1 j ke3eAT>| @TT. 8 / TI TLE OF THE | NVENTI ON M CROSPRAY COLUWN, MASS
" SPECTROVETER, AND MASS SPECTROVETRI C METHOD TECHNI CAL FI ELD The present
invention relates to an inproved technique in mass spectronetry. In
- particular, the present invention relates to an inproved techni que of a
mass spectroneter (ESI/MS) being designed to allow the i ! of a
sanple nolecule with el ectrospray ionization, and a nassmmﬁ@ﬂlmmmml C
nmet hod. BACKGROUND ART A mass spectroneter (hereinafter, referred to as
"M5" (Mass Spectroneter)) is roughlyrgeapesgd of : an "ionization source”
for ionizing a sanple; an "anal yzer" for separating ion “' o the
rati o of mass/charge, represented by mze (wherein m nmmmmmﬂm mmﬂmme
nunber, and e: unit charge); and a "detection and recording, $' of ions

bei ng separated. The el ectrpsprayf ga@@é}%ff&pni que generally 1
ec

referred to "ESI" (the abbreviation for rospray lonization) is known
as one of the nethods of ionizing and introducing a sanple nolecule to an
anal yzer of Ms. In this electrospray ionization technique, a spray is

carried %@{ b | vin he high_ vol n, a I | I g hg brought
"R §oni ¢ Wcrds Y, oty mARE ¥R AT R B S EF SRR,
ionization technique is a technique for spraying a sanple nol ecul e, which
is brougﬁﬁmmﬁv% an ionic state by acid or the like in the solution, by
appl ying high voltage; formng liquid droplets (mst) in mcron order, in
whi ch many sol vent nol ecul es are conbined with nulti-protonated nol ecul es;
and spraying nitrogen to dry and renove the solvent to ionize the sanple
mol ecul e, TH@INISWdd BREIuUbj ecting to the above anal yzer. As the charge
nunber of ions being generated becones large in this technique, it may be
particularly useful in the neasurenents of peptide and proteins,
respectively. Here, the electrospray ionization of the sanple nolecule in
t he above i oni Zatd preseuntcenoéndbonsrekstes med any inpsokadgtaghnique
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”
(Mass Spectrometer)) is roughly composed of: an “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, z: charge number, and e: unit charge); and
a “detection and recording part” of ions being separated.

The electrospray ionization technique generally



~and atom zing (spraying) the sanple nolecule in snmall quantities froma
colum formed of an elongated silica glass generally having an opening with
a mnute aperture. This colum will be referred to as a "m crospray colum"
- below. Fig. 2 is a diagramthat sinplifies and expresses the configuration
of the conventional electrospray ionization 2 techni que. The reference
nunmeral 10 denotes a conventional typical mcrospray columm. On the

m crospray colum 10 being formed such that the tip portion thereof has a

cusp formeslge tyinbeispf T H{lEr SagPfe UL & CRER caieéeﬂgslsmf silica
gel s or the like having a particle size of about 50 umis forned n

addi L on rdfie il ARG GOlodd%d | thdHdiiuelo hfom%&g% kgqabout 10

to 15 um ernDre e outernost tip portlon 0 e mcr ray col um

10is 1o Iar be 1 t dlscharge of
beads, \A%%%hro\éa}l}e&a S%snéﬁreégﬂilo nglea a[(}{ #Lael% cr ospr ay colum 10 is a
constituent me L ?% |on|zat|og sour % Cgﬁ gpegtronet er 11 and
is arranged su i tﬁ&F SXCEREE Yo 1PRE %P 68P 5¢ b?% tof UAR“ 3% OR which a
high voltage js loaded. It _is cq at fine dro ts 14 containing
the sampl S S G0E BY BRbrDed e Sasineo L Fpop it .aoﬁaﬁﬁ o Tecrls pr ay
colum 10 to the anal yzer 13 of the mass spectroneter . However, in the
convent i QRARNPEPYEREAR éSP&ﬁ‘rﬁtﬁtP?ewééﬁa‘?%]tq O &% |lé|k§n3c:@/ appohvent.

chromat ograph was insufficient since the particle dianmeter of the filler in
the col um was Thdsgelegémesprry apdzatdonnfechnigqugi iFod Epekni®eeparticle
size of the filler was large, the inner dianeter of the tip opening of the
above n dirusppagyéobuarsames. camederul ge. witheh disopeought iditschar yend@ount of

the sanple increased and the particle size of charged liquid 3
state by acid or the 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 charge number 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



droplets forned by the spray was also large. As a result, in the process in
whi ch 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 nol ecul e was
insufficient. Furthernore, the mcrospray colum was configured such that
many areas wthout filling with the filler were forned near the tip
opening, resulting in a |arge discharge anount of the sanple and a | arge

particle gl af, Qfud he rhparged rdner! RhnbeaMedoWitRotBE SPESYvedbESREDM €, an
object of the present invention is to provide a mcrospray columm capable

of inpr Ovﬂ}gg.éﬂen@i%%é?ysgﬁcgimnﬁl engy rth%ﬂﬁiérgégga§edbsﬂéﬂnv<i 0"™BE$ng

spect r onet and a ectronetric nethod usi hi's mcrospray”col um.
D SCLOSURR (e d R AN el 3197 8l s 85 Bhie blhendRoxe:ER! £opRA Lechn cal
subj ect, e follTow ng neans ar opted in I'S 1'nventron: frst, the
m crospray_ colum.faor i.ntr guci a _sanple i,nto. an ionization_source of a
mass spe?tar%flélfnb(egsf)ff!\gf ohY i gt 84S oa%e?kfeonrll agln be né%??’B?p?%l%?%M zation
of the sanpl e nol ecuyl, nd jntroduce the sanple nolecyl e i,nto an anal yzer
was desi GG SBATG Rake(Rav g RPATIHEL P ARE L 2BPUE A WRdgehPFBoS-  of the
colum is 0.5 umor less, (2) a particle size of the filler in_the colum
i s |argert® RAfEIPyMR ifglemsiemeter & h tARdtEB) PPRELED| QEnBRerit at
all (fritless) . Here, "frit" neans the nenber of a major-di aneter bead and
ot her nerfsehWnr grs I3bee¥s A§ £Relbadl: | Jadddeirmorise £thE PBECFBASHf tiRe
colum. On the other hand, "fritless" nmeans the configuration in which only
the fill eroytsidn pEddhe michespoivme lwmnhbQif sustated néth@E FargeThezedrticl e
size of the filler is a mninmmdiameter as nmuch as it cannot be
convent i dredd \ Oboficeipuaden irapldhei @hscharge 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 front of a pre-column 12 on which
a high voltage is loaded. It is configured that fine droplets
14 containing the sample 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 pm).
In addition that the particle size of the filler was large,
the inner diameter of the tip opening of the above microspray

column was also large. Therefore, the discharge amount of the

sample increased and the particle size of charged liquid



the inner dianmeter of the tip opening of the mcrospray colum is snall
Therefore, the discharge anobunt of the sanple can be substantially nade
smal |, conmpared with the conventional one. For this reason, the particle

di aneter of the charged droplet fornmed by the spray can be mniaturized. As
aresult, it becones possible to increase the efficiency of transferring
the charged electron in the solvent to the sanple nolecule. Therefore, an
increase in ionization efficiency of the sanple nol ecul e beconmes possi bl e.

It is predgsail s 0 Saps Qﬁetéﬂrﬂprﬁés‘)@l@}) 188g81 CTAs $PIR%uERI, UFR i nto

- tapering formas nuch as possible. 1n addition, it is preferable to
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This is beca en t the ti ortion col'um I's too
| arge, therge IS hepo I whic g roplet j [ ile the
sol ution %ﬁé&:%ﬁé&% ffdgggﬁgf%%f{ﬁ% $§£E%$%g§%%%€$%%%O%SSEQeFE%mﬁ?%.
Therefore, the liquid.droplets,can be prevented frombecomng fine. It is
preferabI“[é,'ojtef1céll‘li?ﬂL %ﬁlﬁefgéivg%t ‘é?so?ofl"ﬁeuﬁ?]pcjoeﬁé%’i n&noPgH]ﬁé ‘58Faﬁﬁ is 0.1
umor nore. This is because hi gh pressure is needed for the discharge of
2SOl Ut GRS hTbr SHMBE ! Gine thep SABRLRg FeLrEaLe; HaRS0. 5 um
In the present invention, furthernore, the present invention offers a nass
spect r ometRFUEhi R er i zed by conprising an ionization source constructed
such that a sanple nolecule contained in charged droplets atonized fromthe
above ni crospr HRHGIUMPLSy LG RPEArOaRERY FRSHNE MAG FORELONEeRfesHEl f or
perform ng an nanoflow el ectrospray using the above m crospray colum.
Her e, thethat mamarfofdasywiltdstutodpddyinanwaditd gheeéhhilqueweapabbemed
perform ng a stable electrospray ionization on a solution that contains a
sanpl e nolexulthe o e dpethiatg,a rfesmi triaige innat hergeddi sohangaoahpurts
(nL/=mn) and introducing into an anal yzer of a mass spectroneter.

of the sample and a large particle size of the charged droplet

formed with the spray.

Therefore, an object of the present invention is 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 this invention.

At first, the microspray column for introducing a sample
into an ionization source of a mass spectrometer (ESI/MS)
configured to perform an electrospray ionization of the sample
molecule and introduce the sample molecule into an analyzer

was designed such that (1) the inner diameter of a tip opening



Wth this neans, it is possible to provide a nass spectroneter having high
detection sensitivity and excellent ionization efficiency and a nass
spectronetric nethod. As descri bed above, the present invention is capable
of inproving the ionization efficiency of a sanple nolecule and perfectly
perform ng a nanofl ow el ectrospray by nmaking fine charged liquid particles
di scharged fromthe mcrospray colum. 6 This techni que has a techni cal
nmeani ng that the high sensitivity measurenment of a high nol ecul ar wei ght

compound SGh AL PRkt e of. 1 B 182809 )PasshBLecheCausE QF BRel nCr case
in the charge number of the |on to be gener at ed. BRI EF EXPLANATI ON OF THE
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portion m crospray colu resent Tnvention;
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obtained in the exanple agd F| S.s a table of the whole am no acid
sequence UBEHSaHFRBT HEATY) \ﬁﬁillége% tIRARS §B&t FRE Py errEtoRAN FhBShn enzyme
of human serum al bunin. 7  BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

Pr ef er abl@ lenisdei fiehter ¢is £hblpdddehhe) eRdin yi theut beir@dde Hedtwi th
reference to the attached drawings. Fig. 1 is an enlarged view of around
the tip portiofhsf pardiviler ¢iger @f tbeudnldert he prviehmunngeamedar In Fig.
1, the reference nuneral 1 denotes a microspray colum (hereinafter, sinply
ref erred dpmash"apli trrEnnotade cahwEnticamagrlyssonedieddi s Ishagdidtioke an

el ongated cylinder with a hollow forned therein. This columm 1 functions as
a sanpl e-ts tianleat 4 Dame bé v oY whiechis @prinind 6§ e mirirsapiray solurs of a
mass spectroneter (ESI/MS) designed to introduce a sanple nolecule into the

anal yzer i tfaliloni ThagelrbeesatpkedLOOROEGS aduhtelacthesparpleAgGaghown in
Fig. 1, the tip portion la of the colum 1 has a cusp formwhich tapers off

gradual | ype adifh s drl th LPBN IRl RraaVi, n&oﬁp&l@%@l WiendtpeetshvéREi8haghar gi ng
a sanple solution and atom zing the sanple solution toward an anal yzer of a

MBSS SPecifONBESr f19fs SAONLAN {Re biBY{&1d Saf HhdELr | thﬁ‘ﬁe 08&52&8& tip
portion. Furthernore, in the inside of the colum 1, a fi
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 molecule.
Therefore, an increase in ionization efficiency of the sample
molecule becomes possible.

It is preferable to shape the tip portion of the
microspray column into tapering form as much as possible. 1In
addition, it 1s 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

the solution discharged from the column is being adhered on



functioned as a sorbent at the tinme of separating a sanple is filled up
with uniformdensity. In the tip opening 1b, it is configured such that a
frit is not |oaded. That is, the colum 1 of the present invention is a
fritless colum. 8 Here, in the present invention, the inner dianmeter D1
of the tip opening 1b of the colum 1 is 0.5 umor less, preferably 0.1 um
or nore and 0.5 umor |less. The particle size D2 of the above filler 2 is
nore than 0.5 umand 5 umor |ess. The reason of setting the inner dianeter
Dl of theHd RigRentigrdfotd, Ane YIYQLd!ESH I Eafl e BPevkd Ll rénchar ged
dropl et contaihing a sanple nol ecul'e separated fromthe colum 1 and

atom zed { #ifx opening 1b is sufficiently made smaller to increase
the ionization etficiency of the sanple nolecule with certainty.
Specifically, tlﬁ,e ;ﬂé"gfe@é’ﬁagﬁi‘é eFP&tO{:hE' RnRBEN AR S Lo 9}1% um or
|l ess to all ow the 'mass Spécironeter to generate a I argée charge nunber of

[ [ he sanpl I I |i h 1 gh- Lt
reasur o S O SrGBT o o dh T Giip SR - SuEh AcL BORFPHSR 2 pr ot ef

using a neass spectroneter. | dgiti n é}he reason of defiping the particle
06000 R ahateaT e 35 Bendel FhadhE SRRARE ST 85 PESEH(HHE im < Do
<5 um is that for preventing the filer 2 from being di scharged through
the tip dp¥niimeh Srampter ih dhe dP iWPSHA IF dfRsterthamd patlcl e size
of the filler is made |arger than the inner dianeter D1 of the DZ above tip
opening 1 (D1 <npoihe piesenthelpeantide sfretbpryprene the |RFeSeRs made
smal ler than 5 umor less to increase the total surface area of the 9
whol e fi lirsrerticrur tafdiansy e 2 adaisise pREcLePresEre Chavfacthvieed] eby2 is
defined as 5 umor less, the results can be obtained within a short tine
with a smeinpEriurg aofieri z8 e saurgencoros t oyt ed shchl thaiddi samplea
chem cal bond type silica gel (e.g., Cl18 having a | arge absorbency) may be
used as tidldddleeroBtaliaed,irFichargdedsdrosihtesrationidiedgf aom the abdvag a
conpari son between the chronmat ograph (A) of the nass

microspray column is ionized, and a mass spectrometric method

for performing an nanoflow electrospray using the above

microspray column. Here, the term “nanoflow electrospray”

means a technique capable of performing a stable electrospray

ionization on a sclution that contains a sample molecule to

be fed at a flow rate in the order of nano liters (nL/min) and

introducing into an analyzer of a mass spectrometer.

With this means, it 1is 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 liquid particles discharged from the microspray

column.



spectronmeter at the tinme of using the conventional mcrospray colum and
t he chromat ograph (B) of the nass spectroneter at the tine of using the
m crospray column of the present invention. As shown in Fig. 3, the
" mcrospray columm of the present invention shows a sharp peak in the
chromat ograph of the nmass spectroneter. Mre concretely, reading of the
rising peak and also no tailing in the second half of a peak cannot be ,
and, nore specifically, the tendency of generating a sharp peak that
exceeds a det eq;Qn dddfidi fAD P LA AP aR&Ssh i lde 3£0SERE Vhiynof the
mass spectroneter iIs concentration-dependent, so that the signal Strength
i ncrease t.he . j . cr €8 kN us| h L GLQSPray
col o Ty &y e ah o s B T R e e Le T F ooy S b
Spect ! omel 8ln PEE ORI 8D oL N3d Tkl hORe doheeaIEs el de 4l 38 the
rate of decodi ng P an no_ack sequence (sequence coverage), 1 .
exponential ly. [Exampl,e] A solution including .a digestive product of a
trypsin eﬁﬁi}?/?eas[cfler]ir\{/rgt(}] % r%hrﬁ%emnnung)eerrun?fejl&bhuerqﬁlnon( at%m) e elr%rra\?\c/eel%‘ht of
65, 000 to 70,000) at a concentration of 50 femto nole or | ess was atom zed
froma mcrospray colum of the present invention under the conditions in
which the tip dianmeter of the colum was 0.5 umor less, fritless, and the
particha%ﬁI FHERHNAT I O gHE RRAWENGE e chromat ograph of the nass
spectronmeter obtained in the present exanple is shown in Fig. 4. As shown
in the schematic diagramof Fig. 3, the sharp peak w thout reading or
tailing was al so obtained by the actual experinental findings as shown in
the schematic diiagrdmoe ¢lagran idd ustaating decdpirndstview ancandino aci d
sequence coul d be raised exponentially. Fig. 5 shows a total am no acid
sequence tthebl £ip6@@radiomo @&ti b ofiardespategyecal gast e fhreodpresenh this
exanpl e, the 573 am no acid sequences except of 36 am no-acid portion
surroundeithiysntaisgquar e enclosure in Fig. 5 were deci phered. The rate of a
deci phernent was dranmatically as high as 94% (573/609). 11

Fig. 2 is a diagram illustrating a simplified

configuration of the conventional electrospray column
technique;

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

Fig. 4 is a chromatograph of the mass spectrometer
obtained 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.



| NDUSTRI AL APPLI CABI LI TY According to the m crospray colum of the present
“invention, the particle size of the filler is a mninumdianeter in
addition to nake the inner dianeter of the mcrospray columm equal to a
predeterm ned di aneter or |less. Therefore, the discharge amount of a sanple
solution per unit time can be sharply | essened as conpared with the

- conventional one, so that the particle size of charged droplets fornmed by
spraying can be nade finer. As a result, the efficiency of transferring the

el ect r ongsEdyangsisk i o heasot Mehtod© iH®e [emNE gl ecul e can be extensively
i nproved and the ionization efficiency of the sanple nolecule can be

i ncreased. Furthernore, in the present invention, it is characterized by
conprising an ionization source designed to ionize the sanple nolecule to

be contai ned i’bée'%%r%[ﬂ?f&ﬁﬂb%%&ﬁﬁ cf‘fe g&?iieizggeéé{?@it Qe TG QEPr ay, SO

that a mass spectroneter having excel nrzatron efticiency and high

detection,sensi.tivity .can be provided., Furthernore, according to the
pr esent i%‘?/se(?"ﬁlibo%%/ way%s%e gepreeg Fonet r |hce rfaéttthaocé’ e[d;]a e Sy' performs a

nanof | ow el ect rgspray,and nano-LC gradi ent anal ysi.s by .the above njicrospra
Col umm, 50 t hatt 4 highs AT IAATSRda GMeRE A IR FPeBAFRLORT Rt
conpound such as peptide and protein can be, perforned, posjtively.
COnsequeﬁ?F?ngﬁoé?géﬁé? ‘HWHﬁFbEE$@Hﬁe%Q?ttﬁgv?aFéOBf gﬁﬂn&'ag?

deci phernent of peptide or protein can be attained. 12 Claims 1. A colum
for intrdRIGIRNEE SamEreli h IaNTHH 211 SFPFHAX MR fp’kespaiiebnet er
(ESI/ MB) being designed to ionkze a s%nple mol ecul e with el ectrospray and
i nt roducesimplntrefarrathiby as “codprinsi) ngasier aét aialiceearasss which 1 ) 0 .
S umor less in an inner dianmeter of a tip opening of the colum; (2) 0.5um
or nore direl Shaped leke &n elpageitede cyiliodefr aviddl wmhdildver formed( 3)
fritless.

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

analyzer after ionizing the sample compound with electrospray.

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 1lb

having a specific diameter for discharging a sample solution

and atomizing the sample solution toward an analyzer of a mass

spectrometer not 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. 1In the tip opening 1lb, it is

configured such that a frit is not loaded. That is, the column

1 of the present invention is a fritless column.



2. A mass spectroneter, conprising: an ionization source which is
constructed such that a sanple nolecule in liquid droplets atom zed from
the m crospray colunm described in daim1l is ionized. 3. A nass
spectrometric method, wherein a nonoflow el ectrospray is performed using
the m crospray colum described in daim1l. 13
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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 uym and 5 ym or less (0.5
pm < D2 < 5 ym) is that for preventing 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; <
D,), while the particle size D; of the filler 2 is made smaller

than 5 uym or less to increase the total surface area of the
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Here, Fig. 3 is a schematic diagram for making a
comparison between the chromatograph (A) of the mass
spectrometer at the time of using the conventional microspray
column and the chromatograph (B) of the mass spectrometer at
the time of using 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 generating a sharp peak that
exceeds a detection limit can be notably appeared.

The sensitivity of the mass spectrometer 1is
concentration-dependent, so that the signal strength
increases as the peak height increases.

Therefore, using the microspray column 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),
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A solution including a digestive product of a trypsin
enzyme derived from human serum albumin (a molecular weight
of 65,000 to 70,000) at a concentration of 50 femto mole or
less was atomized from a microspray column of the present
invention under the conditions 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 chromatograph 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 sequence could be raised
exponentially.

Fig. 5 shows a total amino acid sequence table (609 amino
acids) of the above digestive product. In 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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invention, the particle size of the filler is aminimumdiameter
in addition to make the inner diameter of the microspray column
equal to a predetermined diameter or less. Therefore, the
discharge 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 efficiency of
the sample molecule can be increased. Furthermore, in the
present 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 by the 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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analyzer, comprising structural features of:
(1) 0.5 ym or less in an inner diameter of a tip opening
of the column;
(2) 0.5um or more and 5S5um 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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