OSBRI S MCEL o 7e (Fig. 12a). Shud, WL
MPEEMRE & B - BRI E W Twb720, HuF v i
VT pH ARSI R o lclc b EZ b5,

Ya— b F X ANF Y TOGEEF v A VIR 30 pm &
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Fig. 12 (a) MC-IEF separation of the standard pro-

teins on the short channel chip at the separation time
of 130 s (a, 110 pg/mL carbonic anhydrase II ; by, 210
ug/mL myoglobin ; ¢;, ¢y, 620 pg/mL lentil lectin ; d,
550 pg/mL ribonuclease A). (b) Effect of the
applied voltage on the peak width of myoglobin.

oTBY, U7 F X RNF Y TD 110 um (2 LTl
{oTWBkd, Va—VAORBRIEIEED. LY
BOWELBEZEHNTE 52 P WFEINS. 22 TIEF
CBILE—ZIREU TORTET L TELY,

(7)

W=4J D
E(-du /dpH)(dpH / dx)

ZZTW, D, E, dpH/dx, du/dpH IZZFNENE — 7 IF
WEHR 3 OWHARE, BYRE, pH AR, pH ZLIZx$
% B O BEAIKBI BB E LD EG VW TH D, X(7)
PHHS % LA, IEFIZB WIS RS THE DA
X9, Lo E—ZIEFE SN, SEERERSE LT 5.
ZIZTya— My RF v FICBWTELME S 250 »
5900 V/em ¥ CELEE7-L 25, 3F7uro—2
1% 0.60 mm 2*5 0.48 mm % TIZMIL 572 (Table 2).
ORI b 85 705 26 ICHIME S, plH36.8 & 72D
W DG BERED 118 25 1.97 ~NemE L7z LAadoT,
MC-IEF (2B W Tid, & B0 O EVINAS 7T RE ) o 5045
BLUOGEEEOR LICEMTH B 2 & AEHRIZ D IER S
N7z B, Va—VBROEBIIOWTHLHREIT- 2.
EAC LTwa7Tay bLZEZA, 25025900 V/cm
O TR ZEREIEORTEBY, X(7) oFiHlE
BO—H%RLE Va—VELBRELTHWIIZE —21F
WIERY, EHR2rOANLEFREINE 2D, Y a—1
Fr ANF v TIZBWTI0V/cm DELEZAMLTD
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Table 2  Effect of the applied voltage on the MC-IEF
separation of myoglobin

E (V/cm) focusing time (s) W (mm) Rs”
900 26 0.48 1.97
600 40 0.49 1.90
450 47 0.53 1.64
350 67 0.58 1.25
250 85 0.60 1.18

a) The resolutions were calculated by the equation Rs=
1.18° (x9 = x1) /(Wi 91 + Wije), where x and W), are the
peak position and the peak width at the half peak height,
respectively.
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We have studied on microchip—cyclodextrin electrokinetic chromatography (MC-CDEKC)
analysis of enantiomers and microchip-isoelectric focusing (MC-IEF) of proteins by using a
commercially available microchip electrophoresis (MCE) instrument equipped with a linear-
imaging UV detector, which allows real-time measurements of concentration profiles in a
microchannel. In the MC-CDEKC analysis of racemic l-aminoindane, sulfated--cyclodextrin
(S-B-CD) was used as a pseudo-stationary phase. Effect of the concentration of S-3-CD on the
separation process was investigated. In the MC-IEF analysis of proteins, on the other hand,
we studied the processes of a pH gradient formation and protein focusing. Furthermore,
effect of the channel length and applied electric field strength on the separation performance
of proteins in MC-IEF was studied.

Keywords : microchip electrophoresis ; cyclodextrin electrokinetic chromatography ; isoelectric
focusing ; linear-imaging UV detector.



