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Development of High Efficiency Separation Method for Biomolecules
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It is becoming increasingly important to separate mixed samples, such as bio- and environmental samples. For the
analysis of a target compound in a mixed sample, a highly efficient and selective separation method is required. We have
developed columns of high resolution, very selective columns, and highly efficient analytical methods using integrated
techniques and biomolecules. These developed methods save analytical time, sample volume, efc. We are now interested
in nano scale materials which many people are now focusing on. Although excellent nano materials have been developed
by many researchers, there are few efficient separation, purification or evaluation methods for these compounds. In this
review, we introduce our recent achievements concerning the separation of nano compounds.
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Fig. 1. Selected Ion Electropherograms for a Mixture Sample
(cationic, anionic, and neutral compounds) on Monolith
Capillary Column
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@ : sol particle

(a) Formation of sol particles during hydrolysis and condensation.
(b) Addition of protein into the sol.

(c) The growing silicate network traps biomolecules. : protein

Fig. 2. Schematic Representation of Protein Immobilization
Using the Sol-gel Reaction

@’=t/ty=1.12

N,=57,000 wlim

Absorbance

0 5 10 15 20

Time (min)

Fig. 3. Enatiomeric Separation of Trp Using Albumin Im-
mobilized Column
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Detection point

(a) . (1) Substrates are introduced into the
biomolecule-encapsulated column.

(2) Substrates are catalyzed into products

ﬁ—qz

(b) while they flow through the biomolecule-
encapsulated gel.
3) The products and unreacted substrates

(c) > ¥ Ay (3) Thep _ r

& were separated at the separation section of
the capillary by electrophoresis.
. : substrate ¥ :enzyme ¥ A : product
Fig. 4. Schematic Representation of Separation, Enzyme

Reaction, and Detection by Enzyme-encapsulated Column
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List of peptides from the on-line digestion of insulin

m/z

peak peptide sequence MH* (MH' calc), Da
1 1-11 (-)FVNQHLC(SO,H)GSHL 1302.7 (1302.6)
2 115 (-)FVNQHLC (SO;H)GSHLVEAL  1715.2 (1714.8)
3 12-14 (L)VEA 318.2(318.2)
4 12-15 (L)VEAL 431.2(431.3)
5 1525 (A)LYLVC (SO;H)GERGFF 1351.4 (1351.6)
6  16-24 (L)YLVC (SO;H)GERGF 1091.6 (1091.5)
7 16250r 1726  (L)YLVC (SO,H)GERGFF 1238.6 (1238.6)
or
(Y)LVC (SO;H)GERGFFY
8 2530 (F)FYTPKA 726.4 (726.4)
9  26-30 (F)YTPKA 579.3 (579.3)

Conditions: Sample: 0.4 mM insulin. PSG monolith: 5 cm. Total length: 90 cm.

Fig. 5.
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Fig. 6.

PEG

Effect of Preparation Conditions on the Monolith Structure

Insulin Analysis Using Pepsin Immobilized Column
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Fig. 7. Sequence of Af and Aggregation Scheme of the AfS
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Fig. 8. Electropherograms of Fibrils (a, b) with and (c, d)
without Seed for Different Incubation Times
(a) and (c): Smin, (b) and (d): 24 h.
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AF v o84 raFy TE, IR 7 0F
w7 ERB LT, #iMiThD, B, MENRER
WHRNT EMDE, HNETTORN AP BHREE
LBTOPFEREITELTEY, K0EMALICHEL T

100
| A without inhibitor A
-~ O + melatonin
@« 80 |
= X +3-IPA
% - W + daunomycin A
i 60
%.D L
E 40
L A
Py RN AAA 9 o)
ii i Oog O X X
0 — B - B
0 10 20 30

Time (hr)

Fig. 9. Inhibitory Activity Assay Using the Three Inhibitors
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Fig. 10. Photo Image of PMMA Chip (a), Schematic
Representation of Amylopectin (b), and Chemical Structure
of a Cationic Starch Derivative (c)
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T AR IBEACEWEIC LD T T ATy IV KEHD
&R, BRI G MSIF 2R Nd 272 EOFik
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B O —ZXENHSNTHD, EERYE D5
WAL Zflb@mE SN TV LirLINsD
WHEIZCE TY >NV EREDFBECHHEINTY
A TEEYMTHY, KITHT HEMENESL,
FIRENE WD A 7 OF y TNITEM L 721R
WERET A LINHETH-7=. 22 TYA( o0
F v T TORMIZHE U728 LW HHF 2 3R 50
ENdHDHEZEZ . B, wlo—X EFEBRICY
VA=A AR ETHEFTFILEMTHD, W

WIFEMR L D5 WY, Bl L 72 /KICIT BEFICIE R
U, BB AEAROHITIZIRED 10% B EDOERD
FHUAETH . BT, BMITZOEEICE S
Toal4fBEICEo THEEEZAET ST IO—X
L aL6fEAICEDPEEHRETLY I ORI F I
SETHIENTES, KT, YIaXRTF U,
BETEL THRETL I ENEHL WEBHGE
I N2 REEAR 2 RIBEZ L TWH I ENS
(Fig. 10(b)), F /Y1 X DB & U TR
ISHEREZ R T RIREMZ MO TNEH EEZ TS, £
7z, Bk, ZEEOFZEINEMMEINTNSZ
EnS, HMITHES UM FEERNESICAFT
ZLMREMENENWEE R .

£E5F, A, wiE, ToF kN G
20 flifH) AW, #EA I TH S 4-fluoro-7-nitro-
2,1,3-benzoxadiazole (NBD-F) THZ#{LL /=27 3
J B DUk BB 2 17230 B B AR 2RI L T
W W BEEIR = W5 & REFISE — 7 R
SN DT L, hFF Mg ERmL -
B % W5 Z & TNBD-7 2/ B0 BAFICkEN X
N 7z. Figure 11(a) 121, 3% D HFF 2k 25
fE L7z 10mm U > RFEME#E (pH 7.0) 2 20 BEVA R
WKHWTY R JBEsMiliciE0L 7 hOo7
07 5 L5%&mnRUk. HFF BN OH Tl Eamst
{Z 2-hydroxy-3- (trimethylammonio ) propyl ether,
chloride, 2-hydroxypropyl ether %745 9 5 &k 5 &K
(Fig. 10(c)) 2EN/=HKEMGIEEZH L, NBD-Y
R BRERFICHEEL. YIO—RAEY IRy
FPORREZLKELULER, 7Io—-X&73I0RX
DF N2 8RREOREGHD & EITHRD BRIFRS
HEERNESN, 7IO0—ADHRT 2 Dﬂﬁ?/
DA TIE, IRA U2 KD KW R 25
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Fig. 11. Separation of Amino Acids and Proteins Derivatives Using Separation Solution Containing Starch Derivatives
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T FF Wk % BRI IZIR NS % 2 & C NBD-
72BN RFICHBEEINZZENS, K OBUKE
MEWERYE THDXRTF Ry 2 NI E D
TR DR AT, F NI EREIEL T
Trypsin inhibitor, Acid glycoprotein, Ribonuclease,
Bradykinin Z 2 W= R, sz 1 5N
IS LTI L7 (Fig. 11(b)). ¥

XA OF v T THTF B & VER L sk %
AW ZETHY N EMRIFICB SN2 &h

5, ZONEEHRR%E CEIZX2Y >IN E DB
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Pl 2625 NI E, WY NI E %
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T VEEAH T LD EZITHW R EA IR E
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IRAHEAERIC K WG 29 251, #HL <A
T LDNEEZBE L RMOEREZEMIE D HE
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