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Abstract: A microspray columm with inproved ionization efficiency, a

hi gh-sensitivity nmass spectroneter conprising the m crospt#dgy26um, and
a mass spectronetry using the microspray colum. The microspray colum is
used for introducing a sanple into an ion source of a nmass spectroneter
(ESI/M5) of a type in which sanple nolecules are ionized by electrospray
and introduced into an analyzer, wherein (1). the inside dianeter D, of
the opening (1b) of the end of a colum (1) is 0.5 [err] m or less, (2)
the particle size Derr] of a cebromFichireon(2) is 0.5 [err] mor.
greater, (3) no frit is used. The nmass spectroneter has such a m crospray
colum in an ion source, and the mass spectronetry enabl es nanofl ow 11 My
2006 SPECI FI CATION TITLE OF THE | NVENTI ON M CROSPRAY COLUMN, MASS -

SPECTROVETER, AND_N%SS SPECHY NI RIfC THE INVENTION

MICROSPRAY COLUMN, MASS SPECTROMETER, AND MASS SPECTROMETRIC

METHOD
TECHNICAL FIELD

The present invention relates to an improved technique
in mass spectrometry. In particular, the present invention
relates to an improved technique of a mass spectrometer
(ESI/MS) being designed to allow the introduction of a sample

‘molecule with electrospray ionization, and a mass

‘spectrometric method.
BACKGROUND ART

A mass spectrometer (hereinafter, referred to as “MS”
(Mags Spectrometer)) is roughly composed of: aﬁ “ionization
source” for ionizing a sample; an “analyzer” for separating
ions according to the ratio of mass/charge, represented by m/ze .
{wherein m: mass, 2: charge number, and e: unit charge); and
a “detection and ;ecording part” of ions being separéted.

The électrospray ionization technique generally



METHOD TECHNI CAL FI ELD The present invention'relates to an inproved
technique. in mass spectronetry. In particular, the present 1 May2ousi on
~relates to an inproved techni que of a nass spectroneter (ESI/MS) being

. designed to allow the introduction of a sanple nolecule with el ectrospray
ioni zation, and a mass spectronetric method. BACKGROUND ART A nass
spectronmeter (hereinafter, referred to as "Ms" - (Mass Spectrometer)) is
roughly conmposed of: an "ionization source" for ionizing a sanple; an
"anal yzer "réberseparadi nYESIbNs (Bheor dbbgetdathenr atbe okisBsSbEhRBYE,
represented by mze (wherein m nass, z: charge number, and e: unit
charge); amshizatietpcisoknend secondi 08 PREtmePhodoNSEPEEAY-$8QaRAKEd. The
el ectrospray ionization technique. generally 1 11 May 2006 refefred to

"ESI" (1 heimbhs@yéaid on il aRTaSRIaYco |90 Z3l1 o) I hizovn as one of

the methods of ionizing and introducing a sanple nolecule to an anal yzer

of N8, 10 Uh's aheatiiospiaed: 0zl 9Brlochn e ApsanaY, Loophalr | ed ou

by applying the high voltage on"a sanple nolecule ught“in-ionic
Peohe o bR R By LSS Ind (3 K3Bh vI0ERGE' S S2RETY hSTLERILO"
being brought in ionic state with acid or the like in a solvent.
This electrospray ionization technique is a technigue
| for spraying a sample molecuie, which is brought into an ionic
state by acid or fhe like in the solution, by applying high
voltage; forming liquid droplets (mist) in micron order, in
which  many  solvent molecules are combined with
.multi—protonated.molecules; and spraying nitrogen to dry and
remove the solvent to ionize the sample molecule, followed by
subjecting to the above analyzer. As the cﬁarge numb.er of ions
being generated becomes large in this technique, it may be
particularly useful in the measurements of peptide and
proteins, respectively.
Here, the electrospray ionization of the sample molecule
in the above ionization source of MS is performed by discharging
and atomizing (spraying) the sample molecule in small
quantities from a column formed of an elongated silica glass
generally having an opening with a minute aperture. This \
column will be referred to as a "microspray column” below.

Fig. 2 is a diagram that simplifies and expresses the

configuration of the conventional electrospray ionization




for spraying a sanple nolecule, which is brought into an ionic state by
acid or the like in the solution, by applying high voltagejmMapesieng |iquid
droplets (mist) in mcron order, in which many sol vent nol ecul es are
combined with multi-protonated nolecules; and spraying nitrogen to dry and
renove the solvent to ionize the sanple nolecule, followed by subjecting
to the above analyzer. As the charge nunber of ions being generated
becones large in this technique, it may be particularly useful in the
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ioni zation of the sanple nolecule in the above ionization source of M5is

per f or med typidaSc haeabae ragnsh Bl Zid?ﬁtﬁégﬁfaf&géréﬁpgzo} ' fog?éﬁ?d‘l ein

smal | quantities froma colum fornmed of an el ongat'ed |c? as_sII .
-al | i kNgpW Lha.[i-nt S W e
e P (AP0 RO RS PREELUE S d 50 Y 0

referred to as a "m crospray co

[ -ifi d E f t] f .the' tional.
o1 at 7 ospray L oRERBET ant 2 1T WY D60k P Rchh R Ao PRR Bt i a1 10

i | i.cal . col . he m crospray colum
10 bei ng SFOPHEh SEoh EREERCR T Pe BOrr ot T e duioHa g0t 8 Tt fa
fo.fill 10 h hem c¢al _bond type siljica els or the
TR G 8ty Do e SR e e O oS

column is about 10 to 15 um. Furthermore, the outermost tip
portion of the microspray column10 is loaded with a large~sized
bead 10b for preventing the discharge of beads, which are also
referred to as a flit.

This microspray column 10 is a constituent member of the
ionization source of a mass spectrometer 11 and is arranged
such that it extends to the frdnt of a pre-column 12 on which
a high voltage is loaded. It is configured that fine.droplets
14 containing thersample molecule are atomized from the tip
portion of the microspray column 10 to the analyzer 13 of the
mass spectrometer 11.

However, in the conventional microspray column, the
separation efficiency of a chromatograph was insufficient
since the particle diameter of the filler in the column was
large (generally about 50 um).

Inadditionthatthebarticlesiméofthefillerwaslarge, .
‘the inner diameter of the tip opening of the above microspray
column was also large. Therefo're, the discharge amount of the

- sample increased and the particle size of charged liquid




In addition, the inner dianeter d of the tip portion of the colum is
about 10 to 15 pm Furthernore, the outernost tip portion of the
m crospray columm 10 is |oaded with a large-sized bead |ob for preventing
t he di scharge of beads, which are also referred to as a flit. This
m crospray colum 10 is a constituent menber of the ionization source of a
mass spectroneter 11 and is arranged such that it extends to the front of
a pre-colum 12 on which a high voltage is loaded. It is configured that
fine droploecesletd Eomed divnhdgheheprsanpras edlisec dbegar eAatomemad thrém the tip
portion of the mcrospray colum 10 to the analyzer 13 of the nass
spect r onettée procegmwaverhirh the swdivestt venalrifd rospraporviadm thehe
separation efficiency of a chromatograph was insufficient since the
particl e difddeiencpfofheransferring ttwmugsdirmleggsonisatge thgesempley about
50 pm. In addition that the particle size of the filler was large, the
i nner di ametlerubé imetheé psopmritngast nphesubbdielentor odsprabhercoeboudn, was al so
| arge. Therefore, the discharge anpbunt of the sanple increased and the
particle ¢ihee obntharged |4¢Iuicd <har oplfet shéorsmoly tred esprlay was al so
| arge. As a result, in the process in which the solvent was dried and
vapori zed inshé&fiefdntti ency of transferring charged electrons to the sanple
nol ecul e in the solvent was not sufficient. In other words,

: Furthermore, the microspray column was configured such

that many areas without filling with the filler were formed
near the tip opening, resulting in a large discharge amount
of the sample and a large particle size of the charged droplet
formed with the spray.

Embodiments of the present invention seek to
provide a microspray column capable of improving the
ionization efficiency, and a high-sensitive mass spectrometer

and a mass spectrometric method using this microspray column.

DISCLOSURE OF THE INVENTION

In order to solve the above-mentioned technical subject,
the following means are adopted in embodiments of the
present invention,

According to an aspect of the present invention, there
is provided a column for introducing a sample in an ionization
source of a mass spectrometer ESI/MS) being designed to ionize
a sample molecule with electrospray and introduce it into an
analyzer, comprising structural features of:

4




the ionization efficiency of the sanple nolecule was insufficient.
Furthernore, the mcrospray colum was configured such thafmMappopear eas
without filling with the filler were formed near the tip opening,
resulting in a |l arge discharge amount of the sanple and a | arge particle
size of the charged droplet forned with the spray. Enbodi nents of the
present invention seek to provide a mcrospray columm capable of inproving
the ionization gffd G enc hi gh- Siit t and a
mss spoct romet e et had e ng thi o Eeaepr Al v DESL RO OF THE

| NVENTI ON,¢ np@r dgffy® sol ve the above-nentioned technical subject, the
foll owi ng neans are adopted in enbodi nents of the present invention.
According to an aspect af o Ne. Aresant pﬂv&ﬁtj{e‘%@ ihNEr S rsgypLoyi ded a
columm for introducing a sanﬁ?e N "an Tonization source of a Pess
spectrone&ggiEg%éﬁﬁbiﬁgggg §$§igned to ionize a sanple nolecule with

el ectrospray and I ntroduce 1t into an analyzer, conprising structural
features of: 4 é% Nq%iggggi(l) 0.5 pmor less in an inner dianmeter of a tip
opening of the col umn,; "0.5 pmor nore and 5 pmor less in a particule
si ze J
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of a colum filler; and (3) fritless. 4a 11 May 2006 Here, "frit" means the
menber of a mmjor-di ameter bead and other nenbers for bl o¢ckMagzddee bead

| oaded in the tip portion of the colum. On the other hand, "fritl ess"
means the configuration in which only the filler is filled in the colum
W thout using the frit. The particle size of the filler is a mninum

di aneter as nuch as it cannot be conventionally conceived. In addition,
the inner dianmeter of the tip opening of the mcrospray colum is small.
Therefore, the discharge anount of the sanple can be substantially nade
small, conpared with the conventjonal one. For this reason, the particle

di aneter of the¥ifar géBIdr SRS FBFNBEATRYT tHe % PrrdfT CARTBES T M4 ur i zed.
As a result, it becones possible to increase the efficiency of
transf er ratfy FHETMEREEEs ef ek (1 oRrking e Peafvieadady iphEhe e nol ecul e.
Therefore, an increase in ionization efficiency of the sanple nolecule
beconmes po¥diisneot|thg goppmn e Qahteet attafendne” 15351556t | BBt Wke _
m crospray colum into taﬁeri ng formas much as possible. In _addition, it
i s pref erg®Biequsakion izehifle Arloatbe fHder ps Hdrieroln dthet RelWir ospray as
much as possible. This is because, when the area of the_tip portion of the
col umm i switdeutangeng the frit. The particle size of the filler is a
| minimum diameter as much as it cannot be conventionally
- conceived. In addition, the inner diameter of the tip opening

of the microspray column is small. Therefore, the discharge

amount of the sample can be substantially made small,

compared with the conventional one. For this reason, the

particle diameter of the charged droplet formed by the spray

can be miniaturized. As a result, it becomes possible to

increase the efficiency of transferring the charged electron

in the solvent to the sample mclecule. Therefore, an

increase in icnization efficiency of the sample moclecule

becomes possible.

It is preferable to shape the tip portion of the
microspray column into tapering form as much as possible. In
addition, it is preferable to minimize the area of the tip'
portion of the microspray as much as possible. This is because,
when the area of the tip portion of the column is too large,

there is a phenomenon in which a large droplet is formed while 1

the solution discharged from the column is being adhered on




there is a phenomenon in which a large droplet is formed while the

sol uti on discharged fromthe colum is being adhered on 5 11imMayod@006 t he
tip. Therefore, the liquid droplets can be prevented from beconing fine.

It is preferable that the inner dianeter of the tip opening of the col um
is 0.1 pmor nore. This is because a high pressure is needed for the

di scharge of a solution when the inner diameter of the tip opening is |ess
than 0.1 pm In the present invention, furthernore, the present invention

offers a "@1%31:§{99C'[Tk%‘%°é%r&h%ﬁ1%cif uf&%x%le%%”@éh%é‘geg%h%ﬁzﬂdrﬁ”

source constructed such that a sanmple nol écul e contal I'n charged
droplets g Quzef m the above 'microspray colum is ionized, and a nmass
spectronetric net ho& for perfornming an nanofl ow el ectr'ospray usi ng the

above m crospr I m " panof | ctro nmeans a

t echni que capab ¥ Ci %foér_%bﬁlge aplg %b#%e ef‘%%??ogﬂi?g‘?%error?ﬁiﬁeéont% a
solution that .cont ueto be fed at a flowrate in the
order of FERGIS & stiﬁLFﬁiiﬁ])?m A 0 tFE‘dﬁEl BEEPnt o" ke ahBIRBRAUSR & nass
spectrone Wth this neans, it _is possible to prqovide a nass
spectrone&%ﬁﬂ%B€Pﬁ§uﬁ?gﬁsd%?%@?@rﬁp%éﬁﬁi@F@Fp?rgﬁd°§x€e$¢¥#ﬁlomdﬁﬁﬁht|on
efficiency and a mass spectronetric method. As descri bed above, the present
i nventi ontlh§ éé‘ﬁ&ﬁl gigpeter of the tip opening is less than 0. 1 um.

In the present invention, furthermore, the present
- invention offers a mass .spectrometer characterized by
comprising an ionization source constructed such that a sample
molecule contained in charged droplets atomized from the above
microspray column is ionized, and a mass spectrometric method
for performing aﬁ nanoflow electrospray using the above
microspray column. Here, the term “nanoflow electrospray”
means a technique capable of performing a stable electrospray
ionization on a solution that contains a sample molecule to
be fed at a flow rate in the order of nano liters (nL/min) and
introducing into én analyzer of a mass spectrometer.
| With this means, 1t is possible to provide a mass
spectrometer having high detection sensitivity and excellent
ionization efficiency and a mass spectrometric method.

As described above, the present invention is capable of
improving the ionization efficiency of a sample molecule and ;
perfectly performing a nanoflow electrospray by making fine

. charged liguid particles discharged frbnl the microspray

column.




i mproving the ionization efficiency of a sanple nolecule and perfectly
perform ng a nanofl ow el ectrospray by nmaking fine charged1i mgypabeparticl es
di scharged fromthe microspray colum. 6 11 May 2006 This techni que has a
technical neaning that the high sensitivity neasurenent of a high

mol ecul ar wei ght compound such as peptide or protein becomes possible
because of an increase in the charge nunber of the ion to be generated.

BRI EF EXPLANATI ON OF THE DRAWNGS Fig. 1 is a diagramillustrating an

extended vi ew aroungd tddrthidue RS | ON&Ehd Nea I GEQSPRYL 180 u@?i‘eolfu&ﬁ'e
present invention; Fig. 2 1s a diagramillustrating a sinplift

conf i gur atdeas 16 +18, GRINRM A o@%chrg fa@X?EHEHgnwefL&ﬁgnb?H%ou 49- 3(A)

is a schematic diagram of the chromatogr e mass”spec er when

the conveniidnals eposgEay. IbUERy! ﬁe%%ﬁ%s Uil Ul 3, poliemt | o

di agram o tograph o e mass spe troneter %?ospray.

I f d 4 h t f th
s Spectromtie Bhealhel Tk i At tag oo ¢ B4 FRCAE of the

whol e am no acid sequence (609

BRIEF EXPLANATION OF THE DRAWINGS

Fig. lisa diagram illustrating an extended view arcund
the tip portion of the microspray column of the present
invention;

Fig. 2 is a diagram illustrating a simplified
configuration of the conventional electrospray column
technique;

Fig. 3(A) is a schematic diagram of the chroﬁatograph
of the mass spectrometer when the conventional microspray
column is used, and Fig. 3(B) is é échematic diagram of the
chromatograph of the mass spectrometer when the microspray
column of the preéent invention is used;

Fig. 4 is a chromatograph of the mass spectrometer
obtaihed in the example; and

Fig. 5 is a table of the whole amino acid sequence (609
amino acids) which is the digestive product of trypsin enzyme ,

of human serum albumin.




am no acids) which is the digestive product of trypsin enzynme of hunan
serum al bum n. 11 May 2006 BEST MODE FOR CARRYI NG QUT THE hNVENIddgeN

Pref erabl e enbodi mrents of the present invention will be described with
reference to the attached drawings. Fig. 1 is an.enlarged view of around
the tip portion of the mcrospray colum of the present invention. In Fig.
1, the reference nuneral 1 denotes -a microspray columm (hereinafter,
sinply referred to as "colum") nade of silica grass, which is shaped |ike

an el ongaieadTc yoDEd @0 RMCAIRRY TG loow fremadivetdrgosi . This colum 1
functions as a sanple-installation colum which constitutes an ionization

source of a mass spectroneter (ESI/MS) designed to introduce a sanple
nol ecule into the analyzer after ionizing the sanple conmpound with

el ectrospray. | 83e3B0un bilafbdiiren o LRI LR 8h: LB gol L 1 has 2

cusp formwhich tapers off gra a‘tip openin havi

specific deameligld gl 3682LahAA 2o5a0Rl & 3QlHLLOY, oARd gt om 21 ng t he

sanpl e solution toward an anal'yzer of Mass~ ‘spec roﬁ%?gr'nop shown in the

(joure 15, 1ormeesit e, UL BLIBR el LPofOL) L9 L AIET ISyt | 1ot O

PEParati 19nd ARSIy columiofRnY pRedtnt TNIon .Y tmFig 1 | RPN N
reference numeral 1 denotes a microspray column (hereinafter,
-8imply referred to as “column”) made-of silica grass, which
is shaped like an_elongated cylinder with a hollow formed
‘therein.

This column 1 functions as a sample~installation column
which constitutes an ionization source of a mass spectrometer
(ESI/MS) designed to introduce a sample molecule into the
analyzerafterionizingthesamplecompoundwithelecfrospray.
As shown in Fig. 1, the tip portion la of the column 1 has a
cusp form which tapers off gradually, and a tip opening 1b

.'having a specific diameter for discharging a sample solution
and atomizing the éample solution toward an analyzer of a mass
spectrometer nof shown in the figure is formed in the outermost
tip portion.

‘Furthermore, in the inside of the column 1, a filler 2
functioned as a sorbent at the time of separating a sample is
filled up with uniform density. In the tip opening 1b, it is
configured such thét a frit is not loaded. i‘hat is, the column

_  f of the present invénEion"is a fritless column.




configured such that a frit. is not |oaded. That is, the colum 1 of the
present invention is a fritless colum. 11 May 2006 Here, i1nmahoopresent
invention, the inner diameter DI of the tip opening Ib of the colum 1 is
.0.5 pmor less, preferably 0.1 pmor nore and 0.5 pmor |ess. The
particle size D2 of the above filler 2 is nore than 0.5 pmand 5 pm or

| ess. The reason of setting the inner dianeter D1 of the tip opening |b to
0.5 pmor less (D1 < 0.5 pm is that a charged droplet containing a sanple

mol ecul e separ atjedef,r 9/ the pebuent ingadcabani 28d thABYt BeakkRe@PENIiNg I b
is sufficiently nmade smaller to increase the ionization efficiency of the

‘sample mareaule Wi hogeRiAbnLg oI IGaling 1 hes! Ber it DL of tip

opening Ib is set to 5 pmor less to allow the mass s trometer’ to

generat e %é:leﬁfireQ%bcih 098 MYMRe kol QAF pNst ﬁﬁl ég‘@ggﬁggh Celrjllig%’ifﬁ‘f%{%h .

realize t gh-sensi tive neasurenent of "a o onpound

such as p i.de o tei sing.a Ss spectroneter.. |In_addLtion, the
reason of esgtezlﬁ ﬁ n%ft h% %g;&fqiéc ég%iefegabi %?Dr% HEF & FB 289pri¥ tGHan 0. 5
pmand 5 R.Qr less (0.5 pm< D2 <5 pn) is that for preventing the filer
2 fron1beiﬁ§s‘discharged through the tip opening I|b of 0.5 pmor less in

inner dianeter, The particle size D2 of the filler is nade |arger
: The reason of setting the inner diameter D; of the tip

opening 1b to 0.5 um or less (D; < 0.5 um) is that a charged
droplet containing' a sample molecule separated from the column
1 and atomized frem the tip opening 1b is sufficiently made
smaller ﬁo increase the ionization efficiency of- the sample
molecule with certainty.

‘Specifically, the inner aperture D; of tip opening 1b
is set to 0.5 pm or less to allow the mass spectrometer to
'generate a large charge-number of ions in the sample molecule
enough to realize the high-sensitive measurement of a high
molecular weight compound such as peptide or protein using a
mass spectrometer;

In addition, the reason of defining the particle size
D, of the filler 2 to more than 0.5 pym and 5 pym or less (0.5
pm < Dz < 5 pm) is that for pre{renting the filer 2 from being
discharged through the tip opening 1b of 0.5 uym or less in inner
diameter. The particle size D> of the filler is made larger \
than the inner diameter D; of the above tip opening 1 (D; <

- D2}, while the particle size D, .of the filler 2 is made smaller

than 5 pm or less -to-inc_rease the total surface area of the




than.the inner dianeter D1 of the above tip opening 1 (D1 < D2), while the
particle size D2 of the filler 2 is made smaller than 5 pm Kayimss to
increase the total surface area of the 11 May 2006 whole filler 2.
Furthernore, as the particle size D2 of the filler 2 is defined as 5 pmor
| ess, the results can be obtained wthin a short tine wwth a small anount
of an eluent at a nanoflow level. In addition, a chem cal bond type silica
gel (e.g., Cl18 having a | arge absorbency) nay be used as the filler 2.

Here, Fig.yiois @ sehenati %ql‘t@gmm?ragakhggpgﬁgfgi@agi?&%?ggmﬁﬁg the

chromat ograph (A) of the mass spectroneter at I me o

e orEL1 IR FRORP R U, AL HeChr AIBLARLARY (M O oLbS RS

spectroneter at e tine usi € mérospray colu

et | on WA IRABEE, Bue?, niER. T AR eSO T T NS
t ter. tel eadi ng of the rising peak and, also no
o 1ing | I SRE R o 1 BTl e AR e e e a1 4peei 97kl 1y,

t he tenden of neratjng a sharp peak that exceeds a detection limt can
be not abl y(c%‘;ﬁyeagg&ehw EnsRF9S iADFosPaRY )niia¥ beusedaethe filler

concentratjon-dependent, so that the signal strength increases as the peak
-hei ght i n&reases. :

Here, Fig. 3 1is a schematic diagram for making a
coméarison betweén the chromatograph (A) of the mass
spectrometer at the time of using the conventional microspray
column and the chrbmatograph (B) of the mass spectrometer at
the time of wusing the microspray column of the present
invention.

| As shown in Fig. 3, the microspray column of the present
invention shows a sharp peak in the chromatograph of the mass
spectrometer. More concretely, reading of the rising peak and
also no tailing in the second half of a peak cannot be , and,
more specifically, the tendency of geﬁerating a sharp peak that
exceeds a detection limit can be notably appeared.

The | sensitivity of the mass spectrometer is

| concentration—depéndent, so that the signal strength
increases as the peak height increases.
Therefore, using the microspray 6olumn of this invention, \
the sensibility and the resolution of a mass spectrometer
become high. In‘addition, it‘becomes possible to raise the

rate of decoding an amino acid sequence (sequence coverage),

10




Therefore, using the mcrospray colum of this invention, the sensibility
and the resolution of a mass spectroneter becone high. [niardyedosn, it
beconmes possible to raise the rate of decoding an am no acid sequence
(sequence coverage), - 10 11 May 2006 exponentially. [Exanple] A solution
“including a digestive product of a trypsin enzyne derived from human serum
al bumn (a nol ecul ar weight of 65,000 to 70,000) at a concentration of 50
femo nole or |ess was atom zed froma mcrospray colum of the present

i nvention ertthigggndi tions in which the tip dianmeter of the colum was
0. 5 pmor less, fritless, and the particle size of the. filler was 1.0

pm The chr[%%g\%\n%g_re ph of the nmass spectroneter obtained in . the present
exanple is shown1n Fig. 4. As shown in the schematic diagramof Fig. 3,

t he sharp peak w thout .readin or tailing was al so obtaiped by the actual
exper i ment al fgnﬁloﬁi&i;lﬁg %HS&Hdingtﬁedﬁggﬁﬁﬁl’?cpﬂ‘?%‘g‘?’&nﬁ’%fa Iﬂ?%Yp%l,n so t hat
- the deci phernent of .an ami no acid sequence could be raised exponentiallly..
Fig. 5 sh6WEYAS G4 vaf ?aoa}chamgaqa@ﬁ% T HBMBLR 603 Mk G lak Mesiohdt t he

above digestive product. In this exanple, the 573 am no acid sequences
except Ofo§66§wp98_§@iaOpgpppoﬁt a concentration of 50 femto mole or

less was atomizedAfrom a microspray column of the present
invention undef the_bonditions in which the tip diameter of
the column was 0.5 um or less, fritless, and the particle size
of the filler was 1.0 um.

The chromatbgraph of the mass spectrometer obtained in
the present example is shown in Fig. 4. As shown in the
schematic diagram of Fig. 3, the sharp peak without reading
or tailing was also obtained by the actual experimental
findings as shown in the schematic diagram of Fig. 3, so that
the decipherment of an amino acid seguence could be raised
exponentially. |

Fig. 5 shows a total amino acid sequence table (609 amino
acids) of the above digestive product. 1In this example, the
.573 amino acid sequences except of 36 amino-acid portion
surrounded by a square enclosure in Fig. 5 were deciphered.
The rate of a decipherment was dramatically as high as 94%

(573/609) . | | \
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surrounded by a square enclosure in Fig. .5 were deci phered. The rate of a
deci phernent was dramatically as high as 94% (573/609). 111 iyddop 2006

| NDUSTRI AL APPLI CABI LI TY According to the mcrospray colum of the present
invention, the particle size of the filler is a mninmumdianmeter in ‘
addition to nake the inner dianeter of the mcrospray colum equal to a
predeterm ned diameter or |less. Therefore, the discharge anpunt of a

sanple solution per unit tine can be sharply | essened as conpared with the .

convent i onApUTRIATP At cAdig, af ticl e size of charged droplets forned by
spraying can be made finer. As a result, the efficiency of transferring

Lhe el ect rons chatged:hn 115 Slveplcloubhey SAERLGTLECHLE o0, ]

extensively inproved and t ioni zatron e cirency of” S &ff] | ecul e
Char act er | TE8 Tyt oBanhT EPAT15A° Tt ST SoLr E & S BBABHMH AR ¢ he
2bove m CRORpTaGEoR AR RRPS F e p AR hA-Cr  HA\ R CEREBFABIROLUEN 221 | on
ok, S e S LS

surely perfornms a nanofl ow- el ectrospray and nano-LC gradi ent analysis by
t he abovedlscharge amount of a sample solution per unit time can be

sharply lessened as compared with the conventional one, so that

the particle size of charged. droplets formed by spraying can

be made finer. As a result, the efficiency of transferring
the electrons charged in the solvent to the sample molecule
can be extensively improved and the ionization ef'ficiency of

the sample molecule can be increased. Furthermore, in the

Vpresent invention, it is characterized by comprising an
ionization source designed to ionize the sample molecule to
be contained in the charged droplets atomized from the above
microspray, so that a mass spectrometer having excellent
ionization efficiency and high detection sensitivity can be
provided. Furthermore, according to the present invention,
a mass spectrometric method that surely performs a nanoflow
electrosprayr and nano-LC gradient analysis by Vthe above
microspray column, so that a high sensitive measurement of high
molecular weight compound such as peptide and protein can be \
performed, positively. Consequently, an extensive
improvement in the rate of an amino acid decipherment of peptide

or protein can be attained.

12




m crospray columm, so that a high sensitive neasurenent of high nolecular
wei ght conmpound such as peptide and protein can be performedaypmsitively.
Consequently, an extensive inprovenent in the rate of an am no acid

deci phernment of peptide or-protein can be attained. 12 11 May 2006 d ai ns
1. A colum for introducing a sanple in an ionization source of ‘a nmass
spectroneter (ESI/MS) being designed to ionize a sanple nolecule with

el ectrospray and introduce it into an analyzer, conprising structural
features @laimdsg 0.5 pmor less in an inner dianmeter of a tip opening of
the colum; (2) 0.511mor nore and 5limor less in a particle size of a
colum filler; and (3) fritless. 2. A nmass spectroneter, conprising: an

i oni zation source which is -constructed such that a sanple nolecule in.

|1 qui d_dr apl ehscai aith 26k G iy 8F OSREAY (GPLUMALSEEL BRGIH al m 1
is ionized. 3. A mass spectrometric method, wherein a nonoflow el'ectrospray
I's perforngd UgiNg (He PO RLOhEN b%eﬁlcgr 'cpeesqigljlpecg andiiAd,
sample molecule with electrospray and introduce it into an
analyzer, comprising structural features of:
(1) 0.5 pm or less in an inner diameter of a tip opening
~of the column;
(2) 0.5pm or more and 5um or less in a particle size of

a column filler; and

(3) fritless.

2. A mass spectrometer, comprising:
an ionization source which is constructed such that a
‘sample molecule 'in liquid droplets atomized from the

microspray column described in Claim 1 is ionized.
3. A mass spectrometric method, wherein

a nonoflow electrospray is performed using the

microspray column described in Claim 1.
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ABSTRACT A problemis to provide a mcrospray columm capable of increasing
the ionization efficiency, and a high sensitive nmass specif@geices and a
mass spectronetric nethod using such a mcrospray colum. For solving this
‘probllem we: provide a columm for introducing a sanple in an ionization
source of a nmass spectroneter (ESI/MS) being designed to ionize a sanple
nmol ecule with el ectrospray and introduce it into an anal yzer, has
structural features of: (1) 0.5 [err]mor less in an inner dianeter of a
tip openi MBIFRAGE colum; (2) O0.5[err]mor nore and 5[err]mor less in a
particle size of a colum filler; and (3) fritless, a mcrospray colum
havi'ng the above (1) to (3), -a nmass spectroneter having such-a mnicrospray
colum in an ionization source, and a mass spectronetri c net hod capabl e of

perforning a nongfddpycat Q&! LOSPEEY: ek t NG JEHRS REAYmEOLYBb1e of
increasing the ionization efficiency, and a high sensitive
-méss'spectrometer and a mass spegtrometric method using such

a microspray colunin. For solving this problem, we provide a

- column for int;odﬁcing a sample in an-ionization source of a

mass spectrometer (ESI/MS) being designed to ionize a sample

molecule with electrospray and introduce it into an analyzer,

has structural features of: (1) 0.5 pm or less in an inner
diameter of a tip openirg of the column; (2) 0.5um or more and
S5um or less in a particle size of a column filler; and {3)

fritless, a microspray column having the above (1) to (3) -

mass spectrometer having such a microspray column in an
ionization source, and a mass spectrometric method capable of

.performing a nonoflow electrospray with the microspray column.
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