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Abstract:

With the increasing availability of electrospray-mass spectrometry (ESI-MS), the
interest to interface this ionization technique with liquid-based separation has also
increased. An important area of ESI-MS interfacing is with capillary electrophoresis
(CE), a combination offers fast, high-resolution separations, sensitive and
information-rich detection.

The CE-MS interfacing is most commonly achieved with a liquid sheath. The
sheath liquid interface is the most widely used because of its relative ease of
implementation and versatility. The sheath liquid provides electrical contact with the
outlet end of the separation capillary, and allows CE-ESI-MS operation with a wide
range of buffer systems. Although the sheath liquid interface has facilitated the
progress in CE-ESI-MS, it has one major disadvantage; the addition of sheath liquid
in the interface may degrade overall sensitivity since the analyte band is diluted with a
relatively large volume of sheath liquid, prior to being dispersed into a fine aerosol
mist.

Without using sheath liquid, the development of sheathless CE-MS interface has
attracted significant attention. In this interface, a conductive capillary tip is
employed to eliminate the requirement of a liquid sheath to maintain the continuity of
the electrophoresis circuit, and therefore, sample bands were not diluted. The
sheathless interface, because of the use of a single capillary for sheathless
CE-ESI-MS, several practical issues arise. First, the diameter of the tip needs to be
carefully considered to maintain reasonable migration times and ESI stability.
Second, fabrication of conductive coated capillary is required. Third, it is required
to find a CE separation buffer solution optimized for separation and ESI stability.

For the first problem described above, a tapered capillary tip containing a beveled
edge has been developed for use in sheathless interface. The optimal flow rate and
sensitivity of a 75-pum-i.d., beveled tapered capillary tip was similar to a conventional
flat tapered tip with a 25-um orifice. Although both tips offer similar CE/ESI-MS

sensitivity, the beveled tapered capillary tip is more rugged and durable than a



conventional 25-pum tapered capillary because of the larger outer and inner diameter.

Considering the merits and drawbacks of conventional sheath liquid and

sheathless interfaces, an interface of low make-up flow rate would provide a better
alternative. Unlike the sheathless interface, the selection of running buffer is less
limited because the running buffer can be diluted with sheath liquid. In addition, the
sensitivity of a low flow interface would be better than the conventional sheath liquid
interface because of the low dilution factor by the low flow make-up liquid. In this
work, three low make-up flow CE-MS interfaces were developed.
The first interface is the low flow sheath liquid interface. In this interface, the use of
a tip of small orifice as the electrosprayer reduces the requirement of sheath liquid
flow rate and thus decreases sample dilution. Because of low dilution and the better
ionization efficiency of a smaller tip, the sensitivity of this interface was found to be
significantly better than the conventional sheath liquid interface.

The second low make-up flow interface is the dual beveled tip CE-ESI-MS
interface. In this interface, one beveled tip capillary was used for CE separation and
the other was used for supplying make-up liquid. Unlike the first low make-up
CE-MS interface, the make-up liquid in this interface was mixed with the separation
fluid at the very end of the interface. Due to the very small mixing volume exist at
the capillary tip, band boarding caused by dead volume was kept to a minimum. The
use of dual beveled tips capillaries as the ESI emitter reduces the requirement of
decreasing the orifice diameter, therefore, the capillary lifetime was longer than the
low flow interface usging tapered capillary. Furthermore, because the make-up
liquid was supplied by a separate capillary, the flow rate can be easily controlled by a
syringe pump.

The third interface is the beveled tip sheath liquid interface. Because the
interface is based on conventional sheath liquid interface, the interface is simple and
easy to use. The use of beveled tip decreases the requirement of sheath liquid flow
rate but without decreasing the capillary i.d. and o.d.. Thus, the interface was rugged
and durable.

The analysis of analytes at trace levels (e.g. ppb) has been hindered primarily as
a consequence of extremely small injection volumes. Large volume sample stacking
(LVSS) is one of the very promising techniques to overcome the limitation of
nanoliter injection volumes. In this work, low flow sheath liquid interface and a
tri-beveled tip interface were studied to couple a CE with LVSS. With phenols as

the model compounds, ppb level sensitivity has been achieved.

Key word: low make-up, capillary electrophoresis, CE, electrospray-mass
spectrometry, ESI-MS, Large volume sample stacking, LVSS.
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2-Methyl-4,6-Dinitrophenol
m/z=197
Int.=3.25E4

2,4,6-Trinitrophenol
m/z=195
Int.=1.46E4

Pentachlorophenol
m/z=266
Int.=5.27E5
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5 (%

o

;% CHES 20 mM at pH=10 » & /% ;% - IPA:
H,O=4:1+0.5%NH,OH> ¥ &k & 5 200 ppb ;3 & H,O
= ) e
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Abstract:

Linear as well as branched oligosaccharides were labeled with p-aminobenzoic
ethyl ester (ABEE) using the glycosylamine closed-ring labeling approach and
analyzed by negative-ion electrospray ionization mass spectrometry (ESI-MS).
Linkage specific fragment ions of ABEE labeled linear oligosaccharides were
proposed based on the MS? and MS® data for several ABEE labeled linear
oligosaccharides with known linkage configurations. Fragmentation at the reducing
end was similar to that observed for ABEE disaccharides whereas the fragmentation

pattern not involving the reducing end was similar to underivatized disaccharides.
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Based on these ions, all the linkages of linear oligosaccharides could be
unambiguously determined. The fragmentation pattern at the branched sugar was in
general not quite the same as the linear one. However, many linkage specific fragment
ions were also observed for linkages at the branched sugar. These ions along with the
ions proposed for linear oligosaccharides were found to be quite useful for the
determination of all the linkages of branched oligosaccharides.

For oligosaccharides larger than hexasaccharides, linkages near the non-reducing
end were not clear in MS? of the intact oligosaccharide. A strategy based on sequential
degradation before ABEE closed-ring labeling and negative ion ESI-MS analysis was
proposed to analyze the oligosaccharides larger than hexasaccharides.
Oligosaccharides were sequential hydrolyzed from the reducing end. All the linkages
could be gradually picked up based on MS? and MS® of the degradation products.
Unlike neutral oligosaccharides, a protecting group was introduced for sialylated
oligosaccharides to stabilize the sialic acid during degradation. The special treatment
along with the strategy proposed for neutral oligosaccharides were found to be quite
useful for the determination of all the linkages of sialylated oligosaccharides. For the
analysis of an N-linked glycan that was cleaved from a glycoprotein, an integrated
strategy was proposed from purification to the analysis of all the linkage information.
The sequence of the analysis is ABEE labeling, HPLC separation, ABEE delabeling,
sequential degradation, ABEE labeling and MS? analysis.

Key words: oligosaccharides, linkage, electrospray, ESI, closed-ring labeling.

“Hd gp

A5 e p\ o FARME AFEARAR FUEFTHREE T (op B ¥
P L) @i enF-v 247 (Proteomics) A 43k ¥ ! E'/,,\ﬂ}fr Loy g
E‘QF”"’»? ° 3¢ 2 (Proteome) &ip ff AN A T mie N TR IR AT B
B BT TR Y et e 2 FHchRy Y KB EFR A
(post-translational modification) » F i* % & % L 2 {$ #FB &F > of FL U o F A
% 60-90% Lk dv o pEEv PEAAS 2 A G F R M B #H i Feg
EMe RS T SR (blde kB T ) o2 B (bl
RAF o £ B KR o T b 0% b kB chpEARI 0o B RE RN B -
TP AR W R Ble D AT PRLE A o M LR
3 F RS A ER T o PERY chpEsast Bo FzRrRZzEOHA " mE £
Lo R R TV ORI £ 2R S (random coils) I 7 5 i (rod-like
structure)”™™ > Glde © AR F-v 60 W AIPEAE 3 5 RS hpEAA o B £ & e
G R POTPHRRE L B B BRI ER 2 ARG FiE L E
A
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T kRpEpREsEa i PgsimE (NMR) 7 L % hig2E > blde | R &
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87 F 4% h % pER 2 2 (Laminarihexaose ~ maltoheptaose ~ isomaltohexaose 4
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e 5V SR AL o
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bB i i A4 RWHPLO) A > £ 2 s PRI e f 45 T
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Part. C g 3+ ##_4 @Tl“%?%p‘ﬂl“*%“ﬁ_ﬁt“‘ L2 A

“H R

=7 454 carbonyl i & 4 0 12 pentaﬂuorophenylhydrazine(PFPH) EW el
éf?ﬂ iE ﬁm* “F g4 & 2 PFP-474 4 (hydrazone) ¥ @B 3t % F BT e
7R+ HAHPF F i) o 2 Nabumentone 2 Testosterone # 4 74+ » L
%H PFPH-#72 ek i o S %87 o 3+ §F RICEHIF © H5%( negative
APCI )™ » PFPH-#74 3 % 4 & [ M-20 | #t+ » p T foif 5 6UR T #rig {3
ECNCI 1% % #g 7 = Nabumentone-PFPH % Testosterone-PFPH 2_ 1§ P 4& "L & %]
= 500fg % 1pg (SIM mode) > fr A 72 A 454 3+ ~ 5§ Bt a5+ it
(positive APCI)™ 1 > @it & &< 7 300 2 25 & 4o 4+ % % (positive ESI)
g RACRHEA T 305 5B b AR ML B 5 BT #F 91 PFPH-
A p < F RS R T 2 A s (matrix effect) o 3 #-pt R %
B A Zﬁ% ¥ Nabumentone % Testosterone 2. 4 45 - 2 » Nabumentone > ;£ i P
%27 i 0.1 ng/ml > x Zﬁ% ¢ 2 {2 Testosterone 7 ¥ i #_1 R

B 4tE: carbonyl &4 ~ T F s F PFPH-4#72 F o

Abstract:

Two carbonyl drugs, nabumetone and testosterone, were derivatized with
pentafluorophenyl hydrazine (PFPH) and the resulted PFPH-derivatives were
analyzed with a Z-spray atmospheric pressure chemical ionization source in negative
ion mode. The PFPH-derivatives performed the dissociative electron capture in
negative ion APCI (ECAPCI) and very intense [M-20] ions wereobserved. Sub-pg
detection limits of nabumetone-PFPH (0.5 pg) and testosterone-PFPH (1.0 pg) were
obtained in selected ion monitoring detection mode. The PFPH-derivatives in
ECAPCI gave 300-fold and 25-fold lower detection limits than the underivatized
drugs in positive ion APCI mode and gave 30-fold and 5- fold lower detection limits
than the underivatized drugs in positive ion ESI mode. The sensitivity over positive
ion ESI is less significant in comparison with the positive ion APCI. However, the
PFPH-derivatives exhibited significant higher tolerance to the plasma matrix than the
underivatized drugs in positive ion ESI mode. The LC/ECAPCI/MS/MS method
was applied to the analysis of nabumetone and testosterone spiked into the human
plasma.  Detection limit of nabumetone in plasma was achieved at 0.1 ng/ml. The
endogenous testosterone in blank plasma samples was clearly detected and its

concentrations were estimated to be in the range of 0.2-6.7 ng/ml.
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Key words: carbonyl, electron capture, PFPH-derivatives.
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FHQ PRS- A FRT S R E % ¢ & 2% (corona discharge )
PEEE A A A A BEHYPS PR BRI FF R AL
/,,\ﬂ}’?;}'ﬂgﬁ_—é- o A FRTICE S M2 W EF I T F @L< J( proton
transfer) » 2 F[M-H]&[M+H 3+ o T k#Fm > J1* T E 27 EEY 22
2_# % + 11 PFB-#72 4 (pentafluorobenzyl-derivatives):& {7 % + ff i g+ it ¥ j&
FAr@ AR T 38 {7 ECNCL#g i end % » & A¢R 77 5 25-100 & cnfg = o ”Ji
’*ﬁ@*“ﬁ%*“%’auéﬁa@“W$%&m—ﬁﬂ$@T%+“é°
Rafelpd Bnd R TR AL M EFF I AR BhEE TR
BLRARE R H B 5 Handrd] i o
*FE T £ carbonyl i & 4 0 12 pentaﬂuorophenylhydrazme(PFPH) EY e
WA FA F A 2 H PFP-474 F (hydrazone) ¥ ERfEH 4 F R T &
TR+ HAIEF CF ) o TR HEIER R ST jft ? Nabumentone %
Testosterone 2_ 4 7 °

N

] 1.%_nabumetone {r testosterone 73 PFPH-#72 4= & ~ f 3+ APCI it ¢
T oA iE m’?‘rpﬂéﬂ’dﬂ":ﬁi PFPH-/#74 ¥ & #h &t ~ f 3+ APCI""‘FK"’
MR P 4 el Bl o it 3+ APCI T > nabumetone-PFPH fr
testosterone-PFPH # = 21 55 (%55 ci[M+H] 3+ (B 1. (a), (c)) > & L PFPH-47% $
B3 A NF I Mo o L [MAHF 0B A S g il PFPH-4R2 4 ey
f ot f 3+ APCI ™ > nabumetone-PFPH - testosterone-PFPH i & 2 = [M-20]-
kR B A /I% F 3 B pentafluoropropioic #72 4+ & & 5L ECNCI e % » 2t
e 38R 2t [M-ZO]-f‘f’Mﬁ.—ﬂ- it £.d PFPH-#74 & {723\ 7 jﬁ#}\}; ) RS
= [M] s £ %2 - HF & 3 @ {¥ 3|[M-HF] 033 B] 2. &_nabumetone-PFPH %
testosterone-PFPH i iE % 35 8 P H-38 T e jp[4&*L > H ¥ nabumetone-PFPH
PR LY 0.5 pg (m/z 388) @ testosterone-PFPH 1 iB4& L %) 1.0 pg (m/z 448)°

PFPH-#74 it 7 @31 » £ 5 f B AW A 454 e > 73~ 5 3
FMAcd AT AR g > AP AR Y 4o I mM T LR
PFPH-/72 4+ & 3+ APCI T e+ 1t F Jis » o P TRIRHE &t 323 APCI T
g P& o & 1.7 417 K 472 nabumetone -~ testosterone 2 H PFPH-/#74 $ #

34



e SN T o AP E e PR o W ) PFPH-4T2 4+ & f 3+ APCI T fok
WA A7 A 35 APCI ™ i jP[4&*2 > nabumetone-PFPH/APCI-*
nabumetone/APCI' i< 7 1T 300 2 @ testosterine-PFPH/APCI '+t testosterone/APCI"
3725 8 o frAATA A7 et A+ ESI T cnid PR r4p vt
nabumetone-PFPH/APCI ** nabumetone/ESI' i 7 1T 30 i @
testosterine-PFPH/APCI ¢ testosterone/ESI 14 7 i 5 & « PFPH 474 4 & 3+
APCI T énid P& PFPH #74 4= &t 325+ APCI © ehid PRI E 7 53 &>
il A pTd A7 Al 3 APCL ™ ehid PH&R'IME 5 - ok imd 2475
-+ ESI ™ cnid B4 U4p ve B Z JEF) o

AP EE E A LC/MS/MS &0,k %e b 3 PFPH-#+4 i* /ECAPCI 5= 2 i *
O Jf: ® nabumetone {r testosterone 4 47 o B 3. &_f% LC/MS/MS i 3t¥ 12
PFPH-/+=# i /ECAPCI 4~ ’Fr_u"_ 3]{’ ¥ nabumetone 5 & & 7 8] » 2 SRM g+ #F
K L5 m/z388>164 > B ¢ & 5ng/ml chjk & ¥ > ¥ 5 ) nabumetone-PFPH thi
WEEFARE TR B S A LA50%E (B 3. (b)) > 2 2 ehif /PJ’F@;‘ i 0.1
ng/ml(®] 3. (c)) » I P& LA 47 6 ff $1 5 4o 0k R BT 4> % 0.1-12.5 ng/ml
e B 17 3] 7 & SR Tk o ] 4. n\/’a\ 7 5 Jf: ¥ testosterone s & & 17 & ﬂ(m/z
448>448) > 8 & 12.5 ng/ml pPF¥ 2 3| testosterone-PFPH ¢ i 4% & B = 4
A g0 A w4 8.8 min 2 9.4 min FE T p%ﬁf » ] 4. (d)—sju R A ﬁfz
r’?’ﬂ%‘rﬁ%ﬁ‘rﬂ’ 876 min 2 94 min ¥ A L > H ¥ 876 min G ELY

A& KppABEaFRESF A 9.4 min FEUELR T ’bkip A =2

testosterone ° % 712 9.4 min LM g ff ¥ 97 °F 4o e testosterone Jk B B k4
&0 % 0.1-12.5 ng/ml fge B 77 8 ] 2 4 AU

NS Ll

1. & = nabumetone fr testosterone =73 PFPH-#7# #~(hydrazones) = f. .+ APCI ™
TRET T AF B S [M20] 4 0 & 45 APCI T AT i (T - e
it 2 S [MH] 4+

2. nabumetone fr testosterone 77 PFPH-472 4~ (hydrazones) = § &+ APCI T eid
BB 0.5-1 pg > fl &3+ APCI ™ hid pl4E*2% 1.6-3.3pg °

3. 2 PFPH-/#74 i*/ECAPCI 4 7= ¥ nabumetone i+ ~ § ;%{ﬁ‘.—”r APCI ™ H = ;&
B Ly ¥ Z 0.1 ng/ml e o ¥ & 0.1-12.5 ng/ml ehge B 7 3 # (7 ) 245 chi
Moo

4.12 PFPH-4#7# i*/ECAPCI # #7 1 ¥ testoserone it ~ f -+ APCI ™ H = ;2 i}
BB A W 5 1ng/ml 2 0.1ng/ml e & f 3+ APCI ™ - 0.1-12.5 ng/ml 24>
7RV AR D] s o
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(d) Testosterone-PFPH in negative APCI.
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1. PFPH-

APCI APCI" ESI"
Nabumentone-STD 150 pg 15 pPg
Nabumentone-PFPH 0.5 pg 1.67 pPg
Testosterone-STD 25 Pg 5 Pg
Testosterone-PFPH 1 pg 3.33 pg
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Abstract:

In addition to the sample characterization, chemists also have their interests in high-speed
and high-throughput analytical technique development. The current advances in combinatorial
chemistry and the Human Genome Project have brought increasing demands on the speed and
throughput of the analytical systems. Capillary electrophoresis/mass spectrometry (CE/MS) has
been recognized as a powerful method because it provides rapid, high-resolution, sensitive
separations and ability of qualification for small sample. In order to increase the throughput and
minimize the average analysis time, multiplexed capillary electrophoresis/mass spectrometry is
studied in this research.

Four sheath-flow electrospray probes are placed in front of the sample inlet of the mass
spectrometer. Between the probes and the sample inlet, a round metal disk is used as a shield.
There is a 90° opening on this shielding disk. While the disk is rotating, the samples from
different capillary electrophoresis are electrosprayed from the four different probes. As a result,
sample can only be analyzed when the wedged entrance stop in front of the probe, otherwise, it is
blocked and not detected. By connecting the signal from the mass spectrometer to our device, the
scan event and the movement of the rotating disk can be synchronized. The results demonstrated
that this interface could be used in multiplexed capillary electrophoresis/mass spectrometric
analysis and the throughput
was increased by a factor of 4.

Keywords. High-throughput, Capillary electrophoresis/mass spectrometry, CE/MS,
Electrophoresis.

id 2P eh

”?ﬁ%ﬁ%4@%?%@w$FUﬁ%—%%‘%%ﬁﬁuﬂﬁiuﬁ§@;é
NOE AT A SRR S o b g P e

mERRH eI o AATRIE S REAEOAT

g doo i%ﬁ‘“\g“%%ﬁﬁmaﬁ%gxz



AR R 0 LR AR A ST, B2 b 0 R SRR T (T AT P 0 T O e
TH - R TR o

ﬂﬁ%ﬁ@ﬁ%#”& Fart oA R AR R @ §EF R AT R
SER R § A I R mﬁﬁaa$%ﬁ chip £1 A 5+ 7 P o & DNA
”K%iﬁuaﬁnﬁﬁﬁbﬁjﬁﬁm;mlmﬁm EiﬁﬁmgkﬁbﬁmﬁmM
PR FTAEFHER > FEL R A/FHRAG Y 2 STV ARG RETHRYFE T
BEAR A TR A TR T A ff’g;’ﬁ;ﬁ‘:?fﬁ?r' VPR R BRI FOATEER o 5 ,}4_@;,J1

FENFRHR S DL j k22 - 25 L wTA/FHRAIT A AR B R
B oo

(=

TR

d.

%g;

1\\\-

I

BARr > L RARETH#RAS A - KEFRFP ER N FE- gasrE o X
EAMTRFESL A FHREHR S L2 F LR R S ESmE T
ARTEFH#RAG ~ BRIV wiPFLEAFTALIERE MG REF P Fee e
LG G RAREFS S R XN ROEHR T o d N I B R
TAFARRR TR - ERETRE - FL R AR ORI DTS
oo REAES BRI E TR o AR deR 1 TE o E R - R
- S R - iR A - R AED bl %—%ﬁw W T HTE - 2
o ORHFFI R - RT AR R B BER O HIIE -1 BETmFE]pHTF ¥ =
RLAR - RAEETFR S-S F B4 a:mr*“ NS INEE E
Blx W FE - - B RS T LIz 9L g o SRR AE - “fﬁ“i o Fe
%fﬁﬁw‘% ESRE AR E FHREWR T 23 5 L wE RATHKA 6 K
FAUEES wf TARF KRGS TE - L f LA T RIS B Event -
"1 See 1~ 7 Niflumic acid((M+H]'=283)fk 8 530 % o » &% — @ Event eni= ¥
ek TS SR ETLEE S 800 % > LB @i A 5 100,000 steps/s ~ bo ik
% % 100,000 steps/s™> =7 7 B 300 % ) 3 it R0 4R AT 5 2 W A (Full
Scan) > #ftF B < EARPFRF 5 300 T 0 B A I ERE 55107 = BAHR L - BER
e F £ # B 5 300Da > Event 1 : 100~400Da - Event 2 : 101~401Da ° & 3% 2 & % 7

S EL g Rt - BARRPR T OOGRTHRA SRR 503 B Event chlfcdy 0 5]
PR R Bpeh 7 2 K P A B Event i TEF BN LE A R ORE o RIREE
FHACELwERATETHAG T LA H DR ESFTFE 0 2 AL i LA
AT

B 2B S ELfwmE RARETHATREESNEE HY A mE P A
IR 2R & 4k 5 0 4 5] 5 Keyoprofen ([M+H] '=255) ~ Phenylbutazone ([M+H] =309) %
Sulindac ([M+H]"=357) ~ Prednisolone([M+H]'=361) -

Eiﬁ;@%?%?ﬁﬁﬁﬁ?%%*W%é%Q’RW@—ﬁw%mééwga@
TEAG - - E2mF RATEAG Y L TEHFENE P HEET B 180° TIEHK
Grenfp 3 BEHE S e £ R EAF ST & O0PapEg c e £ TIFEHF LR “%m“ Qe §

p

fmf

43



B o

Flpt e frEe EL mTATEAG h7 Flhe (T2 L E - £ md TEFERS
Ta# k4F 4 = B Event 3K 2> rit 84458 §2 » 7 Niflumic acid((M+H] =283) 1 1 &3 = m
Fo e b o L g DAL AR A PamkﬁﬁA/kﬁﬁv 400 # > ,Tk—km 2
- Bl ##i B S 200,000 steps/s ~ 4vid B % 200,000 steps/s” > 458 L] ¢ ¥TEERY 300 F )
FHRXTa “,f Ter A fRpe e B Event 3 T ¢ o B AR T30 BRIRER RApR 0 %
Event m?ﬁﬁ&#%@ﬁ 5l %2 Event 1 © 100~400Da ~ Event 2 : 101 ~401Da ~ Event 3 : 102
~402Da ~ Event 4 : 103~403Da « fLip] 60 ~ 48 % > Bl¥? 2P 2 T E KT R 2
FERGFL  Fp @ Hhrme €L g TEOT F12 o

BT RAPEFT Be 2L m'ﬁ RATREEHOLST - RESKE S B RTFHFE
PR ehiz g P T L 4 ’\Iﬁ CHEET R HULRME FHEY - B Aw il
FRaE o AR Y R HEPSL ’E B 4 ’Frp‘ﬁ/\m R UEEELTIEZE o Heage
PR F%%lii’ﬂ?ﬁ'@iéi*“"b’wﬁ'%#ﬂ?°

EE B BHET LA AW 5L md 1 Caffeine((M+H]'=195) ~ Diazepam
([M+H]'=285) » < g 2 Sulindac([M+H]"=357) ~ Prednisolone ((M+H]'=361) » £ g 3
Ketoprofen([M+H]'=255) ~ Niflumic acid((M+H]'=283) » = 'm ¥ 4 :
Ethoxybenzamide([M+H]+=l66) \ Bucetin([M+H]+=224) o BEAcR 30 E 1L mF e PEA 4T
N R LA BT AR T A g Y EIER LR R o VU AP LR
T A FHEATE B SR AR SR NE  BEEREE
BRCARE TV HRBEESTER > PFE- KPUER BB T 2000ppm > B & 4oRlT 40
Tk kB %S 2000ppm Y 0 DA BRBRI|Z PP AP TR

N L

LAI" Fad R p R ks M G b 2 T RFR R R S E S mE g
ATEFTRRAG 7 74

208 N RFR R ZE TEHFEREXZF LU PR v E e £ mE TAT
DA e A

3ot SRS EE T AL T LT R RE DGR

4 FFBFF e E L wpE DARPEFTH L SRAERARB E 2000ppm v AF R TR F IR
4 o

I~RTFEHR

1. J. Cohen, D. B. Kassel, Comb. Chem. High Throughput Screen. 1999, 2, 327.

2. L. Zeng, D. B. Kassel, Anal. Chem., 1998, 70, 4380.

3. L. Zeng, L. Burton, K. Yung; B. Shushhan; B. D. Kassel, J. Chromatogr. A, 1998, 749, 3.

4. T. Wang, L. Zeng, T. Strader, L. Burton, B. D. Kassel, Rapid Commun. Mass Spectrom.,
1998, 12, 1123.

5.J. Veals, K. Dunn-Meynell, X. Zhang, G. Tucker, K. A. Cox, C. Lin, W. A. Korfmacher,
Rapid Commun. Mass Spectrom., 1999, 13, 1991.

44



6. W. Z. Shou, X. Jiang, B. D. Beato, W. Naidong, Rapid Commun. Mass Spectrom., 2001,
15, 466.
7. C. K. V. Pelt, T. N. Corso, G. A. Schultz, S. Lowes, J. Henion, Anal. Chem., 2001, 73,
582.
8. V. de Biasi, N. Haskins, Organ A. Organ, Bateman R. Bateman, K. Giles, S. Jarvis, Rapid
Commun. Mass Spectrom. 1999, 13, 1165.
9. L. Yang, T. D. Mann, D. Little, N. Wu, R. P. Clement, P. J. Rudewicz, Anal. Chem., 2001,
73 (8),1740.
10.Y. Shi, P. C. Simpson, J. R. Scherer, D. Wexler, C. Skibola, M. T. Smith, R. A. Mathies,
Anal. Chem., 1999, 71 (23), 5354.
11.B. Zhang, H. Liu, B. L. Karger, and F. Foret, Anal. Chem., 1999, 71 (15), 3258.
12.G. Nicholson, E. Bayer, A. von Brocke, Electrophoresis, 2001, 22, 1251.
BEIPE 5L mE TAIETHRAG 277 ALihy H o g8
7 %1 (2001)
14345 e EL g TA/RFIETHFR A0 2P H HLHy R o gt g8
7 41 (2002)

45



je S

'FL g

-

3%
iz
B

L TIC 1
RET A TIC 2
Hk ® TIC 3

| TIC 4

| TIC1
L_- TIC 2

46

| Tc1
L TIC 2

| TIC 1
| TC 2
| Tc 3
K TIC 4



AT ROT - B
T

B

Bl pfive Llasuleey
E

w @ & BB Bae & 8

i
i

o B8 2 2 Bo 2 o8

AT B0 - MG B 150
X

el BT R ]

f. T & E 2

B2 —E2md RATREFTHRH A4 (s F N TICH > (b)% - 5 TIC ¢ b a3 B

1343

1342

T Probe 1 < TIC 1
Probe 2 < TIC 2

m n a Frd b il FLl i n

Tems j T

L] 1] 50 F= ) FL] H i ] H 13

Tirna jFini

KL
ER-1]
TEF =p
Full i/ |
1O -
00N

il
BT
TEF &
Fuill s |
10w
g ]

.5
§ FRET
rinfge FE 5T S

i s

i,

£ HEER

s Sl -
Fo il ma |
HOL N - R R

Fil

1
e 350 0T S
F oo Ful s |
107 160 - 461 N

TR T AKITE ()5 - R TIC? 5 BIEE 3F hT A K 47H

47



RT-0.00-30:20 Skt 156G

10
Probe 1
: o “ e
% Probe 1
. o 1785
q Probe 2
. o 1258
g Probe 2
£
i, —
i 15,80
% Probe 3
. Ly 6,38
% Probe 3
. * 576
Probe 4
e 1E7E
Probe 4
=- ] L T L] ) ¥ T L) ] ¥ J L] T L) L] ¥ ) ] 1) | | ¥ ¥ T L]
H i 1 1 0 24 ¥
Tuma jmin)
M3 w g m LALEFHA RS £ F 0 B 8 BRESS T AT THAH

B -

48

ML:

6. TEES

mip= 10, 5-195.5
F: # p Full s [
100,00 - &00.00]

ML:

288ET

mips 184 5-J85.5
F: # p Full s [
10 00 - ) 00]

ML

3L33ES

fmig= 356, 5-357.5
Fi+pFuims[
10700 - &0 00|

HL:

1. TEE

mlr= 80 5-361.5
Fi+ p Full ms |
101 .00 - 401.00]

HL:

SATES
mir= 364 RIBER
F:#p Full ms |
1032 00 - £03.00]

ML

1ASET

miz= 782 52835
Fi+pFullms|
10200 - £02.00]

ML

T.26ES
miz= 165 5-1EG 5
Fi+pFullms|
103,00 - £03.00]

HL:

1.82E5
miz= 220 5234 8
Fi+p Full ms [
103,00 - £03.00]



BT 001 -27.08 S 155G

1 1 AN

Probe 1
1
1
§ WM
z
-1 4
=
= Probe 2
1
K,
. T84T
f
T
|
Probe 3

Probe 4

B4 ERHIR FHEPRE KR EIER 2000ppm -

49

ML

6.20E4

mir= 8252835
E:+pFulms|
100 00 - 400,009

ML

5.33E4

miFs 263 5335
F:é#pFulms[
104,00 - 401.00]

ML
9.5TER
miz= 282 5780 8
Fiov o Full me [
102.00 - 402.00)

HL
267E4

iz 202 8253 &
Fi+pFulms|
103.00 - 413 00]



