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o : rBERREL (selectivity factor)

APTES : 7 X/ 7o bt/ MU= %27 (aminopropyltriethoxysilane)

CID : #2235 fi#AE (collision-induced dissociation)

d, : Ki1#% (partcle diameter)

E:®/XL—va A E—H2 A (separation impedance)

em : 57N (modulation efficiency)

ERLIC : #eEE B KA AAERIR 7 v~ ~ 7T 7 — (electrostatic
repulsion-hydrophilic interaction chromatography)

ESI: =L 2 hr A7 L—AF 1t (electro-spray lonization)

FWHM : 2=+ffifE  (full width at half maximum)

H : BiEHE¥ S (theoretical plate height)

HIC : BiKMEAR BAEH 7 v~  27F 7 t —(hydrophobic interaction chromatography)

HILIC : BIAKMAAEERWEIA 2 v~ ~2Z 7 ¢ — (hydrophilic interaction liquid
chromatography)

HPLC : &K v~ k277 7 ¢ — (high performance liquid chromatography)

ID. : W& (inner diameter)

IEC : £ A RXHi/ v~ K25 7 +— (ion-exchange chromatography)

k : PRFFEREC (retention factor)

K : Fi= (permeability)

L : 77 &K (column length)

LOD : RS (limit of detection)

MATES : 3-(A %27 VB A LT I ) FrEA R T b LT

([3-(methacryoylamino)propyl]triethoxysilane)

MS : B &5HEF (mass spectrometry)

N : HEGESL (theoretical plate number)

NPLC : lEfE{E{A 2 v~ ~ 2Z 7 ¢ — (normal phase liquid chromatography)

PC: ©— 7 % ¥ /37 4 — (peak capacity)

Py : 7 EIRFERE] (modulation period)

Prax @ JEJJ EFR  (maximum pressure)

RPLC : #ifHiEkfk 7 v~ K 27Z 7 4 — (reversed phase liquid chromatography)
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R : 7BERE  (resolution factor)
SCX : MBI FF s v~ s 277 4 — (strong cation exchange
chromatoguraphy)

SDS : KT Y LRilES b U w7 A (sodium dodecyl sulfate)

SEC : YA XPEpR7 v~ K77 7 1 — (size exclusion chromatography)

SIM : &IRA A E=% VU 7k (selected ion monitoring)

SRM : iR SE =4 YU 7k (selected reaction monitoring)

S/N : > 27 F)b-/ A Xtk (signal to noise ratio)

ty : 77V NREf (gradient time)

to : "—/V K7 7IEf#  (hold-up time)

u : FEE  (linear velocity)

UHPLC : & Bk 7 v~ ~ 7 Z 7 4 — (ultra high pressure liquid chromatography)

UPTMS : 7 LA R7a /L FU A ¥ 27 (ureidopropyltrimethoxysilane)
AN e EERE (ultraviolet spectrophotometer)

WCX : 950 F A M7 v~ s 275 7 — (weak cation exchange chromatography)

ID-LC : —Wotikik 7 v~ 27 7 ¢ — (one-dimensional liquid chromatography)

2D-LC : Rtk v~ ~ 75 7 4 — (two-dimensional liquid chromtography)
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R v~ 7T 7 4 — (HPLC) 1%, FESBET OBV TS
KA R7eFETH D, [£T) Z50HT 5 HPLC v AT LAOEHRIZ I a~ N7
77—, OWTEAZEEOETHY, ZHIEIRFHITOERSCENICE S AX
DR L RO FEBUIEMRT 5, FFE, AEENRICEET OB S, il
T COrBEREE 2 F S L, AIEEMFEOERN G S e RRE D7 6T
ALTEY, GO0 EEMEZE 2K LT\, 22T, Al imstts
Bt 212&H72 0, HPLCIZBIT D mmtie 0 FE8 2 F-E L, L 7 LBH%
ZHPOICHIEZ T 2L & LT,

HPLC 138k % 72 pBffE— N & AT 523, BUE HPLC 38T O R -LWARIRIK 7 =
~h7Z 74— (RPLC) E— RiZk-» T Tbh, (LFEMiEIT-T2 U 75w
RFR Y ~—F N7 EORI-FRIERD T AR IR S TWS, Y
I MESREE L CIE, BEISAZ X T v (C18) O X ) 7Bk MR A2 b5:
fEA S5 UV IBIERBIEIR AV ST 5, CI8 [Effis U 1 7V FRIEANT,
ARSI 3 LTl ds X OUUHE 3D 72 <, Bix 7o ARSI MEFH RTRE T H 5
F 7oA TREE N TR < BT IEMEZ A L, RO HEIc XY, & 5EH
B OSEIRN TIZ T 7 LME6E (RALREE 72 0 OBEREE) 2m LT 5 & v 9
FEEHET S, LnL, KiroMilx, 717 2AMEOHEKEHFFER L 2
v, WHDHPLC v A7 2 (LA, EJT ERR (Ppa) =20 MPa LA R CEET %
HPLC v A7 A EER) ZHWTIHBEERED M EIZIXRA R H - 72, T, 100
MPa Z i 2 % &IEIZ BN R O DRk 72 2L E DB S, Ko r£E (dy) =2 pm U
TORAFFIER D T LxHnicE&sERK7 v~ 727 +— (UHPLC) 73
At &4u7=[1]-[4], UHPLC IZHB W T, dy=1.5um OFi {2 FHELI=F v
V=BT L5 FHTHZLICX0FR—L T v 7 (1) =140s 128 WTHE
FMEEL (V) =160,000 ZFBL S E 72 @E N & H[4], 2004 FLURE, Z< DA —T
—/ D dy=2 pm LA T ORLF SRR T Z L & &> UHPLC 2E (& 73 98 S 4,
EAbEh T b,

ruax b 777 4—OEMERILEERT L0 9 —DDOFEE LT, MKEH
WIR—KE ol y NU— U EE R T HE Y AT T LOME AR HE S
NTWD, £/ U AT T LTMVVEFIC K D @B & RO IS <R
71T DAMETOERE RIFFCEBLT 2 Z ERAHRETH Y, —EDENHIR T
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BT D EMEREILICBOWTERITH D, 7T/ Y ABID T MZIE, Ki{FE
T AOREICHETHD [FHE] OT v ARRETHY, K7k &
BT 2 RBIREO R —EICH KT DMK T2 LIS, il 7 48 LT
TEXLREEET D, THHIE, KEESS FHEE FICBTHEET Lax v
TV DOMKGR c BERIGNEIT) ZEICXY, FEKEBKREN KL T
T/ U AR Y B OFFENZ ) L72[5]-[8]. Figure LIZE / U AR U B DER
WE WS LD EELZRT, B/ VA Y hofiicAFLry - Ye=r
NUBURREZRFROE Y ZREHAR Y ~— b HE STV 5[9]-[14],

Figure 1. 3D-Network Structure of Monolithic Silica [18]

Fo, B/ VAWMLY AR0F ) VARARR ) v—% T 2—A R Y Xy
B ) — TR LS s STV A[L5]-23], v BT U —h Toiilic
%, RBRE T CTORICB OB I VRARNETH TRV D T L&
#CX5HZ &R, Chromolith IZRFEZ D —H7eE /U AR T LD X DI,
T/ U Ay ROSMINZ PEEK BHiE72 E D 7 A2 I3 % Z & 72 < HPLC
A7 L LTHERRETOHL Z EREORENH S, FrlZ, £/ U AR
DX ET V=BT NIEmWEBEEELHETHZ 0, PLUH HPLC & TiZE
WCTHA—RMLVEDT AEZMHTLZENTE, Bt FEAETEON 2RI
SHELHZENBRRETHD, £z, ¥ 7V —07 L5% Mz nanoLC v AT A
T TV EBMETH D720, BERAMEARREOSHTIZE L TnD |k,
BRI ETHY, =L 7 ba 2 L—A 41k (BSD) 2N LI-E&E
I (MS) &4 T A 855 L 7= nanoLC-ESI-MS ¥ AT AW TR (b A3
HECcEs, Lhrl, T2 VAU ARy TV —H T AE, BT LN
T2 DEPNDRNTZOIZ, BOT LEMTE HEEMOEN DR,
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R L U CREMRE () Y ICREI O n—F 4 7% % 30T ¢ — SR
AT AL L TSN EWI REHLA L TWD[21],

EARGIE, 100 um NEE D), S 09-44m OV CISEffit /U AA
U AXy 7V —hT L%, WHHPLC K FTHWAZ &I12XkY, (h=5-40
min (23T N= 100,000 — 500,000 #4525 Z L BAEETH Y, BIZITENH DK
WA T A EEEEE L TCES 13- 1R24mDI T L LTHZ LI, SR
FHEALEEEZXT LT N=1,000,000 (tp=150 min, k=2.4) OFINAFETH D
ZeEWMELRER4], £, BROIE, YA—MEE// VA IF BT
V—Hh7 L& ANISARGE LT, 100 um LD, £ 3.5m @ CISEffit /U
2RI ) Xy BT Y —H T L% nanoLC-ESI-MS v A7 A2 XK 5
Escherichia coli 7' 07 A — LfiEfT 2 L0 L, 41 h OERE 77 o= MaEBIC X
D, 22,196 @D kU 72 T F R E 2,602 [HO X 7 EDREIZKEIL
72[25], AL, A—MVEA—F—DF /) VR Y hFv T —H T A
2k B EtRE Bt A At A T L, BV T A0ERICE 2REn—F
4T XXNTT 4 —DELEENSE VA XY ET =BT LDKR
ROFHEZRET LD THY, ZOREITHEHETLA—MVRE/ U RH
VI AF T U —H T A% HWT nanoLC Z ESIMS D7 1 b= RIZEW
- lvvyay b FasrtIsz ] 77Xa—F%, BERRIIESBIMENT
WDARBLUIZ & D [25][26). LU, MFEOELRLPAMEIZHIT T, A— Mk
E) YR XX T Y —h T LAORGERMES O, WOUTERIZH
2% VT Mot OREGE, RIS E BRI Z N,

ARy, £/ VAR Y X T V=D T NE, BT LHNOV) hE
HIFEAVRL - FE R L Ll LTINS W2 &0 D, REMRE S/ NSV WV ) R &
BT 5, 22T, PTO_EEEEATLIT VA —EREEZRmEN LT /Y
AR Y XY ET V=BT LR TALZ T VAEEBAT T U NVEIRE SN DB
KT ) ~v—Z2EAEHT LI EICEY, EEMELHEKIE L FERHES
NTWD[27], T DOFIEIZ LV BUKHELEMITKT L THERD CI8 4T / U A
VUBIXYET V=BT LD 25U EOREFREN ZRBLTDH Z ERAREL 72 D,
LML, IN6DATLE2HWELTYH, REEZBEIITE 20 3BKELLS
MRS TEY, @St a8 O BE USRI EE 2 G320, A%
LABICBWCEERZ VR NCATF R, Ry, EEEmE R L
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IZIZEmM L G132 <, RPLC TIFRFF/INE <, 43 BEDS K8 70 5 28 2 A7 1T
T 5, ZOX D @IS OBEZ AN STV D BT — R A A4 A5H#
sa~< 727 44— (IEC) WNINEMEE v~ 7 F 7 4 — (NPLC) DX
972 RPLC L IIRR L 5EEE— RN Th D, BKMERB 2 0BT 270D FE L
L CHEEH 2D TW L0 — NICEKMHEEERRIE s a~ N 7T 7 4
— (HILIC) 73 %[28]-[31], HILIC {X NPLC O —FETH 57, BERIZK-FHE
WIEDIR G A HND &) i T—HD NPLC L 2725, ZOE— RN
% LI LY, NPLC §:fF (GRS CTIiEis X OVRH LR WEREC 7
R, $EWEo @B LSO BENRFIRETH V , BEAH U7z 5UR R o & B2
ESI-MS ICEATX 5H S A2 AT 5[32)-[37), RA M7 AR OBIE, ToT
FI 7 AW A Z AR e 7 REOH - RPN ETH TH D, iy,
STBERT R I, BUKYEME D D BRMEE, A 4 B e E LT )
ZOHHLETNOETT & WO WRBEITIR > TWD, AERN D DEZAS ﬁﬂ%
—FINTTH Z LI X VIR A X 5 &7 5 KEBUEMFNT &2 FEhi T 5 7=
ZOEMEBIVNERTETHSD MSIZEATDHHIZ, TEXHEIFEL 0)5%3\75:
SEEL TR RERH D, LML, BHTE—2L EOsBEL, EROBE—DhRL
TFER S T & AW HPLC TIEREETH Y, Aikd A — MLVEE /Y
2B XY TV —H T LERWE—kTkEs a~ 275 7 4 — (ID-LC)
DIERRC, —IZHW SIS RPLC 1IZx L TERMEZH T % IEC 38 L OVHILIC
D X 5 5 HEE— FOMMAZRIER, RITIXEN 6 ZAE b2 ook
sa~w 777 44— (2D-LC) IZXLDEWE—T7 X ¥ T 4 — (PC) DFEE]
WRDOND, PC &L, —mHrTHBEE R) =1ZZRLRRLINETES
RROE—=7HTHY, BRI D Z 2% HWPLH HPLC @ PC 13X #5100
-mmmﬁﬁ@,mwumwav(imkmmm%ﬁé*&ﬁﬂ%f%é*&ﬁ
WE SN TWAH[38][39], —KILANGEH L2 TOsE % kot B THotrd
5%énnﬁmﬁﬁé£W@Pci%ﬁn@PC@ﬁ?%énékwﬁﬂﬁwi
2D-LC ZAHANLT D Z E N TEIUTE OMEITFEF TR E 2B & 72 %, Jorgenson
5 MYEER N L 72 IEC - RPLC 52 D5E4: 2D-LC Tli, ~ It H ® RPLC {2\ T
B DT T 2 WD EHE RS AT KB WT PC=512/100 min ZFEB L TV
%[40], £7-, Yates HI1X MS DA A ALEHTH S ESI DA T L—F » 7NIZ C18
Effic V) pi - AR T m EIOUERi ) DR EREERE L T A%
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YERLL, IEC-RPLC %&® 2D-LC ¥ AT L% BA%E L7=[41], 1% S 1ZAMa0s 5+
SN DE TG, ST AT DMTEAT LRI —FHEEL, 2o
2D-LC-ESI-MS v 27 MMZ L0 —Foihte, 7 —F XN—ZARRIZIVTF B
KOF I EERET DY ay NI TaT 43I 7 A&, TIUIETE
DTATHITATBITDHEEY — L ETR>TWDH[42], —KRILANBIEET D
STEFIZ, BB ORI SR eSS D [5842D-LC) 12\ TiE, =
KL HIZB W TEESBED RO b5, AR 5 um R FeIER D T LTk
FEIIZ BV CREEM T COWEIHOBNNHE BN D720, HREEK K
TV, Fo, mUVEE N CHRIK T2/ W dy =2 um LA ORFFRIEEA T T AD
AL, RRHCHEEO KRR MEH <, —75, /7 VAR BT LT,
REBREEICES BOWFEEM L, /NS ERICES < @it T CommEbE
BALTWAHEW, E22D-LCICBITS “RIEHDH T LAELTHEL TS EE
2 HITWD[43]-[47], AP HIE R RIZE /U AR Y 907 5 Wiz
2 2D-LC ¥ AT AIZEWT, RALKFE RO G EREIT K LT PC = 1000
/30 min D ER N OEVERE DBl A R L TV D [43], B, ZWorsa~ I T
74— & FERT HICHIZY, FRITOFBEERIRVEOAZZENE (LA, BEASME & Fr
T5) (IO CEHEERT 7 7 X —Th H[48][49], BERLIA AL TV
IEC - RPLC O#AGORIE, BERMEOH TEOMOSEEE— K (HILIC %) &
g L T4 5k, —WItH @ IEC s BEMERE DR S ITHER L T 2D-LC 2R D K
O PCIIPEGRAFTRME L W K&K HDME 72D Z ENHE SN TV SH[49]-[52], F
7o, FEAR2D-LC 2 EMT HBRHREE b T v X —H TV U TBISR (—oD
E— 0o —RIIIEREEO T T 7 a vy ERD LTI VAL D AT Eo
N RIED D) BN L2 RIS B D PCIZHS < Rk E D a7k,
RIEFESL SN TEDLT, REFHETERDZIN T2V EFH LN TH-
776

PLED X5 it iEo %, AR TITo ToMst 2 L TR,
1. CI8EfHETE / UAM U XX T U —F T A% LT, F5BERHED T

PEETHZEICEY, A—FLER L I H T AT r—~y NIBITH K
BRSO R 2L —Ya v a{ToT, TO%, B LIkt z24
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TN DD FEESRIFIC BT X7 T REB XY X7 B OIRE S % 5 %%
T5HIEITEY, K {biEDKRGEZIT > T2,

TWItBIWCE 2 UV RBI Y B T A W52 2D-LC IR L T, Hia
DEGFEOY I 2 b—va v wEL, KO PC %1535 7205
LIEORRE1TS Z 12k v, HPLC OmaE kit 727 7 o —F 12>
WTHELEZITo T,

Bz 7ol (BUKYE, BUKMEB IO o) 283 2WEICx LR
B L O EDEEEZ AT/ VAR Y X BT U —0 7 LOR%
EATo Tz, BUEBEAIZETE, TIRSILTWDEE S VAR U BT AOK
2N RPLC ATH Y, BKME, A4 MMEOSEENEEE > TND 2
EMD, FRIZ HILIC B X WVIEC HOFHEEMEZE , U AR ) 1% v &
ZU—WNITHEL, 256D h T LML 21T - 72,

B2, EFSHELHILIC AT/ VAR Y hd vy BTV —D T L%
nanoLC-MS ¥ A7 MZHAIAIL, A X R v — AENTIE N 7 1 T 4 — LR
Hr~DIcHEZRET L, EOA AMEEZFRGE LT,
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fidk & BEE

E1E /)RR Y BT 2EH VW HPLC ¥ 2T LD E MRk

F1HE BT FRERIN T A L OMEREHER & Rtk

e CHhilk_z@my, /2 VAU Xy BTV =T NIEREFTH
T DROELTRESLNTHY, TOEHWEBEEZFIAL TH T LE%EKiE
IR T4k, SEmBEELPHR I TE S, T, —KRIESHAWLR
TWBKLF TR D T AL LT, EOL SWHRENRRDDEA 9, £
72, EORIRDEMFMNT CEOEMERBETEHDIEAI M, £/ U Ay
Vhxx &7V =07 LOFMELZFHMIT 572012, UTORFEBIRo7,

I, 80% CH3CN SR TFICHBIT BT L F AN P U S OMBEE (1)
WXt LT, oM mELE (H) 2712 > L7z (van Deemter plot, Figure 1-1-1),
N7 L dy=1-5pum ORLA-FER T T LB L O CISEME / U AT U 7
Xy 7 U —A7 L (MS-100H-C18) % A 7z, Kif-FEMH 7 M LTI,
A(1-1)FB L OR(1-2)I27"F Knox A HWT = > kL7Z[53], £77,
MS-100H-CI8 (2B L Tix, ERIC LV GoneT —4# %, BRI FRiEE
HWWT Knox RicElF b Z Lick v, X(1-3)&2H57,

y o2
H =d)h =d,(0.65" +>+0.08v) (1-1)

du (1-2)
vV =——-0 -
D

h: BHEPEREE, v BEBGEEL, Dy YEEBRE

=354 +33% 11 o6u (1-3)
u
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KIS Z A & OPERE LRI & Bt 2 EA

WIZ, 717 LOFTEHE (K) 1220V TGS L7z, K 1% Kozeny-Carman =X (F(1-4))
TR I DH[54], Table 1-1-112d,=1-5 pum ORLFFEH A T L L O
MS-100H-C18 (Zxf LT K ZHH L=k R A2 RT,

K : B, AP: 77 NARE, F: BEFEGE, »: BEEORE, L: 7
T LR, ri T LR, u BEVERGEEE, e 1T AERE (KT o

AEFRE L 72 MS-100H-C18 |3E R 2 B L72ikGt & > THY, dy=5um
DORL-FER T Z 5 L F gcﬁ%i@ H-uMEiEZRd—, KX 5 um b7 FoiEhl
717 K EHH LT3 fELL EEEREZ R LT, BB O H - u PEBRIZBI LTI, d, =
3um LA F ORI FOERIZ L > T T LR EZM ESHEDHZ ENTE DN,
RRFIZ 7 AEOETEALBREE 72D, LIeRn-T, AT 507 LAFEOEIR

X, RERO BRI NTEREE IS U Tl S 2 BN H 5,

%72, van Deemter plot (220 5 B0 7 7 AEREFHMIE & LT, plate time %
WD HIEDIRRE ST TV BH[55], Plate time & H(1-5) X TE N, 1 HimEs 5 2
DITHERIFH 2R T SO TH Y, HEERE & R Om T 2B E L2 b

DT D,

. . . . t
Plate time (time equivalent to a theoretical plate; TETP) = WO = " (1-5)
u

Poppe IZAEHHIZ log N, fE#HIZ log (t/N) D712y hE LY, —EENIEMTIC
BWTC, d,DEIRD 1T LOVEREE —F el L72[55], £72, Desmet 513 Poppe
DFEEILIE L, kinetics plot (REHHIC log N, #EHIIC log (/N)E T 1w 8) &B&
ZR L72[56], Kinetics plot (%, — &L TIZBIT DAY 720 DO T A
PEREDRAZ IR T ENTE DL LD, Bid T AMICEIT HRA
PEBRED L DI THEEITIEH STV B [21][24], Kif-RER A Z A (d,=1-5
pum) & MS-100H-C18 (22 T, 80% CH3CN R{E FiZBIFH 7 v FAXoEB v
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ZUE L L7=HFD kinetics plot % Figure 1-1-2(A)35 & O" Figure 1-1-2(B)IZ7R 3, 72
¥, PLH HPLC &3 K OVUHPLC S:fF 2B [E L, LI LI Puax=20 MPa 3 X
V100 MPa & L CEtHEEITo 72, KHPOSBITRE DGR EE A RBT 57290
(ZBL7R 19 279, MS-100H-C18 | % Py = 20 MPa D55 FIZH W T log N=4.6
—6 DFIR T EDRLFREM T T LA L0 b EMEELZHET 5, LTI P =100
MPa DM TFIZB W T log N=5.3 L LOFEIE T, CORi+FHEMH T A LD
AL EREZ R L TR Y, R FREA A T A CIEEMR L7 E i Be i & %8
BWIDZENARETHD, £, ZNHOMEEIE, ABFHHR L7~ MS-100H-C18
Mt =240 s DYLHIIZR TR O F T N=100,000 ZFEHL L, £ = 3,000 s O RKf
53 HT S14 T T N = 500,000 5B im B 2 LA HPLC {4 T TRELFTRETH 5
ZLaREWT S, £/, ®MEHPLC #EAMEMNT 52 LKk, N=1,000,000
U EOBEEBERBEEOBBANAIRETH Y, £/ VAU NI T L@ ZEiE
PR LIza 7T AoRREN RIS,
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Figure 1-1-1.  van Deemter Plots for Various Columns

(a) Square plot: MS-100H-C18, (b) dotted line: 5 pm particle-packed column, (c)
dashed line: 3 um particle-packed column, (d) dot-dash line: 2 um particle-packed
column, (e) long dashed line: 1 pm particle-packed column. The diffusion coefficient
of a solute = 2.22 x 10” m%/s is assumed for the evaluation of particle-packed columns.
The described van Deemter curves were calculated for the particulate columns based on

Knox equation, whereas measured for MS-100H-C18.

Table 1-1-1. Permeability, K Values for Various Columns

Particle size (pm) K (mz)
5 2.5x 10
3 9.0 x 107"
2 4.0x 107"
1 1.0 x 107
Monolith (MS-100H-C18) 9.1 x 10"

Column porosities (¢) of 0.9 and 0.7 are assumed for monolith (MS-100H-C18) and

particle packed columns, respectively.
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Figure 1-1-2.  Kinetics Plots for Various Columns under Changed Maximum
Pressure
(A) Assumed maximum pressure of 20 MPa, (B) assumed maximum pressure of 100
MPa, (a) solid line: MS-100H-C18, (b) dotted line: 5 pm particle-packed column, (c)
dashed line: 3 um particle-packed column, (d) dot-dash line: 2 um particle-packed
column, (e) long dashed line: 1 pm particle-packed column. The diffusion coefficient
of a solute = 2.22 x 10 m?/s, the viscosity of mobile phase = 0.00045 Pass *, and the
flow resistance factor ¢= 700 were assumed for the evaluation of columns.

* Viscosity of CH;CN/water (v/v 8/2) at 30 °C
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Figure 1-2-1.
Standard for MW = 580)

Separation of Styrene Oligomers (Molecular Weight (MW)

The numbers in parentheses indicate the number of styrene units in the oligomer.

Column: MS-100H-C18 (three connected columns), total length: 1130 cm x 100 pm

I.D., mobile phase: CH;CN/water (v/v 95/5), AP = 39.5 MPa, u = 1.73 mm/s, detection:

210 nm, temperature: 30 °C, injection volume: 5 pL split injection.

magnification of the chromatogram for the pentamers.
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Figure 1-2-2.  NanoLC-ESI-MS Base Peak Chromatogram of a BSA Tryptic
Digest

Column: MS-100H-C18, (a) 28.4 cm x 100 pm 1.D., and (b) 300 cm x 100 pum L.D.,
detection: 2.0 kV positive ESI - ion-trap mass spectrometer (LTQ). The mobile phases
consisted of 0.1% HCOOH in water and 0.1% HCOOH in CH3CN. Linear gradient
programs of 5% to 40% CH3CN in 30 min for the short column and in 300 min for the
long column were employed. A BSA tryptic digest sample dissolved in water (100 nL,
1 nmol/200 pL) was injected at the start of gradient with a flow rate 1.2 uL/min for the

28.4 cm column and 0.67 pL/min for the 300 cm column.
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Figure 1-3-1.  PC Values with Various Column Length and Types with Fixed

Gradient Time under the Assumed Maximum Pressure of 20 MPa
(A) Gradient time: 40 h, (B) gradient time: 10 h, (C) gradient time: 1 h, (D) gradient
time: 0.1 h, (a) solid line: MS-100H-C18, (b) dotted line: 5 um particle-packed column,
(c) dashed line: 3 pm particle-packed column, (d) dot-dash line: 2 um particle-packed
column, (e) long dashed line: 1 pm particle-packed column. Columns were evaluated
with the assumed maximum pressure of 20 MPa. The diffusion coefficient of a solute
= 4.5 x 10" m?s, the viscosity of mobile phase = 0.00101 Paes *, and the flow
resistance factor ¢ = 700 were assumed for the evaluation of each column. For the
estimation of PC, B =43.2 and Ac = 0.4 were assumed.

* The highest viscosity of CH;CN/water at 25 °C
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Figure 1-3-2.  PC Values with Various Column Length and Types with Fixed
Gradient Time under the Assumed Maximum Pressure of 100
MPa

(A) Gradient time: 40 h, (B) gradient time: 10 h, (C) gradient time: 1 h, (D) gradient

time: 0.1 h, (a) solid line: MS-100H-C18, (b) dotted line: 5 um particle-packed column,

(c) dashed line: 3 um particle-packed column, (d) dot-dash line: 2 um particle-packed

column, (e) long dashed line: 1 pm particle-packed column. Columns were evaluated

with the assumed maximum pressure of 100 MPa. Other conditions were described in

Figure 1-3-1.
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PC Values with Various Gradient Time and Column Types with

Fixed Column Length under the Assumed Maximum Pressure of

20 MPa

(A) Column length: 3 m, (B) column length: 1 m, (C) column length: 0.1 m, (D) column
length: 0.01 m, (a) solid line: MS-100H-C18, (b) dotted line: 5 um particle-packed

column, (c) dashed line: 3 um particle-packed column, (d) dot-dash line: 2 um

particle-packed column, (e) long dashed line: 1 um particle-packed column.

Columns were evaluated with the assumed maximum pressure of 20 MPa.

conditions were described in Figure 1-3-1.
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Figure 1-3-4.  PC Values with Various Gradient Time and Column Types with
Fixed Column Length under the Assumed Maximum Pressure of
100 MPa

(A) Column length: 3 m, (B) column length: 1 m, (C) column length: 0.1 m, (D) column

length: 0.01 m, (a) solid line: MS-100H-C18, (b) dotted line: 5 um particle-packed

column, (c) dashed line: 3 um particle-packed column, (d) dot-dash line: 2 um

particle-packed column, (e) long dashed line: 1 um particle-packed column. Columns

were evaluated with the assumed maximum pressure of 100 MPa. Other conditions

were described in Figure 1-3-1.
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Figure 1-3-5. 3D Plot of PC Values with Changed Column Length and Gradient

Time for Monolithic Silica Column under the Assumed Maximum
Pressure of 20 MPa

The PC of MS-100H-C18 was evaluated with the assumed maximum pressure of 20

MPa. Other conditions were described in Figure 1-3-1.
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Figure 1-3-6. NanoLC-ESI-MS Total Ion Current Chromatogram of Digested
Peptides by Use of 3 m Long Monolithic Silica Capillary Column
with 40 h Gradient under 20 MPa Condition
Peptides from PC-9 cell cytoplasmic proteins (20 pg) separated using a column:
MS-100H-C18 (3 m x 100 um [.D.), gradient time: 40 h, flow rate: 500 nL/min,
maxumum pressure: 20 MPa. The mobile phases consisted of (A) 0.2% CH3;COOH
and (B) 0.2% CH3COOH in 80% CH;3CN. A two-step linear gradient of 5 % to 40 % B
over a variable time (1 to 40 h), 40 % to 100 % B for 10 min, and 100 % B for 20 min
was employed. The mass spectrometer was operated in data-dependent acquisition
mode to automatically switch between MS full Scan and MS2. The MS scan range
was m/z 300 to 1500, and the top precursor ions were selected from the MS scan for

subsequent MS/MS scans by ion trapping. The normalized CID was set to at 35.0.
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Figure 1-3-7.  Identified Peptides and Proteins Number by Various Separation
Conditions

(A) Peptides identification number, (B) proteins identification number,

square plot: MS-100H-C18 (3 m x 100 um 1.D.), triangular plot: 5 um particle

(Reprosil) - packed column (10 cm % 100 pm 1.D.)
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HAF 2D-LC 28T b &M KE{LICEET 2 kEt

RIEIE T, T/ VAR BT AOFET N A — MVEDOE 2 Y AR
U5 T 2% M0z ID-LC OFRMEE, KD PC 2152 72 O &M ik
[ZOWTIHARTE 22, [ UL @ESWrEErEREZ & 0 R CTH 5 720 ORI DO F
B LT, ZoDRR%5 HPLC £ — REfAEHE S 2D-LC BRET Hid, K
fiCTHY B 5 2D-LC 1E, [t BIZH T 2 &Ml MNIC 2 TO Rt H O
I ETET SEDHA L TA ROELR2D-LC) THY, BRESHCEY FHE
MR T DISHNHIFE STV 5[43][64], R AT A, VT &N LT
SORD HPLC £— Ra2 4L T4 L CHfES - E2 A L TRBY, —KiT
H DA BRFFPNIZETO RGO 2% T SELH201IZ, “ R AICE
WTTHRS TR 72 HPLC o3k b s, LavL, K FEM D 7 L3EE
{bOBEEH T2 Z LD, mHEEMEOE WA HPLC 50 T (Ppax = 20 MPa)
T2D-LC Z#ET2BICITE /) VAR Y I Bh 7 AOMERNBHER SN TV D
[43]-[47].

BWEEREE AT LT VAR U BT A EFEA 2D-LCIZBIT 5 Ikt H
DI BEEAAR & LTHWD Z 212XV, PUH HPLC & F TaWaREh=55 =
ENATRETH DAY, I KD PC 15D 1-DI21E, /il (Py) ([CBHE 3 D84
TR FMRR E D EEAL DML L 70 D, % 2 C, Murphy X° Seeley H 13—k ICHIZE
75 Py & B =27 L0 ORFRICOWTEEM 72 Bt 217 > 72[65][66], © DFE R,
2D-LCIZBWT—RILH THR LN mBEtERE 2 MR D ool —o o' —7
I L TR LB 34 O (1.5 0 LA FOEWHE) 2B 568N
HZEERELTEY, THUIBEAL FEM STV S 2D-LC OEARSEMEL L
TELBEHESh V5,

AHEITIE Seeley WR LT EIZ KD —RICAOE— T K0 (T2 —H%
TV TEG) EEE L 2D-LC KD PCHEY I ab—a VIZTHREL,
MR u, BT LRL, ZLTRRKOBLETHD Py d i bicB
LR EIT o 72,

FP, ~R ALY T V=y MR (T Y= M 't,= 60 min, B —72
8 'ty =30s), “RICEICIA HPLC RIF IR DT A Y7 TT 4 v 7 EH
(Ppax =20 MPa) % V2584 2D-LC 28 E L, FfbFE{bov I 21— 3
v ERITO T,
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—WITHDO I TV MERBICEBT D PC (') 1IZEARNNCIT t, & B — 7 1E (tw)
TR UIZHEMX (t/tw) TRINDH, LaL, EBEDO2D-LCIZBWTIE, —K
THOE—71E (') Z0BE O Py ICEE L C ks v~ b7 A
TIHIER TN RELTEND T v X =V 7V U THENRAET D20,
FEEED n ZEMATORENDIFHBMEVIERWVEE 2D, ZOHSEEE LT —
WILBICET D PC ("nappay) 1ZZ(1-10) TR E 415 [66].

ZIT, BMADNSHEOND 'n T ey HBR LT EEIE, —WROTHICR T DB
i) PC (Fty/tw) DRAFREZEWRLTEY, ZHEE (em) EFT HEE/R/N
T A—X—L 7%, Figure 1-4-1 {2 1z (= Py /'0) & Band Broadening Factor (<g*>

([661ZH)), WRNT ey & DEFRERT Yy 2R d, K7vy FEHWS
ZEIZkY, TR T Y U THGC K D n OREEEE LI EBRIZIT
2D-LC 2KD PC (mpexp) ZFMT D Z ENFREL 2o 72, BARBIE LT 't,=60
min, £ — 2718 't,=30s D7 7 VT MAHICE T D "nappa & Figure 1-4-2 (2R
T, INECTHMAZ AV CTHEH L CE RGN PC ('n=120) LHERLT, #
ICEWPYWRETICT nOFZELWVETIREL D Z ERHLMNE R T2,

Wiz, “IRITHICPLAH HPLC 4 F ¢/ U 22 U 155 A (Chromolith
RP-18¢) FBL ORI FFEM D T 4 (d,=2,5um) ZHVBHED PC (o) 125
WTHR L7z, ik, RA-IDICk->THREND, ok, R(1-1DIZBT 5 HH
B3, 80% CH3OH Wi TNZ 30 °C SRfF FICHIT 5T ) F )BT T 5 van
Deemter plot A& BT HHIC IV REM LT,

[2

L

[2 24 % 2
zn: N 4H1n(2 R

I+ ——In(") =1+ ) (1-11)
4 L
o 7z
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2n s ZWOGCH® PC, AN RO H OBRGREYE, Yk 0 RO H ORERRER (4
W Py & EME), % : “RITCEDOAR—IV RT v FZ AL, 2L Wt HIZ
WD H T AE, 2H: 5T H OBRRES, 2u: "ot H OfGERE

ARITX Y, Prx=20MPa S&METFTD 2, i (=Py) & n ORERERT =R
0y h&EDZENTE %, Figure 1-4-3(A)NS, D =kT7 0y bzl (Cn)
HEmbBE LSRR ey bERT, 2B, RIFT-KIEBDS TV b
WHCTHRET 2 72— 20 (30s) Z8ET 5 0-90s O, F7-#E
FEIZERAAZR u=0-12mm/s DFPH T I 2L —3a U E{ToT, TOFER, £
VAR Y BT LERAOEREAE, Z0EW R (T72bh, £V Py 7o
B bE 2 (= 12mm/s) SRETICBWT, RO e MELND Z EBRBESH
Too Fiz, RIFRERIT A (d,=5,2um) ZHAVWHEOEEMRT Y N &
Figure 1-4-3(B)# £ O Figure 1-4-3(C)IZ7~x 9, R Y, K- FHEA D T LI
FEH LR OBENFET D Z LD, —EOHIREN T T vl 2y 255
DB EAT ) 10T L ZHLRETHMLEND D AER L LT, d,=5um
ORI FEHEIL T T 5 TlE Pu =9 mm/s LA |, dy =2 pm OB SR 7 A Cld u=
5mm/s DL EDOEESEM TICB W T, 2N OETISHED n DR TFAET S5 Z L8
E ST,
X512, 2D-LCIZBITF 52D PC 2 (1-12)Ic X W HH T 5,

)x[1-+(\/E§i;2/)1n(2zR/2to)] (1-12)

1
t
1 2 1 2
n2D—exp: napp—av>< n= eM( n)( n) :( y < G*>1t
w

Figure 1-4-4 ({2 u BE Vg (=Pw) 285 E LT mpep 271 v b LTSGR
oy k&R, £72, Table 1-4-1 12, Figure 1-4-4 7> HHEE SN -k 78 Py B &
Vuk, ZOWDOLBILOEKRD mp.ap (PCnx) & E LD TRT, PCux &5
25 PICBEILT, ZWRIRICE VAR Y I h T DEANTEE0RER
Pyl 3758 TH Y, ZhiE 'tw (=30s) D H#RET D L5060 I0HT-HETH - 72,
Murphy X Seeley 51X 1.5 L F O TE L2 H WK TOoE A HELE L T\ %
B, B VAR Y T35 T 2 ZRGTHIZHW T PChax 135 BTV TIE,
BV Py M0 F238 L TEY, WIZENLLT O Py 5 nop.eyp & FREET
[ SH LR AT, —F, R RERD T 5% ZRGCBICAWESED

33



F1E FH4H
2D-LC 28 D St fom b B9 2 Bt

B P32 =250 THY, EROBANZIIVETH 72, 72, b9 —RiEH
THNEME LT, BT T MBI Rl u BE LT /Y 2
YUBDHTNEE L T/RE L, BT 2 um LR ORI+ & W 7ok - SR
BT L% ZRIEBICAWTEEED PCon 2525 *L1%, 1cm LLFOMD THEHW G
DERD T ENRETHIND, Table 1-4-1 12K D L, AEOVI 2 b— 3 UIH
WIZ3FRDA T LD H S, 2 pym R FEEA D 7 A2 Z RSt HIZH W2 2D-LC &
AT LR ER B R PO &R T & D E RSN, BN T Lk &na
W2 2D-LC ¥ A7 A TlE, —IRICH OGBEZIBW T 7 AN DR
FRoF <, MERBICHIFFEND PC MG HALRVATH ﬁ#%éoit,ﬁwPM
ERETDHIEFEDONNNTYHVREZ ZLELT L7290, LT OEESCY)
DRI LD EERBIMEOR TR L, ZLOMELISEITZENBEEIH
Do ®SVARLY DN T LEANDLZ EICED, BV L OV Py % 2D-LC
DG E LTHWA ZENTEL2 61X, YHEZME CE D REENH
L2800, KVIalb—ra BN R 0BG oNTMAITAERTH L LB X
b, LV ERNRENLE T TOSBROERIENFFIND,
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Figure 1-4-1.  Plot of Band Broadening Factor, <¢*>, and Modulation Efficiency,

eM = 'n,,,/ 'n = 1/ <o*>, against the Modulation Period in the Unit
of'c

Values of <o*> were calculated by the method of Seeley [66].
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Figure 1-4-2.  Plot of 'n against Py ('t, = 60 min, 't, =30 s (‘o = 7.5 5))
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Figure 1-4-3. Contour Plot of 2z Calculated as a Function of >z and 2tR for

Isocratic Elution, Using Vorious Columns under an Assumed

Maximum Pressure of 20 MPa

(A) Monolithic silica column, (B) 5 um particle-packed column, (C) 2 um

particle-packed column. The diffusion coefficient of a solute = 1 x 10 m?/s, the

viscosity of mobile phase = 0.001 Paes were assumed for the evaluation of columns.
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Contour Plot of Expected Total Peak Capacity (72p-.xp) Calculated

for a 2D-LC System Using Gradient Elution with 'z, = 60 min, 'z,

=30 s at 1 Dimension and Isocratic Elution Using Vorious

Columns under an Assumed Maximum Pressure of 20 MPa at 2™

Dimension

(A) Monolithic silica column, (B) 5 um particle-packed column, (C) 2 um

particle-packed column. The diffusion coefficient of a solute = 1 x 10™ m?/s, the

viscosity of mobile phase = 0.001 Paes were assumed for the evaluation of columns at

d 1 .
2" dimension.
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Table 1-4-1. Summary of Optimum Modulation Period, Linear Velocity and
Maximum Total Peak Capacity Calculated for a 2D-LC System
Using Gradient Elution with 'z, = 60 min, 'z, =30 s at 1%
Dimension and Isocratic Elution Using Vorious Columns under an

Assumed Maximum Pressure of 20 MPa at 2" Dimension

Optimum Py (s H2D-ex
Column P 1 w (5) Optimum 2u (mm/s) 2L (cm) 2D-exp
( O-) (PCmax)
e 37.5 .
monolithic silica 12 (maximum) 12 1424
(50)
. 18.75 )
5 um particle-packed 12 (maximum) 4 1310
(2.50)
. 15
2 um particle-packed 9 1 2312
(2 0)

Calculated with a 0.5 ' increment for Py with a pressure limit of 20 MPa. Maximum

Nop-exp Values obtained in a range of 24 of up to 12 mm/s were listed.
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iz F64E L7avy, BEtERR e B A 15572121, RO OO RERIRE &5k
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ExERFRF LTV, ETo, BV RABI Y A H T A& 2D-LC IZ381T 5 i
FMHCBELTH, —kITH CONERMEZ TE 572 FELS L, kA IZEN
TCEDHRETEWI T LAEZRAWD Z EICXY, 2IROSBENENRREKRILT 5 2
EMXTHIS T,

, KFER IO EAN 72T HPLC 5 D8 AR LIZ, 7 e~ 7T 7 4 —#
ﬁ@@%@ﬁ Lo TERREN D HPLC > AT LD EMRE(LTH Y, EiEREZ
DEESHT R LB L T 5% DISHMEEIC & > TlifED R & & 2 b
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F2E HILICBXQIEC HE/ U RABIT Y AT 2%EHWEZ HPLC Y AT A
DEEEE(k

B1RECCEEGRREEEAETIENE  URRS Y I h T AL D E0 0Bk
PEREDFEHL &, = DS BAVIEICE L Tl ~7=, LU, 1-6)F L O (1-11)
2V N DM OREAREL b UL tr/ty TEINDHHRE) b oBEC KRS BB e 5
L7778 —THHIENRINTWD, F1EFH2EH TIL k=5 DRFERH D
M HUE LTl iR _T=23, B 20F k=0.1 OREFBD TS WERIETICE
WL, 72& 2 N=300,000 DEMERES T &2 HWZE LTH a=1.01 OFLUL
BRI LT R=0.12 £ 720, SEETER IR, DFE D BT AERE (B
) NEARIZELS TH, RENRITIVXERGZ20BEIS b 7ewn, Cl8
? & 572 RPLC HEEFIL, BUKMELAEMITH L TIIRE RIRFF 27205, b
RNRTF R, ), FOMRBEIIWERE N DO H %<, RPLC TRz RS
POBENREE RS AN D D, F72, 2D-LC 2 Efi+ 288, B2 /0 M=% kil
fbL7zE LT, Wb -o? HPLC & — R CHBEEIRMDOEAZMENSE B
RITIE, BARSBEISE LNV SITHETH D,

B LAY H HIEICARFF 95 HPLC £— F& LT NPLC "< b aibh
TWDD, BEIEIZAT T U OIEKMERE 2 0 5 7o @it b G901
MEE ISR ORENE U D, £ 2T, FORMEEMMET 57012, H<
IdLinden 537 2/ B2 AT 2 EEF & CH;CN - KOIRABEIFHZ T
%oy BlE U7 & S LB [67], 1S Alpert 1 Z OBUKMEE EAH & KERD NA
BERIEECTH 2 /KRB ENR 2 /A A doH 5 HPLC E— R % HILIC & EFRL, fix
7R B OSBRI T& B Z & &R L72[28], HILIC (X NPLC O —f& T
HDHH, BEMBICAREEZFHT 2 2 ENBMTH D, ZudmEmiEaEo
R ORMBEZfEET 27200 T <, iR FE R LT\ 5 LC-MS sk
F % ESL O 2 AIREIC L, mUEE R 2 vTREl 3 2, ESHIZERUREME DK
REMEICBLUESELEZHNTAZ SV EE LI EEHZTHZ LICL
DITHOA T ALIETH Y, BRBEMZ IR S 72 WA R D 0 5 C i A
T&ERV, F7o—MRIZ HILIC S TIEBEIFRIZ 50%LL OGR4 5T /KR
DOBENFEE % 72, RPLC THEZEIZH W B LD K0 03 KR OB BNV &
Db A A MR E L, BRIEENGFLNLFES & 5H[68]-[72].
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—7J7, RPLC B L VHILIC & 13572 5 rfi2edE 279 HPLC £E— R & L TIEC
MEET HILD, RPLC IR 2 5 BEEEICBKMEDZEIZ K » TiThiud 2%, 1EC
IZBWTHMEEM O EBRIREDZEIZ X > THBENA U 5, IEC 1L RPLC TlXfREF
ISR EE 72 B A AR, TRWRPH D A A MmO SEENFTRETH 5, I
AF MR THDHF NI EOBEHIAKROBIEEMG 2 TE 5720,
B R G e RENEIRBE T AT T X B FREMEZ RO THAITH 5, RPLC
IZBWCIIBERICE BRI 2T 5720, Z 2 X7 BEOEMITRET b T,
BN EOEREE R BET D Z L IXREETH D, EELITE U R
DUNXX T =T LI ERT R EBIONUKRT =T A EET D
/) v—FEABMTL LI, VUBEERETLOIX I VAT R, BPEAS
TF RB LMY 7 EEOBIEWEIZR U TR D BT 57
=AU ) ) AR Y Xy BT Y —h T AERRT D 2 LTk Lz
[731[74), F£7c, HEEMEWE 28RBS 2 IEC & LT, 88 FA 2y
n~ K777 4— (SCX) AT AL u~ NTT77 — (WCX) O
OMMFET LD N, NS VR B L OWTF R& IEC THlEd 2 B3 SCX
I WCX B ENDHENRL L, 2T, SCX TIERFFINET E TR L
e, I =BT r— MeT 5, BITEEHICHERICEREDEAZET S
EVIENETRT NI LICERT %,

ARIECIXHHR 2 EEMEAT 25 HILIC BLOWCX HE /U AR Y ¥y
7 U =07 LDORBIZONWTRAND, FWeh 7 LiMiE (EEHETE)
WFUUTFD “3ETH D,

O >V IAERE -
FORMLUEREHOE ) VAR hx v T U —FNIC, @isEE§E
ThoULTE (INSEANVE) 25TV UER (DA R7rEL
FUARFTTT (UPTMS)) XKL, MEATHZ LIk, T/ —
JVHE EREA BOG & i S TTERT 5 ik,

© HEAEEE
KREfioET /) VAR X T ) =P _EREEE2ATHT Vo —

YUMMEAl (B-(A X7 VuaA LT )7L ) bFv v T
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(MATES)) ZEfiL7-%, 727 VAT I RIERNTT 7 VLA BKMEES
BHAGAI & ITENICEIK L, BT Z Licky, JUVMNIEEENKIGCE
i S TEAGT 5 H1E[271[73]1[74].

AT DOHEE, BN TOERSNTZE VAR Y hFx v BT ) —0 T A
W2 ) AEFIZ NG T TR T AT DY U IV BRiE TH D Z L v b,
LY —REEMARELHEONDRTERLTHDN, T/ VR Y hh T
DDARNRFFEES) & WO ROSZERET 5720121, A—FMEOu 70T A
T A=~y NTOMHANLEE LV, 72, BEFEOHEE, RN ~—ExETH
ET D EMORFENOEABRRE S, £V RAB U BT AOKWEREE
BENE W REEMTET D ENAREE T 5, LnL, EAICLDBEEMED
HRIBZI1E, D700 EFER L, A—MEOR LTI LT +—~v b
A ONT 100 um LD.LA F ORIV F ¥ 5 U —F T A~DEMDBRNEETH 5,

LIF, EAEMEEZAOCCR-LZRY 727 VL7 2 FEfit /U 2R Y
XX TV —N7 5 (MS-200T-PAAm), KU 7T 7 ULEREMET /U AM Y
NHX¥ X ET YV —HT 5 (MS-200T-PAA), LN U AKEREZ AW THREL L
UL R7a e gt/ VAR Y Xy 5 U —H7 A (MS-100H-UP)
DIFEDTH T KZONT, FetEFH 21T o 72, £72, L6 ZfHAA AU T2 nanoLC
(ESI-MS) ¥ AT AOWESHTIZHE R E Y Tz A X R e — LEHr, WO~ T T
ROMTIZE R Z Y Tl 7 v 7 A — AT~ OIS O AIREMEIC DWW T BT 5,
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I RYT 7 INTI REME/ VAR Y X TV —h T LORRS
i

% < OWFFES B TEtEL G DO BEATIIRO L TWDHR, ZOHFTH
FRCEHEERMEAYNPE CH 5, FHEITAERNRBH CROEERMEL 5D D
BB D—D>THY, AXFRa I 7 ATBWTIRNT Z & DT W irbrxt
BThHDH, £, HIRREM 7 0T 42 7 200 & DITHEHIERT N 5 5 03,
ZOHREE, FIIHHEEEOENC LY X U X TBREN R D GA B4 L, B
FRATII 7 0T A7 ACB T K7 ay=7 heloTWh, ZDXHIC
PR OTENEE > TWD—T7, BRI 28 11725380 T FIE 720
DONBURTH D, ZHUTHHEOMMEN & F 0 128 <, HPLC O K¥-% 5 % RPLC
TR Z RSO B, RS E LTI L < HEbihvTWh 2550 0 e R
(UV) ICL2MmHPRRETH L Z LITER L TW\W5, %, RPLC TR Z 5
Wrd 288030 7 MRS E2 BEO & UV O8O ERHC L DM % eI
LAMDIDIZ, BV VLT I EFEOFERIEZ TS Z L n%<, Th
ERISZD/NT Y I TE ) BER KON E O N, BAEOEMEMEDOHE N &
Z< OMEEZIZ TWD, FEAFERMR L CEESIT T2 281, 20X
) IRMIEOIRE E WO MIE NS ENTE LB ZBNDD, REBIUHH &V )
A5 25 E, NEERRETH D, FEYEERET L HEE L UIRER
PEtOFHARE 2 6N D8, REBENEN (mMA—F—), 77T bME
H2AEATE 2, FHERRECTH 2 EORBESREHF T 5, FHERb2 Lo
W DA SN 72 oy B ik & U CHIE RS TSR 2 MRBENE O 7 =4 L W 7
nv 777 4= RAT R R N v I BRILFERHBRN DR D VAT
LBRFEMEIH, sM A —F —F TORBERE A RRIC L TWb([75], £72,
NS A VIR EOWWEERERE B L= ) B2 Lo h 7 b L 785
ek ELR HER & OFLAA DD 722 5 HILIC Z M08~ A L7l b #is S
TV 5[76], MS ZHtHas & L CTHREOATIZIGNH L7 b S ST 5[77], MS
Z HPLC Oftigs & L THWAHIAE, OmWBHEE (—#&IZ, UV @ 1,000
FLL L), @miEirE (FREM), @mWVEMRE) (MEEHERET) 22T 5
A, BESHTICRE N T RERAI R RHEETH D,

ARFZECRA%E L 7= HILIC 3 A7 Al nanoLC-ESI-MS #X—Z L LTEY, Hf
AR L Th mW B E TOMER 2GS D, Z7ra—Ricff&E&sh
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LR, ENEHITEE O pH R FTIIHFHETH Y (pKa>12), 1 A1k
NREETH D780, FHERI7R L ORRETIX ESI-MS 47112 & 2 E 1T —RITK
WESNTE T, KETIEZOARFIREMIET 57201, BEIFEIZD EOFER
WERINT D LIk 0EE A AR e LA AT 5 FEEBRALT
W5, MIIBEFICREERE ) 2 -t 2@ & BB L C, LC-MS (2@ A ATRE/R
R CH DEERET =7 A (NH;OCOCH;) % fv 7=, ESIHUNELE % 3
HT 4 TICREL, WA A I EZ A A Y —ATRAEIELZ EITLED
VAT FTTA P —~OEBEANEFREIC LT, 7el, AEI GB—&) WSk 8
TH) TIEMS BRI A N Ty TR 2T AU ERR-RA TR (Q-TOF)
ZATOFERDOEBESRIE W, A3 N7y T ERWTESEIEIMS 4
Wil aJREIZ 72 B, YV INAT—VDORAT 4 T A FE— R ToOMmH%EH
W E, TR TOIEFERFEIFRRRAINA 4 & LTSz, #lxid
TN A—AE R AT NCTRI LTSS, (ZVva—AD450 18 180 +
CH;COOH D4rF5 :60) 7w ~ il F S S D720, HaEEhth
(m/z) =239 O—AliA A 0NFHl S 7z, Q-TOF Z HWoiGa1x, W ICIUEMR
ERICHINT LT EE A 5T 2 LI LY, MIMROBEEEZ R S, flx
XN a—=2OBEIE miz=179 DY FA F e — 27 2B LTz,
VIBEAREIZ I\ T, 8L L OFEE O3 B 0 72 O & e HPLC ~
AT DDOBAFIZHONTIRR D,

%1 1H HILIC F&— RIZBIT B 17 Epke

Figure 2-1-1 |Z MS-200T-PAAm (T X D HE DB DR R 2 ~d, BEHIZIL 80%
CH3CN/13 mM NH4,OCOCH; (pH 5.5)% fV 7=, RPLC Tl BlE N <& % FEiE
EARLPER MR (R B — 2B LU R e —2R) 250 TRIFICOEES N,
R IR S L7z, MR I BT 2 BT %R 35, 223, th~v— I —ITiX
X7 4 7 ESI-MS THESITHM A FIRET, 2> HILIC IZB W TRFFZ RS 722
W T UVEREET U T A (SDS) & A,

HILIC pBEC B W TR b o Bflc RE REEL 52 57 7 7 #—[Z RPLC & A
FRICBEIFEE CH 5, BEFHMHEOZLIZENE D X 9 I fRFFOEL R34 T
DINERERT 57291 Ink O CH;CN JRERAFNEZFR~7- (Figure 2-1-2), 7K

44



=~ Yavaxd

H2E 1M
N7 7 IVNVT I NEME VAR XYy © TV —0 T LDOBR%E &I

FEDBENZHENBHE R RFF OB DR SN2 &6, T O T DI
L C HILIC E— NFA ORFHEM 2 -3 2 & R S vz,

728, AEFHEL L 72 MS-200T-PAAm IZE / U ZAEMICT T A FFT v T
(TMOS) DA% HWI=8 —HARDE 7 U 22 HNWTW 5 (EBROH 25 M) [21],
B oEWE, &R KH) &0 BT TR, vy 7 U —F
T LNICHFET D2 U IO EOENRZET b, giko@y, €/ U &
WY BT DMIRIEEMERE E WO RSN S AR, 77 LNEHDDHT YT
wENDRL, EROE ) VALY Xy T Y —H T AT RER D Z
LD 1/5-1/6 FREDRFF LIFHHTE WK AN H o7, JRHITT T Dfha
HEEWERO1AFELETHZ LK VML (BEEM / BEFREEL) % KiElC
WRSEDZ LTI LTEY[21], b % HILIC 7 ACbi#EH+5 2 &
2 X0 @A R L CHRER kZRILTE 5 L5 272, HPLC IZEBIT 5
k O EENEITRTHE CEEIORAR722%, K 2T MMIEBWTIE 80% CH3;CN S+EF T
ERRE RO b LoNa — R IR LT hk=4 O+ RARILLTRBY, &
72 o BT OHERMEROTE 22 D BER IR S LT,
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Figure 2-1-1.  NanoLC-ESI-MS Total Ion Current Chromatogram of a Mixture
of Mono-, Di- and Trisaccharides
Column: MS-200T-PAAm (267 mm x 200 pm 1.D.), mobile phase: 80% CH3;CN/ 13
mM NH4OCOCH; pH 5.5, temperature: ambient, detection: 2.0 kV negative ESI -
ion-trap mass spectrometer (LTQ), solutes: 1 sedoheptulose, 2 sucrose, 3 trehalose, 4

raffinose (each 20 pg/mL), injection volume: 50 nL.
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55 60 E-E ?.l} 75 &0 85
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Figure 2-1-2.  Plots of the In & Values of Oligosaccharides in Various
CH;CN/Water Mixtures on a MS-200T-PAAm Column
Column: MS-200T-PAAm (195 mm x 200 um 1.D.), mobile phase: 60, 65, 70, 75, 80%
CH;CN/ 13 mM NH4OCOCH; pH 5.5, temperature: 30 °C, detection: 2.8 kV negative
ESI - tandem quadrupole time-of-flight mass spectrometer (Q-TOF micro), solutes:

sucrose (@), trehalose (A), raffinose () (each 100 ug/mL), injection volume: 50 nL.
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%218 van Deemter plot 33 & O Kkinetics plot {Z X % 5l

Figure 2-1-3 {2 MS-200T-PAAm i NI HiflR D HILIC i 7 A & L TIAS iV S
NTWBRL A T Z 3 ZIC-cHILIC 3 um & ACQUITY UPLC BEH HILIC
1.7um ZHWT, X7 LAY Ra2ilkl & L7-Kf?D van Deemter plot #7777,
ZIC-cHILIC 3 pm D EEAR IR ARV L3 U 572 5 WA 4 A& 12 i
S LT a2 Rd9Z LB HILIC i 7 A8 LCHEAFRETH 5,
ACQUITY UPLC BEH HILIC 1.7 um |ZARAERGT Y B 7N TH Y, BlAKMERL LT
=M ERTDLHYT ) —VHOREIZHE LG HILIC A 7 A8 LTAL TR
HEn<Tnsd, —F, AEHHE L 7= MS-200T-PAAm EEMIZHEDORY 727 U
NT 2 R THRESN TS, (78, Figure 2-1-3 121X, %> MS-200T-PAA
F LY MS-100H-UP (2%~ % 3l SR & & o TRedl L7z, ARG RIZHOW T
®Ik35,)

ZIC-cHILIC 3 pm [ IHcii AR S FIZ B W C H=12- 13 um Z/R L7203, u=
5mm/s DO EFESM FICB W TIE H=30 pm F TAMICHREME T L=, F7-,
ACQUITY UPLC BEH HILIC 1.7 pm I #fE 5 T2 W T H=9 - 10 pm
ZRLTCEY, SEER N ICB T AR T b /NS o7z (u=5mm/s
TH=13-14um), L2 L, KFEFRIX, RPLC BT B[R d, D CI8 (ELHRLT-
FEHEAD T AL LT, HLNEVERETH -2, AT HILIC I2BIT 5
TR TR EE R AS RPLC & #7225 Z L7812 2T, A Z7 U —FE TEIZE T
D SR AR CTH D Z EICER LTS EEZX BN D[19]. — 77,
MS-200T-PAAm (2B U T, i ESE T CTH=6 -7 um O b mVWEREZ
R UTe E2, u=5mm/s DEHEEKIZB N TS H=14- 15 um ZHEFF L TER Y,
BB Bl LTV D, MS-200T-PAAm O FEbH I V255 i 2 U =7
DUANFXET YT AL, R L LT RAAL A X (B &
DEFHA X)) REV/IHhES< 22um), HEEOE)—MERFEV, BRI ICE
K4 5% eddy JLHHDO FHHITMA T, /NE72BHICERRKR L CTEEMES (BiH)
TOREHEROBNEZELS A D Z ENTE D720, fERM L g L CEtEae
I H[21], HIZ, AHILIC HE VAR Y X v 7 —H 7 LTEAL
TIE, FepkpRmEMiZ i L7, K- R0 T A DORLERHIZE 2 B8 & 72
HAZ ) —FHETREROKE(EDAETHY, TOERINE VAT A
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BIIZa—T ¢ V7 E T HEREEE ThH oo R Y, WMERAR T 7 ARG L
NIEEKEZEZ BND,

MS-200T-PAAm, MS-200T-PAA (GEMIX%IR), MS-100H-UP (GEAlIZf&IR),
ZIC-cHILIC 3 pm (fili ) 3 KX OV ACQUITY UPLC BEH HILIC 1.7 pm (Hili5h)
\Z%9 5 kinetics plot (Ppax =20 MPa) % Figure 2-1-4 {27~ 9°, B 5 MZ 3 D
HILIC &/ VAM Y B X TV —F T MIRFFER D T A LR LT
ERIOTHEBIC Ty hABELTNDEZ LMD, BRROEESHTRMETIC
Mz <, BRSO A2ETAA— N EDOR L T H T AT 4—~ v N TEFDOPE
TEREN B R4S 5 Z L AUR STz, BARMIIZIE, MS-200T-PAAm (% 1p=20's DF
TSR T T N=10,000 ZFEBL T& %5 —J7, ZIC-cHILIC 3 um X N= 3,000 ©
FELNRIADIR, £z, 1=1,000s &9 BRI SR TN T,
MS-200T-PAAm /% N = 200,000 % % % & BREm B B D3 A D3 HIfF S 41, HILIC £
— RNIZBITFHE VAR Y DX TV —0 7 LOHF AP REI N,
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Figure 2-1-3.  van Deemter Plots for Various Columns for HILIC

(a) Diamond plot (<): MS-200T-PAAm in 80% CH;3CN at 30 °C, (b) square plot ([J):
MS-200T-PAA in 90% CH;CN at 30 °C, (c) triangle plot (A): MS-100H-UP in 90%
CH3CN at 25 °C, (d) circle plot (O): 3 um ZIC-cHILIC column and (¢) plus plot (+):
1.7 um ACQUITY UPLC BEH HILIC column in 80% CH3;CN at 30 °C column
temperature. The described van Deemter curves on plots were calculated by the solver
function of Excel for the van Deemter plots as the equation, H = 4 + B/u + Cu.

((a) Solid line: MS-200T-PAAm, (b) dotted line: MS-200T-PAA, (c) dashed line:
MS-100H-UP, (d) dot-dashed line: ZIC-cHILIC 3 pum column, (e) long-dashed line:
ACQUITY UPLC BEH HILIC 1.7 um column.)
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Table 2-1-1. Permeability, K Values for Various Columns for HILIC

Column K (m?)
MS-200T-PAAm 39 %10
MS-200T-PAA 5 1% 10
MS-100H-UP 2.1x10"

3 um ZIC-cHILIC 1.0x 10"

1.7 um ACQUITY UPLC BEH HILIC 3.9x10"

Column porosities (¢) of 0.9 and 0.7 are assumed for monolith and particle packed

columns, respectively.

5.5
-6
S
(\T‘\
2
8 -
N
en
o
— 5
8 |
’I’ '/, t() = 100 S
R p=1,000s .’
1o=10,000s . /
_9 L L \
6.5 6.0 5.5 5.0 4.5 4.0 35 3.0

log N
Figure 2-1-4.  Kinetics Plots for Various Columns under 20 MPa Pressure Limit
Assumed maximum pressure of 20 MPa, (a) solid line: MS-200T-PAAm, (b) dotted line:
MS-200T-PAA, (c) dashed line: MS-100H-UP, (d) dot-dashed line: ZIC-cHILIC 3 um
column, (e) long-dashed line: ACQUITY UPLC BEH HILIC 1.7 pm column.
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% 31 REICX T DEEDOHR

B & [E B TOHBIT XV REFNR R BT 5 RPLC D X 9 72 HPLC & —
RIiZBWT, k&7 HRE (1) OBfRIZ van’t Hoff O XN TER I N D,

lnk:—£+£+ln¢ (2-1)
RT R

(AH : = 2L —25{k, AS: = hua ™ —2%1k, ¢ : FALL)

Alpert | X HILIC | X % @it b &8 OLREFIX, FEB DS AR I O BK MR

BhAE & AR E E AR O F IR S KO TIED LD IR EEM & O
M OENC X - CERR S 11D EE L7-[28], Figure 2-1-5 [ZIERE % 30 °C 25
80°C £ TALEZHE D Z LIz XV 157z van’t Hoff plot 27~ 9, #lklE LT, A7
H—Z, hlbrw—R, 77 —2A0IFEFERIIEL W, ThEhofk
AR LT, BEO EFICHED Ink BSED T 2 EBBERO T2 v FE LR
o ZOBRIZRPLC IZBW T —RICHER SN LB LU L TRV,
MS-200T-PAAm |Z & 2D 55BfEI% RPLC & [RIERIC BRI DE MZ L » T T
NTWLEBX6NE, EREEMDBARY AV v 7HTHLSGE, BEZEL
XHDZ LI VIBIROBECMREEE N E L, RREENCE b E 5 2 2540
& % D3[54][80], 4 [E1D MS-200T-PAAm [EEFH DA IXE D K 9 70 BIG IR S
Nizinotz,

RR-DHE W ZNENDOINLEMDOIRFFHZ LD AH Z#3RD D Z L3 T& %, Figure
2-1-5 LV RO 3FEOPEIIT DRFFIC LD AH X, A7 m—R XL T-8.2
kJ/mol, kLl g—RZxLC-7.9kI/mol, =kED T 7 1/ —AITKFLT-9.7
kl/mol Th o7z, TRTOENADEEL &> TEY, FEIBENHED O EEMH~
DOBENOBRIC BB ZEH L TWDH I &5 HILIC & X< fhEInd b o
2, BUKMMEER 7 o~ v7 77 14— (HIC) &5, HIC IZBWTIE, RE
A SEDICONTRENHEIMNT 2 Z ERMBINLTWAH[54], T2 b4 RO
B2k 5 HILIC &30 # 2 R~9 2 L2835 TE Y, HIC & HILIC (H %
FFDO AT = X LNKE L B2 5 HILIC (2B T DIRFFD A B = X LORFTEE %
RHDPREINTWDN, BRI ARIZIZR I TRV [29],
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KIZ, Figure 2-1-6 |2 X 7 LAY FEIZXET % van’t Hoff plot 27" 3, X7 LA
VRV AR—AE (IITAXT U AR—RAE) (CEBEENES LI {bawmT
bV, —HOPEHE BT ENTED, MBI X 7 LAY RIZr 7T/
v (pKa=10), v F Vv (pK,=4.5) BIOZENLDOTAF L U R—ZAKTH
D, TR TRELA SN EM A OO DIbEWEE Th D, Figure 2-1-6 I
IRSALTWAHIEY, Figure 2-1-5 &£ Rl U <IRED EFICEWERRIICETOLE
MO In k EIZBAEBNCH 508, F VU REEWITEOEmNKE L, 70°C
MET2-TAXRLITT ) v v F U OEHIENRYSER L, ik, EEL
bIZ X » TWEB L OBEHEM Y O pKa D328 22T, IWE DA A AU ZAL
LicizoEEZbN5, 2O X 51T, HILIC £— NI L 20 &2 FE+ 5 12H7-
DIREEHIIEER 7 7 /7 X —ThbHEEZLND,
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Figure 2-1-5.  van’t Hoff Plot of Underivatized Carbohydrates for

MS-200T-PAAm
Column: MS-200T-PAAm (195 mm x 200 um 1.D.), mobile phase: 80% CH3;CN/ 13
mM NH4OCOCH; pH 5.5, temperature: 30, 40, 50, 60, 70, 80 °C, detection: 2.8 kV

negative ESI - tandem quadrupole time-of-flight mass spectrometer (Q-TOF micro),

solutes: sucrose (QO), trehalose (A\), and raffinose ([]) (each 100 pg/mL), injection

volume: 50 nL.
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Figure 2-1-6.  van’t Hoff Plot of Nucleosides for MS-200T-PAAm

Column: MS-200T-PAAm (195 mm x 200 pm 1.D.), mobile phase: 80% CH3;CN/ 13
mM NH4OCOCH; pH 5.5, temperature: 30, 40, 50, 60, 70, 80 °C, detection: 2.8 kV

negative ESI - tandem quadrupole time-of-flight mass spectrometer (Q-TOF micro),

solutes: 2-deoxycytidine (O), 2-deoxyguanosine (A\), cytidine ([J), guanosine (%)

(each 10 pg/mL), injection volume: 50 nL.
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HA4E  ELEE~OIGH

AIROE Y, MS-200T-PAAm Z V5 Z L2 & » TIEFEMILIEEEZ B
TTBET D Z EINFIHE T d D, Figure 2-1-7(a)F & O Figure 2-1-7 (b)IZFEFFHEARILHE
WaETAY I T7T 47 FRCTHRICEEDHELT2HZ RS, u=7.6mm/s D
BEEIE FIZRBWT, BHROEEZHERF L TRBY, “WE TThiuiimkszs
D TYLH HPLC & F (Prax =20 MPa LLF) T 5 3 AN TO 43 BT 23 AT RE T
bolz, Fiz, AHILIC pHIE=RSEF T TER L TWAH 72, BEXETHD
TN a— AR/l b= LTIE, 7/ ~—DOpMNET TS, 2T,
IRF I HERE D HPLC 7oir 2 Mt &8 % — R & 72 203, HPLC HHRE DRI OB T
X, BMERMEEO - THDT )~ — %2yl 2BOEEEEZA L TN D
EDORFGFHETED,

F 72, HILIC (28 TUIERRRF I K IR E 2 #<°7 RPLC &1L D 77 =
v MNEEEZ WD Z LT R, JRWEIPH O S LAY & @O B R T
HEE5Z EMARETH D, Figure 2-1-8(a)2 7/ 7Y MEIZK D 7 La—
FVIv— (1-7 8K OHHEREZRT, BERTHHEZIT->TN5728, Al
HEIRRIZT / ~—0BERAE LT TWDED, AW FEOFEEICR L Ty vy — 77
E— 7 BNELIT, BEOITIZEWTIE, BHEES 10 L@ 564U 2~ —1H
W OPFAE TRIAWY A ZOSBER RO 5N TEY, 5%OIGHBSGIZEIT 5
K AT LOBEAPEIFRFSND, 72, KT AT L% nanoLC-ESI-MS & A7 A
ThoZEnn, T The < @V RS & WiFF C & 5, Figure 2-1-8(b)IZ,
BN AEIRE OB 2 oW LToER 2 w7, 708, ARBITHERE T 200 pg @
D ERENE miz=150-2,000 D7 )VAX ¥ E— R THOWLTERERTHHITH
Bbod, @y 7 -7 4 Xt (SIN) Mo, —MICIHEFERLFED 5
FHCILA S DR ESrRHT R 2 BHBRA (LOD) 1X 3 -5 ug & SN TR [77],
10,000 £5 LA b i@y s R EE 2345 BTz,

KRIZ, 7 nanoLC-ESI-MS ¥ 27 A DIEFHEMRILHEIZ 6 5 LOD A ik L7z,
AR THN-MS XV =T A A N Ty TR AT FIAPF—%2HLTEHEY,
BFMTMS"2FE M TELAY v baffo, ZOXHRZ A7 DMS ZHWTH
WEEW N2 5720121, =7y " e TV D—Y—AF %
MY, EEFHEMEEL R S %, FEDT I 7 Ay M AV EHRHT 5%
RN SE=% Y 7 (SRM) EBRAVWSILD, AENTIEEL HEORA 7 o—
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A, bnma—RERBRITHBRMIER 2RO D720, SV h—H—AF
m/z=401 (M+CH;CO0"), 7T 7 A b A mz=341 M) ZFHEL, Ml
R A RO, BHRAIT O SRM 7 v~ K7 7 A% Figure 2-1-9 (2787, &
J£9.4n0M OFHEY 7 V% 500l ((EEWOHMHEARE L LT 160 fg) &9
WO BEOFEAR TN ZIT>TWDIZHEDLLT, MWSNETYy—7 Y
— 7B ENT, A7 a~ 7T APDEHEINDBREIRE ) T VRE
TS5aM BT, #MixfiEARETIX 100 fg LT (amol i) TH Y, Ziudfeko
ERESHELE SN TEZ LA T vXa X MY v 7 ER L EE (LOD =
20 ng) D 10° fFLA EOMHUREE Tl 5[77]. A%, FUBHI RS S 0 JfE T2 i
BbT5Z 812X, SHITEWBRHRERNHREND,

S BT, RGBT OETFE O BERR H A 8RS Lo, M OREEHT 1 7
VA= ARAT B—AD L) IR FELRPEFICNZ T, Z20OMEZEL DO~ Y v
ABFIELTEY, ¥—F vy bR DBMEICER S DA /D HERE % FeBll 7 /i
FLFRSCHH AL 72 L CHBEM 3 25 2 L I3 S TidZRW, Figure 2-1-10(a)8 LY
Figure 2-1-10(b)iZ F &1 2 8 K OKEH O “HE5HT 2 5kt U 72k R 2 7~
SRM SRHIZITRIR D 7Y B —H—A A miz=401, T a X7 N A A m/z=341
DRZoyvaryEZH0TEBY, Ky~ 77 A LRIBATHWAE—27 134
TWERMEARECTH L EE2 NS, FUTra UHHMIZEL T, K&k
Ja— A — 7 ORFIMED F Lo — 2 — 7 BNER SN —F, Kol
HIZEA L TERA 7 v — A DA 0 i RITm I S v n o 72,

b —oDFlE LT, vaA X XY & RO ATk U7 ks 5%
% Figure 2-1-10(c)IZ B TR, v A XF X FITx LTiE, £< otk
BN L HHINTEY, 2O _FERMEEO S — 27 B ER Iz, 1T
HESHOLRFFRFI NG, A7 —RX, < /L F—X, hbar—X (KHD 1,25
X3 E—7) OREILARETH - T2n, ZTOMDEL DO —7 (2O TIEFE
ERFRETH o7, 728, SRMOWEMFLD, b3 _XToOE— 7 3R
HEERTHD EHEHIS LS,

TR, 2 < ORIMBEFESADHEHO RN ATRE CTh o T inb, oYy
AT LOFE AN AR LTz, 5%, AV AT AERAWHEZ2 & emtE LAY
DT —H_X—=ZADIERS, A2 Ra 7 A5HTCOANPMEIND,
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Figure 2-1-7.  NanoLC-ESI-MS Base Peak Chromatograms of a Mixture of
Mono-, Di-, and Trisaccharides

Column: MS-200T-PAAm (267 mm x 200 pm 1.D.), mobile phase: 80% CH3;CN/ 13

mM NH4OCOCH; pH 5.5, u = (a) 3.9 mm/s and (b) 7.6 mm/s, temperature: ambient,

detection: 2.2 kV negative ESI - ion-trap mass spectrometer (LTQ), solutes: 1 ribose, 2

sedoheptulose, 3 glucose, 4 sucrose, 5 maltose, 6 trehalose, 7 raffinose (each 20 pg/mL),

injection volume: 50 nL.
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Figure 2-1-8.  NanoLC-ESI-MS Base Peak Chromatograms of a Mixture of
Maltooligosaccharides

Column: MS-200T-PAAm (267 mm x 200 um 1.D.), mobile Phase: 90 — 60% CH;CN

(13 mM NH4OCOCHs3;) in a 15 min linear gradient, u = 4.2 mm/s, temperature: ambient,

detection: 2.0 kV negative ESI - ion-trap mass spectrometer (LTQ), solutes: 1 glucose, 2

maltose, 3 maltotriose, 4 maltotetraose, 5 maltopentaose, 6 maltohexaose, 7

maltoheptaose, sample concentrations (a) 20 pg/mL and (b) 4 pg/mL, injection volume:

50 nL.
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Figure 2-1-9. NanoLC-ESI-MS/MS SRM Chromatograms of a Mixture of
Disaccharides.

Column: MS-200T-PAAm (267 mm x 200 pm [.D.), mobile phase: 90 — 70% CH3;CN

(13 mM NH4OCOCHs3;) in 10 min linear gradients, u = 4.2 mm/s, temperature: ambient,

detection: 2.0 kV negative ESI - ion-trap mass spectrometer (LTQ), MS: m/z=401,

MS/MS (SRM): m/z =341, solutes: 1 sucrose, 2 maltose, 3 trehalose, sample

concentrations: (a) 400 ng/mL, (b) 80 ng/mL, (c) 16 ng/mL and (d) 3.2 ng/mL, injection

volume: 50 nL.
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Figure 2-1-10. NanoLC-ESI-MS/MS SRM Chromatograms of Plant Extracts
The same separation-detection conditions as Figure 2-1-9 were used. Samples: (a) a
corn extract, (b) a soybean extract and (c) an arabidopsis thaliana leaf extract, peaks: 1
sucrose, 2 trehalose, 3 maltose (a and B isomers), 4 — 10 unknown disaccharides,

injection volume: 50 nL
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ATET CIXFEMRBERL OBKER ) ~—TH DRV T 7 U ALT I REE/ U RAA
VUNRRETV—H T NWEBEH L, FOh T LORERE & IR E
MEBHEO BRI 2R LTz, LosL, AERIFZERSA X R I/ A, a7
F 7 RAEDISHGICBT DR GUIHR ML EMICIR ST, A A UM ed
MHSEAFEL, RV T 27 UAT I MERE VAR hXx v TV —A 7
LH—TRTOIEME RN BT 5 Z L IXREETH D, oIz L Y,
R ZR R DR RO B EM ZHUNRIRT 2 MERHL 2 s, £/ U 2A
I BFET V=BT ABEHONY =g VEHERTZE E LT,

KEITIIIERIEE ) ~—THDT7 7 UNEBEE ) U AR Y X v BT U —
NI LANTEASESZ LIZLY MS-200T-PAA Z 8L, Hfl WCX &7 4L
L COMERBZ G L=, E£72, AREEME &2 FF oMM S 34 H L, HILIC H
TLAELTOBRALBRHLIEE ZA, BOWOBEERE, BIOREICBITLHRY
T UNT I NEME VAR U DX BT U —H T A& TR 5 BERGE
71T DR SN, FEA LIRS,

1 SBESNRDOFE & & v T B L BE~ D

Figure 2-2-1 \ZHilR D 1 F A L Z#a 1 7 T 5 Inertsil CX (dp, =5 pm, 4.6 mm
ILD.,L=25cm) X MS-200T-PAA |Z L 2 ERIEEDOSEE 7y u~ N 7T Lk
T, FNEIVRL 72 BED R S A, E ORHINAIZ TIEE Y pK, 23/ NS WA &
2ol BT MERER Tl A 72 DIC N, H, B/ L— g A v E—X A (E)
EHEH Lz, EX, WTERIN, BREWRD T DEREEZRT/NT A —F—L L
T, Knox HIZ LV #EE I N7Z[53],

ZOEIT BB A A S D OICHLERFFHB L O 7 A AWEE S

£y
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LTCWb, EZHWAZ LT, Bedh T LMK T HREN D T LERO I
BN ARETH Y, EMEIN/NEWIEE, EWHEHEER X OMRE TOOBEN EK S
b L EEWT 5, Table 2-2-2 {2, MS-200T-PAA |2 & D KZEAHE L IZ %95 N,
H, E &, WGl UCR UL I F A4 AZHEEMZ2 A T 5 Tk el
75 LT 5 Inertsil CX DIEZ RS, B —27 OFEENENT T L, FI 0,
¥ b3 TR L CIE MS-200T-PAA (% H =10 pm, E = 1,000 — 4,000 Z-~ L THE Y,
Inertsil CX & bbifg LT fEFLL Lo mEMHEREE R~ LT,

T VR X €T Y —h T LK D EEMEREL, HOENED
BB ST U RABISY J FATkt U CREER AT 5 72, FIEAl
DARE] =T A Z U —FHIZME ) IR T2/ hanweB 2 ond, £/, 7Y
A BT T DINERFEEER L TWDTD, XU\ TEO X5 7oL
W TOIEFEDSEVEEHI R LT, R 8 & bl LT X0 @ERE &2 3BT 5821,
VL ORISR OB A WFEF L C, MS-200T-PAA % H\TH /37 Byl A FlE L
7o fE R % Figure 2-2-2() 2~ F, £,=15min DEWE 7T o> MEHIZHED
5F, Yy —TRE—INE LRI EIZH L TE LN, WHIEL RS
NI TH D trypsinogen (pI=9.3) & ribonuclease A (p/=9.4) DR Z fRFFS
NnNaofERTh- 7,

BT CI8 (B8l T L% % V72 RPLC IZ L » CRAIC/HBES D 2
ENTIA L FN B LTS, Figure 2-2-2 (b)IZ MS-200T-C18 % AV 7= RPLC (2 X B [A]
HTNDGEE v~ NI T AEADECORT, TNERO e~ N T AKX
DR L7z PCIE, MS-200T-C18 |28 T PC=84/15 min, MS-200T-PAA |25
WTC PC=74/15min TH Y, RPLC EIZIEREDyEEMEREL AT 25 IEC HH 7
LE/GHZENTE, £2, T SOOF—NIBITFLHENENDOEY—7
DVEHNERFEE L TNWDHZ L XY, T D OFEEE— FOBERMED MR S L7,

T, INETHERTEEY, £/ VR Y D77 NFAREFEE D 7] HE
T, EEEHR TIZBW T EEREMERT 2 LW OB EAT 5, 2D D%
1873 MS-200T-PAA IZE W T HHERF SN TV DO N ERFTT H72012, S HITEWN
t \Z R DB O EE AR LT, KR % Figure 2-2-3 (2”7, LA
HPLC (Z351F % Prax=20 MPa £ TOm sy BESF 2 M3t L2/ R, 1,= 15 min
D IEAS HE & LEBE LT ty= 5 min B LY 3 min O EESHTERM F T H RSOy
PRREZMR T 6 L 2R LTIz, (R, Ar/nu~ NI 0%2G512H20, 7
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TV MEHOHGITIEY, 1t DEALICAE D TREBIIIZ u Z2Z8H L72)
Z D XD IpEtERe IEC IR ORLT-FRER D T LA TIIRETH 0,
MS-200T-PAA OFHMZTTHDTH D, £/2, F¥ET U —R 7 — /L TOfE
R EY, fdips X EOREMIRIEZ PR o TomtERe B (B KO0 H)
ZEMTEDRT, SBROICHPHIRISN D,

AR DFI TITEHREZ T 272012k NV D LDREV Z V2 N
A=, 2o/{F L LTNHOCOCH; # W4 D& HPLC 7 v~ k7
7 L% Figure 2-2-4 |79, &5 T~/ IEC - RPLC Z il & o7z 2D-LC &
AT ML, —RIEHTAT v TIALRADTTFTVT NIV T T 73 ard
FUTEE L 7212, ot H OWFEE— R TRWEMZ T TREEBE R OBEZ1T 9
A TNEELNETHD, ZDOHATD2D-LC X, ¥ AT LEROSEEMRE (4
RO PC) DR¥% ZWILH D RPLC THRWTHEY, AT v 7T A A HIEZAE
MALTWDHERT, —RILH D IEC ol EEH L TRV, £Z T—RocH
DBEERE R+ BN LY =T 77 vy MEEERY, T TO—Rit
HE— 27126 L THEEZR DS 2D-LC VAT LADIERANEZ HNDH, —IK
JCH ® IEC |Z NaCl # FHWTERE 7 ey MEHE WD &, ORI
BHEMS ~EERETD RITCHIZEA LY MTEATHZ ENNEEE 2D, it
WAT v TR GEE 0B XN L 70D, L, ZIUE Py OMRmGAREER
ELEOTRRERY, VAT ALKOMEIKR FAMRESIND, 2T, —K
I FNC LG VR 28 R B 7 s M 2 AW T BN AT RE T X, — ot H D4y
BEMERE A 024D L2584 2D-LC 2l CEM T 2 /EEMENIE N 5, 4
[B13H %8 L 72 MS-200T-PAA (% NH,OCOCH; ¥e D A& W =@ 7 7 = FMEH
TH RO THEEME 2 E W lysozyme (pl=11, MW =143 kDa) * CTRIFICIAEHL,
2> PC=30—40/3 min DEMHEREZHMERFL TV D Z Evh, —RocH @ IEC MERE
Z 4432 AD> LT IEC-RPLC-2D-LC 3 AT L DOREE N FRETH 5 Z & AR X
iz,
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Figure 2-2-1.  Separation of Nucleic Bases by Inertsil CX and MS-200T-PAA in
WCX Mode

Column: (a) Inertsil CX 5 um (250 mm % 4.6 mm [.D.), (b) MS-200T-PAA (200

mm x 200 um [.D.), mobile phase: 20 mM sodium phosphate buffer (pH 6.9),

temperature: ambient, detection: 254 nm, solutes: 1 uracil, 2 thymine, 3 cytosine, 4

adenine (each 100 pg/mL).

Table 2-2-2. Comparison of Column Efficiencies (MS-200T-PAA and Inertsil

CX)
Uracil Thymine Cytosine Adenine
Parameter PAA CX PAA CcX PAA CcX PAA CcX
N 29,000 12,000 19,000 10,000 17,000 12,000 5,000 6,000
H (um) 6.8 20 11 24 11 22 40 44
E 1,100 7,700 2,800 11,000 3,200 8,700 39,000 35,000

PAA and CX stand for MS-200T-PAA and Inertsil CX columns, respectively. The

former provided permeability K =4.1 x 10" m?, while the value was K = 5.4 x 10" m?

for the latter.
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Separation of Proteins by a MS-200T-PAA in WCX and
MS-200T-C18 in RPLC

(a) Column: MS-200T-PAA (200 mm x 200 pm I.D.), mobile phase: A 20 mM sodium
phosphate buffer (pH 6.9), B 1.5 M NaCl in A, gradient profile: B 0 — 50% in 15 min,
linear gradient, (b) column: MS-200T-C18 (240 mm x 200 um I.D.), mobile phase: A
water 0.2% HCOOH, B CH3CN 0.2% HCOOH, gradient profile: B 5 — 80% in 15 min,

linear gradient, solutes: 1: ovalbumin, 2: trypsinogen, 3: ribonuclease A (each 100

pug/mL), temperature: 20 °C, detection: 280 nm, injection volume: 50 nL.
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Figure 2-2-3.  Fast Separation of Proteins by a MS-200T-PAA in WCX Mode
Column: MS-200T-PAA (200 mm x 200 um I.D.), mobile phase: A 20 mM sodium
phosphate buffer (pH 6.9), B 1.5 M NaCl in A, gradient profile: B 0 — 50%, linear

gradient, solutes: 1 ovalbumin, 2 trypsinogen, 3 ribonuclease A (each 100 pg/mL),

temperature: 20 °C, detection: 280 nm, injection volume: 50 nL.
(a) t; =3 min, u = 4.66 mm/s, AP = 19.6 MPa: (b) £, = 5 min, u = 2.80 mm/s, AP =11.8
MPa: (c) ty =15 min, u = 0.94 mm/s, AP = 3.9 MPa.
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Figure 2-2-4.  Separation of Proteins by a MS-200T-PAA in WCX Using
NH4OCOCH;3;, Volatile Salt for Gradient Elution

Column: MS-200T-PAA (178 mm % 200 pm [.D.), mobile phase: A 13 mM

NH4OCOCH; (pH 5.5), B 1.5 M NH4OCOCHj; (pH 5.5), gradient profile: B 0 — 100%

in 15 min, linear gradient: Solutes: 1 ovalbumin, 2 trypsinogen, 3 ribonuclease A, 4

lysozyme (each 100 pg/mL), temperature: 20 °C, detection: 280 nm, injection volume:

50 nL.
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MS-200T-PAA O [EEMIZFIEENETH 5 & RIRFIZ EE Toh 572, HILIC H
NTLELTOFRALAHRETH D, 2 FH 1 HiH 1 THO MS-200T-PAAm & &
FRDOFRHERT & R U<, £ETRMHLEMONREXTH D4 A TRl Z1T -
7. Figure 2-2-5 {Z MS-200T-PAA (T K 2 IFFHEMAR(LHED HILIC 7 v~ F 7T L
a9, BEIMEIZIX 80% CH3;CN/ 13 mM NH,OCOCH; (pH 5.4) #HWTHD,
RPLC Tl tofHEIZIE M3 2 305 F T& BMEEZ 5 O T RSB T 5 2 &
INFA[HE T o 72, MS-200T-PAA DT 7 ¢ J —AZkIT 5 k IX MS-200T-PAA [ &
FICTEk=205THY, k=73 D MS-200T-PAAm [ EAH & Fifis LT 2.8 5 K& 7%
FRE N2 R L=, ZOMEIIBEE pH 5.5 OKB T THELNTETH Y, T O
? MS-200T-PAA [EEFHILE ORIFMEAE ) ~—TH DT 27 UV IVEED pK, IZFED X
KEDGINA A LM ThHoTobZE2 BND, A A U RIEEMIZIET I EmmETod
%728, HILIC E— RIZBIT MRFIIRE S RD & FREIND, 72k, FEMRRER
e (0 15) @ MS-200T-PAA [ EM ORFFZEENCE L TIXE TRHEL B~ 5,

Figure 2-2-5 [IZBEIFHF OKBEZ LT Z LIk b7 v~ N7 T A8{LE R
T KREZHELT ZEICLVREFEN NI RoT0NDHNE Z LD,
MS-200T-PAAm [FIEEIZ, MS-200T-PAA Z W7o AR A7 AT HILIC E— R& L
TORSEA LTS Z BRI NTZ, BEHBMEOZ(LIZEN EORRE D
REFOZALIN S D03 E 7~ T 7212 Ink @ CH;CN R 25 L7z (Figure
2-2-6), EDOFER, MS-200T-PAAmM & [FIERIZ KR EE D EEINZHEWERFF 384 LT
BV, HILIC &— A ORFFEEI MRS S 7z,
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Figure 2-2-5.  NanoLC-ESI-MS Total Ion Current Chromatogram of Sucrose,

Trehalose, and Raffinose by MS-200T-PAA in HILIC Mode
Column: MS-200T-PAA (174 mm x 200 um 1.D.), temperature: 30 °C, detection: 2.8 kV
negative ESI - tandem quadrupole time-of-flight mass spectrometer (Q-TOF micro),
solutes: 1 sodium dodecylsulfate, 2 sucrose, 3 trehalose, 4 raffinose (each 100 pg/mL),
injection volume: 50 nL, mobile phase: (a) CH;CN/13 mM NH4OCOCH; (pH =5.4) =
v/v 80/20, (b) CH3CN/13 mM NH,OCOCH; (pH = 5.4) = v/v 70/30, and (c) CH3CN/13
mM NH;OCOCH; (pH = 5.4) = v/v 60/40.
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Figure 2-2-6.  Plots of the In & Values of Oligosaccharides in Various
CH;CN/water Mixtures on MS-200T-PAA

Column: MS-200T-PAA (174 mm x 200 um 1.D.), mobile phase: 60, 65, 70, 75, 80%

CH;CN/ 13 mM NH4OCOCH; pH 5.5, temperature: 30 °C, detection: 2.8 kV negative

ESI - tandem quadrupole time-of-flight mass spectrometer (Q-TOF micro), solutes:

sucrose (O), trehalose (A\), raffinose ([]) (each 100 ug/mL), injection volume 50 nL.
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2 TS 1 Hi% 2 THO Figure 2-1-3 12, MS-200T-PAA @ HILIC & — RiZH1}
HAX T VAR (T /) \ZxF9 % van Deemter plot 75 L7c, KB 7 Al
EMEREDE /7 U ZAEM EZ RN TWARWZH D B F, RalifpisE & N T H=
10 um LA FO@EMEREZ R LTS, £/, K=51x10"m* TH Y, HikD
ZIC-cHILIC 3 pm i TNZ ACQUITY UPLC BEH HILIC 1.7 um @ 5~12 {5LL LD
FEMEZ R Uiz, F£72, 852 % 1 i 3 IO Figure 2-1-4 {2, MS-200T-PAA O14:RE
PR % 27 kinetics plot Z /R, A7 1 > b XV, 6=20s OE#EEM FIZBWT,
N= #710,000 DEEGHE B A FE4E L, to= 1,000 s D ERFHEHT SR T2V T,
N=130,000 LA O EB R A FHETE H [ gEtEnme S i, —plé LT,
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Blamd, KT LMD Z L1280, 13RI TORIEDBESHT 23 Al HE &
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Figure 2-2-7.

Chromatograms Obtained for Nucleosides

Column: MS-200T-PAA (200 mm x 200 um I.D.), mobile phase: CH3;CN/water (0.2%
HCOOH) = v/v 90/10, temperature: 25 °C, detection: 254 nm, solutes: 1 uridine, 2

guanosine, 3 adenosine, injection volume: 2 pL split injection, (a) u = 1.06 mm/s, AP =

1.7 MPa. (b) u =13.1 mm/s, AP =21.5 MPa.
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54 1] REFIZXT T D IBERNR

W2 EE 1% 4 TH TR L7z MS-200T-PAAm DOHFFEIZ %95 van’t Hoff 7 11
> M, IREE 30 - 80 °C FEIIC W CEMMEZ 78 LTz, AL, MS-200T-PAA
ZHWTCHMERE (R 7 e —X, hboa—X, 57 4 /) —R) IZ%F % van’t Hoff
7’1 k% Figure 2-2-8 127”7, MS-200T-PAA (2B U CIZEAR MRS ST,
TRk O BEREAFR 2 157, ZAUE, IREOZEIZ XV BIEF £ 72 X E O
WEIZEEBNAELTTND Z e 2 ERT 554, T7abb, RE LFIZHE-T
MS-200T-PAA O [EEFH OFERERIEDNZE(L L, REFZRENCELEZ BT b LI EE
oD,

RIZ, Figure 2-2-9 |24 A MALEW TH H X 7 LA FEEIZKT 2D van’t Hoff
7ay hEaRd, RO TS 7 ey R EFRRIZ, BETOX T LAY
Rioxt L CEZRMBRE T 7 v RO, pKa= 10 OIEMHEMTH D 7T /
VUBLWR2-TAXTTT ) ATK U CIRIREE 30 - 50 °C OFIFHIZIS W T
van’t Hoff 7’1 v MIBAEDHZX &= L > TW5d, ZHIQR-HELY, REFICLs T
VANV E—ZAUE AH IS TEDQET&H Y, BEIFED O B EF ~ OB B) O BRI k2
BEBRHL TS Z 2R LTS, ZOH5II MS-200T-PAA % HILIC €— R
T L2 A ORFFOERIL, BUKMEMEBAERIZ X2 0BLOMIZ A A A& H
W72 S BAER RS M > mix T— R TH DI L2 RBRTHERTHD, *
72, MS-200T-PAA {28 T MS-200T-PAAm & A4, IREZ (LS5 Z LT
E 0 X7 VAT FOEEHNEDWHRD RS S 4172, MS-200T-PAA (Z351F HIREZ
ftickp v —7 MR RHIE) OZ{LDOhEX, MS-200T-PAAm LV k&<, F
RN CTH L7280, FHOBIXEEERITHOOFEENLETH S,
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Figure 2-2-8.  van’t Hoff Plot of Underivatized Carbohydrates for

MS-200T-PAA

Column: MS-200T-PAA (171 mm % 200 pm [.D.), mobile phase: 80% CH3;CN/ 13 mM
NH4OCOCH; pH 5.5, temperature: 30, 40, 50, 60, 70, 80 °C, detection: 2.8 kV negative

ESI - tandem quadrupole time-of-flight mass spectrometer (Q-TOF micro), solutes:

sucrose (QO), trehalose (A\), and raffinose ([1) (each 100 pg/mL), injection volume: 50

nL.
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van’t Hoff Plot of Nucleosides for MS-200T-PAA

Column: MS-200T-PAA (171 mm % 200 pm [.D.), mobile phase: 80% CH3;CN/ 13 mM
NH4OCOCH; pH 5.5, temperature: 30, 40, 50, 60, 70, 80 °C, detection: 2.8 kV negative

ESI - tandem quadrupole time-of-flight mass spectrometer (Q-TOF micro), solutes:

2-deoxycytidine (O), 2-deoxyguanosine (A), cytidine ([J), guanosine (%) (each 10

pg/mL), injection volume: 50 nL.
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% 5 1] REFICHA 5 B ETH pH OZhR

WUT 7 UNVERITSRMETH Y (pKa= £ 4.8), BEMH pH (2 L > THEEMHD
RN H 2 BN BESHD, £2TC, FRENOREEFRIE (FREEH or
FERBER) HMEFF TN B 2 5 BT HOWTHET L 72 (Figure 2-2-10) . H#01Z,
FEFHEMR L ERE 2 IV, BEH pH 24 25 Z L IC K A RFFOE L 2R LT,
HPEEIZEE O ) B H T AE VD HPLC THW S A BEIE pH 544 F

(FatE — Hk) 12T, S FRENELLZ2VWHHES T Thb T &h b, ¥
T HRFFOLE(CITEEROZLICH KT 2 EE 2 bhvd, BEIFEIZIEL CHCN
/13 mM NH,OCOCH; (pH 5.4,4.7,4.1,3.5) =v/v 75/25 % v 7=, Figure 2-2-10(a)
IR T X 91, BEMEpH 2854 5 35 IS FADICENRTEIXEA L, Zh
IZEEMREOZEIZER L TWD B X BNLD, DF D, pHS54 OBEIES
TR, EEHAYOEREIMEERECHY, @momiEkElcH 5%, pH
SR DI 2T EEFE T OB REEE O FEBE S M S 4L, WdRRAEICZ LA T
HZEWZEY, kMR TTHRERER-TZEEBEZOND, 5L LT,
MS-200T-PAAm % F VN7 [FIRR D FrERTAM 4 FEhi L 72 #6 - % Figure 2-2-10(b)IZ7R
97, MS-200T-PAAm % H\ 72354513 MS-200T-PAA @ X 9 72 B @0 pH 21k %t
T 5 k DZELIZELT TV, 2L, 4o pH &N (pH3.5-54) 2B
T, MS-200T-PAAm [EEFHDKRENZL L T RNWZ EZRLTWD, BLEX

D, MS-200T-PAA % HILIC =— F TSR, #—F v ML TED L
D IMREFRR ATV EBR L, BEIFEO pH &2 BB ISR ET AL ER D 5,
A A MALE Y % MS-200T-PAA (2 & W HILIC 4383 2 BRCiE, BEE pH @O
HEICFHICEEZ L O MNERSH D, HlE LTX7 LAV R (9Ff) %570 5BH
FA pH 54t F Tt L7245 27~ 9 (Table 2-2-3), BEMHIZIZ CH;CN /13 mM
NH4OCOCH; (pH 5.5) X1 0.2% CH3;COOH (pH 2.7) = v/v 90/10 % V7=, T %
LD pH R TIZBWTE LWEHIER LNk 02 b2/ L, gl LT
Table 2-2-3 |Z MS-200T-PAAm & L 5 R U¥AE D pH 5.5 B8 L W pH 2.7 S Tk
i+ 5 k DEAE T, MS-200T-PAAmM (23Tl MS-200T-PAA THEFR S NLIZIR
HIESC k DZF LWE LIZHER I N7, LLEDORER I Y, MS-200T-PAA (2
B U CIXEEMMPBEIRREIZ & D DDy, XUFIEMEEIRREIZ S D D> T HILIC £
— RIZBTARFOA N =ALNPKREL BroTNDHEBEZLND, BHERE
IbE LT, pH2T DT TS T /%D 2 EOALEMRED k 238 LT
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LT, VTR, TT ) UROAFEOCEMRED k BIREEMIC EH- LT
W, £F, IT RO EDOBAIZE LT, pH2.7 & TIZEWTIE
MS-200T-PAA O [EEFBIXFEMBEIREZ D Z &2 X 2§ EM AAER & BlAKMAE
HERHOBAOBERERE bE X OND, Lo, b LEEMNIEREEEL 25 2 &
IZ RV EEMEAER & BUKMAEEROm T OFEDN NS R0 61X, &
TOWED kbWLT DT THD, Lol, 77 /vy, YFULRICEAL
TS E QTR F UK LTUIN 1265 Ok oEnER LT,
MS-200T-PAA [EEFH OARAEIZ & 5 PRFFZEEOE T, BLIZHEM AR & Bk
A EAEHA OKRE SREGHROBILICE D L DO TIERNZ ENRB STz,
IhE S DIREDIT HRFFFEFOLEME LT, BHEOX 7 LA NETA*
VX LAY ROGEHEE (o) OZEALRH D, FREEIRTED MS-200T-PAA [ E
FIIL, ZNENOFF X7 LAY RERESRERFL, T4 X7 LA
¥ N & OSBRI a(OH)FFEF TR E 72l & 72 223, FEMRBEIR BB OB EMIZ 1T
% ao(OH)DMEITIFF I/ NS REUTADIE L 720, TAF X7 LAY RDJ
MRELSIRFFT DR & o7, FRBEIREE & IFMRAEIRRETIIX 7 LAY RO
FRHE A 5y OREE DFEWTZT TIE 72 <, FEOREEOE § F 72 5 0 AF
IZE D RFFRR L CO D ATREMER D,

fRBEIRAE & JEMEBEIRAE O MS-200T-PAA [EEAH Y & 72 & TR EFRE) OE L & 71
ERNZ RS & L CiEICHE O HILIC §:FI23 1T 5 43 BlERE SR % Figure 2-2-11 1278
7, Figure 2-2-11 |Z pH 5.5 DML TICHBIT 2 0HHER TH Y, BEEMITAF
HEREER L B, B THL /N a—R L h—R K LTT ) ~v—DAS
Uy NE—2 %52 TEY, 207 ) ~—53BEOREIL MS-200T-PAAm |2 X %
T BEOFREE & R L TR E W, L L, BEIEIZ 0.2% HCOOH (pH = 2)
ZRAWESGAE, BaoECH L CH—-o—s 252, 7T ~—7BEIe<AD
ROERE ST (Figure 2-2-12), ©F 0, fFHEIRIED MS-200T-PAA [EEFHIT R
ERT ==l 52 5707, FEEERBOEEMITT / ~—nlEx 527
WiER L 72 oz, LLEORER LI, A 4 U fEEEIRIED MS-200T-PAA [EEFHIZ,
BE OGRS 1E 2 385k U MR 2 BT 2 FiRICE L TV 525, EIRIZHIT 557
Hrei3dei@chic LT/ ~—2Bff 2 T RICBWTARRHTH Y, —FHTIH
fRBERAE D MS-200T-PAA [ TEFH I 3HE AR D X 9 72 B0 70 A% 1E O E W OF8%7)
TFNEWNDS, IRV TO &R SIC X DM BEHCITE L Tn b &
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EBEZoND, BEEEFERSW S =7y hO—2L LTHREZED TV 1T,
IO OLRFFRHEA VT 2 Z LITEETH S, UL EOFER KV, MS-200T-PAA
Z A2 HILIC & — Rid, St SRfFOLEIC LY, BEERIZAR I DHEOM
AEE AR T D 2 LlTNA T, AV I~v—F TOAWgFEEkE 7 /N—7F
HH R BESBEY — AT 9 5 2 E BRI,
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Figure 2-2-10. pH - In k& Plot of Underivatized Carbohydrates for MS-200T-PAA
and MS-200T-PAAm

Column: (a) MS-200T-PAA (174 mm x 200 um [.D.), (b) MS-200T-PAAm (195 mm x

200 pm I.D.), mobile phase: 75% CH3;CN/ 13 mM NH,OCOCH; pH 5.5, 4.7, 4.1, 3.5,

temperature: 30 °C, detection: 2.8 kV negative ESI - tandem quadrupole time-of-flight

mass spectrometer (Q-TOF micro), solutes: sucrose (O), trehalose (A\), and raffinose

(L) (each 100 pg/mL), injection volume: 50 nL.
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Table 2-2-3. Elution Order and & of Nucleosides for MS-200T-PAA and
MS-200T-PAAm under pH 5.5 and 2.7

Column MS-200T-PAA MS-200T-PAAmM
pHS.5 pH 2.7 pHS.5 pH 2.7
Solutes k E.O. k E.O. k E.O. k E.O.
tymidine 0.27 1 0.29 1 0.38 1 0.37 1
2d-uridine 0.36 2 0.37 3 0.49 2 0.47 2
2d-adenosine 0.74 3 4.27 7 0.64 3 0.57 3
adenosine 0.78 4 3.76 6 0.86 4 0.83 4
uridine 0.88 5 0.35 2 0.86 5 0.83 5
2d-cytidine 1.65 6 19.49 9 1.43 6 1.21 6
2d-guanosine 3.08 7 2.53 5 1.77 7 1.80 7
cytidine 3.57 8 18.18 8 2.22 8 1.89 8
guanosine 5.27 9 2.49 4 3.05 9 2.85 9

E.O.: Elution order, 2d: 2-deoxy
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Figure 2-2-11. Separation of Glucose, Sucrose, Maltose, and Trehalose by
MS-200T-PAA in HILIC mode under pH 5.5 Condition (Extract
Ion Current Chromatogram (a) and Total Ion Current
Chromatogram (b))

Column: MS-200T-PAA (178 mm % 200 um I.D.), mobile phase: CH3;CN/13 mM
NH4OCOCH; (pH 5.4) = v/v 80/20, temperature: 30 °C, detection: 2.8 kV negative ESI
- tandem quadrupole time-of-flight mass spectrometer (Q-TOF micro), solutes: 1
sodium dodecylsulfate, 2 a+p-glucose, 3 sucrose, 4 a+p-maltose, 5 trehalose (each 100

pug/mL), injection volume: 50 nL.
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Figure 2-2-12. NanoLC-ESI-MS Base Peak Chromatogram of a Mixture of
Maltooligosaccharides by MS-200T-PAA in HILIC Mode under
pH 2 Condition

Column: MS-200T-PAA (146 mm x 200 pm [.D.), mobile Phase: CH3;CN/water (0.2%

HCOOH, pH 2) = v/v 80/20, temperature: ambient, detection 2.2 kV negative ESI -

ion-trap mass spectrometer (LTQ), solutes: 1 glucose, 2 maltose, 3 maltotriose, 4

maltotetraose, 5 maltopentaose, 6 maltohexaose, 7 maltoheptaose (each 10 pg/mL),

injection volume: 50 nL.
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%615 HEEMEICBT 2 EERMDOERIZ K 2 EEMHEE D FHE

T YA Y BT KTET HEAEMEL, M OMEREE MR L7z &k
REN T LOFMEATREIZT D Z L 2B T&E 7=, EABHIED L H —D>OFR
ELTE/) v DHAAREZZSEDLZ LY, IR ~—J& ([
EM) OREZFAH TE DL RNET O6NDH, ZORMETE VAR Y I H T A
DIRVEEF S (b)) 2 TE D alett 2 A3 527, £, AL, Wt
FRREBELZ L, DFEV, FERMALREENFEL 725 RPLC X° IEC HI[H
EMZRES AF8C, BEMZEBOTZEICEY, kdar bo—1TESE0
IMRTHHATH D,

Figure 2-2-13 (27 7 U )VEEE /) ~— DfEiAA &% 0,10, 30, 50 uL & 2 =H T
LI T DL T 2 bl (PANE) OB v~ N7 T L&
9, £z, Table22-4 Y TN E L THHLIEPASILV EATZF—AD kD
FlbxE LD, BHEMAIOT v —EMOHRDI T 5 (MS-200T-MAS) (2
BOTITERERHER SN o120, £/ ~—BOHINTEOIREERIC &
ML, EMRFTEOE ) ~—fLiAZ & 50 uL © MS-200T-PAA (23Tl
PABEIZRI L Thk=10 2 X D RERRF2GEH 2 ENTET,

UEDRERELY, £/ ~v— AL EZZIEDLZLIZE-T, FEEHDOE
BT E D Z R INT, ZHEED TFOBENOESIZTETE S
ZEThHD, TEHENLSLWDOGFEDORY ~—0NEOREDOE (A : EHE
FHIRRE L BEMBIATE O L) TEMISTTWDHDTEA D D,

E9, BEEHOELZ /v~ T 7 4 —BIIHEET D202, KRIEME /U
AW T3 7 Kk, FEORIN Y FOREM D T MEMTLE LT
MS-200T-PAA 77 7 JZxt L, A XPeprr v~ ~ 77 7 ¢+ — (SEC) =3 L,
ZDORa T 4 —OELEIBEY Z I VML ERE L, 55 % Figure 2-2-14
BLOTable2-2-51CF L DD, FER, £/ ~v—(LHALBZELTICONTHRRE
T4 =B LTS Z LA LNTH Y, BN 88.7%H oo AR a T o
—NE )~ — (AL B 60 uL BEZIE 85% F T LT\ 5, ZOfRENLEH
SNTFITE ) v —tAAE 30 uL AR 1) OF5E130.024, £/ ~—fHiA A&
6oL (MK 2) DEAI1L0.044 THoTo, TV HNVEBRICEIT HHEERIG
BlIZEDE, R —OHTFREITE ) ~—EEEICHA L, BIBAIEED 12 i
KB40 Z ENmbNTWD, AEO " 20F )~ —ER O 1 12
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TWAZ LRI,

T, BoneARY ~—EEMOS FREIERESD-OICTE /) ~— (AR &
S0uL iZE > THLNATERY v— (NNA TN THE) 123 LT ESI—TOF MS
\Z&D miz DREEIT> T2, FER, m/z=500-2500 OFEIKIZA Y 77 U ILERH
KDOWEIRNE—27 ’MEbi, BERE (DP) \CHET 5 LD DP=7-35
DRV ~—NREEM SN TND Z EREES N,
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Table 2-2-4. Feed Compositions for MS-200T-PAA Columns and the Retention
Factors Obtained for Pyridylamino Derivatives of Maltopentaose

on Each Stationary Phase in CH3CN/ water = v/v 75/ 25 in the

Presence of 0.2% HCOOH
Feed composition PA-maltopentaose
acrylic acid (NH4),S,07;  water
Retention factor (k)
Column (nL) (mg) (mL)

MS-200T-MAS ? - - - 0.09
MS-200T-PAA(10) 10 5 1 1.32
MS-200T-PAA(30) 30 5 1 4.41
MS-200T-PAA(50) 50 5 1 10.7

* Monolithic silica modified with [3-(methacryoylamino)propyl]silyl group.

86



M2 A2
RY T 27 VVREMTE /) ) AT Y B F¥ v ©F V=T LORKELIGH

(@

(b) m

20 30

Time (min)

Figure 2-2-13. Separation of 2-pyridylamino (PA-) Derivatives of Glucose
Oligomers by MS-200T-PAA Columns Prepared by Using 10 — 50
pL Acrylic Acid in the Feed

Columns: (a) MS-200T-silica (200 mm x 200 um L.D.), (b) MS-200T-PAA(10) (200 mm

x 200 pm 1.D.), (c) MS-200T-PAA(30) (200 mm x 200 pm 1.D.), and (d)

MS-200T-PAA(50) (200 mm x 200 pm I.D.), mobile phase: CH3;CN/water (0.2%

HCOOH) = v/v 75/25, temperature: 25 °C, detection: 254 nm. AP = 3.8 MPa, solutes: 1

PA-arabinose, 2 PA-glucose, 3 PA-maltose, 4 PA-maltotriose, 5 PA-maltotetraose, 6

PA-maltopentaose, 7 PA-maltohexaose, 8 PA-maltoheptaose (each 1 mg/mL), injection

volume: 2 pL split injection (1/100).
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Figure 2-2-14. Calibration Curve of Size Exclusion Chromatography Using
MS-200T-PAA Prepared by Various Condition (Concentrations of
Aclylic Acid)
Columns: MS-200T-MAS (O), MS-200T-PAA(30) () and MS-200T-PAA(60) (1)
(each 200 mm x 200 um I.D.), mobile phase: tetrahydroflune, temperature: ambient,

detection: 210 nm, solutes: polystyrene standard and benzene.

Table 2-2-5. Relationship of Phase Ratio and Feed Condition

Parameters AA (0 pL) AA (30 pL) AA (60 pL)
Total porosity 0.887 0.866 0.85
Bonded phase - 0.021 0.037

Phase ratio (Vs/Vm) - 0.024 0.044

AA: acrylic acid, Vs: bonded phase (stationary phase), V'm: total porosity (mobile
phase)
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%7 I _XTF N oBE~DIS A

KH T Wa_TF REOSBECGM Uiz, #5R% Figure 2-2-15(b)I27~ 3, #if
ORI TE L L72i@ Y, BB pH I3 MS-200T-PAA @ HILIC & — RIZ
BT OB ENCRE 2B G2 HEER T 7 7 2 —Th b, ARFHEIZH
W _TF RIT KRN D G- 8k L OWEMED DI HNE F CTOMRIA pl % Ff o
YRTF R TH D, FIEpH BEMEZ VD & EEFHEOMEERI N2 5 Z Lz X
DA A ARHR O BEAER IR 72 0, KIREZHS°F HILIC 77 v
¥ MEHTIZRTORT OB HER S Ve o 72729, 0.2% HCOOH Dtk
BENFESA 2 L7= & 2 A, bradykinin X° substance P D L 9 72 EERTF R
F T L=, MS-200T-C18 12 L % RPLC &kl L C, X7 F KOEHNEN 5
725 TN % Z &3 Figure 2-2-15(a)3 X OV Figure 2-2-15 (OISR SN TV 5, 7,
BT X BRFR N 2 < & £ 1D leu-enkephalin X° met-enkephalin 72 & D BR/K
PEATF R1E MS-200T-C18 7 7 LR fRFFS LTV 5 —77, MS-200T-PAA %
F = HILIC OBA RIS N T D b 0oomlicisH L Tnd, £
bradykinin <° substanceP 7 & O M7 F KL MS-200T-PAA (ZxF L TR X 72
RFFEZ/R LT, ZHUSECEHPTHBIETH D Z LI 28 - BEOFHERA
YER A3 0.2% HCOOH 44 T HILIC E— RIZBW T H\WTWnb Z L 2R LT
W5, F72, MS-200T-C18 (Z1TiF & A EREES RV EMIE/R T F RE D
MS-200T-PAA (X BAFIZERFFL, BT D Z &EWAiETh o7, —fBilé LT, JE
FIZEARME T MS-200T-C18 Tl to fHEIZ¥EH 9% y-Glu-His (y-EH) DT X7'F
RX> Asp-Ser-Asp-Pro-Arg (DSDPR), Val-Gly-Ser-Glu (VGSE)iZ MS-200T-PAA %
W=7 7 vy MEHICBW T K& 2R ER I N,

F-ATF RISk S HILIC E— RIZBW T, FH2F 26 1 HD WCX £
— R CHERR STz @ N ComtEm Bl iR Sz (Figure 2-2-15(c)) .
Thbb, t,=3min LW EES TV FEAETIZBWTY, £,=10min & [F
BROGHET v 7 7 A VRGBT, AE, @E7 T YTy MEFHTOWT,
AR V7 ME 20 MPa £ T LVEM L TV RV AS, LR 25 T 5 min LA
NS TR IR Lo a Ehiid 2 2 ENARETH D, 3min D7 VT ME
HTE—ZIEOEENI3s THo7oZ &ENDH PC=60/3min Th-o7-, F7z,
9 — DD ISR & LT Figure 2-2-16(a)F & O Figure 2-2-16 (b)iZ
MS-200T-PAA (HILIC) & MS-200T-C18 (RPLC) |Z X % phosphorylase B U 7
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VAHIEI O v~ N 7T D ERT, IO KD IRBEHE ISR LT
MS-200T-PAA (% MS-200T-C18 & [7]%5 0 &\ oy Bl RE & 64 L 72, Figure 2-2-16(b)
IZ81F % MS-200T-PAA @ phosphorylase B ~ U 7L U HAEMIZ 33 5 PC 13 100
/10min TH Y, AFEFITRL R 3 um F8Y D C18 [EAfhL - FRIHA D 7 M2 L D
RPLC NFHLTE L5 RKD PC TV, AR L7z PC BRGEmIZHED < el bis
OEAIZ LY, FRDHMEREDH ERIFFTE S,

90



M2 A2
RYT 7 VNBREME ) VAR Y DXy E T V=0T LORFE LIS

3 ®1 40411
" %gm‘ﬁ
% JLJU' U"L—“
100 7
(b) zn 1"]\
s | ?T.
! 5 » a5~y

1.0 20 3.0 4.0 50 6.0 7.0 8.0 90 100 1.0 120

s Time {min)
(c) 5+10
lT a
o | ]
g 4 . 1
12 9 1 184 |
T

1.0 2.0 30 4.0 5.0 6.0 7.0
Time (min})

Figure 2-2-15. NanoLC-ESI-MS Total Ion Current Chromatograms of Peptides
(a) Column: MS-200T-C18 (224 mm x 200 um I.D.), mobile phase: 5 — 50% CH3;CN
(0.2% HCOOH) in 10 min linear gradient; (b) column: MS-200T-PAA (190 mm x 200
pm [.D.), mobile phase: 90 — 10% CH3CN (0.2% HCOOH) in 10 min linear gradient;
(c) column: MS-200T-PAA (190 mm x 200 pm 1.D.), mobile phase: 90 — 10% CH3;CN
(0.2% HCOOH) in 3 min linear gradient followed by 0.5 min hold, AP: 20 MPa,
detection: 3 kV positive ESI - tandem quadrupole time-of-flight mass spectrometer
(Q-TOF micro), solutes: 1 y-EH, 2 DSDPR, 3 VGSE, 4 bradykinin fragment1-5, 5
[Arg8]-vasopressin, 6 bradykinin, 7 LHRH, 8 oxytosin, 9 met-enkephalin, 10 bombesin,
11 substance P, 12 leu-enkephalin for (a) and (b), samples 4 — 12 (9 peptides) for (c),

sample concentration: 2.5 pg/mL, injection volume: 50 nL.
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Figure 2-2-16. NanoLC-ESI-MS Base Peak Chromatograms of Phosphorylase B

Tryptic Digest

Detection: 3 kV positive ESI - tandem quadrupole time-of-flight mass spectrometer

(Q-TOF micro). Solute: phosphorylase B tryptic digest, sample concentration: 1

nmol/mL, injection volume: 50 nL.
(a) Column: MS-200T-C18 (238 mm x 200 um I.D.), mobile phase: 5 — 60% CH3;CN
(0.2% HCOOH) in 10 min linear gradient, (b) column: MS-200T-PAA (190 mm % 200
pm [.D.), mobile phase: 90 — 10% CH3;CN (0.2% HCOOH) in 10 min linear gradient.
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BT HMERR) X AT VU RLVELHERE 57208, MS-200T-PAAm ¥
L OVMS-200T-PAA & [l L C 2 50l Eo Gt 28592 Z LN AiETH D,
FERELTA—RMERY T BT LT 4 —~ v MZL D ERBOHT O KMELE
ITENICENDRE R TH - 72, QLA HPLC §:44 T, 1%=10,000s, N=2800,000 »
FEELS A BE)

—f5l & LT, Figure 2-3-1(A)IZ L =4 m O£\ MS-100H-UP % i\ 7= @fidtAl
A (BB N X 7 LAy R) O&EMEREDBEDOEREZRT, £, &
& LT L=30cm DILARE & D MS-100H-UP % FV 7= R4k D55 BfE#E 5 % Figure
2-3-1 B)Z/RT, L=4m D A— kLK MS-100H-UP 1%, EEERIEIEIFONCX 7 L
F 3 RIZxt LT N=200,000 LA L2 RS IZRBLTHZ ERFHRETHY, B F A
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Figure 2-3-1.  Chromatograms of Nucleosides Using MS-100H-UP by Changing
the Column Length, 30 cm and 4 m

(A) Column: MS-100H-UP, 30 cm length x 100 um 1.D., split flow: AP = 0.9 MPa, u =

1.12 mm/s, (B) column: MS-100H-UP, 4 m length x 100 um L.D., split flow: AP =7.3

MPa, u = 0.98 mm/s, mobile phase: CH;CN/15 mM ammonium acetate (pH 4.7) =

90:10 (v/v), sample: mixture of ten nucleosides (10 pg/ mL each), injection volume: 50

nL, detection: 254 nm, solutes: 1, toluene; 2, thymine; 3, uracil; 4, 5-methyluridine; 5,

adenine; 6, uridine; 7, adenosine; 8, cytosine; 9, guanine; 10, cytidine; 11, guanosine.
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%218 LA RFu b )VEMHE/ VAR Y Xy S5V —h 5%
W ua T A I 7 ARS8k
(MS-100H-C18 # i\ /= RPLC & Dk %=

t M FESUEMNE (HeLa M) HUIAF(ET D 1 pg DX /X7 BRI LT B
V7V B EAT o Te T F RIEGHEENZ L=2m D A — FLE MS-100H-UP T
HILIC 778 L7= (Figure 2-3-2), K7 v~ 77 LA 0VHELNIZTTF RES
X3 % PClEt,=4h IZxF LT PC=360 TH o7, ([AIEINRTF FE—
7 OAENE (FWHM) = 9 0.4 min, SD =0.3 min, n =226) AfERIE, R <
A—FVED CISEEME ) VAR Y DX T —H T LEHNZXTF R
FEIZKT9 2% RPLC OMERE & [FAIERO FEfEMEREZ MS-100H-UP IZA L TWH Z & %
BEWRLTRBY, 2% 28 7 H TR/ MS-200T-PAA |2 L 5 E W7 F Ry
PAREICEA T 2 B2 L AR DORE R TH - 72[24], Z Z T MS-100H-UP AR Tk~
72 MS-200T-PAA &I L TENTWARELT, A— M EDODEWI T AT+
—~ v NTOERDRES Th D Rz imal L T E 720, MS-200T-PAA X°
MS-200T-PAAm O & 5 2 EAER X A 7D H T A%, BT MMEMBFORE VI X
D, A—HtVELT LOFINETHDL T, I LER—R LT 5
MS-100H-UP (33 > I BECHANKIZ, A— MV EOEWH T AT 4 —=
v N CHLE LEMENFRRECTH D, Fz, I T AMPAMELE ONS AR O 8%
NEL, ty=4h DX RRERMZ 7Yz MAHZROWZMD IR Lo ot R,
T U NIER LT 14 FEORTF R U TRERRF O RSD =2%LL T Th -
T2 ent, TR EZA L TS Z L 2R LT,

AW L 0 1F 54072 HeLa M -HICAFTET D 1 ug DX /X7 EHREIZK LT
N TV AR EAT o Te T F FEEORIEERIL, FROES (L=2m) O
MS-100H-C18 i NZ[RED 77 V= > MR (1,=4,8h) Z AW T=BEFD v A
7 2 (RPLC %X— A &9 % nanoLC-ESI-MS) (2 X B [Al &4k & teife U CIRIFEE D
R T o7z, (HILIC : X7F FRIEH =10,562, Z /37 [FEEH =2,605 fH,
RPLC : X7 F RREIEH =12,118, X /37 [REHK =2,529) F7=, FIZHRGE
VN2 &2 MS-100H-UP % V72 HILIC ¥ A7 A2 X B RIERTF KD 40%0°
RPLC X— 2D FDO VAT ATIERIE SN N0 T =—7 72T F R Th
-7 (Table 2-3-1, Figure 2-3-3), AfEHRIL, MS-100H-UP % V72 A HILIC &
AT LOIEMIZE Y, T uT 4 — AT T o adeimtkdit & L CREICHEN. &
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UlA RTnEVEE ) VAR Y DXy BT U =0T LD LIGH

NTWDHREEARD [T ovay hFarA I 7 AFE] 252611 L DT F
bki@&/ﬂ7g®ﬂﬁﬁﬁ% BIZHRIRT 5 Al Rt 2 R 7 5,

70T A= LEATIC B WD TE—EICET 0 BT ORI BONTF R4
PRI E I %?6’&@*@%%6@ ez A—FLEDRWE
YA X% ©F7 V=0T L% HOTFk72 HPLC A7 A iz & L
Ty, ~EBIO—EHEOIa~ NI T 7 4 —TH+mlanlizts s 2 & IXIR#
ThDH[26], ZOWNEELFTERT D720IZ, B HHO5HEE— Ra bz %
ZEMEO s u~ 8T 74— (2D-LC Gip) DOFEMNBBZ HNDHD, KFEED
WHOBCEEL /257 7 72— [EAME] TH D, Gilar HI1EZER® HPLC
VAT AR HERMEOEEEEARLTEY, %4 H 5 HPLC E— RONT,
RPLC & HILIC OEAMENR K KE WD & 25 LTV 5[49], Figure 2-3-4 |2,
MS-100H-UP % f\ 7= HILIC & MS-100H-C18 % A 7= RPLC (2 kv, HZFE
ST MU TV AHIEAR T T RICRT 2 EMET 7y M AT, WX
ZNDORXTF ROFHACRFFFH (RTipom) &> TEBY, ZOT vy FOH
HIXVMREWZEZODE— FRIORFFERERRENZ 2R LTS
(RTmax & RTmin 1%, ZNZENEH KE WU/ ESWVRFFEZ R L2 TF RO
R 2 457, )

RT, —RT,. G
i(nOITH) RT max RT min

Figure 2-3-4 LV, RE<HWBITE-77 vy M ELNTLZ b, ZbHD
TODF— REOBEARMEITIRKRE WD EARB I 2, MS-100H-UP ©
MS-100H-C18 {Zxt9 5 K & 2R E A M 1X, MS-100H-C18 % iV 7= RPLC Ty
TERWERBHEIC R L B2 BT 2 REMEZ R 5 2 &0 n, BEfFD [V
vvay T A I AFE] LEXEXTFRELONY T ERIERDOHE
AW T o0 FEE LTEAN IS,
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Figure 2-3-2.  NanoLC-ESI-MS Base Peak Chromatogram of Tryptic Peptides
from HeLa Cell Lysate Proteins, Obtained by Using 2 m-long
Column of MS-100H-UP
Column: MS-100H-UP, 2 m x 100 um I.D., sample: 1 pg of tryptic peptides from HeLa
cell lysate proteins, flow rate: 500 nL/min. Mobile phases consisted of (A) 0.5%
CH;3COOH in 10% CH3CN and (B) 0.5% CH3;COOH in 95% CH3CN. A two-step
linear gradient of 100 % to 80 % B over 4 h, 80 % to 0 % B for 10 min, and 0 % B for
10 min was employed. Detection: 2.4 kV positive ESI - ion-trap mass spectrometer
(LTQ). The mass spectrometer was operated in data-dependent mode to automatically
switch between MS full Scan and MS2. The MS scan range was m/z 300 to 1500, and
the top precursor ions were selected from the MS scan for subsequent MS/MS scans by

ion trapping. The normalized CID was set to at 35.0.
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Table 2-3-1. Results of HeLLa Proteome Analysis Using Various Columns

ty Injected Number of uniquely = Number of uniquely
Column name . . . . . .
(h) sample (ng) identified peptides identified proteins

MS-100-UP

. 1 8072 2150
(2m)
MS-100-UP
8 1 7487 2127
(2m)*
Merged:
MS-100-UP - - 10562 2605
em)°
MS-100-C18
4 1 8358 1992
(2m)*
MS-100-C18
8 1 9489 2169
(2m)*
Merged:
MS-100-C18 - - 12118 2529
(2m)"

“ Single analysis was carried out.

®Results from the two analyses (tg =4 and 8 h) were merged.
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Figure 2-3-3. Comparison of the Number of Identified Peptides Obtained on the
HILIC and RPLC Using MS-100-UP and MS-100-C18
Column: MS-100H-UP, 2 m x 100 um L.D. for HILIC, sample: 1 pg of tryptic peptides
from HeLa cell lysate proteins, flow rate: 500 nL/min. Mobile phases consisted of (A)
0.5% CH3COOH in 10% CH3CN and (B) 0.5% CH3COOH in 95% CH3CN. A
two-step linear gradient of 100 % to 80 % B over 4 h or 8 h, 80 % to 0 % B for 10 min,
and 0 % B for 10 min was employed. Column: MS-100H-C18 for RPLC, 2 m % 100
pm L.D., sample: 1 pg of tryptic peptides from HeLa cell lysate proteins, flow rate: 500
nL/min. Mobile phases consisted of (A) 0.5% CH3;COOH and (B) 0.5% CH3COOH in
80% CH3CN. A two-step linear gradient of 5 % to 40 % B over 4 h or 8 h, 40 % to
100 % B for 5 min, and 100 % B for 10 min was employed. Detection: 2.4 kV positive
ESI - tandem quadrupole time-of-flight mass spectrometer (TripleTOF 5600). Results
obtained from two analyses (#; = 4 and 8 h) were merged. Other conditions including

mass spectrometric condition were described in experimental section.
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Figure 2-3-4. Orthogonality Plot of Normalized Retention Times for Identified
Peptides in HILIC with MS-100H-UP and RPLC with
MS-100H-C18
n = 4,282 (number of the peptides co-identified in both modes with #, = 8 h, single
analysis).
Column: MS-100H-UP, 2 m x 100 um I.D., sample: 1 pg of tryptic peptides from HeLa
cell lysate proteins, flow rate: 500 nL/min. Mobile phases consisted of (A) 0.5%
CH3COOH in 10% CH3CN and (B) 0.5% CH3COOH in 95% CH3;CN. A two-step
linear gradient of 100 % to 80 % B over 8 h, 80 % to 0 % B for 10 min, and 0 % B for
10 min was employed. Column: MS-100H-C18, 2 m x 100 um I.D., sample: 1 pg of
tryptic peptides from HeLa cell lysate proteins, flow rate: 500 nL/min. Mobile phases
consisted of (A) 0.5% CH3COOH and (B) 0.5% CH3COOH in 80% CH3CN. A
two-step linear gradient of 5 % to 40 % B over 8 h, 40 % to 100 % B for 5 min, and

100 % B for 10 min was employed. Other conditions were described in Figure 2-3-3.
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UL A R7a EMERTE ) VAR ) hXx BT U —h 5 AOB% LA

B3WE  Tay b FuTFI s ZAREE AR O S

AIE CR_ZEY, BERMEET 5 OO0 — Fix—BEosEz sy
THIEHT 2T F iz, LIZHBRE T 22l RS ¥ 5, #l21E, RPLC
IZBWTHBEREECH - TRl O BUKMEEH 3527 F RiZkxt LC, HILIC TiX
MObERE (B 21E, FER (p) °XTF ROBAKMEOIEFE L L T—&IC
BR<HWSHIL TS GRAVY (Grand Average of Hydropathy) [83]) DiE\ % 385k
L, SR 5 aetta a7 5,

MS-100H-UP £ L T8 MS-100H-C18 % ffu 7= HILIC 3 X OV RPLC {2 & v 4y Hfiva
H L72~_T7F KD GRAVY 77 7 7 A )L % Figure 2-3-5(A)F & O¥ Figure 2-3-5(B)
2RI HILIC ¥ A7 AMZ XV [FIE ST F REED GRAVY 1L, RFFFER (RT5)
IZxF L CTROMEEZR L, BUKMERTF FE25E < REFT 2 2SI R S
=—7J7, RPLC TlXZ D DARENE ST,

RIZ, Figure 2-3-6(A)3 & O Figure 2-3-6(B)IZ MS-100H-UP % i\ 7= HILIC 5
L TUYMS-100H-C18 % i 7= RPLCIZ X 0 7pBAH L7e_TF Ropl 7a 7 7 A
V&Y, HILIC ¥ A7 M XY FIESINIZATF REED pl I30RFF RTy L 9%
PRARBEDSHERR S, plEMEWERMER T F RO T T B X0 30 < R &S
N5z EuafERLEZ, —J, RPLC Y AT AIZ XV EIE S N7 F REED pl
& RTs ORNZIZME BN R S N7, D OFERIL, SEKRETL
72 MS-100H-UP % i\ 7= HILIC & — RIZBI/KMEFE BRI 2 CHrEM AVEM
PSR S 7o B B BUKYERR BRI A 7 v~ ~ 27 F 7 ¢+ — (ERLIC) IZ43%A
INDZ & &ML TV A[84], ERLIC (3B /K MAE AAEAICIN 2 T A/EM
ZIREN ) & LI BEE— R TH D23, B4z ESI-MS ICHEATE 2BEMHAZ W5
T, fEMAERLE ERMOREN ) & T HNHDIEC L > TEY, FF
EDZ R TERV VBT T R AR T 2 0t — N & L TGEFE
HEHEZED TWDLHHEE— N ThH D,

ERLIC £— K & L T?D MS-100H-UP DO¥5: & B (ZFEAMIC B2 572012, I
EGilar HIZ L > TEREI N T X/ BERFH% %L (amino acid retention coefficients)
U BEE — RICx L TR ONC B4 L72[85][86], 7 X/ MefRFriREIZN
GDIZEVREEESN, &7 XV BEENT T RORFHCRY T 4 7 IR H
TATIEHFE LT D0 E2WMEICT D, £, HiBod5 & LT, MS-100H-C18
Z MW RPLC £ — FIZBIT 27 I/ BBRFEHRECH [FIRFICRH L, it ge &
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2T 3
UlA RTnEVEE ) VAR Y DXy BT U =0T LD LIGH

L7z (L:XTF REHERT DT I BEFRILDE, b 7 2 7 BIREHMREL, A4, :
KT X BRERILDEL, by RFEFRERE RIS T L OY) )

=(1-021InL)x (D b, x A4, +b,) (3-2)

pred

HILIC 38 X UYRPLC & — NIZxt L TH LT X/ BERFiRE % Table 2-3-2
IZ7" 7, MS-100H-C18 % FjV 7= RPLC & (& AYIZ, MS-100H-UP % F v 72 HILIC
— FIZBWT, BKMEDT X/ BRFkE (%71C Trp, Phe, Leu, lle) (37 F K
DERFFET 2 FH G SW (UTADOIREG D) —J7, BRI
DT 2 JEERFEIETH D Asp X° Glu NPT F RORFFICHHRS 5 L TWD Z &N
MR STz, E7, 1EH T XEE, BRI N RN T I BRI TH 5 His,
Lys, Arg N_X7'F NORFFRIEZBHE WD SEH2 0 THY, ZORICEL T
1T\ ETHRE STV B — & HILIC &— K[85][86] & #72 1V, MS-100H-UP (%
~RT7F Rkt LT ERLIC &— FERORFiFFEZ 52 2 Z L 2R LT 5,

2, MS-100H-UP [EEFEZK E O E pH IKEEZ MREET D 72012, NG
o T 7z HILIC [EEFE O RpMRFAm A 486 FH S L 72[87], 1T %@i&ﬁb
PV, ¥ FUBERTHLT AT 4V U (pKa=8.6) BEL T AH 7 1 I (pK,
=10) ZABt o 7L UTHBE Lo R, K VMBMERBRWNT 47 4 U U
T8 < PRFF S AV D A (@ (Kheobromine/Ktheophyliine) = 0.94) (T o7 Z &b,
MS-100H-UP [EEFHREITTIVEEIEEDOMEEZ B L TWD Z EBRH LN E R -

—RIZHFPETH DT T DT LA R a L A2 EA L7~ MS-100H-UP O [i]
m*ﬁi‘%ﬁi)), W EME A2 B OV TV B JRIENZ DWW TIXEN TIZ AW, IngvE
DB —ED TN ASTANWVEEDBIKREL, T/ 7 v E/URICMEELL
7oy, RERFRTTY I TR EMERMINEAENTWEZ ERBZ N5,
722, £ DRREIL a (kneobromine/Kincophyline) D> & HIWr4= 5 (T ed T/ S <, R
PETF ROIEFGFRA W AERT T L OB PITHER S N2 o T2,

F7o, AROBEY, KAT MIERERAERERI 2 50 KRB (1
T HIEARE) AW HILIC VAT LA THDHZ &b, RPLC & @I_M%E
R TR, ATV ENE W ESIMS HEANARETH DL M THETH D
[88], Figure 2-3-7 {Z MS-100H-UP % i\ 7= HILIC & MS-100H-C18 % f\ 7= RPLC
D> AT MIBWT, HIZFREINTEATTF NITKT 5 MS EEO g 21T
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ST fERERT, B REZLIE, AL TLEEZAT DM AT AR LT
FIEDOXTF K(1pg) ZIEAL,RZ 7Yy MEHTHON L72IC BB 57,
MS-100H-UP % V7= HILIC ¥ AT A2 W T, HlBIZFE S 7z 4,282 fH D~
7'F RITxt U COEE TR S (ORI E #1572, £72, Figure 2-3-8 [IZ/RS LT
WA@Y, MS-100H-UP % AV 7= HILIC > A7 A%, RPLC ¥ AT AIZEBWNT
RWEE TR ST T RE, X0 RRICERE CRIET 2 Z &3 AHEE
ThbHZ LMD, RPLC VAT ATIEFE SN =—7 2T F REFRET
HI=ODOHERIRY — e D T BRI Tz,
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Figure 2-3-5.  Plots of Retention Times and GRAVY Values for Identified
Peptides in the HILIC Mode with MS-100H-UP and in the RPLC
Mode with MS-100H-C18

Conditions were described in Figure 2-3-4.
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Figure 2-3-6.  Plots of Retention Times and pI Values for Identified Peptides in
the HILIC Mode with MS-100H-UP and in the RPLC Mode with
MS-100H-C18

Conditions were described in Figure 2-3-4.
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Table 2-3-2. Amino Acid Retention Coefficients for Peptide Separation by
HILIC and RPLC

Retention coefficients *

Amino acid residue
MS-100H-UP (HILIC) MS-100H-C18 (RPLC)

Ala 11.72 41.74
Arg -75.62 -48.73
Asn 45.66 12.29
Asp 162.33 41.60
Carbamidomethyl Cys 41.42 23.83
Gln 42.11 21.76
Glu 101.93 40.80
Gly 39.44 13.66
His -55.02 -63.12
Ile -12.34 143.00
Leu -14.11 159.26
Lys -85.96 -60.77
Met -11.10 120.20
Phe -11.16 191.49
Pro 26.31 36.07
Ser 45.72 20.89
Thr 29.91 33.91
Trp -8.23 218.21
Tyr 20.95 99.21
Val -2.68 88.37
Free term, by -26.17 -156.83

* Retention coefficients were obtained by regression analysis based on the equation

(3-2) for peptides identified from 8 h gradient runs..
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Figure 2-3-7.  Comparison of MS Intensity for Identified Peptides in HILIC by
MS-100H-UP and RPLC by MS-100H-C18

Conditions were described in Figure 2-3-4.
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Figure 2-3-8.  Intensity Ratio of HILIC/RPLC Modes against the Intensity of
Peptides from RPLC System

Conditions were described in Figure 2-3-4.
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PlE, RUTZ7 U7 I NEfTE/ UARARM Y X &7V —HT A, R
T VNREMTE VAR Y DX T V=BT A, WRNZT LA R
JMESRFE 2 VAR ) X v © 7 U — 7 LD EITV, FEIZHILIC — R
R DI RSG5 LI, ToRAEEMR L,

RUTZUNT I REME VAR Y Xy BT U —HT LB LTI,
—fIZHW B 41D RPLC Uy BiE s H 23 R 8 C b 2 FEF SR LI 2 RAFI2 5y
B H L, ZOMEREIIRI 7R T A L e U C @i sk T C & PRI HEEAL
Tholze, £o, R T 7 VARBEME ) VAR Y X BT U —0T 7 AT
L TIE, ZOREEMEmEOMEEE N SEmEORHEZFIF LT, IECIENC
HILIC OWE— R TEHT 22 EMAEETH Y, ¥ T EROXRTF R, PR
Ekkx AL ATk U TR R D T A L Lol U TN 2R Ay B RE 2 R 3 2
EERER L, INH2FOH T AL, R ~—TCHEMEREZEET IELE
fifEic L vl s TRy, ARSKFOLEFICIVEEMEEZa Y b —F
HZENAHRET, VAU Y NI T AOFRTH - I ARRFF ORI 2 4 9
ZENFRETHD Z EEEFL TR X,

TLA R ENVERMTE ) VAR Xy BT U —T T AL TUL, E
)V AFEMOVERREZMERF LI A — MV E T +—~ > N TOFRRNRATRETH D,
HILIC 71 7 & & U TUIHR Thid T Be o s R B & F B4 5
BB T DOVERRIZERED LTz, AT L% iz HILIC &— RII~_7F RIZxt L
TRPLC E— F& L TEWRFFEAZM A AT 52 &0 D, BUERIZFEmS
TV % RPLC E— R&E_X—R &35 7 a7 74— AMMENTITFRAIR 724l 2 5- %
HHDEEZLND, FREI X LI, AT L%EHWZHILIC £— R
ESI-MS (2 X 27 F ROMBHEE 2 BIICm ESwE7-2 Enn, 5%, Ffn
IIER ORI BT, T aT A — AENIZEIT 2 E5HY — & LTOIERM
rFsi b,
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CI8{&fffi A — bV Ewrm 7w/ VAR BT AOwEIE/RfE I X 5 RPLC
B O EEERED M A B LT, NN PCEIEIE LT A I 2L —va v
FEMTHZ EIZXY, HPLC KMot 21T 7o, £DRER, KD PC %
BOODLBIOLICEAT2HANEON, By Iab—varafnd
ZEITRY, EEOVay NI aTAI I RACBT AT F REBIOH v
NIEDORIEBP R RIESIND 2R Lo, £, mWPCEEDLIZDD Y
59— DODFETH D 2D-LCIZEL T, HADIHERE PC ZFET 5 72 D54
BV IEICBE T D2 £l Lz, ZORE, WAL ERIcL ) B 5 E
PERESTBE D FTREME 2 RE T 2 BT e R A 157,

KIZ, RPLC B TIX+ a2 rFi 35 b2y, AT m W IRFFIE A M 2 B &
T LM M b E RO mtERE A B LT, RY T 7 U AT IR, R
VT 7 ULVEE TONC T LA N7 a VA EERE &3 2 B HILIC 38 X OVIEC
HAx 7V =D T LB LT, DXy 7Y —07 L&A
nanoLC-ESI-MS ¥ 27 A%, M EOPFEICAE S5 st b &M 2558
AL FTICOBER A FTRECTH 0, Fiz, X LI ERORT T RIZH L TH IEC
BLOHILIC &— R TEWBEREZ R LTz, R, DA RTe e f
THHMHILIC DT L&A —VEOOQ L T AT LT+ —~< v FTHW-H
B, TOEmWRFFEANE & o @B LIZ 2k LTIk D RPLC N— 2D
AT AR TIEFRE SN Do e =— 0 72 X7 F REEDORIENARETH Y,
AR AT AOFMFHINERIC L 2T F REX O 7 EORIED A _EAF Y
|2 2D-LC ~D YR 72 BB D FTREME S R S 4172,

Plb, €72V AR U BT L2 NHT EICXY, Bt T7 28T BEam B L
DIRBRMMTU LOE—7 X X7 0 —DFBLIR L, (ERM T AT A TlIiE
i LS 22 WO S RE D BEDIEIS N FRETH 5 B A~ 7=, L LRIKRRZ, &R
D3 IR BEERE A 45 2 T2 121X, Y072 HPLC SRk D@iE, W N4
SRCHEZ B L2 ECE BT — N2SEIRTOMBETHLIE LR LT,
SEETOERRTEY, [2T) 20852 L3 TE 5 HPLC & A7 LA DBA%
3/ ma~ 7777 —0ETHY, TIUIRKOBERNTH DA% OREHE L =g
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2
TR AFE

DIFEBIA~EL D725, A TR R A IER T4 2 L2k v, HPLC 47
BEMEREN M E L, OB 3 ZEMNAHETH D,
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AT

FEELATTER AR REARAT - 0 B B ATE RSB AICR R L BT £,

Fo, RFROERNOZATIONZHE T, THEEZWGY £ L7l LSk
MER A B ZdR M E B, RIRFERFERHEZER h b=, SO LR
R MRESLAEITOLI DR L LT, £, EERERENEE
B 7077 LMK DM Z L TEROGINCER R IHELHY £ L
72 University of California at Davis, Department of Molecular and Cellular Biology

& Genome Center @ Prof. Oliver Fiehn, Dr. Nabil Saad % 58 A % 7 HERICIE
N L ET,

AR DORE =% b5 2 THW -2 —¥ A et NG RAER, KEBEIHLE,
Ta s by ) =g VRET v R—/3—Y o MNFEHEER S IR W L
Bt 7y -~ a—T AN H AT RET 7 /U — R =y b U
2 —VBRFI R SR R R L, Fla=y b =7V A x0T 17
A v 7T RAA YR WINERE L, "WAWEME MReeEk, AL
A TS — 7 v — TR REBER, RAWTIEERA TR — 7 v —
TR MNEERERE, WONCREZ L —TERE SRR R, BRILGRE L, A
FBHERE, RBIRE 1L, 7o, SRR TOERICEE E L TISHEB Y
FLIAA A= N—&N—VTFTTA AR AT 4 ZAUE =y N LT
Vb EEEREEICES EH T LET,

FTo, AR EZED HIZHTZY, ThHETEN, FERFERF R A5
Ft WA REMRAT 2o BpHE R A EsEde 4, Mo BohE HHREREA, Fa
WPl IR L, LA ORER, TRERER, SR iRk, BRI REARHT
FO BRI O ERRIEH P L LT3, == A RS HAIcksE £ LT,
AT —=T—=&NN=VFTTAXR « AT 4 A e = b PR i+,
R £, ARFEIZERICTRER U L E3, 7z, mHE LSl AR
IZZ < OTHREATHE £ LR, RANZER, IREERZGD, 51
FEREfRATATIE R (B« S AR 2T SE 0 ) ORI LET, £
7z, B/ VALY % ¥ €7 U —0 T 55 HPLC #EF Off s 2 121k L T<
PEVWE LAWY —o b A = AR X0 Bt L B £,

ARBFFRICHTZ Y, #ip TRER THRE, THREZH Y £ LI R R
i
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B

RIS, AZEICHTZY, JSE LTI NER i, Ef, #R WELE,
TR MEMET, Fo, ZRBEETXATINEE TRIDEH#H L ET,

W
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EERDHE

L.

bas
;

1.1. Bl L O

#AiK (water) : MilliQ A-10 Gradient > A7 M L VKR L 726 0, XULFEEEMS
A LTz,
A% 7 —)b (CH;0H) : miflkdn GRIEFMR) 224K L6 0, XL LC-MS
JL— REFEH L,
7 F=F VUL (CHsCN) : millean GREFrR) 228 L7cb o, L LC-MS
TL— REMEHLEZ,
7 hZb Fr7 7 (THF) : fifldn GRIERRR) IZKFBLI V> T LfFEE T T
2 FEPE L7ot%, ARBRE LI oM LT,
MW GRERERR) (CKFL DV D DIFAE T C 2 FEfEE DT L 72%%,
KRB L-bLOEFH L,
U Uik GRIERR) (ZKBIE 2T AR T T 2 RFFEERIE L7244,
AEBM LI OEHER LT,
X% (HCOOH) : LC-MS Z'L— R&fH L=,
HEf% (CH;COOH) : LC-MS 7' L— R&fifH L 7=,
FEfe 7 > &= . (NH4OCOCH;3) : LC-MS 7' L— R& A L7=,
ZOM, EER X ORI A THRORIERR 7 L — R2 L7z,

1.2. 2 U RET Y B OFRIERIK

T RZ7ARXFT T (TMOS) (BlfL=), AF VMU A ¥ T (MTMS)
(EEILT), RV x=FL o7 U a—n (PEG) (MW =10,000) (ALDRICH), JR
F (Foestidk), mefg (CH;COOH) (F 747 A7)

1.3. ¥ U ALBIDERRRAEL L O U WALEREE

ATy (FATATARY), DAFAIuwavrTy (ERes), kA
&g (T T4 TAY), PFNLT I (DEA) (THIAT A7), HHLAX
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7 aAn FHsL), 737 gL MU= %25 (APTES) (Fv
V)Y, NUVZFATIY (FHIFATARY), LA RFBENLRY A X
Z > (UPTMS) (Gelest)

1|

1. 4. HAEMEEMAOFHBIZ AV ZHEK

77 U EE (AA) (BEALER), 727 VA7 I K (AAm) (FIYeHisk), @mime 7
vE=7 A (APS) (Fgifisk)

1.5. HPLC DOl VW73

TILF LR U
NPy, by, AFRUARCY Y (FHTATRY)

LRI HH
v, FIv, Yy, 7= (FeiE)

X7 LAY RHE
FIV, N 2 TAXRI T TT ), 2TART T ),
FDU TR TF O, T, 2T AR TT )y (FthtiEk)

PERA

ITNa—RA, B R~AFFaug—RX, AZua—A, v /Lh—ZX, KFlrm—2A,
774/ —A, ¥~ NMIFA—X, v VT N T —R, vV IRUZF— X,
<) hAFY A —R, )V ST EF—R (FTHTATRAY)

R N
FTTNT I, MIT )=y, VRXZ LT —EA, UJVF—2Ah, 40

57 V7 2 (BSA) (SIGMA)

FRAEATF N

117



SIGMA-P2693 ({£#E~~7"F KiE& %), DSDPR, VGSE, y-EH (SIGMA), BSA
NU 7L 1H/E®), Phosphorylase B kU 73 L k4 (Waters)

AU AF L HH
WA YR v~ N7 7 4 — (SEC) AEHERY ZAF Ly (Faa), AU XA

FL oA T<v—MW580 (P—=)LH A T R)

1.6. LC-MS IZ & A5 AR Az i3k

- hUtnay, REBIONrrA XF XMWY
University of California at Davis, Department of Molecular and Cellular Biology

& Genome Center @ Prof. Oliver Fiehn 72> D2t 2 521 F 72, (BRI RS vz 8 (o6t
L CHEBEOKZIMA T2, Wik, wEmH L7z s o)

- & MfEHAE (PC-9 cell) H# /7 EHHLXTTF R :

15cm BT L— b ETE# L72 PC9cell (510 cell) 12/ LT, I1mL DU
FRREENR 2 N 2 TRoephiti g, mOoME2 =R L, LB EST L2
RO EEREREX v b (Bio-Rad) IZL->THIELTZ, D%, 500mM RV
ZIEFAREER pH 8.5 12XV pH iR, 8MIRE LD KO ITRFEZIIRML
Too THUHDIREWKIZK LT, YFFALA F—/b (DTT) (Fueiizd) Bk
VI —F7E 7K (IAA) (FOLHids) a2z CEIT F bz £l L7z
#12, PD-10 & 7 A (GE Healthcare Life Sciences) | CHIEAEE A2 Fhi L7-, <
D, VN RXTFH—F (Lys-C) (Fehlidk) 2 Mz T37°C &M FT
3hidib L7z, D%, 50 mM REET »F =7 LKIAIK T 4 517K, ~U 7
(TR AT EIMA T3 CEMET 240l LTz, N U 7v4 a g (TFA)
IZ RV HILBORZ & T, 150N 72EKICK LT, Empore C18-SD 7 1 A2 7
— U »¥ M) IZTHUERNE L7z o aalkl & L,

- b MRS (HeLacell) W& 2 X7 EHETF R

15 cm ED 7 L — b ECTH#E L7z HeLacell (5x 10°cell) (2% LT, 1mL @

Phase transfer surfactant (PTS) &% * #NZ, %1%, 95°C 2T 5min JIEAL
7oo D%, KA T T 20 min BEREMLZITV, G ONIERTICHEET 24
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VRN EEEETEES v b (Thermo Scientific) (2L > THIE L=, ZHH DR
AWRIZx LT, DTIT B XWIAA 212 TE LT VXL E2 EE L7-1%I1Z, 50
mM JREET =7 LKA T 5 5 IS R%, Lys-C # 12 CT37°C & TFT3h
Wb Lz, £0tk, M7 Z2MAT37°CEMATT24hibLTZ, Bbh
TR X LG, [RBEOFHR T F LV ERM L, BA&IRED 0.5% & 725 X 5 12 TFA
ERMUT, EODBEZIT- 2%, LEOFMFILEL2REL, B
2 X RE AR L=, £ D%, 0.5%CH;COOH /KIAHRIZ CHIRf##%, C18 Stage
Tip (AF LTV AR B oy — b 2ERy b~ F v 7NICHEERE LT
HO) XY PERME L2 b D02k e LT,

“PTS &K :

K, 120mM SDC (FAF>a—fgF U 7A), 120mMSLS (7 0=
AN a T R T A), 1M R REFEEREER (pH9.0) % 67/10/10/10
(VVINIV) TIRE LT2H D,

o

2.1, E VAR Y X5V —Hh 5 L0

o= MEJRFE : THERMO MINDER DX-10 (# A1 F v 7)
Z—7" . : Constant Temperature Oven DN 400 (-7~ |)
TH{EY7 : Muffle Furnace FP 42 (v~ )

2.2. HPLC B X O MS &

ERR T : PU6IL (¥ —T L A = R)

: LC-20AD prominence (&HERLERT)

: Agilent 1100 (Agilent Technologies)

: Ultimate3000 nano-flow pump (Thermo Scientific)
AoV g H— : RHEODYNE 7725 (IDEX Health & Science)

. VALCO C4-00R-.05 (or 02) (VICI)

: HTC-PAL autosampler (CTC Analytics)
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h T LG —T : CO-631C (YV—= LA R)
SR AR H : CE-1575 UV (H A% E)

: MU701 (YV—= LA =)
UV 57 —4% 7 wu¥v¥%— : EZChrom Elite (V—= /LA > X)
B et : LTQ (Thermo Scientific)
: Q-TOF micro (Waters)
: TripleTOF 5600 (AB SCIEX)
MS 7 —4% 71 v¥ v ¥ — : Xcalibur (Thermo Scientific)
: MassLynx (Waters)
: Analyst (AB SCIEX)
NRTF RBLOZ T ERGE - fftr Y 7 & @ Xome (=HAF BHFEMKA 1)
: Mass++ (CREST - —=—1)

3. EJUVARBI U IFXYET Y —hT 2O

TV A XY BTV =BT LOHBE, TAax T o OMNKGG
B X OEMAICL VISR END Y =BV IT>72[18],

3.1. Za—X PRV U AF¥ BT —DNEENE

100 pm X% 200 um I.D., 375 yum O.D.O 7 22— A K+ U 7 ¥% ¥ 7 U — (molex)
IZ I MK ET R Y O AEEE L,
40 °C T3 h & Lz, WIZ 1 MR CHlRisaiT o708, Bk, 7' v
DNEIZ e 21TV, HokE L7,

3.2. Hybrid e J YRR U X2 7V —F T 2D

KB FTPEG1.8g EJRFE 4.0g120.01 M CH;COOH 40 mL % il %2 C 30 min %
L7, IBATEIKIZ TMOS & MTMS OIRE T /L aFx 72 (3:1viv) Z 18 mL
T L 30 min i 21T - 72, IREWHK% PTFE 7 4 /L4 — (0.45um) TAHiE L
= ZORBWIKAENEBEIRED 7 2— AR Y Xy BT U —dZiEAL,

40 °C 12T 24 h G EATW I AL S H 7=, RIZ, W% 0.06 g/mL JRFEKIZIR L
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TIRETZOXY T U —% 90 °CMEAT— 0 7 L (24 h), £ D% 120 °C
TEIR A AW 1T o7, BULEAZ1TH Z LI KV BROEREES, BLOREOS
FRICEVIRRET DT VE=TICL DV Y DOERRIZE D AV RT O ETT -
2o T, F¥ 7Y —N%Z CH;0H TUHF L7z, &% 330 °C BXRIFNT
Xy 7V —NEEEICHEESVLEE 21TV, hybrid € 2 U 2R U ¥ v 5
U—55 5 %57,

® Rhybrid e /) VAR U B F X TV —A T LE2HEMRE /U R LIPS
[21],

3.3. TMOSHIE ) VAR YU X% 5 U —H 5 ADFHH

KB TFTPEG11.9¢g &£ 9.0 ¢ (2 0.01 M CH;COOH 100 mL Z i1z T 30 4y
M L7, IRATAIRIC TMOS 56 mL %z il CH O30 min Hi#E L7z, & D1k,
IRETAI % PTFE 7 4 /v Z — (045 um) TAI L7z, Z OIRETAIR 2 NEELEL
HFEDOT72a—A RV Xy T Y —fZiEAL, 25°C T24h KSE{TW 7 Uk
72, WIT, W4 0.06 g/mL JREKIZIE LTZIREETZOF v EZ U —% 90 °C
AT — > ZALE L (24h), E D% 120°C TEULEE A 3h{To 70, BULEL %
179 ZLIZEVEROHRES, BLXORBODMIZILVBET LT E=TIC
KDV ORI L DAY RT DR EIToT2, D%, Y7 U —HN%
CH;OH T L7, &1 330°C BXIFNTH v BT U —N & ST R EEEL
HAITW, TMOSBIE /) U AR U B v BT U —h T L 15,
CARTMOS BIE ) YRR Y Xy €7V —A T L% H _HRE U R LS
[21],

4, CISEEMit / VAR Y X TV —h T L2050

4.1, FI2EZTIUNIAFILNN-SZFILT I )5 DERK

F 72T 2524 g % MV ) 20 mL SIAMR S, HbA4RRE D EINZ
oo ZHUCV AT N7 mr T 130 mL 28 F LK 100 °C (27T 24 h INEGE DT
BiToT2 FDH%, TNNRL—H—=ZChly, PAFraas T w2k
BT, WEABIZEIV A7 2T AL AF AL raus 5 (ODS) 257,
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Chloroplatinic

Z Hel _cl : ~CHs
s
CHg Toluene Chs
Octadecene Dimethylchlorosilane Octadecyldimethylchlorosilane

(ODS)

RIZ, VZRFALTI6mLa s, ZHIZ0ODS425g E~FH K 2mL &
Nz 37°CHEEMT T 1Ih B LIz, Ak LIEE AT T 07 0V H—ThRE
L, TDO#%, TNNKRL—HF—T~FH o %2REL ODS-DEA #1537,

CH CH
-3 etk
Si / Si
CHs \___ Hexane CHs \
1

Diethylamine Octadecyldimethyl-N,N-diethy
aminosilane (ODS-DEA)

B&%I2, 555 7= ODS-DEA % 20%(v/v) MV U8Rk & LT, CI8 {Efiiv U L
{bAIE LT,

4,2, F) VABT VA% TV —HF7 250D ODS-DEA IZ L5 Vb

THF, bt/ CEHL72 100 um LD.D hybrid BE 7 UV AR Y X 5
V—A7 L5, BLO200umILD.®> TMOS € /) Y ZM U hFx ¥ T U —0 7
LT EFED 20% ODS-DEA kL ik 2 FOUGTREE 80 °C ', 1 MPa (2 THEA)i%
WL, D%, hrxr, THFDIETH ¥ 7 V—NOWEHFLZITO Z LITX
D CI8EAITE /) U AR Y F v T U —A T L (MS-100H-C18 B L
MS-200T-C18 & ¥r9° %) Z4537,

4.3. ULA R NV EEMHTE VAR U X2 T —h T 2058

CH3;0H, kL= CTEHLL7- 100 um I1.D.® hybrid B / ) 2 U B &% ¢ &
FV—=HT LT A R7FrENL MY X MFR T (UPTES), hrxy, B
U O ARBYRIR (RFEEE viviv 2:3:3 T wiviv 1:2:2) 32 ) PR 7 & T
BOGHREE 80 °C XX 70°C FT24h XK L7z, €Dk, M= TRy 7 U —
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WY EAT o721, FREOBIEZFEITWE VAR Y X BT Y —7
TLDT LA R7a e /HERM (UP) 2179 2 L2k v LA R a e /VEHER
F)YRBIS Y X T Y —H T A (MS-100H-UP L #93) #1537~

5. BEAEMHTE/ VARV I I Y —hF5 L2050

HAEME VAU Xy T U —H 7 LF Figure 1 IZR”T A F— A
B> TR LTz,

H;CH,CO, OCH,CHj

H,N Si/
N VN OCH,CH;
OCH,CH; |
H H, .
> N——C ——Si——OCH,CH,
Cl 3 |
OCH,CH;

HO @ (|)CH2CH3
H H
- edl o
J

OCH,CH;
R
H w| H OCH,CH;
—/ Cc —C C |
— L
N C Si—O—
Initiator RJn 3 |
OCH,CH,

Figure 1. Preparation Scheme of Stationary Phase Consisting of Polymer Coating
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5.1. 3-(RAZ 2V uaAnATI)) e )] ) bFT T UDERK

TI/7ve ) h¥d T (APTES) 25mL, hYU=xF /L7 I 25
mL Z hLx 2 50 mLIZEEME LTz, K FTHbAZ 27 Y r AL 15.6mL & FL
T 20 mL OIRGEWIEZRK 1 h 22T T T L7c, £0%, iR T 30 min fE#E L,
AT I T7 40— Qum) THWIREZ AL, AR%E /3R L—& — T
L, B-(A#27VuaA A7) 7atA] = %7 (MATES) %457,
ORI EAORERIRR Th - 7=,

5.2 B VAR Y X% TV —ANTAEADB-(A X7 VA NTI ) rr
AV ES A PPN Z 4

CH3;0H, /L CEH# L7200 um L.D.0O TMOS & 7 U 2 U 13 v &
Z U —4 7 AIZMATES, bz, VU DURERE (R—ft) 230 v
VR T224h B LT (BUGSEE 80°C), £ D%, MU THYET U —
NOWeHEZIT o T, [FRROBIELHET ) 282XV, B-(AZ 27 VAT
VTR ENM N R T AEME ) YA Y X €T =T L
572, (MS-200T-MAS & #3%)

5.3. EAEHiEEHE DR

EEBAHE GEEEET =7 L (APS)) 2 ATEE /) ~—iKk (77 UL
e (AA) XI7 27U A7 IR (AAm)) %, THOKTEW L7 MS-200T-MAS
ICEIRTHOEXERL, 77 L2HICE /) ~—IRROREEIT-T-, TDH%, %
NENDOESIREICRE LT 4+ — 2 — R APICHEER LT h T L5 EA
L, FTEDKMEAS S, ®&#EICHPLC A2 712 X W K ZEfTE 20 MPa Tk
WL, ¥y ETV—NEWEETLHIZEICEVT 7 IUAT I RULT 7 VIVERE
HEME VAR Xy TV —0 T A5G-, (MS-200T-PAAm,
MS-200T-PAA & F59°2)
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F)w—DEEEZ DO TE L OESSLMA Table 1 IZE LT, T2, BT
LARRTILL T O ROIZE D IRE LT,

(1) MS-200T-PAA

O 00 @
Q:E VAV I BT A, @: AT LHNFE (um) , @ : TMOS ! or Hybrid
B, @ : EEMEOHESE

Table 1.  Preparing Condition of Polymer Coated Stationary Phase

Monomer b
Initiator * | Solvent T | Time
Column Monomer volume
(mg) (L) | CC)| (h)
(L or mg)
acrylic acid 30 uL ¢
MS-200T-PAA 5 1,000 60 2
(AA) (10, 50, 60 pL)
acrylamide
MS-200T-PAAmM 40 mg 5 1,000 60 1
(AAm)

* Initiator: APS (ammonium persulfate)

b
Sovent: water

¢ Composition of monomer was changed in the range of 10 — 60 uL to control the

amount of stationary phase. (See the section, 2.2.6.) Basically, the composition of 30

uL-AA was applied to MS-200T-PAA for any application except for the section, 2.2.6.
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6. E/ VAR Y BFX TV —HT LOFHE L ZDIH

6.1. E/J VAR YV X IV —hFA,50DHPLC 3 (1)

F YR XY BT Y —B T LAOMIRBEEEIC L DB VT,
RHEODYNE 7725 A4 vV = 7 X —Z AW A7 Y v FEAIC L HHIEEIT- T2,
Figure 2 {2 A7V v b A HPLC 3@ O XK 279, £ & 25cm, 200 um L.D.
BT (NERESUL) 1A Y= X —nb XA L7 MTEERRR 10 -20 nL
EIEA LTS G, RFFO/NSREE IR U CHER B 50% L FIR T35 2 &
& H[89], 100 um ILD.DOA T DB TS HITHENKI VW, ZOREOR
BHERE DO SV TEANC L BHEREIR T, A7V v MEADOTEH, BXW, HH
SREEDOFWBEMHEOMERIC L 25 T A~y FEMICL VRK T 5,

Injector

Capillary column

|

l Detector I

<€ Mobile Phase Flow

<= Sample Flow

‘ Restrictor * <
{Pump @
Waste Mobile Phase
Figure 2. Outline of Split Injection HPLC System
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6.2. E/J VAR YV X IV —HhF L0 HPLC i (2)

[ 7 AH DO LRFFEEN S OMEFRIL VALCO C4-00R F/ A Y= 7 X — 3T &
HHEA V7 MEANZEYFER LTz, £7-40BAF L= A7 A134 T nanoLC v
AT ENTHDHED, T/ -~ 70t —X—O/NEENLEE D, SEO
WS TITAEERREZ HO S HRE 2R E, S THAR 7o 0odEiiE%
ATV NTHI LY, ZNEELTWD, REIZIED T 2008 % K
IRIZHNZ A Z ENFRETHHF v 7 U —UV g L7,

6.3. E) VAR YU HZF %S5 —HF5 LD SEC 5Ff

BEABEHICE D) I BERNZEREEO L Z 572012, SECIZL 5K
EIT o7, 100% THF 288 E LT, RUP U BIOHESBIEHER ) 2F L
CEBRBEE L LTHWe, ZOHREOREFZAT Y v b7 r—&F A L7 ME
AGFREHANWZ, A7V v F7u—(2k 5 SECHIED-D, BIEMREROIERD
TOIIIH 2 THREOHRMEZER LN L OMENLEIC LD, AL, &
T LOBRANC —OORBEERT 24757 A (7R 100 pm LD. x 50 cm)
EEFEL, XUBy (&F~v—0—) O EHTO UV BRHORMZEZ TS5
LT EZRE LT,

6.4, E/ VARV XY T Y —HTF LD LC-MS IZ X 25 &)t A

Z V7 U — ORI T T MO B BT 2 BEc iR
nanoLC-ESI-MS v A7 A x Wz, A A2 Y —A | ZiTZF vy EZ UV —LC DI T A
WNREMADHNE, @MEEREOBNODIZTMa=4Txy 7 Y
— AT LEESIAT L—F v T alifE L, Folt IR AT 5
ZLicky, 22 BEERNT S nano-ESI YV — A & Wz, ESI A7 L—F
> 7121 PicoTip EMITTER (FS360-50-30-D-5) (New Objective), % MonoSpray
FS (50 um I.D. x 50 mm) (¥—=x/)L¥ A =2 R), (& Sutter P-2000 (Novato)
ERAWTHER LEZE ) VAR Y W AT L —F v 73 v F— (20 um LD. x 50
mm) Z 7z,
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RTF REZ[FET 5 nanoLC-ESI-MS/MS HEF DO, MS A% v > Lo Pk
LTQ 3 & O TripleTOF 5600 #:(Z m/z =300 — 1500 & L 7=, TripleTOF 5600 > MS
RESMICE LT, MS 7V AF v & 025s Elfitk, el CTRHGRE 2SR IE
IZ 10 DO RA3I2x L CENZER 0.1s D MS/MS o2 FEi Lz, [fl—D7 U H
— YA A0 IR UVIEBRT DR AR T 572012, —EAXAFXy LT
UH—H—A AT 125 [, MS/MS TN BERSN LTz, 72, EZeFkE
Bt (CID) OFREEIL Analyst Y 7 b7 = 7IZAET 5 HEIFHEIEAEIC L 0 3% E
L7z,

6.5. LC-MS/MS T — 2T L _RTF FB I VOF VXV BEDRE

AR CRIFZEICERB W TIE, PC-9cell 33 X WM HeLacell) DX > /N7 EiH
{E~7F K% nanoLC-ESI-MS/MS IZ LV 5%, ©—27 VA FBLOE—2 D
TRFFIFHIRCTRE FE 2155 T2 O DT — ZfRHT O 72012, Mass ++Y 7 b7 = 7T
IZXome V7 b =T EEH LT, XTF RBIOY /)7 EO[REIL NCBInr
$ L UV Swiss Plot 7 — # ~_— 2 {ZxHi 3 % Mascot v2.1 X% v2.3 (Matrix Science)
IR LTz, 7— 2 _X—=2BEITBEL, VAT A VRT3 R A
Fk (Taxfl) ZEEEBME L TREL, ATFF=r DBz oWV T
EEMiE UCRE LTz, LTQ Z HWIGEIET Y I —H— A F Ik L T2
XIZ1.2Da, 7ua X7 hA A%k LT 0.8 Da ?® mass Bl & i% & L 7=, TripleTOF
5600 & W 2358137 I —%—A F 2%k LT 20 ppm @ mass BfE, 7w
7 b A A% LTO0.1 Da O mass BUEZBE Lo, 72k, MR, U7
T UTEABIZER U CTheR 2 8 missed cleavages & 714 L7z, 7235, Mascot A2 7
N I5SUAB TR L EDBEICFESTF F& LTHA LT,
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