11 May 2006 SPECI FI CATION TITLE OF THE | NVENTI ON M CROSPRAY COLUMN, MASS
SPECTROVETER, AND MASS SPECTROVETRI C METHOD TECHNI CAL FI ELDMah2006r esent
invention relates to an inproved technique in mass spectronetry. In-
particular, the present invention relates to an inproved technique of a
mass spectroneter (ESI/MS) being designed to allow the introduction of a
sanple nolecule with electrospray ionization, and a nass spectronetric
met hod. BACKGROUND ART A mass spectroneter (hereinafter, referred to as
"MS" (Mass Spectroneter)) is roggkEtyrFcorpossd of: an "ionization  source"
for ionizing a sanple; an "analyzer" for separating ions according to the
rati o. of nmass/charge, represented by mze (wherein m nass, z: charge
nunber, and e: unit charge); and "detection and recording part” of ions

bei ng separated The eIectrQ§pmgy(MpqgﬁngyEﬁfggyuque generally 1 11 May
2006 referred to "ESI" (the abbreviation for Electrospray lonization) is

known as one of the nethods of ionizing and

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




intreducing a sanple nolecute to an analyzer of M5. In this electrospray

i onization technique, a spray is carried out by applying theaj2@is vol t age
~on a sanple nolecule being brought in ionic state with acid or the like in
-~ a solvent. This electrospray ionization technique is a technique for
spraying a sanple nol ecule, which is brought into an ionic state by acid
or the like in the solution, by applying high -oltage; formng |liquid
droplets (mist) in micron order, in which many solvent nolecules are

conbi ned wr¢fermediti tpr ot BAAY ed (théecabbsevandishr ajbAy RikEe#BBpkAydry and
renove the solvent to ionize the sanple nolecule, followed by subjecting

to the abavenirat yaey . i Askiden CA8r @8e NgEDERe Ohe tRH8s HET DEnYSNRLALAH
beconmes large in this technique, it my be particularly useful “in the

measur enentist Adwpedid de Sl LS BidSke M1ESPEELAYEl Yoo eIe Md he el ectrospray
ioni zation of the sanple nolecule in the above 1dnization source of M5is

per formed by di s6hanglg 1R 207 106 C3RIRY BALnhg,SaMR! g ol egul e in
quantities froma colum formed of an el ongated sflrca g > be
Ooret o SRATS BRCBEBGL AL TS SPELLS: S BRI
ol oot oo REERERESGS sbATc SONL AHEA'A SN O L1 18E Y L8 Fbne .
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




11 May 2006 technique. The reference nuneral 10 denotes a conventi onal
typical mcrospray colum. On the microspray colum 10 bei ngMa§egosed such
that the tip portion thereof has a cusp form a |arge nunber of fillers
10a such as chem cal bond type silica gels or the |like having a particle
size of about 50 pmis formed. |In addition, the inner dianeter d of the
tip portion of the colum is about 10 to 15 pm Furthernore, the outernopst
tip portion of the mcrospray colum 10 is |loaded with a |arge-sized bead

| ob for prexgntiqig t hehdi seliargacel nhRadsl Wi §bnéF&s 8 Shnv&ieidesh to as a
flit. This mcrospray colum 10 is a constituent nmenber of the 1onization

source of tRpiRsS mm@@bégmféoﬂ&mﬁpd OrS t BLIRNRSkp :%ég | Shh?én gbféq[rftﬁds to

the front of a pre-colum 12 on which a high volt

confi-gur eGdirhaly foues ¢hHaR! %‘h%nt%§ geek%ﬂl EHeLQSfSﬁszlf %é;fcﬂ% are

atom zed fromthe tip porti he mcrospray co e’ dhal yzer
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columm, the “separation I cl ency o roma ograp
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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 froht of a pre-column 12 on which
a high voltage is loaded. It is configured that fine. droplets
14 containing the Vsample 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 paj:ticle diameter of the filler in the column was
large (generally about 50 um).

In addition that the i:aarticle size of the filler was large, .
‘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




colum was al so | arge. Therefore, the discharge anbunt of the sanple

i ncreased and the particle size of charged liquid 3 droplets forned by the
spray was also large. As a result, in the process in which the solvent was
dried and vaporized, the efficiency of transferring charged electrons to
the sanple nolecule in the solvent was not sufficient. In other words,
the ionization efficiency of the sanple nolecule was insufficient.
Furthernore, the mcrospray colum was configured such that nmany areas

wi t hout fidrioPhgte formase th [ther spsee Wat rddo Aesdget hds td praspddi- ngn
resulting in a |large discharge amount of the sanple and a | arge particle
size of t&echapersar diophéch g mcd gt hwededsimdaypndErmbpei iaast s tbe t he

present invention seek to provide a mcrospray colum capable of inproving

the ioni sdtfilohentyi of ehcynsbadr indigitergadsidliers noass topsber sampée and a
mass spectronetric method using this mcrospray colum. DI SCLOSURE OF THE
| NVENTI ONmcgegndler 1n oty | seludrd alesv eoestifdbhetenttecHimi cdlhesubjoeds, the
foll owi ng neans are adopted in enbodi nents of the present invention.
Accor di ng the ahonspationf ¢hEl @rasent oifnvenei cspmpteer ewoliesugeovivded a
columm for introducing a sanple in an ionization
insufficient.
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:
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source of a mass spectroneter ESI/MS) being designed to ionize a sanple
mol ecule with electrospray and introduce it into an anal yzexay2eepri si ng
structural features of: 4 11 May 2006 (1) 0.5 pmor less in an inner
dianeter of a tip opening of the colum; (2) 0.5 pmor nore and 5 pm or
less in a particule size of a colum filler; and (3) fritless. 4a 11 My
2006 Here, "frit" means the nenber of a nmajor-dianeter bead and ot her
menbers for bl ogk ng ot he bead.Jsoaded in thestin, popki onsof the. colum. On
t he ot her hand,?"):c Ft?tlggls" rrear?s the ‘con i gur attl on {En l%cﬁgonjfrgﬁot he
filler is #ighleego'hg}nﬁ;he colum w thout using the frit. The particle size
of the fi? er is a mninmmdianeter as nuch as it cannot be conventionally
conceived. In aggtd @n, the Inner di e feshent LP,onaning spf. the

m crospray col ugg)l i's s#ﬁll P ere gr g?&%héer |e§%hané pa-rmt%lrLlltgo? the sanpl e
can be substanti Ve .S |, conmpared with the conventional one. For
this reas(?)f],a Ph%&hljﬁ)afr]tlﬁg?é Iameter of the charged droplet forned by the
spray can be r’r(i3r}i atf%riiczggs As a result, it becones possible to
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increase the efficiency of transferring the charged electron in the
solvent to the sanple nol ecule. Therefore, an increase in1i®ayzeosi on
efficiency of the sanple nolecule becones possible. It is preferable to
shape the tip portion of the mcrospray columm into tapering formas nuch
as possible. In addition, it is preferable to mnimze the area of the tip
portion of the mcrospray as nmuch as possible. This is because, when the
area of the tip portion of the colum is too large, there is a phenonenon
in which a large droplet is formed while the solution discharged fromthe
colum is being adhered on 5 11 May 2006 the tip. . Therefore the |iquid
dropl ets can bgkﬁféveﬁf%ﬁ fiegRe bRECHERGEY i o @ MRIPL-gieretabi®dhat the

i nner dianeter of the tip _opening . of the colum is Q.1 pmaor nore. This is
because NG Y %@?ésiEoﬁééﬁéglp%rt}%%@eéijs%q’%ﬁe@elﬁft d6fut i on when
the inner diameter of the tip opening is Iess than 0.1 pm In the present

i nvent i orROFRHOPhEE nidice COLHBL prBS ERE OFPRAfeMaen of FEriess nBRINS &6t r onet er
characterized by conprising an _ionjzation source _constructed such that a
sanpl e reEdENEaEBR diMEBIER @Har §BE Ehldsrels BiderzEY TheoRPLREY above

m crospray colum is ionized, and a mass_spectronetric nethod,
: . without using 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 lafge droplet is formed while 1

the solution discharged from the column is being adhered on




for perform ng an nanofl ow el ectrospray using the above mcrospray colum.
Here, the term™"nanofl ow el ectrospray” ‘means a techni que gapapbmsof
perform ng a.stable electrospray ionization on a solution that contains a
sanple nmolecule to be fed at a flowrate in the order of nano liters
(nL/mn) and introducing into an anal yzer of a nass spectroneter. Wth
this neans, it is possible to provide a mass spectroneter havi ng high
detection sensitivity and excellent ionization efficiency and a nass

Spect 1 OMelelieC+ NBL NOfhe ASF GHes C aesl; QROY @r IR o E37He LAKERKERD f5uifapabl e
t f e no I

of inproving e ionization efficiéncy of "a sanp ecul e an perfectly

per form ng 2 RARRS IFQWLel ectrospray by nmaking fine charged liquid particles
di scharge%from ﬁle \r%ecrospray colum. 6 11 May 2006 This techni qgue has a
nt of

techni cal neani .ha I,gh Sitivity neasure hi gh.
nol ecul ar meigh?gcé%pgﬁ%%%ﬂgﬁgﬁaagﬁ%%p ?%el%?eﬁr fgpg%ﬁgcﬁﬁégjﬁbggﬁble
because of _an. incg e in.the chargg nunber of the_ ion fo be generated.

BRI EF EXPCRAATIENCEF "TEEBRARNGS P d. M1 PE BOHPagr HM § 1 HRRFSHITR) &n

ext ended vyi.ew around the ti rtion_of the mcrospray colum of the
present ;{H\ggnppsﬁsure is negdgg for the discharge o% aysolution when

the inner diameter of the tip opening is less than 0.1 pm.
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.




Fig..2 is a diagramillustrating a sinplified configuration of the
conventional electrospray colum technique; Fig. 3(A) is a1meheoostic

di agram of the chromatograph of the nass spectroneter when the -
conventiional mcrospray colum is used, and Fig. 3(B) is a schematic

di agram of the chromatograph of the mass spectroneter when the mcrospray
colum of the present invention is used; Fig. 4 is a chromatograph of the
mass spectroneter obtained in the exanple; and Fig. 5 is a table of the

whol e ami no aci drrsieduenet {GRY hadT 10 S6hESda IMNh&dn 1 t%gi%éthyapf-OdUCt
of trypsin enzyne of human serum al bumn. 11 May 2006 BEST MODE F

CARRYING Qe J MENR N Ry 3l & AIBACHETALA1GL LbeaRteasilobatent on

will be described with reference to the attache raw n

o one 9ol et Qe PUAdOE BB ROBEEARSDT ool TlS HROM B SO Ul Ot he

0
present invention. I rencé nunera € A nidrospray

I h |.naf : ' f d .t " cal ! de of silj ,
whi ch 1 s i SRR SR Rt el e e AR € her el .

This colum 1 functions as a sanple-installation colum

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.




whi ch constitutes an ionization source of a nmass spectroneter (ESI/M5)
desi‘gned to introduce a sanple nolecule into the analyzer1affagpodeoni zi ng
the sanpl e conpound with electrospray. As shown in Fig. 1, the tip portion
|la of the colum 1 has a cusp formwhich tapers off gradually, and a tip
opening I b having a specific diameter for discharging a sanple solution
and atom zing the sanple solution toward an anal yzer of a mass

spectronmeter not shown in the figure is forned in the outernost tip

portion. BESTheODy 0K CARRY INGSiote afud hervesigyon 1, a filler 2 functioned
as a sorbent at the tinme of separating a sanple is filled up with uniform
density. In the tip opening Ib, it is configured such that a frit is not

| oaded. That is, the colunn 1 of. the present invention is a fritless-

colum. 11 May %QQ@eEEEEe e N chBveudan lpesnkgeﬁr j prpter DI

of the tip opening | b of um 1 1s n1or ess erably 0.1

bm or o gad; B aqurge%a§enzge Ba%hgg'%ta%héa BR.9i,Lhe above filler 2

is nore th pm an pm or e reason of "S8Eting the inner

di f h (D1 0.5 t hat
aI gEEJ g;dmd?op & cjop %ﬁl?ﬁ’d?grggﬁﬂ”ee%qg?&%&%%é?a?%%i?or%cghé’fczl urn(;1

1 an.d at O%éerglcf:zgc?snfnéabf ctoll%m pePIth% prelsgn%ulfrl:x}ecr{telrgnl y Imﬁd}?lg 1, the
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.




smal ler to increase the ionization efficiency of the sanple nolecule with
certainty. Specifically, the inner aperture D1 of tip openifngajdvosis set to
0.5 pmor less to allow the mass spectroneter to generate a | arge charge
nunber of ions in the sanple nolecule enough to realize the high-sensitive
measurenent of a high nolecul ar wei ght conpound such as peptide or protein
using a nass spectroneter. In addition, the reason of defining the
particle size D2 of the filler 2 to nore than 0.5 pmand 5 pmor less (0.5

pm < D2 < 5 pn) Hegel hah Bk prevent mavtehelbhl eghe &ﬁa&behaﬁaetgk%hafged
through the tip opening I'b of 0.5 pmor less in inner di aneter.

particle gzeaH® ofpt hihqenpl s,fmaﬂql% Iﬁﬁﬁn h h ter D1
of the above tip open?%% 1 (Dl < ﬁﬁf th% %gr?|§|éa£??% of the

filler :ﬁ;éﬁ@y%bigagogr genpgfggkgg begsyﬁo k”fé§§§e meéé%fﬂ furfece

area of t Fur ernDre si ze

D2 of the fine m or Ies results n be obtai ned
within a sshort 012 Eh% %%a‘;séngllﬁianoun Sc}?oﬁeh E)t' alpmaanﬂlaﬁo’fll‘o?ﬁ | evel .
In addltlgn a chenlcal bond type silica gel (e.g., Cl18 having a | arge
absorbency) ﬁa be used as the filler 2. Here, Fig. 3 is a schematic

di agram f or nak a -
ag ’I‘Hg 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 from the tip opening 1b is sufficiently made
smaller to 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 cbarge-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




conparison between the chromatograph (A) of the nmass spectroneter at the
time of using the conventional mcrospray colum and the e¢hmeypesoegr aph ( B)
of the mass spectroneter at the tinme of using the mcrospray colum of the
present invention. As shown in Fig. 3, the mcrospray colum of the
present invention shows a sharp peak in the chromatograph of the nass
spectrometer. Mre concretely, reading of the rising peak and also no
tailing in the second half of a peak cannot be , and, nore specifically,.

the tendengyond @ENRLAld Ng 1R rharRoreak,khathe éfﬁfgf? asijf(% g%t :ognth.ém. t can

be notably appeared. The sensitivity of the nass sSpéectrone

el aht | ncy oasee 2 ThereriaRg! Sl R 3o R e o B SR Hir0ent Fon,
addi 1 on, 11U Sheh BEec EERe Hatha R sfeld SRR Rt S ho aci o
Sol'ut i on (R L6 Y ges PRIGT Ot FnamEFppenan S e  d4FheRt 1 om
human ser ug‘g .%lf .b’u&rilg lggv{rr?glj %Cfégée\g%is%@tbency) may be used as the filler

2.

Here, Fig. 3 1is a schematic diagram for making a
coméarison betweén the chromatograph (A) of the mass
spectrometer at the time éf 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 a'dd_ition, it becomes possible to raise the

rate of decoding an amino acid sequence (sequence coverage),
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of 65,000 to 70,000) at a concentration of 50 fenmto nole or |ess was

atom zed froma mcrospray colum of the present inventi om magegost he
conditions in which the tip diameter of the colum was 0. 5 pmor |ess,
fritless, and the particle size of the. filler was 1.0 pm The

“chromat ograph of the nass spectroneter obtained in the present exanple is
shown- in Fig. 4. As shown in the schematic diagramof Fig. 3, the sharp
peak without reading or tailing was al so obtai ned by the actual

exper i mentgly o fdfidigs, as shown in the schematic diagramof Fig. 3, so that
t he deci phernment of an am no acid sequence could be raised exponentially."
Fig. 5 shog&xg b % | am no acid sequence table (609 amno acids) of the
above digestive product. In this exanple, the 573 am no acid sequences
except of 36 am,no-acid portion,.surroypded by a square enclosure in Fig. 5
wer e deci pher egTA S’f’ﬁgtFSF‘ele’gﬁdﬁggi Bh ’r%ﬁ?l\‘)’//\%sp’a? et i hl? f P HIYh as
94% (573/609). 11 11 Nh% 2006 | NDUSTRI AL APPL| CABI LI TY According to the

m cr ospr ay & S5t VEfe TEPRSBHPAN| REERR 3FOURHE Mo le@lay eiggighthe
filler is a mnimumdianmeter in addition to make the inner dianmeter of the
nicrospra?fbéﬁuﬁﬁo to 70,000) at 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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equal to a predeterm ned dianeter or |less. Therefore, the discharge anount
of a sanple solution per unit tine can be sharply |essened sy eovspar ed
with the conventional one, so that the particle size of charged droplets
formed by spraying can be nmade finer. As a result, the efficiency of ‘
transferring the electrons charged in the solvent to the sanple nol ecule
can be extensively inproved and the ionization efficiency of the sanple
mol ecul e can be increased. Furthernore, in the present invention., it is

char act er izzgt PR 10O "B S| MG AT, 17¥ONi zati on source designed to ionize the
sanple nolecule to be contained in the charged droplets atom zed fromthe

above nmicrospr g)écoggi%%ﬁtg BSS Iﬁ?gﬁ%@{%ﬁ%g@ﬁ%n%faég I?I %r]%%%eié} ni f:'f I on

ef fi.ciency and high de I on sensitivVvi €7 Provi
Surel y perPe g R bt e i R e T R L AL SR 1 s by
ol coul o SRt O - EOMSSURARELT SanB et o broter CEARDBEY GrT8Y ed, -
Dai d deci BPToRD of HEHS o bt o P bl 644 of ARGXoFPrEY WP 2006

G ains discharge amount of a sample solution per unit time can be
sharply lessened a&j; compared with thé cénventional 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 efficiéncy of
the sample molecuie 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
electrospray and nano-LC gradient analysis byrthe 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.
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1. A colum for introducing a sanple in an ionization source of a nass
spectroneter (ESI/MS) being designed to ionize a sanple noi Rapbmswit h

el ectrospray and introduce it into an analyzer, conprising structural
features of: (1) 0.5 pmor less in an inner dianeter 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

| i qui d dr alegiinss at omi zed fromthe mcrospray colum described in Caiml
is ionized. 3. A nmass spectronetric nethod, wherein a nonofl ow el ectrospray
is performed using the mcrospray colum described in Caiml. 13

1. 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:

(1) 0.5 pm.o# less in an inner diameter of a.tip opening

~of the column;
(2) 0.5um or.moré 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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