.1 DESCRI PTI ON METHOD OF ANALYZI NG. PROTEI N USI NG LASER ABLATI ON Techni cal
-~ Field The present invention relates to a nmethod of analyzing protein using
| aser abl ation, nore particularly to a method of analyzing protein using

~laser ablation, which is capabl e of %ignificantly | nprovi ng anal ysi s

“efficiency conparing to conventional ones. For exanple, the invention
relates to a nethod of analyzing protein using |aser ablation, which is
preferable for use in nmass spectronetry of protein contained in a specinmen

taken froma |iving body. Backgr&g e%f%& é$ recent years, the application
range of nmass spectronetry has %' E¥ead fromthe field of physi cs

and chemstry to the field of Iife science such as nedical science and
bi ochem stry. Particularly, its developnent is remarkable in the decision

anal ysi s of npfatdpabraaily 7ZaiNG FRETETa NS N LageR JEYATAON YSis of

am no-aci d sequence. The principle of such nass spectronetry is that a
sanple is ionized in various nethods, ions obtained by ionization are
separated by mass/charge, and the intensity of each separated ionis
measur edTedbanghl | Biebdconventi onal mass spectronetry of protein has been
one that electrons were added to protein itself to be 2 ionized and its
mass was anal yPeel prgsenthginentednvisipiagito goresbers: oferBRLYFENg

fractionized into nol ecul ar jons. having |ow | .
proteln using laser alI:]O.ation, mc?re particularly to a method of

analyzing protein using laser ablation, which is capable of
significantly improving analysis efficiency comparing to
conventional ones. For example, the invention relates to a
method of analyzing protein using laser ablation, which is
preferable for use in mass spectrometry of protein contained

in a specimen taken from a living body.

Background Art

In recent vyears, the application range of mass
spectrometry has rapidly spread from the field of physics and
chemistry to the field of life science such as medical science
and biochemistry. Particula_._rly, its development is remarkable
in the decision analysis of molecular weight of protein and the '
decision analysis of amino-acid sequence.

The principle of such mass spectrometry is that a sample
is ionized in various methods, ions obtained by ionization are
separated by mass/charge, and the intensity of each separated

ion is measured.

Meanwhile, a conventional mass spectrometry of protein

has been one that electrons were added to protein itself to be




- mol ecular weight to performmass spectronetry and constituting nolecules
~were conpared. Herein, a secondary ion mass spectronetry (SIM5) where high
energy atomc ion is al | oned t o collaﬁe protein into ionization, an
el ectron desorption ionization (ED) ere a molecule is fractlonlzed into
" nol ecul ar ions having |ow nolecular weight by electron inpact and mass
spectronetry is perforned, a matrix-assisted | aser desorption ionization
(MALDI) and the like, for exanple, are known as an ion production nethod
in the cosyEREd Ol MBS ate (T BREN Yzl ,Poet 8l RolEBWRMEhavihgrgigxi sted a
probl emthat a mass spectroneter of high resolving power was necessary in
order t angpkedolar wadsrhtspe diraansiony zea jpoty merl dcml arai gn e blasrinighbdw t he
presence of a fragnment ion, which was deconposed and produced in a
hal f - wvaymohegabar weddh thhe Payfomn passrspettionetry apd epestiketingal | of
t he above- descrlbed met hods. On the other hand, a | aser atom zation
r esonanc®® ?EH}Q%tV%ﬁen?QWﬁiF%%e (LARI MP) met hod where at oni zati on and

ionization are performed by a nano second | aser, for exanple, is known as
amass spectronetry of a sanple Iabeled by an isotopic el enent in

perform ng cheglcaly, anal y8lshg ﬁ“%g, E:*&T%olrﬁ% (EEMES’O' 1’6819&' res two
| aser sources, i'ch are an at "on mzing |l a

el ement Shléﬂdeﬁeﬁ:ﬁﬁo%ﬁd&ﬁd %rzaiéoalhe%e& ey d&qlzdélgpféa@eﬁwﬂhéo of
atom zed | abel ed enents, there existed a problemthat a system

consti t uibnbzhecane aanpliectireon MyseayHiorsiivie i @i OB Wherd ahel ed

el ement needs to be resonance ionized in the LARI MP nethod as descri bed

above, molecule is fractionized into molecular ions having low
molecular weight by electron impact and mass spectrometry is
performed, a matrix-assisted laser desorption ionization
(MALDI) and the like, for example, are known as an ion production
method in the conventional mass spectrometry of protein.

However, there existed a problem that a mass spectrometer

of high resolving poweﬁ was necessary in order to perform mass
spectrofnetry to polymer ion, a problem that the presence of a
fragment ion, which was decomposed and produced in a half-way

manner, made mass spectrometry difficult, or the like in all

of the above-described methods.

On the other hand, a laser atomization resonance
ionization microprobe (LARIMP) method where atomization and
ionization are performed by a2 nanc second laser, for example,
is known as amass spectrometry of a sample labeled by an isotopic
element in performing chemical analysis.

However, since the LARIMP method requires two laser
sources, which are an atomization laser for atomizing labeled

elements, and a resonance icnizaticon laser for ionizing the atom




| aser beam of uni que wavel ength nust be irradiated to the atom of each

- | abel ed el enment, and there existed a problemthat conducting efficient

anal ysis was extrenely difficult in the state where various types of

| abel ed i sotopes were m xed. The present invention has been created in view
" of the above-described various problens that the conventional art has,

and its object is to provide a nethod of analyzing protein using |aser

abl ati on, where atom c ions of constituting atons, which constitute each

type of &f algin SaiL N BTV AidhGHY AithRGd Bxigtepea peoblakethidtoan a
living body, are produced, and the produced atom c ions are anal yzed,

whi ch i ss¥s et hoohoti tabbdy Zbecame otempl Usatg. | aser abl ati on that does not
require the use of a spectroneter of high resolving power. Mre

speci fical |y, NeraPys® f simasgthasstapead %bﬁe%@lyek%i@@met%éeeéﬁ BPotein
such as the‘groteln contained in the speci men taken fromthe |iving body,

for exa gqnangs danized EanF]B?lIc%R r%%fé‘%dpé‘ét FISﬁEFFPeralb?YS‘? ein using
| aser abiatlo mher gOSSIbI|I%?' t th%%gnal % Lym
becones %S?¥| %ﬂ%‘a RPN ?O+VI% %%ﬁ% T “Pequi r ed
in a masge SQQSIJ q T *ir R t, 'énastﬁ3r8blegc§tst% al“;%l[o&?f th%e““io”

to prOV|de net ho analyzing protein using |ase

capabl e Qénéu&ﬁiﬁ@@@ﬁ@éﬂeﬁ@aéﬂilﬂétﬁg @iﬂ%&@d défm@wlzea&hoehef the
constituting atons that constitute each type of protein such as the

protei n soatai wiedrénvaheoapetipes bAkkabeleanitbeopeyi wgrbodyxbyt. one | aser

source, and irradiation control of laser is significantly sinplified.

Furthernore, it is an object of the present invention to

The present invention has been created in view of the
above-described various problems that the conventional art has,
and its object is to provide a method of analyzing protein using
laser ablation, where atomic ions of constituting atoms, which
constitute each type of protein such as protein contained in
a specimen taken from a living body, are produced, and the
produced atomic ions are analyzed, which is a method of
analyzing protein using laser ablation that does not require
the use of a spectrometer of high resolving power. More
specifically, when performing mass spectrometry to each type
of protein such as the protein contained in the specimen taken
from the living body, for example, its object is to provide a
mass spectrometry of protein using laser ablation where
possibility that the analysis of mass spectrum becomes
difficultis eliminated and high resolving power is not required
in a mass spectrometer.
Further, it is an object of the present invention to

provide a method of analyzing protein using laser ablation,

which is capable of simultaneocusly realizing atomization and




provi de a nethod of analyzing protein using | aser ablation, whichis
- capabl e of perform ng efficient analysis even in the state where various
types of |abeled isotopes are m xed. 4D sclosure of Invention To achieve

t he above-descri bed objects, the nethod of analyzing protein using |aser
" ablation according to the present invention is that each type of protein
such as the protein contained in the specinen taken fromthe |iving body
is ablated by ultra-short pul se | aser beans, the protein is atom c ionized

t o producendtgti énidiEhandohsei O O0ME o0t AlsD BhE ti @iss & tuttd *byEe8ype Thus, it
I S possible to conduct chemi cal analysis of each type of protein.

Speci f i caf |pyotaigoistichgat othd@radtdiod cohtamakyizi mg-hep spkeimenstakeh aser

abl ation_of the present invention, by ablating each protein such as the
prot ei n £8pnathed Livinge bagie chvreaneal@seny Gauttee | i atdgipsagiagion
ultra-short Eulse | aser beans, the grotein_is deconposed into pieces and
at omi zed°BYtreacht at BREFNLE EbPREFLGEREIYhEiPPILELRA- and the atomized atom
is simultaneously..onized i.nt @ _a nonovalent. jon, and quantitative analysis
can be per f or nott BYSAIGTS 7 i LAt BHCRIEHE O Fof DR BY- LR SPoteRaEPon,

Ther ef or grovhiag B%hLeBHNGERAISPERL! BIBLLYn! ehHE, FaslE! BRda0LoANA! V2l N0
protein Using laser ablation o e preésent invention, mass spectfonetry

i s condughednt Os l=pHK1 d @FS phe¥bPahinbORE FRESent add s IWlewH Y n! BRe
possibility that the analysis of mSs spectrum becones difficult is

el i m nat edabat wakse tvheieusi sypasne€dihbeligd 2s6B6pespaekr alRear havi ng
hi gh resol ving power.
Disclosure of Invention

To achieve the above-described objects, the method of
analyzing protein using laser ablation according to the present
invention is that each type of protein such as the protein
contained in the specimen taken from the living body is ablated
by ultra-short pulse laser beams, the protein is atomic iconized
to produce atomic ions and the produced atomic ions are analyzed.
Thus, it is possible to conduct chemical analysis of each type
of protein.

Specifically, according to the method of analyzing
protein using laser ablation of the present invention, by
ablating each protein such as the protein contained in the
specimen taken from the living body by ultra-short pulse laser
beams, the protein is decomposed into pieces and atomized by
each atom that constitutes the protein, and the atomized atom
is simultaneously ionized intoe a monovalent ion, and
quantitative analysis can be performed by analyzing atomic ions
produced by the ionization.

Therefore, when performing mass spectrometry in the




Further, as described above, according to the nethod of analyzing protein
-using |aser ablation of the present invention, by ablating protein by one
type of ultra-short pul se | aser beans the protein can be atom zed and the
i oni zation of the atom zed atons int0 the nonoval ent ion can be

" simul taneously perfornmed efficiently. Thus, the irradiation control of

| aser is sinplified, and various types of |abeled elenents can be used
‘sinultaneously in chemical analysis, for exanple, so that analysis

ef 11 o engyecad JeahaPUoYRE SeNRIiRbLY g h ALDEGLUNG S o BlAReEDEent

atom zati on an tlon of enents can be sinultaneously

. perfornegnbyneiens )’r&%_s Qﬁeuti:dszaeﬁhprlts foh@ectag o HeaiBc iibrdRavEhdod of
anal yzing protein using |aser ablation of the present invention, an

anal ysi slopeanass pnse arhdie rsitgrinflliyc &bl posisipliilfiitgd thad the amahyysss
efficiency can be remarkably inproved conparing to the conventional

met hods. ofFnassesrertrunibreondr dafficud ésis icddthingtieddbubaliso thenezati on
(non-resonance ionization) that is performed through a non-resonance
process by %?g%eﬁ%akovﬁﬁﬁealH%%ﬁs?P?CtB?mﬁF?Fah§H6P9 pteRereactyiRgans,

each Iabeled atom can be severally ionized even in the state where various
types ofP °Ygbel ed i sotopes are mxed, by which application to a 6

mil ti-label systemls ‘i—?%heas%‘l Oe%hé%o ‘écuégé f]gghi%tgm% mekhba S8t

anal ysi s of pol ymér can be per péC| F 8Sent i hvent i on
is a net QHQlQE1né'iﬁéd€é1r}9u9£9§qlé},éishﬂ9a¥:§éﬁro@@hétﬁx%bém?iﬁvé%ti&ﬁad' ating

| aser beans on protein to be anal yzed and ablating the protein, the

protei n by adlebizRfproteiatsbhé Wygoelh A -sshdfepulse laser beams,
the protein can be atomized and the ionization of the atomized
atoms into the monovalent ion can be simultaneously performed
efficiently. Thus, the irradiation control of laser is
simplified, and various types of labeled elements can be used
simultanecusly in chemical analysis, for example, so that
analysis efficiency can be improved remarkably.

In other words, since the atomization and ionization of
the labeled elements can be simul taneously performed by one type
of ultra-short pulse laser beams in the method of analyzing
protein using laser ablation of the present invention, an
analysis operation can be significantly simplified and the
analysis efficiency can be remarkably improved comparing to the
conventional methods.

Furthermore, since the above-described ionization is
ionization (non-resonance ionization) that is performed
through a2 non-resonance process by high peak value intensity
of ultra-short pulse laser beams, each labeled atom can be

severally ionized even in the state where various types of

labeled isotopes é.re mixed, by which applicaticn to a




~atom zed constituting el enents are ionized, and the ionized constituting

- el ements are anal yzed, in which the | aser beans that irradiate the protein
to be analyzed and ablate the protein. are ultra-short pul se | aser beans,
the ultra-short pul se | aser beans ar® irradiated on a chi p having the

" protein fixed thereon, proteinis atomzed into constituting elenents and
I oni zed sinultaneously by ablating the protein fixed on the chip by the
ultra-short pul se | aser beans, and the ionized constituting elenents are

anal yze i t sent | ntien, i a b 7 i bed chip
havi ng t %f‘# ([iler L D0 PLED TR dlP éa‘l“gh?‘%ah%gv%ﬁgng‘gﬁﬂgi %E}%a%%%j[% n fixed
thereon éf‘fi’@i&bttaﬂ?alﬂféié %?Solﬁﬁ@é &kdh 'SR Gi&dedddy and bonded a

subst ance havi ng specific bon to the particular protein fixed on the
chip. Further, the present invention is that the substance having specific
bond to the above-described particular protein is a nolecule having

speci fi ¢ bond Spedifirastldiyn,. Ebet lppremerd; fheepteeentis nzematdrod sofhat the
nmol ecul e having specific bond with the above-described protein is nucleic
aci d hav@pRl ¥pRd PR Wit alaserraklation twheye dpxi hrradiztinGer, the

present jnvention is that the substance hayvin eci fic bonding .
char act ei*'f‘%?? S2PS; AR RERNREH &SR @é’&clyﬁé‘rdt ﬁe&a}?lapm%i Si E%E%’r’é'f n that
exerts a rotein.. Further, the prgﬁent

i nvent i oﬁﬁ E%H?:at{‘:aitt‘)‘ﬁgglsg nggiyeés)dgrgggggp FE I Y e CHTFEN e spetific

bondi ng QE(B&@Qed a&@ﬂ&ti&?t?ﬁat Si&méﬁt@ng.fg Oijé{ni zed, and the ionized
constituting elements are analyzed, in which the laser beams
that irradiate the protein to be analyzed and ablate the protein
are ultra-short pulse laser beams, the ultra-short pulse laser
beams are irradiated on a chip having the protein fixed thereon,
protein is atomized into constituting elements and ionized
simul taneously by ablating the protein fixed on the chip by the
ultra-éhort pulse laser beams, and the ionized constituting
elements are analyzed.

Further, the present invention is that the
above-described chip having the protein fixed thereon is a chip
having particular protein fixed thereon in which the particular
protein reacted with and bonded a substance having specificbond
to the particular protein fixed on the chip.

Further, the present invention is that the substance
having specific bond to the above-described particular protein
is a molecule having specific bond with protein.

Furthermore, the present invention is that the molecule
having specific bond with the abéve—described protein is
nucleic acid having specific bonding characteri_stic with

protein.




Furthernore, the present invention is that the chip having the

- above-described protein fixed thereon is fornmed by pouring solution
containing protein that reacts with the above-described antibody on a chip
havi ng t he above-descri bed antibody fixed thereon, allow ng protein that
"reacts with the above-described antibody to react with the above-descri bed
anti body, and allowing the protein that reacts with the above-descri bed
anti body to bond the above-described anti body. Further, the present

invention is thMattidr £l ERENpr&3bRt ihvedtisnhed tuhdtherHy of@bscdhxed on the
above-descri bed chip. Further, the present invention is that the

above- deszvilg dpedceifting bbabdhg sharstabt estiottapithechiotreatdesEribbddr, t he
present invention is that the above-described elenment |abel is |abeled by
usi ng a pRrohgelar pketedn iie prafetimethgte exerdsprespacifhodpondings t hat
the above-described elenent |abel is |abeled by a sandw ch net hod.

Furt her , 2¢heCH 38@RE PHEOERETon is that the above-described el enment |abel is

di tly | abelgd t tei ' le.. Further, th toi ti '
that the 8 aboVesRRRCri DELE chifF ISemt mivedi el edSchi bo=Fur tR®, the
0 ti . c 0 to. d and
PreSent, LNeBLAERLeLLEY: ARS8 LY BLIELR AR 208l yged and
be anal yzRongatRe PLEediandsPaHEeHo@p.the above-described chip, conpetitive

assay is performed in which a substance having specific bond to
particul ar pr oferthéinese pnthhe pakaertdeserebetoship, tdh2® the chip
having the above-described protein fixed thereon is formed by
pouring solution containing protein that reacts with the
above-described antibody on a chip having the above-described
antibody fixed thereon, allowing protein that reacts with the
above-described antibody to react with the above-described
antibody, and allowing the protein that reacts with the
above-described antibody to bond the above-described antibody.
Further, the present invention is that an element label
is attached to the protein fixed on the above-described chip.
Further, the present invention is that the
above-described element label is a stable isotopic element.
Further, the present invention is that the
above-described element label is labeled by using a puromycin
derivative.
Furthermore, the present invention is that the
above-described element label is labeled by a sandwich method.
Further, the present invention is that the
above-described element label is directly labeled to protein
in a sample.

Further, the  present invention is that the




above-descri bed protein to be analyzed, and the above-described | abeled

- protein are bonded conpetitively, and the particular protein is fixed on
“the above-described chip. Furthernoreg the present invention is that
ultra-short pulse |laser beans that are irradiated on the protein to be

" anal yzed and ablate the protein has a pulse time wwdth of 10 pico seconds
or less and a peak val ue output of 10 nega watts or nore. Furthernore, the
present invention is that ultra-short pulse |aser beans that are

i rradi at 2o PR-AdEcPILLI i PE 2 aRelyZedninde bl algidhe protein has a

pulse tinme wdth of 1 fento second or nore and a peak val ue output of 1
giga watt or rpurtheand khdgi garasindts AndedtSonFuikhetthatheapr eseple
invention is that by noving at |east one of the ultra-short pulse |aser
beans t hatntédialirg proteim taibd gnalezed tamdhbalbabég pedtaimesolutieshort
pul se | aser beans that ablate protein ablate the protein to be analyzed

wi t hout immisistton baleed s ﬁ@éﬁ?gﬁdt Bo gdre protedal foike apglvred, ane present

invention . is that the analysis _of the abhqve-described ioni,zed constituting
el erront M ES¢08 PaRERd PR ERe PRy er daSAEISET FhiRt FERRSA Lide BEFeRer, t he

present inventi-on is t.hat .suljstance %Pat need.to be fixed an the
above-dejs'%rgﬁég & F% afe 1?%(‘%’:1 %ssggs E‘)Q‘Fﬁe,-'WéL(I)’f-’utslpo":"ncl)z%a GAched vmt?h a

di fferenpal abeh1 L7 pBoratRSIANGS ton DenEPAAL deb AP [ oBRL W th
Pural r

the mxture, and p types of substances are detected Tr the m xture.
- Still f usbbeE-dEBEr PHES PHo HEIERS KR S1 ¥2&d , andadY 8bbbe-Ab%8¢1B8At he

above-descri bed chip, antibody to a neasuring
labeled protein are bonded competitively, and the particular
protein is fixed on the above-described chip.

Furthermore, the present invention is that ultra-short
pulse laser beams that are irradiated on the protein to be
analyzed and ablate the protein has a pulse time width of 10
pico seconds_or less and a peak value output of 10 mega watts
or more.

Furthermore, the present invention is that ultra-short
pulse laser beams that are irradiated on the protein to be
analyzed and ablate the protein has a pulse time width of 1 femto
second or more and a peak value ocutput of 1 giga watt or more
and 10 giga watis or less.

Further, the present invention is that by moving at least
one of the ultra-short pulse laser beams that ablate protein
and protein to be analyzed, the ultra-short pulse laser beams
that ablate protein ablate the protein to be analyzed without
omission and duplication to perform analysis.

Further, the present invention is that the analysis of
the above-described ionized constituting elements is mass

spectrometry by a time-of-flight method.




subj ect, which has been |labeled in plural types, is poured to neasure a

- plurality of substances. Herein, when ablating protein by the ultra-short
pul se laser beams in the present invgntion, irradiating one shot (one

“pul se) of the ultra-short pulse | aser beans on protein is enough. However,
“plural shots (plural pulses) of the ultra-short pulse |aser beans may be

i rradi ated on protein and the nunber of shots (pul se nunber) of the
ultra-short pulse | aser beans to be irradiated on protein should be

appropriatel y setewded. tiddent ti dventidfeigbkBathatinbBendbEr ehghort
pul se | aser beans be one having the pulse tine wdth of 10 pico seconds

or | ess.néed txanpl Eixed o5 therapsvatrdesorilbedf enlp- segofiikxedlaserabeans
irradiated froma laser that is generally called a fento-second |aser

havi ng thexpuree tsodatidictt habtagheédnig thseaont fffenemte dadel gicso 3econd or
| ess. Furthernore, 10 nega watts or nore is preferable as the peak val ue
out put f%hﬂ:ﬂ%cal‘%q Q%ﬁeaﬁ%aﬂs@ rddavask Arsreant widdy éhsa!rlﬁtwran y, 1

Phore. s B RSt HRPS A3 SHBF EROSPRrA- e ottt Fa 00 GHE B o hake t he
anal ysi s of ‘g, $pORLIMND: LhLl SHLLLNDSIL LA AR BLUE £Uhh o 1Mt he

ul tra-short Iase éans S ofr Iar

ef ficiengyxgf oat Q@Pez%!kﬂo%%-%!é%dﬂ@e@tdﬁb | Saf erhicas E@ Qallﬁéahﬁrgh&f icult
to observe atomc ion signals when the peak value output fromthe

ul tr a- sheubjeptl swhidls Has BRAVIE Label Q- in"BUGriB! ol ; -ilsepdured to-- It IS
to be noted that, according to experinents, which are described |ater,
conduct edebgutheai plenadi syobft hebpteseas.

Herein, when ablating protein by the ultra-short pulse
laser beams in the present invention, irradiating one shot (one
pulse) of the ultra-short pulse laser beams on protein is enough.
However, plural shots (plural pulses) of the ultra-short pulse
laser beams may be irradiated on protein and the number of shots
(pulse number) of the ultra-short pulse laser beams to be
irradiated on protein should be appropriately selected.

Further, it is preferable that the ultra-short pulse
laser beams be one having the pulse time width of 10 pico seconds
or less. For example, it is appropriate to use femto-second
laser beams irradiated from a laser that is generally called
a femto-second laser having the pulse time width of 1 femto
second or more and 1 pico second or less.

Furthermore, 10 mega watts or more is preferable as the
peak value output from the ultra-short pulse laser beams, and
more particularly, 1 giga watt or more and 10 giga watts or less
is preferable.

This is because there is a possibility that multivalent




I nvention, extrenely good results could be obtained when the pulse tine
-width was 110 fem o seconds and the peak value output was 2 giga watts.
‘Further, according to the present inﬁ%ntion, the wultra-short pul se | aser
beans such as the fento-second | aser " beans capabl e of simultaneously

" performng atom zation and ionization efficiently are irradiated on a
protein sanple that 1is |abeled by an isotopic elenent or the |ike.
Therefore, it 1is not necessary to selectively ionize the | abeled el enents

and varjgys byReSlalale! ed GhAIBNtAeCAUhD] SLor MRV BEpeStAGR the
repetition rate of laser irradiation can be I'ncreased to several kHz, the

i nvent i ofli £5i Gl t akle®r the dgighvapaetkwfintly From €hé WltrBishortpiheea present

i nvention, by noving at |east one of the ultra-short pul se | aser beans

t hat abl hagerdodmriypes 16f gpat sahtsoobel argdlyy z ethds kble afftiikéeprgtefn
contained in the specinen taken fromthe living body and the protein to be
anal yzedatemezatien-anddioniaadd drader redugedt batmakts ditedpESLeAt BDl ate the
protein to be anal yzed wi thout om ssion_and 11 duplication to perform

anal ysi s?b%ﬁ’é‘tf?f%‘&%ﬂﬂr‘i/,lqnnsﬁﬁéabﬁe‘%‘é?ﬂ thehperki ¥alugPhiu hdremehieof a

t of t I I dth I p_havi teinto b I d
PP oo BB BEHRE LSTAR SRR RS D Bad kAR ShiBats, e onel 1

tixed on .2 Wide A1 SaNnBERCHIOE ek alARaN ATLSEEatnantaduphicat i on

This makes it possible to use a c ere proteln

anti gen- apki ROSyr 1I9AE 12%2 1S c8n8libBe A AW MhADHIERB0HE &F AHRI Brekanbe
anal yzed fixed thereon, which is particularly effective. According to the

present ifnvention, enatymebyspesd rdocore cailghidd obtdineddashen than
conventional one due to this
pulse time width was 110 femto seconds and the peak value output

was 2 giga watts.

Further, according to the present invention, the
ultra-short pulse laser beams such as the femto-second laser
bearﬁs capable of simultaneously performing atomization and
lonization efficiently are irradiated on a protein sample that
is labeled by an isotopic element or the like. Therefore, it
is not necessary to selectively ionize the labeled elements and
various types of labeled elements can be used. Moreover, since
the repetition rate of laser irradiation can be increased to

several kHz, the invention is suitable for high-speed analysis.

Furthermore, in the present invention, by moving at least
one of the ultra-short pulse laser beams that ablate each type
of protein to be analyzed such as the protein contained in the
specimen taken from the living body and the protein to be
analyzed, the ultra-short pulse laser beams that ablate protein

ablate the protein to be analyzed without omission and




.characteristic. Herein, a specific application exanple of the present
~invention is the analysis of protein using the chip where protein is fixed
by antigen-anti body reaction as a chhe having antigen to protein to be
anal yzed fixed thereon, for exanple, ~"and it is possible to increase the

. speed of the analysis. On such occasion, an elenent |abel can be used as a
| abel according to the present invention. Mre specifically, various
types of isotopic elenents can be used as the elenent |abel, and when

stabl e | S@bPPESLELS ér%ﬁm%ﬁi%hes befeitalhgbeln tim(%rz'%ﬁém& it is

possi ble to increase the variety of abel's to the nunber 0 types) of

vari ous inypestiddnstabthe mewdmges ofTAI spdeafsSshbat gulesaatagslr 9éams
i nformati on can be increased dramatically conparing to a fluorescence

met hod (2ndttthe dhigedpviingt pireteicotodne iarllydabdliixegl belrednand a
radi oactive isotopic elenments (about 10 types). Mre specifically, it is
possi bl esaBPlL e 3rigtdian B adlarggaumenpEiProteld|sanpd@féxedcdnas 39K

and 41K that_ are grou 1 stable isotopes in the periodic table, 32S and35S
t hat ar eadPrﬂ?parfg %?‘gﬁ?eep% pEped Yht ﬂ‘étﬁ?é?li%ﬁiicg‘ f86) duPkseatian- 371

t hat are r 17 .stable.isotopes_ in the periodic table,. or..11 and
120Sn t'ﬁh?S%e zi%l §g8%1 32" 28 se I,a(,ictl:'m. .v%ﬁelﬁ%t%ﬁroif%u% is fixe ?E%

at are' s irsotopes o NSTtl on he perro t abl e,

as a |ab§$t£‘§§ﬂ-£ﬂtﬂﬂ@d§>&p§£é% 33{/ aPERL iﬁb@iﬁ%%ﬁi éhSithPLB‘éeEH! p where

protein i's fTxed by antigen-a reaction as a chip having antigen to
protei n £ lraandkyeadrike@dthdArEONhibht B4 pRrARULdrSvabFeuredi{a. bond

protein that is a target on the above-described chip, it is ablated by
ultra-short puhseording to the present invention, analysis speed
becomes significantly faster than conventional one due to this

characteristic.

Herein, a specific application example of the present
invention is the analysis of protein using the chip where
protein is fixed by antigen-antibody reaction as a chip having
antigen to protein to be analyzed fixed thereon, for example,
and it is possible to increase the speed of the analysis.

On such occasion, an element label can be used as a label
according to the present invention. More specifically,
various types of isotopic elements can be used as the element
label, and when stable isotopic elements are used as the element
label, for example, it is possible to increase the variety of
labels to the number (270 types) of various types of stable
isotopes. This means that the amount of information can be
increased dramatically comparing to a fluorescence method (2
to 6 types) that is a conventional labeling methed and
radioactive-isotopic elements (about 10 types).

More specifically, it is possible to use protein by




| aser beans to performatom c ionization of nolecules. After that, the

- mass spectroneter detects mass, and thus the quantity of isotopic elenent
contained in the bonded protein can kg deternined. Therefore, the target
protein can be analyzed by calculating the ratio of volunme in |abel ed

" nmol ecul es. Herein, in conparison with |labels currently used, the variety
of labels can be increased to as many as 270 types when stable isotopic
el enents are used, for exanple. Mreover, when a plurality (three types or

mor e)  of 1aips DL Riltabg! Sehibie SGRALsBERMERN P 8hel Piath@Bdedgroup
mul ti-channel ed chip that were all Oowed to bond and react with “a target at

t he sanel sitabledodatdisd s antiee peutalitytail s afis #5d *Tbhbe acengeses. As
descri bed, the present invention can establish high-sensitive and

hi gh- spekél stessl e pectoprst iy the weriods c tybée, ofCEtal 'qls shepi arel enent
l'abel s, and therefore, the present invention can be applied for, all
resear chI¥P@P dy GhebkéeiFolonrg LRgthe Peaditsisetaple [Q¥or oERAGIFe oFR

radi oactjve, i sotopes.. Furthernore, according to the present inyention
stable TRREGHTE TranEmis ThPeR s drans AHion BEPdd 1 ERENPERIPAbSL  using
t he radi | ve_ | sot.opi | enents, .so _that .facility Lh_such
case is ﬁ%@i?és?sr’ i%tle%%ngls’legtlé’i Itzlftel 8?1‘3eﬁlmr?§é-'l 825 p%gg'le?lgt %ﬁgn Sg?i vat e
firnms is i : | tg I kQ:th r AV k - 100
B R s I
subst ancegat XM 2@Na UM LAV B§ @ntalgetPed Eﬂ-@t’élntﬁ@% andikgzal Figeq array,

e

but fixed as a mxture and solution attached wth a different |abel by
each subshaneent hat needs to be

After protein is allowed to bond protein that is a target
on the above-described chip, it is ablated by ultra-short pulse
laser beams to perform atomic ionization of molecules. After
that, the mass spectrometer detects mass, and thus the quantity
of isotopic elemept contained in the bonded protein can be
determined. Therefore, the target protein can be analvyzed by
calculating the ratioc of volume in labeled molecules.

Herein, in comparison with labels currently used, the
variety of labels can be increased to as many as 270 types when
stable isotopic elements are used, for example.

Moreover, when a plurality (three types or more) of
protein labeled by separate elements are mixed and a
multi-channeled chip that were allowed to bond and réact with
a target at the same time, data between a plurality of samples
can be compared.

As described, the present invention can establish
high-sensitive and high-speed mass spectrometry by wvarious
types of stable isotopic element labels, and therefore, the

present invention can be applied for all research fields where




measured is allowed to react with the mixture, and thus it is possible to
- detect plural types of substances fromone spot. Wth this nmethod, |abor
for fabricating the mcro array can;he omtted drastically, and a

custom made substrate for adjusting solution containing substances that a
“user wants to neasure can be easily forned. Furthernore, the sanple can be
contrarily nounted on the substrate. For exanple, a plurality of
substances can be neasured when antibody to a neasuring subject, which is

| abel ed 1dWeViHd Q4Spd ¥BSSmed 5yp9yﬁsﬁloc§£eﬁé d&e%aheabemvaflé&@oﬂa@w ngs
Fig. 1 is a conceptual constitution exenplary view of constitution

exanpl e of a MastispeeircoMakccoedingt o fhox pr@&@lnﬂlﬁthhﬂoﬁ&S@taﬁl@rotel n,
which is an exanple of an analysis systemthat can be used when

| npl ement $eigPRd Frestbruirofs areal Yo m!gsedpaet the lsbajedagsbemabt avitmowiecor di ng
to the present 14 invention I s_an exenplary view show ng an
exanple: Wlﬁméhwaﬁt%l%%?@lﬂ StléF“ﬁnl‘féilrnSOI g@é*ﬁ Barktibw %&cor di ng

t th t ' f O I

sandwi cHP® iEEH dlﬁlgﬁa aﬁeﬁso&; Rot TR exe'%d”%wﬁl%tﬁﬁéf Bt “needs

to be ”erﬁ‘éé'{fdll fa& %d fxe\gchéarél f %g}fbfeba ng a target used
cond]ucjf aa GRS o RGig

I n experi nen e |1 nven e pr esent I nvention. Fi g.

5 shows the expeii R, mﬁul t f t%o%hasahtl 1ROBHAYELRY byefhEaiMyentors
of the present Invention,” and Is
multi-channeling where a plurallty of labels are used at a time,
when the substances fixed on the chip are not spotted by types
like a micro array, but fixed as a mixture and soclution attached
with a different label by each substance that needs to be
measured is allowed to react with the mixture, and thus it is
possible to detect plural types of substances from one spot.
With this method, labor for fabricating the micro array
can be omitted drastically, and a custom-made substrate for
adjusting solution containing substances that a user wants to
measure can be easily formed.
Furthermore, the sample can be contrarily mounted on the
substrate. For example, a plurality of substances can be
measured when antibody to a measuring subject, which is‘labeled

by various types, is poured.

Brief Description of the Drawings

Fig. 1 is a conceptual constitution exemplary view of a
constitution example of | a mass spectrometric system for
analyzing the mass of protein, which is an example of an analysis
system that can be used when implementing a method of analyzing

protein using laser ablation according to the present




graph showi ng mass spectrum by abl ation .on spot 1 and spot 2, which were

- nmeasured by a quadruple nass spectroneter. Fig. 6 is a graph show ng only
the mass spectrum neasured by ablatijgn on spot 2 which is extracted from
Fig. 5. Fig. 7 is an exenplary view of a chip being a target used in

" experinment 2 conducted by the inventors of the present invention. Fig. 8
Is an exenplary view showi ng the corresponding relation between chip 1 and
chip 2 which were used in experinent 2, and neasurenent results. Fig. 9 is
a graph phvd€Eispectrumthat was neasured by ablation on spot 1 of chip 1.
Fig. 10 is a graph of TOF spectrumthat was neasured by ablation on spot 2

of chip 1. Fi gFidl 2sia s apherapl Iy epewt showihat anesxamabarefl bye

abl ation on spot 1 of chip 2. 15 Fig. 12 is a graph of TOF spectrumt hat
was neastethicd\of @radmzdmopropetin2usinghiaser afilatitd ascardiaghtof TOF
spectrumt hat was neasured by ablation when sanple concentration in
exper i mehte3PrAgeny SpPPRTioRki g. 14 is a tabl e showing the detected

quantity of fari n1§8 t hat s calculated from TOF spectrym Fig. 15
1378 oriph shoul By TS rah P TOPRrheltof nEoEaRpP LA RERECh: FAPFEReANG  the
ot ormEtn AP EG: AP S oF Y HAIHy PHOEL P tnat'nlBaS

to be measured.

Fig. 4 is an exemplary view of a chip being a target used
in experiment 1 conducted by the inventors of the present
invention.

Fig. 5 shows the experiment result of experiment 1
conducted by the inventors of the present invention, and is a
graph showing mass spectrum by ablation on spot 1 and spot 2,
_which were measured by a quadruple mass spectrometer.

Fig. 6 is a graph showing only the mass spectrum measured
by ablation on spot 2 which is extracted from Fig. 5.

Fig. 7 is an exemplary view of a chip being a target used
in experiment 2 conducted by the inventors of the present
invention.

Fig. 8 is an exemplary view showing the corresponding
relation between chip 1 and chip 2 which were used in experiment
2, and measurement results.

Fig. 9 is a graph of TOF spectrum that was measured by
ablation on spot 1 of chip 1.

Fig. 10 is a graph of TOF spectrum that was measured by
ablation on spot 2 of chip 1.

Fig. 11 is a graph of TOF spectrum that was measured by

ablation on spot 1 of chip 2.




14 Target 16 Quadruple nmass spectroneter 18 Rotational ‘inlet termnal” 20
-~ Utra-short pulse |aser 22 Focus |lens 100 Chip 102 Anti body 104 Label ed
protein 106 Sanple 108 Tar get proteiyk contained in sanple 200 Chip 202
Anti body 206 Sanple 208 Target protein contained in sanple 210 Labeled
“elenment 16 212 Antibody (I abeled antibody) 1000 Substrate 2000 Substrate
Best Mode for Inplenenting the Invention In the foll ow ng, an exanpl e of
enbodi ments of the nethod of analyzing protein using | aser ablation:

according to tgg;, preIeNt HRYBALLAMAN | dpdb Afs THAE hals"mdskakbarsf erri ng
to the attached draw ngs. "According to the nmethod of analyzing protein
usi ng | asieIatbdh abh OfpotaZhofygripf2protein such as protein contained in a
speci nen taken froma living body can be anal yzed. Fig. 1 shows the
concept ual coritg t W3 ds exgmpbbr £ VI@HY spsctarwnndtatt whisomeexarptcowf t he
mass spectronetric system for

ablation when sample concentration in experiment 3 was

0.2mg/ml.

Fig. 14 is a table showing the detected quantity of
samarium (Sm) that was calculated from TOF spectrum.

Fig. 15 is a graph showing the relation between the sample

concentration and the quantity of Sm detected.

Explanation of Reference Numerals

10 Mass spectrometric system

12 Vacuum tank
14 Target

16 Quadruple mass spectrometer

18 Rotational inlet terminal

20 Ultra-short pulse laser

22 Focus lens

100 cChip

102 Antibody

104 Labeled protein

106 Sample

108 Target protein contained in sample
200 Chip

202 Antibody

206 Sample

208 Target protein contained in sample

210 Labeled element




anal yzing the mass of protein as an exanple of the analysis systemthat

- can be used when inplenenting the nmethod of analyzing protein using |aser
abl ation according to the present inRgention. The nass spectronetric system
10 has a vacuumtank 12 that can be set to the vacuumlevel of 10-8 to

- 10-6 Torr, for exanple, a target 14 arranged in the vacuumtank 12, a
quadrupl e mass spectroneter 16 as a nass spectroneter arranged in the
vacuum tank, a rotational inlet termnal 18 that rotates the target 14, a

ul tra-shprs nutssoagselagalé&aangﬂbgayyltra short pul se |aser beans such
as the fento-second | aser beam for exanple, to be irradiated on the
target 1#p0@n8ukstoatis | ens 22 that 17 focuses the ultra-short pul se | aser
beans irradiated fromthe ultra-short pulse |laser 20 on the target 14.
Herein, 480Pnh8ubstratenhort pul se | aser 20, one capable of irradiating
ultra-short pul se | aser beans having the pulse tinme width of 1 fento
second or nDre and 1 pico second or less and the peak val ue output of 10
gi ga wat gsgr §8Se5an be. use ally, one that is nade up of a

.

£itani unr SappHT % FREet™ %%ﬁm?ﬂgfﬁaeghspighﬁﬁg?g Dshown below, for exanple,
b d

Wty S No mord HR.ELY el (femgggﬁ?ggi‘%) peliReh St FuiblisRhan

joule) (Bﬁaﬁnﬁi{yﬂin UbRei® ustifidd QY %MHQH a%ﬁcﬁfﬂ?t Eo IElﬁem)re

t han 800nm (nano nefer) Repetition: 1kHz (kilo hertz) Furt
quadr upl prﬁﬂéﬁtsmﬁéﬁﬁmi i l16béSdé Gt Abd@d n detail referring to the

attached drawings.
According to the method of analyzing protein using laser
ablation, each type of protein such as protein contained in a

specimen taken from a living body can be analyzed.

Fig. 1 shows the conceptual constitution exemplary view
of a constitution example of the mass spectrometric system for
analyzing the mass of protein as an example of the analysis
system that can be used when implementing the method of

analyzing protein using laser ablation according to the present

invention.

The mass spectrometric system 10 has a vacuum tank 12 that
can be set to the vacuum level of 107® to 107 Torr, for example,
a target 14 arranged in the vacuum tank 12, a quadruple mass
spectrometer 16 as a mass spectrometer arranged in the vacuum
tank, a rotational inlet terminal 18 that rotates the target
14, a ultra-short pulse laser 20 that emits ultra-short pulse
laser beams such as the femto-second laser beam, for example,

to be irradiated on the target 14, and a focus lens 22 that




in a vertical direction by 90 degrees with respect to the irradiation

- direction of the ultra-short pul se |aser beams that are emtted fromthe

ultra-short pulse laser 20 and irradhated on the target 14. Meanwhile, it
goes without saying that a tinme-of-flight nmass spectronmeter (TOF MASS) may
" be used as the mass spectroneter instead of the above-described quadruple
mass spectroneter 16. Furthernore, the focal length of the focus | ens 22
that focuses the ultra-short pulse | aser beans emtted fromthe

ul tra- shesdudild thd ¥Vr=2QHortSph1ke PREST Q%&n@&%cﬁ.-at%& £+Bmt Hife

above-descri bed constitution, description w be made for a nethod of

per f or mubtiEsshepecpibset Iysesi 2@ émethabtyegdestdi bed mass spectronetric
system 10 by the nethod of analyzing protein using |aser ablation

accordi ng to tHerefreses thenwdrimaomshoidr pud set haseet BOG ohearapzizleg
protein using |laser ablation according to the present invention is that

t he sanpPf igradigting pd R sherdi pudgenlager ey tha i ns fhgi RelSen t he
speci nen_t aken fromthe_living body is detected and anal yzed by using

abl ati ontHye t"ffé:h't}'f torftagsﬁﬁ?"f°p?ﬁ%%m¥é’§e?‘°5§aﬁﬁge4ﬁ‘f]t% se%)m f’ﬁei/%ﬁ? ra-short
ul se | 0 he_ f - nd. | r._.an n_anal r h as the
s sperte o BH B2 b ol BRECHTA hon 3R eLRE, PRRENEY BB w8, G

tinme-of-flightydBss <3REEEIQORIG!- oSRECi f¢ l'y; gt hgapRt heg, ofg@nalyzi ng

protein using |aser ablation atcording to the present inventionis a
met hod otitanashyzéagpRi 86l AseisidiH lidsdudl Palr@ihe ey ehbancheberNs are
for example, can be used as such ultra-short pulse laser 20.
Peak width {pulse time width) : No more than 100 £s (femto
saecond)
Output: 50 to 480uJ (micro joule)
(Peak wvalue output: 0.5 to 4GW (giga watt))

Wavelength: No more than 800nm {(nanc meter)

Repetition: 1lkHz (kilo hertz)

Further, the quadruple mass spectrometer 16 is installed
in a vertical direction by 90 degrees with respect to the
irradiation direction of the ultra-short pulse laser beams that
are emitted from the ultra-short pulse laser 20 and irradiated
on the target 14.

Meanwhile, it goes without saying that a time-ocf-flight
mass spectrometer (TOF MASS) may be used as the mass
spectrometer instead of the above-described quadruple mass
spectrometer 16.

Furthermore, the focal length of the focus lens 22 that
focuses the ultra-short pulse laser beams emitted from the

ultra-short pulse laser 20 is set to 25cm, for example.




irradi ated on protein to be analyzed to ablate the protein, the proteinis
-atom zed into constituting el ements, the atom zed constituting elenents
are ‘ionized, and the ionized constityling elenments are analyzed, and the

| aser beans ablating the protein is the ultra-short pul se | aser beans
“where the ultra-short pulse |aser beans are irradiated on the chip having
protein fixed thereon, the ultra-short pulse | aser beans abl ate the
protein fixed on the chip to sinultaneously atom ze and ionize the

protein into the constituting elenments, and thus analyze the ionized
constituting elements. 19 Specifically, the chip having protein fixed
thereon is arrmenghe dboddedeacribad adkst? tagibhe ded@eipdidon Whelubd ra- short
pul se | aser beans such as the fenmt o-second | aser beamenitted fromthe

ul t r a- shmade plds ea |matho@ohirperfouding etk on specthopetiei wegindethar get 14
to performablation, and analysis is conducted by the mass spectroneter
such as ¥PRVIARFTHiedwass shasttromatad cleyahemt He hy fheomethpghef nass
spectronmeter. Jn such qccasjon, when the protein tqQ be analyzed is

Pt achedP I 40T BEat el SR el AR PLbEFLOh SRPTHRS, £ ABTREEP RaYi ng t he
| abel ed Pﬁﬁég{f fixed thereon is arranged as the target 14 in the vacuum
tank 12,"thé 0 ?¥a-short pul se |l aser beans such as the fento-second | aser

beam emitted fgomihe +HLt pRRQ toﬁuéﬁ%{(%ﬁ& %%0 l(eggiepfe%ctleqat £dsQp the

chip being the target 14 to performa I on; e enents are

neasur edabbytide JESSrERRS oOIRE Pra&diaft anviene idnads Wt ReSsSRETE! OMet er
16 and the tinme-of-flight nmass spectroneter, and thus the protein to be

anal yzedofamadie dabecieprotkianaustecs Hekeeprotaint kenthipelavhngher ot ei n
fixed thereon, a chip
specimen taken from the living body is detected and analyzed
by using ablation by the ultra-short pulse laser beams emitted
from the ultra-short pulse laser 20 such as the femto-second
laser and an analyzer such as the mass spectrometer such as the
quadruple mass spectrometer 16 and the time-of-flight mass
spectrometer.

Specifically, themethod of analvzing protein using laser
ablation according to the present invention is a method of
analyzing protein using laser ablation, where laser beams are
irradiated on protein to be analyzed to ablate the protein, the
protein is atomized into constituting elements, the atomized
constituting elements are ionized, and the ionized constituting
elements are analyzed, and the laser beams ablating the protein
is the ultra-short pulse laser beams where the ultra-short pulse
laser beams are irradiated on the chip having protein fixed
thereon, the ultra-short pulse laser beams ablate the protein
fixed on the chip to simultaneocusly atomize and ionize the
protein into the constituting elements, and thus analyze the

ionized constituting elements.




havi ng protein fixed thereon, where the protein reacted with and bonded a
- substance (such as antibody) having specific bond to particular protein
fixed on the chip and the protein is féxed on the chip, can be used.
Specifically, a chip where protein Has been fixed by antigen-anti body
“reaction on a chip, on which antigen to protein to be analyzed is fixed,
can be used as the chip having protein fixed thereon, for exanple.
Therefore, the chip having the | abeled protein fixed thereon can be forned

as follows, fospexpFDel1¢0 tPEG i aldhg Sl ﬂfxeldalagxla?goﬂr gLein

being a sanple is poured on the chi'p on wni ch a substance such as

ant i bodyarrafgedd s pREIVdEubioREnkOL DA LRI tRIrgatol £] tHRag1 begnshbxed, the

| abel ed protein and the above-descri bed substance having specific bond are
al | owed polsealdsenibyear tsiuchl as phetBemtofseddred [ld=drebeprmotminted fi xed
on the chip. Furthernore, by cleaning the chip on which the particular
prot ei n uemothe d treaisdiont pudsei haserfikede drcvhdpahadion thieechibel ed
protein  fixed thereon is obtained. Herein, simlar to a DNA chip, by using

a chi p WRBIBY B8 oiATISpeddoftos RRTEAEBs 2Piathons aNd RREAYSEYeldl |y

havi I fi i th ticuyl tei f.i xed hi d b
oY o0, SRR LA P R BnaRiy Bncas e SHARhuBlS, GREB 270 ™
subst ancesettyefeRa-2nk! 0AGY knl2YiRE 3ReEl hficPRAd IR REERLES],
measur eneht of various types of protern can“be ~perfofrmed Similtaneously.
Further, as thensyehaBe@alavhnng wHRECIHE Pk tdapLi sHhayzRROL8I n fi xed

on a chip, it is possible to use a
attached with a label by an element label or the like, the chip
having the labeled protein fixed thereon is arranged as the
target 14 in the vacuum tank 12, the ultra-short pulse laser
beams such as the femto-second laser beam emitted from the
ultra-short pulse laser 20 are irradiated on the chip being the
‘;arget 14 to perform‘ablat:_i.on , the labeled elements are measured
by themass spectrometér éuch as the quadruple mass spectrometer

16 and the time-of-flight mass spectrometer, and thus the

protein to be analyzed can be detected and analyzed.

Herein, as the chip having protein fixed thereon, a chip
having protein fixed thereon, where the protein reacted with
and bonded a substance (such as antibody) having specific bond
to particular protein fixed on the chip and the protein is fixed
on the chip, can be used. 8pecifically, a chip where protein
has been fixed by antigen-antibody reaction on a chip, on which
antigen to protein to be analyzed is fixed, can be used as the
chip having protein fixed thereon, for example.

Therefore, the chip having the labeled protein fixed

thereon can be formed as follows, for example.




~ nol ecul e having specific bond to protein or, furthernore, protein such as

~antigen-anti body that exerts a specific bonding action anong protein. It
is to be noted that a nucleus acid cal ed as an aptanmer having specific
bond simlar to antigen can be used as the nolecule having specific bond
“to protein, for exanple. Aptaner can be forned by a nethod cal |l ed SELEX by
whi ch one having high bonding characteristic with a target substance such
as protein fromthe pool of oligonucleotide that has been randonmy

synthesi zed. ZHpediWidiNy 2800081iBhA LRI BBo8BLA BHLRAPL! Har1d hat
exerts the specific bondi'ng action anong protein, proteinthat Tforns a

r ecept ori®rpcuwaiairexhel thipl @anthioliL hudvseanevistieh gausetsipedyY i c bond
in a living body can be used. Herein, an exanple of the nmethod of anal yzing
pr ot ei n hargimy sresaif iabbatdoe geodridivign proteiprieseieamiénedontie | | be
described in nore details referring to Fig. 2. Specifically, in the

above- dek¥relrd Paofted nofarfalthel repoye vdesariked g sulbsdangs havingccor di ng
to the presgg%_iq*ggiion, i chi.p. 100, on which ant,i Rg' 102 to protein

t hat needBEFH bR EttedlrSVRAKER, T9RCE o AR PAREA LU LB ePEPBREM N R hat
needs to_p d_is,synthesized . by in vitro tragslation or the |ike,
Bnd Taberds bEPEELE BREREIR, BT S O othdli shte ! n TRRBEY (W bl o

| SOtop! CoPLENERY C9UChAS é?wh%%%ﬁe PR baokaie bapehpdpLot ein

104. Herein, a Selemethi"oni ne net invitro virus nmethod using _
puronyci NalBel &y abi¥eSin Ol st Pexbd kea ERI{pERAIPLE, tEEN1EBe14886Prd8een! abel i ng

met hod.
fixed thereon is obtained.

Herein, similar to a DNA chip, by using a chip where
various types of substances (such as antibody) severally having
specific bond with particular protein are fixed on one chip and
by using the chip on which protein severally bonded the various
types of substances (such as antibody) having specific bond has
been fixed, measurement of various types of protein can be
performed simultaneously.

Further, as the substance having specific bond to
particular protein fixed on a chip, it is possible to use a
molecule having specific bond to protein or, furthermore,
protein such as antigen-antibody that exerts a specific bonding
action among protein.

It is to be noted that a nucleus acid called as an aptamer
having specific bond similar to antigen can be used as the
molecule having specificbond to protein, for example. Aptamer
can be formed by a method called SELEX by which one having high
bonding characteristic with a target substance such as protein
from the pool of oligonucleotide that has been randomly

synthesized.




-Meanwhi | e, al though | abeling by fluorochrome is generally used in the in
-vitro virus nethod, an elenent |abeling body is synthesized and el enent

| abeling can be perforned in a simlar nethod to the case using
fluorochrone. Next, several types of “Sol ution having different

" concentration of synthesized | abeled protein are neasured to take their
calibration curve. Next, a sanple 106 (such as serum for exanple) taken
from the living body is mxed with the |abeled protein solution whose 22

concentratlon§E§ugﬁgné§nﬁggegkoﬁé§hrg&gﬁn£%|£h§§%gﬁmg£%§ ?%?e”ﬁﬁﬂ'p 100

to performconpetitiVve assay, and conpetitive as IS per
anti gen-@pétr HOAhd 8peti 6l ci vodl i 2l cANhmbRg orditan | Becltabal ﬂ(ila@rot ein

. 104, and target protein 108 contained in the sanple 106 are allowed to
bond conPetms iy alecepliten or af templée wihtlp 1Lfxndn whilicbh atreekantnbody 102,
the |l abeled protein 104, and the target protein 108 contained in the
sanpl e g@GEshasredElic Porrddiamn Fivkey hbedy|eamdee apsedri ed, the
fem o-second | aser beamfromthe ultra-short pulse laser 20 is irradiated
on the chip having the target protein 108 fi xed thereon as the target 14

t f bl at tit th b 104 h t ed

With t hgr;nn? R A, et S Ye Lo byhﬁefﬁﬁ{aﬁ?ﬁ SE Bt ge g RraRRR S Ey
t t

g?)leg'?roms an%% R SPSHIAIRIG 0 (o PI8SEREE: ALahLLBR WP

cont ai negelaeéaslﬁéapiﬁ h8Bci §otigl £61 8drapdi RGatyzpdy Herein, since there

Is a possibility to cause difference in the calibra i on curve due to the
status of the siiqdifidalBy, desthabkbiveRisRAliddd e ERbd Wkhalyeihge and

nmeasure the sanple
protein using laser ablation according to the present invention,
a chip 100, on which antibody 102 to protein that needs to be
detected is fixed, is formed.

Next, the protein that needs to be detected is synthesized
by in vitro translation or the like, and labeled by an element
that is not contained in the protéin (stable isotopic element
such as Se, Eu, Sm, Tb and Fe) to form labeled protein 104,

Herein, a selemethionine method, an in vitro virus method
using puromycin derivatives, or the like, for example, can be
used as a labeling method.

Meanwhile, although labeling by fluorochrome is
generally used in the in vitro virus method, an element labeling
body is synthesized and element labeling can be performed in
a similar method to the case using fluorochrome.

Next, several types of solution having different
concentration of synthesized labeled protein are measured to
take their calibration curve.

Next, a sample 106 (such as serum, for example) taken from

the living body is mixed with the labeled protein solution whose




si mul taneously on a sanme chip. Specifically, to solve such problens, the

- chip on which the antibody, the |abeled protein, and the target protein
contained in the sanple are bonded sheould be nulti-channeled, and the

mul ti-channel ed chip can further inprove the accuracy of the
above-descri bed nethod according to the present invention. The

mul ti-channeling can be realized by the nmethod 23 expl ai ned bel ow, for
exanple. In other words, since there is a possibility to cause difference
in the cedndamtiHbinhed Haén @it atHs fx i ishdurdd ohscdesérable to
create the calibration curve and neasure the sanple sinultaneously on a
sane chighim HHlidro trerfomay eonpeltd tdivif aseaye. aliiecetfipeti tivhe mamagur i ng
protein called A solution of |abeled protein, to which different |abels
(for exa*ﬁ:)P@rfloé?H@ldl bag awlgémeﬁalrtlbpﬁé'sr%actéoms-@t@pwh &he antibedvd by

h d. W d h th | d
ST oved T8} iia Thbeh 2ol er SRR B HOA mgnch e FEBEPIG AT LAB GOREALREd o1 aat i on
f th t dt erf d
o il ardbuee. SARREE 18e 28 ALFRRRTDES) HRBR! REMRRS: ERRerRal TR80E Lo e
rreasuredafeeéaeﬁw Efls geaeed SR B t' yarr@[%O -e @&%&d offier1 5804t he

above- descri bed where 't pT evi ousTy syntheS|zed
bef ore r@%f@m\nﬂdn taﬁdsaia)ltarg‘élf&epréeaﬂmm E%hhia@nﬂhlin l%%edﬁéxﬁﬁlged
referring to Fig. 3. In the sandwi ch nethod, a sanple 206 is allowed to
react wioé havbi pe2®0 bvhdedl cAndinfihedy 2@2 dl@anatgeindrdt add, t Haé

femto-second laser beam from the ultra-short pulse laser 20 is
irradiated on the chip having the target protein 108 fixed
thereon as the target 14 to perform ablation, a quantity that
the labeled protein 104 has reacted with the antibody 102 is
measured by measuring the labeled elements by using the
quadruple mass spectrometer 16 or the time-of-flight mass
spectrometer, and thus the concentration of the target protein

108 contained in the sample 106 is detected and analyzed.

Herein, since there is a possibility to cause difference
in the calibration curve due to the status of the chip, it is
desirable to create the calibratipn curve and measure the sample
simultaneocusly on a same chip.

Specifically, to solve such problems, the chip on which
the antibody, the labeled protein, and the target protein
contained in the sample are bonded should be multi-channeled,
and the multi-channeled chip can further improve the accuracy
of the above-described method according to the present

invention.

The multi-channeling can be realized by the method




‘needs to be detected is fixed, and target protein 208 contained in the
~sanple 206 and the anti body 202 are bonded. Next, antibody (| abel ed

anti body) 212 | abeled by a |abeled él2enent 210 is poured from above the
.target protein 208 contained in the sanple 206 that bonded the anti body
202, and the target protein 208 contained in the sanple 206 is allowed to
react with the | abel ed anti body 212 and bonded. Then, after the chip 200,
on which the antibody 202, the 24 protein 208, and the | abel ed anti body
212 | abePBEl dinedcbebpe) cfior epamplie210 have been bonded, is cleaned and

dried, the fepto-second |aser peamfromthe ultra-short pulse laser 20 is
i rradiated on theTieD S5 FHRCRaFRRYe 14513 PeFFIPH AbY atPofiausehe

| abel ed '210. i s,..measur.ed . t he_quadr upl S ctro r 16 or
the t meSsEERPERfE Hhoe e R rRYaen R R S ehRonBrEratFoh it ¢ he
target ppRiSIN;208 LQUUS NGt d Neot ReSREPLR L2068 'i%xda‘%{)ieo%e ?@Q.%ﬂg' yzed.
Further, the sandwich method 1s not Iimted to Hhe above-descri bed one,

but a dihéssenrt e dskridle aslinkel talediily WD 3Rld Redy WaeBraapduhchi ng
and pinching the target protein that needs to be detected is selected, and

| abel ed peevadtr yheantiififedyeney. bahmmafudd,r oraabaieaterpegf pr-otdehect i on,

for exanple. Furthernore, a nethod of directly labeling the protein in

t he sanptalkeg hesobeier ofeabel &b rofteiahets whiphatidiffiendrat lahekds to be
measured. Specifically, the protein contained in the sanple may be | abel ed
by i odi ndEOF oPXeRRABK o iaRR1iBE0 e e RtiEHo YRGB FRfreF ) lﬁﬁtW@ycéré:hem cal

Co.) can use for exanple, to perform
) aggacﬁeg’by eac% chcentratEon, irs prepared. When it is mixed
with the sample and allowed to react with the chip having
antibody fixed thereon, the creation of the calibration curve

and the sample measurement can be performed simultaneously.

Next, as the method of labeling protein that needs to be
measured, a sandwich method using antibody may be used other
than the above-described method where the labeled protein is
previously synthesized before mixing with the sample. The
sandwich method will be described referring to Fig. 3.

In the sandwich method, a sample 206 is allowed to react
with a chip 200 on which antibody 202 to target protein that
needs to be detected is fixed, and target protein 208 contained
in the sample 206 and the antibody 202 are bonded.

Next, antibody (labeled antibody) 212 labeled by a
labeled element 210 is poured from above the target protein 208
contained in the sample 206 that bonded the antibody 202, and
the target protein 208 contained in the sample 206 is allowed
'to react with the labeled antibody 212 and bonded.

Then, after the chip 200, on which the antibody 202, the




~the nmethod of |abeling the protein by iodine. Then, when using a sanple
where the protein in the sanple has been directly | abeled, the sanple is
_poured onto the chip on which antibctd to the target protein that needs to
. be detected is fixed, the target protein contained in the sanple, which
needs to be detected, is allowed to react with the anti body, 25 and the
target protein contained in the sanple, which needs to be detected, and

t he antibod¥ are_bonded by antigen-antibody reaction. Next, after the
chip, onPHRAFER™IRE 1 argdtheLabelad anrtkadiad1Rnl abrledkyl the dabehedeeds to

Font o- eB Ul Rl b ebAe s HHomAoTrerd: ot 1opiaes| 388, SO4L. FhPad at od
on Lhe CBRRc8ssblBAaSEL: P cRS! LAY ALLBN . S oLapeled Af et 1o

measur ed t he quadr e nmass spec rone er |ght mass

spectr onet_»eadla@@d &bt&ﬁéé}ﬁﬁ@@@e&% e eareéttﬂetw giﬁaﬁ 6Nt ai ned

in the sanple, which needs to be detected, is detecte ana yzéd I n

the fol | aWengabdaser idlidmsn i 210 besmde sioed hs, awequﬂaﬂﬁplssmbfs% of the
mass spectronetry conducted by the inventors of the present invention by
usi ng t hepebbtvermgterr Lbedr s stispeeif-afietght st epebtrombitexpandment 1
(1-1) Formng of chip Firstly, the formng of a chip being the target 14
wil | betBE§th%e‘%PIF%€Ffe¢1Fanon efFithe farght phvpein I mothtad niegl Lows.

Speciflc Iy, ysi ne-coated slide glass was used as a substrate
1000. Th soF E&?éyéoﬁeléo&?éa%ﬁfid@ﬂ@ goelyzed.

Further, the sandwich method is not limited to the
above-described one, but a different producing animal of the
upper antibody when sandwiching and pinching the target protein
that needs to be detected is selected, and labeled secondary
antibody may be poured from above to perform detection, for

example.

Furthermore, a method of directly labeling the protein
in the sample may be used as the method of labeling protein that
needs to be measured.

Specifically, the protein contained in the sample may be
labeled by iodine, for example. An iodo-bead method (trademark
of Pierce Chemical Co.) can be used, for example, to perform
the method of labeling the protein by iodine.

Then, when using a sample where the protein in the sample
has been directly labeled, the sample is poured onto the chip
on which antibody to the target protein that needs to be detected
is fixed, the target protein contained in the sample, which

needs to be detected, is allowed to react with the antibody,




formed in such a manner that slide glass was imersed in 3% poly-L-1ysine
~solution for 1 hour after NaOH treatnent, and dried at 80C after cleaning
by water. Next, rabbit anti-human herogl obin anti body (manufactured by

. Sigma Co., Ltd.) and rabbit anti-human |1gG anti body were severally
deconposed in PBS 26 at the concentration of 0.2ng/m, and were spotted on
the poly-L-lysine coated slide glass (refer to Fig. 4. spot 1 is the
rabbit anti-human | gG anti body and spot 2 is the rabbit anti-human

henogl obRRAGaHIS FEFPet PRefeiaf centabhediify thet samplat | Wodsh mesPBSteol ut i on
containigg $W’no -fat q%l , and 0.1% Tween-20, the glass was immersed in
bl ocki ng°So ﬁ%?% ed e ARAI i Pkt Bfe hondesh BY02b5sgeBarbkiofe and
left to 1 gg ﬁor one night at 4C. In addition, the glass was cl eaned by
PBS to rémove B ocking solution after 10 m nutes of centrifuging at

10, 000xg, and geghi P S\ N9AAL | KA f'gﬁeqth%&e_pére_ggsvs@%rﬁ [’B%%/:e'ﬁa n, the

material of the substrate does not "need to e netal

or insul abfikaifAe8UDS! £ CsAtAYi &Y witi G Sledionte S Rt LAUSES Rhaher ion
detection efficiency in the |laser ablation using ultra-short pulse |aser

beans. | antibotlg brawnet adfeéhatbendadj d ssibdlanard S anskeddasethe substrate,
and it is preferable that the heat conductivity of the solid substance
used as famtoubeteateldseD bbam fikoh the nirtma-(sha)t Adllest hesér Atiseact i on
of protein sqolution Next, the adjustnment of protein solution and the

react i onirhprehatae ant thedshir @t Bie tharget dlate performeablaféon,

adj ust ne and reaction of protein solution js conducted as _ foll ows.
J p.f'ne fabefeé erfl.eme t is measured by the quadruple mass

spectrometer 16 or the time-of-flight mass spectrometer, and
thus the concentration of the target protein contained in the

sample, which needs to be detected, is detected and analyzed.

In the following, description will be made for the
experiment results of the mass spectrometry conducted by the
inventors of the present invention by using the above-described
mass spectrometric system 10.

(1) Experiment 1

(1-1) Forming of chip

Firstly, the forming of a chip being the target 14 will
be described referring toFig. 4. Thechipis formed as follows.

Specifically, poly-L-lysine-coated slide glass was used
as a substrate 1000. The poly-L-lysine-coated slide glass was
formed in such a manner that slide glass was immersed in 3%
poly-L-lysine solution for 1 hour after NaOH treatment, and
dried at 80°C after cleaning by water. WNext, rabbit anti-human

- hemoglobin antibody (manufactured by Sigma Co., Ltd.) and

rabbit anti-human IgG antibody were severally decomposed in PBS




Human henogl obi n (manuf actured by Wako Pure Chem cal |Industries, Ltd.) was
~dissolved in PBS at the concentration of 2ng/m, and the protein solution
.was adjusted. Extra PBS was shaken gfd fromthe chip having antibody fixed
thereon, the protein solution was imedi ately placed on a chip surface on
27 which antibody was fixed, cover glass was gently covered from above,
and it was left to stand for 2 hours at 4C. After that, the chip was
imMmersed in PBS to renove the cover glass and protein solution, treated in
0. 005M Trtsthel canchd(s%theeened, 0alugfkl , 8 anddvicas: afpet teiibsequbat
treatnent by PBS, and a chip being the target 14 was obtained. (1-3)
Measur enBAtY THelYaiget ceated, sbtdasabrss r (pRiPRR Fie idissRolted 8  t he

vacuumtank 12.. and _the jnside_of the vacuumtank is drawn  vacuumto set
t he degrgpl of 35 uﬁP?ﬁ*‘H’@af‘hég@aEBEﬁPP ¥k21d spgti18. 6sTEPR 5RPPeEs. Next,

are focuseitoncinn PafbaPSEIR SRHNERY | RIS, stk Rty pRERa ot 1

are focused on the targ by GUsin Beu spot 1

or spot Znt9HBRY 1P ﬁé? dAH8n Enthinifig §§bt$oﬁ'9f§ﬁé&i[}|qé %%hal!hﬁe wi dt h

of the ultra-short™ pul se | aser beans emtte rom tra-short pul se

| aser 20Twkénl20,feghe SETLHHES Wl iinfnidit iirS 23@&kiRRENsotifieiBRSS of
nonoval ent ion generated by the irradiation of ultra-short pulse | aser
beans ontonthéniagg?®t ndrt-fats midds wneld Obp2iheoqiiad rapl e rasb 1syfactsonet er
16. Fig. 5 shows the mass spectrum caused by the ablation to spot 1 and
spot 2, whhbf fwer eoneenighsdabyl’Che fmadidigliomuasbe glass was cleaned

by PBS to remove blocking solution after 10 minutes of
centrifuging at 10,000xg, and a chip having antibody fixed
thereon was formed.

Herein, the material of the substrate does not need to
be glass, and it may be metal or insulator. A substrate having
higher heat conduction causes higher ion detection efficiency
in the laser ablation using ultra-short pulse laser beams. It
is to be noted that a solid substance is used as the substrate,
and it is preferable that the heat conductivity of the solid
substance used as the substrate be 0.1W'm-1-K-1 or more.

(1-2) Adjustment and reaction of protein solution

Next, the adjustment of protein solution and the reaction
with the antibody fixed on the chip are performed. The
adjustment and reaction of protein solution is conducted as
follows.

Human hemoglobin (manufactured by Wakoc Pure Chemical
Industries, Ltd.) was dissolved in PBS at the concentration of
2mg/ml, and the protein solution was adjusted. Extra PBS was
shaken off from the chip having antibody fixed thereon, the

protein solution was immediately placed on a chip surface on




spectronmeter 16 using the above-described nethod. In addition, Fig. 6
. shows by extraction only the mass spectrum neasured by the ablation on
.spot 2-shown in Fig. 5. As it is cleag7fromthe experinment results shown in
.Fig. 5 and Fig. 6, Fe was detected fromspot 2, and henogl obin could 28
be detected by the nethod of the present invention. Meanwhile, an el enent
| abel was not attached to the protein to be detected in the
above-descri bed experinment 1, but it is a matter of course that protein
at t achedvwiri-ch ambikbdyers fliafesl, cavereghngkywas genishowoviereek pevmnent 2
and experinment 3. In the follow ng, experinment 2 and experinent 3 will be
descri bed@bove) apdrt neatleft @ skardrivng bourhigt BPEst IAftathéhhbr i ng of

achipb kn t.he tan%%% 14 will__ be described referring to Fig. 7. The chip
is for rreg ﬁg:hf’rﬁ VB 0 EFS (o rppeye thy sPrer cdassPRd PEetsfiass was

d 2000, .T - L-1 i - lid | f d
o Ceuan BottREbRY fedlinc 1 INF A s RIS G 8 il R ol e oG ™
| uti ; dyj @@ iRd b
sol uti ongt9Eqla PRUF éﬁﬁ@é?%%‘ gﬁ%} P BRS shadaaéﬁ% rxl;%ll%@gggy y

water for 15 m nutes. Next, ant1-streptavi ant’
(manuf actHkgdtby 4CankesbBheslam Inc.) and anti-nouse | gG anti body

(manuf actured by Southern Biotechnol ogy Associates Inc.) were severally
di ssol ved at tle-3foMeantraiment of 0.l nmg/mM was severally spotted by
3l /spot on the poly-L-lysine coated slide glass that was fornmed as
descri bed abovEhastzhaeh Ih ftnped asaddswasbadt abave yisidiretaliled Eng. 7,
spot 11 ?:h'gah\?aggérln-gérglspltza,waglldntggt:':.rtl)g:i(.j eaon.a‘:gI ti%ozfag:ulusn tank is drawn
vacuum to set the degree of vacuum inside the vacuum tank 12
to 107° Torr or less.

Next, ultra-short pulse laser beams emitted from the
ultra-short pulse laser 20 are focused on the target 14 by using
the focus lens 22 to ablate spot 1 or spot 2 formed on the target
14. |

It is to be noted that the pulse width of the ultra-short
pulse laser beams emitted from the ultra-short pulse laser 20
is 110 femto seconds and its output is 230uJ.

Then, the mass of monovalent ion generated by the
irradiation of ultra-short pulse laser beams onto the target
14 was measured by the quadruple mass spectrometer 16.

Fig. 5 shows the mass spectrum caused by the ablation to
spot 1 and spot 2, which were measured by the quadruple mass
spectrometer 16 using the above~described method. 1In addition,
Fig. 6 shows by extraction only the mass spectrum measured by
the ablation on spot 2 shown in Fig. 5.

As it is clear from the experiment results shown in Fig.

5 and Fig. 6, Fe was detected from spot 2, and hemoglobin could




~the anti-nouse |1gG antibody). Then, the dried poly-L-lysine coated slide
"glass was inmmersed in Tris-HCL solution (pH7.8) containing 1.5%SA, 0.1%
~sodi um azi de, and 0. 05%ween40 for 128 m nutes for cleaning, and

. subsequently, the glass was imersed 29 in Tris-HCL solution (pH7.8)
containing 1.5%8SA and 0. 1% sodium azide, and left to stand for one night
at 4C. The glass was cleaned by PBS to renove bl ocking solution after 10
m nutes of centrifuging at 10,000xg. It is to be noted that two pieces of
the chi pbefdeheated buetheibethaBoes Weecppespatetinyentéonto Fig. 8 chip 1
and chip 2). (2-2) Adjustnent and reaction of protein solution
Streptavi din (manuf actured by Perki nEl mer Inc ) | abeled by europium (Eu)

Spot 1 and pdlds iR paR sl euthe Bbel fon, pefnd ftaendd, & KA h T oom
t enper at g6+ £oh &B@%&ecﬂ& gh, gﬁe bol-Beb i bedt EAREH fn Ty Sph!

solution (pH/7.8) contal ni ng m nu

natural | yt {4 &flﬁét{:@r i cokselthd E Yrotmts 8 t kA ChEABRUERGHY 8dch¥nt
PerkinEl mer Inc.) |abeled by europium (Eu) was dissolved in Tris-HCl

sol uti onlabpHicd) nd Ahadyad asi EhvRA T GRSk ORemP @ ahdaBdpspOiert0f chip
2 by 3l, and the chip was left to stand in roomtenperature for 2 hours.

After thdt, bhiphe feblevbapedekpeffinsntiCl soduekparignphi. 8) wibht Béni ng
0. 1@Hmeen20 for 30 mnutes, and dried naturally (refer to Fig. 8). (2-3)
Nbasurenﬁﬁ?°£$Pﬁ€ugh t he measuring method is the sane as the case of

(2) Experiment 2

(2-1) Forming of chip

Firstly, the forming of a chip being the target 14 will
be described referring to Fig. 7. The chip is formed as follows.

Specifically, poly-L-lysine-coated slide glass was used
as a substrate 2000. The poly-L-lysine-coated slide glass was
formed in such a manner that slide glass was immersed in 3%
poly-L-lysine PBS solution for 1 hour after NaOH treatment, and
dried after cleaning by water for 15minutes. Next, PBS in which
anti-streptavidin antibody (manufactured by Cortex Biochem
Inc.) and anti-mouse IgG antibody (manufactured by Southern
Biotechnology Associates Inc.) were severally dissolved at the
concentration of 0.1lmg/ml was sevé.rally spotted by 3ul/spot on
the poly-L-lysine coated slide glass that was formed as
described above as shown in Fig. 7, and was naturally dried (in
Fig. 7, spot 1 is the anti~streptavidin antibody and spot 2 is
the anti-mouse IgG antibody). Then, the dried poly-L-lysine
coated slide glass was immersed in Tris-HCl solution (pH7.8)
containing 1.5%BSA, 0.1% sodium azide, and 0.05%Tweend0 for 15

minutes for cleaning, and subsequently, the glass was immersed




~experinent 1, the experinent is different fromthe nmeasuring nethod of
“experinent 1 on the point. that the output of ultra-short pulse | aser beans

~ emitted fromthe ultra-short pul se lzaser 20 was set to 120J and the nass

. measurenment was 30 conducted using the tine-of-flight nass spectroneter.
Fig. 9 to Fig. 12 show the experinent results of experinment 2. Herein,

Fig. 9 shows the neasurenent result of spot 1 on chip 1, Fig. 10 shows the
measurenent result of spot 2 on chip 1, Fig. 11 shows the measurenent
resul t ofinsfrits-H@Inscohizpidn @iV M)gcohRaishaysl tFeBsreandrEEnsodeaml t  of
spot 2 on chip 2. Fromthe experinent results shown in Fig. 9 to Fig. 12,
it was nadédel eandt haft protstiand dvmiomed nilghtthe tsétp! e Theubdasbewdet ect ed

by using g Iabgl attached to the protein. (3) Experiment 3 A chip was
fabri cat S4°BYeEHRY Fhre tRetABIVaLISGEmaeRl utirn afhgs 1 réwedasoofeact

w th nea ' I I n,.solut.lAn _whose concentration was changed, and
quanti ta?fgélg%gggg\%‘g g%:uglbég.baﬁgrei n, the adjustnment of protein solution

vl per  or med 15,4 ld oo BORCLA £y Tk HELwSQI D QL) | abel ed

by samarium (Sn), which contalns strept manuf act ure er ki nEl mer

Inc.) atd@sBeZBBdMbote WY PleplreiNW dter L 2FP4 NS ! c\?\iﬁg %a’z}{wbﬁhp Was
I C

adjusted, and it was allowed to react with a chip on

anti-streptavidin anti body was spotted in the sanme conditions as
experinment 2 to performneasurenent. Fig. 13 shows the neasurenent result
when t he sanpl é2-2bnddnustinenh and Bedabioh, ofingréiginldodhbisnt he det ected
quantity of Smthat was calculated fromthe nass S{)ectrum These results
nmade cl ear, asSERBRA2VAAEDg(marmifagkiredbygBankinflmer Inc.) labeled

by europium (Eu) was dissolved in Tris-HC1 solution (pH7.8) at
0.2mg/ml, it was dropped on spot 1 and spot 2 of chip 1 by 3u1,
and the chip was left to stand in room temperature for 2 hours.
After that, chip 1 was cleaned by Tris-HCl solution (pH7.8)
containing 0.1%T_ween20 for 30 minutes, and dried naturally
(refer to Fig. 8). |

Further, mouse IgG (manufactured by PerkinElmer Inc.)
iabeled by europium (Eu) was dissolved in Tris-HCl solution
(pH7.8) at 0.2mg/ml, it was dropped on spot 1 and spot 2 of chip
2 by 3ul, and the chip was left to stand in room temperature
for 2hours. After that, chip 2 was cleanedby Tris-HCl solution
(pH7.8) containing 0.1%Tween20 for 30 minutes, and dried
naturally (refer to Fig. 8).

{(2-3) Measurement

Although the measuring method is the same as the case of
experiment 1, the experiment is different from the measuring
method of experiment 1 on the point that the output of
ultra-short pulse laser beams emitted from the ultra-short

pulse laser 20 was set to 120pJ and the mass measurement was




‘of measuring protein contained in the sanple could be measured
quantitatively by using the nethod according to the present invention. 31
_According to the present invention, Vi@h the ablation by ultra-short pul se
.l aser beans on protein that is |abeled by a single or a plurality of

| sotopic elenent(s), the constituting elenents are conpletely atomc

i oni zed, and the quantitative neasurenent of protein can be perfornmed by
conducting mass spectronmetry to the ionized |abeled element. This nakes it
possi bl ecepdustedarsiong theddmef-cfsdiloghd mhesmspectasoneist s. Fighebef ore,

an appligabLe range of ﬁrotein_to whi ch nmass spectronetgé Is perfornmed can
be broad&f E&ratk DI the Lmaringtoresnl £6 of exprapivanhZ bEeseiBbel ed by

| sot opi | t | S.,i oni zed tom. ¢ | I t husg .th | abel ed

el erent ESA- be URTER ctF M Bt BeBitisoposerblt of GhienirkEbfy br oaden
the applygabhsybaple NOSLE-TRSR: SSH LU NLCH Je AR qf Bl Foy
exanpl e, 1sotopic elenmentfs ~can be used as e |"aber, and t'hé 9ér|ety of

| abel s canohs thoGheas@Ferhon O dRML 3F 2H3tI YPES LbAL AT &ddigunpsr of the
stabl e isotopic elenents, for exanple. This nmeans that the anmdunt of

i nf or mat sheweaBhbembasteamedtdragalitCall ¥peenpabhnghipo2t he fl uorescence
nmethod (2 types) that is the conventional |abeling nmethod and the

radi oacti ve i sBtropithe|smartigndrabadgsullG shpes) inMeagwht |y Filge g@adrupl e
mass spectroneter was used as the nass spectroneter in the above-described
enbodi nedt, ¥BEtMade gbearFhajorratgimearttaingt imthst isempile gouldinited

to this._ The tige-o -flight mass sRectronEter that perforns nass
be detected by using a label attached to the protein.

{3) Experiment 2

A chip was fabricated by the same method as experiment
2, it was allowed to react with measuring protein solution whose
concentration was changed, and quantitativeness was studied.

Herein, the adjustment of protein solution was performed
as follows. Specifically, Tris-HCl solution (pH7.8) labeled
by samarium (Sm) , which contains streptavidin (manufactured by
PerkinElmer Inc.) at 0.002mg/ml, 0.02mg/ml, 0.1mg/ml, O0.2mg/ml,
and 0.5mg/ml, was adjusted, and it was allowed to react with
a chip on which anti-streptavidin antibody was spotted in the
same conditions as experiment 2 to perform measurement.

Fig. 13 shows the measurement result when the sample
concentration was 0.2mg/ml, and Fig. 14 shows the detected
quantity of Sm that was calculated from the mass spectrum.
These results made clear, as shown in Fig. 15, that the quantity
of measuring protein contained in the sample could be measured

quantitatively by using the method according to the present

invention.




spectronmetry by neasuring the tine of flight of atons as 32 described
~above, and in such a case, mass spectronetry of a plurality of atons can
~be perforned simultaneously in one |aser irradiation. Furthernore, it is
.also possible to performmass spectronetry of a plurality of atons when
using an ion cyclotron Fourier transform nmass spectronmeter as the nass
spectroneter. Furthernore, description has been made for mass spectronetry
as the nmethod of analyzing protein in the above-described enbodi nent, but
it goes without saying that the invention is not limted to this and the

present invention may be used for anal ysis other than nass spectronetry.
Still further, A¢Ferdraticoklp Present dnvendiiors ¥éEh the ablafiomebyar get 14

was used i n the abpve-descri bed, enbodi nent, but it goes w thout saying
that t heUFRURAEPBREIREI SR 395H BEET, OPHPEOLAUNaIA b debaheshbYsach as a

usea, ruPPhare o BREETR0Ry B0 AR LR R PSP Ll hPEEE B S o

used. Furt V&= describe

term nal g18mAssUsed tGnpUalR, tahﬁﬁr&fé G&nithd ! Qn lgg%eqhgﬁtg.ﬁﬁgﬁreuf

Wi t hout om ssion and duplication, but 1t goes wt sayi ng that the

i nvent i oehSuf@hehtNobepro®ectifl TardSh NPV AErAERANSy t BahdIBY EAgt A8ss
i rradi ation position of wultra-short pul se | aser beans on the target nay be

provi dedspectabiateyt he thegébnidedi Thbul edmedementandTHigl makesont I N
addition, in the present invention, regarding the multi-channeling where a
pl ural i tpessiblpete ufe varddust tupesmef BSotopi¢ elwwgits ast babelect a
pl ur al t¥ges of substances_from one ) ]
erefore, an applicable range of protein to which mass
spectrometry is performed can be broaden remarkably.

In short, protein itself, which has been labeled by
isctopic elements, is ionized on an atomic level and thus the
labeled element can be detected, so that it becomes possible
to remarkably broaden the applicable range where mass
spectrometry can be performed. For example, isotopic elements
can be used as the label, and the variety of labels can be
increased to as many as 270 types that are the number of the
stable isotopic elements, for example. This means that the
amount of information can be increased dramatically comparing
to the fluorescence method (2 types) that is the conventional

labeling method and the radicactive isotopic elements {about

10 types).

Meanwhile, the quadruple mass spectrometer was used as
the mass spectrometer in the above-described embodiment, but
it goes without saying that the invention is not limited to this.
The time-of-flight mass spectrometer that performs mass

spectrometry by measuring the time of flight of atoms as




spot when the substances fixed on the chip are not spotted by types |ike
~the micro array, but fixed as the mixture and solution attached with a
.different |abel by each substance to 3 neasured is allowed to react with
_the mxture. Wth this nmethod, |abor for fabricating the mcro array can
be omtted drastically, and a custom nmade substrate for adjusting solution
cont ai ni ng substances that the user wants to neasure can be easily forned.
Furthernore, the sanple can be contrarily nounted on the substrate. For
exanpl e, dasgrabadua?ové,sabdtanC§QCban besenemessedpakemomettrtyody &0 a

neasurln sub ect which is |abeled by various types, is poured.
| ndust r | ﬁaFl g HWSS?%@% H@%Pé@@ﬁtﬂ%ﬁ%ﬂvql@ &8RS Lased as

described a s excel |l ent . ef ct that vi de t he net hod
of “analySFRERFEIEM (EFREATIAETe et FAHET ROBRET LB TR TagP

cons_titgg g_gt%glgﬁg&yze cigv]\# :tho%r OE‘%‘]QH% glpsri)rg dlgrpd o?‘é’% BL oduced

atomic ions are an y2|ng p i using

| aser abkaiir0Br! DA §068m MRisd SPUS onfe RS 8 sSPEE MNP LRle i ofHle@d,r €S0l Vi ng
power. Herein, in nore details, the invention exerts excel ent effect that

It can eI|n1nate t he p055|b|I|ty that the analysis of nmass spectrum
becones difficult and does not require the nass spectroneter of high
resol vi ng poweFuwbberperéor niegcraptispechasnebepn f madeex@omw emaksrt her,
since the present invention is constituted as 34 described above, it
exerts efPErrERPeErYecRSt e | meghnd defsEinedivalng mpEPteinheimy dhem

constit Ut on.
ove-described embodiment, but it goes without saying that the

invention is not limited to this and the present invention may

be used for analysis other than mass spectrometry.

Still further, the rotational inlet terminal 18 for
rotating the target 14 was used in the above-described
embodimeﬁt, but it goes without saying that the invention is
not limited to this and appropriate means such as a freely
movable table capable of mounting the target 14 thereon may be
used.

i?urther, in the above-~described embodiment, the
rotational inlet terminal 18 was used to rotate the target 14
to ablate the target 14 without omission and duplication, but
it goes without saying that the invention is not limited to this
and moving means that moves the irradiation position of
ultra-short pulse laser beams on the target may be provided to

ablate the target 14 without omission and duplication.

In addition, in the present invention, regarding the

multi~channeling where a plurality of 1labels are used at a time,




Still further since the present invention i.s constituted as described
- above, it exerts excellent effect that it can performeffective analysis

- - even under the state where various tyspes of |abeled isotopes are mxed. 35

“Claims 1. A nethod of analyzing protein using |aser ablation in which by
“irradiating | aser beans on protein to be anal yzed and ablating the
protein, the protein is atom zed into constituting elenents, the atom zed
constituting elenents are ionized, and the ionized constituting elenents
are anal ygeik psaeieile theddeset Ppasal NaipbsSdliseR daltR:dy ebBhoh® be
anal yzed and ablate the protein are ultra-short pulse |aser beans, the
ul tra- shepot priae tles aubsdaneear €ikedadhatlies i@ al poltagpbgtelicbypr ot ei n
fixed thereon, protein is atom zed into constituting elenent and ionized
si mul t ankyRes L ike tine miicre atweay pbutef ¥xdd redhonmiksurhigndyolhbion
ultra-short gulse_laser beans, and the ionized constituting elenents are

anal yzed®t5achsd wigha didfenentytahgl Poeesh sybistgnceske bepreasered
di ng_t ' wher gi n. sai d. chi ing th tein fixed th i
et p nasi mbioRed: o FURCh B ER Bt hbxBRErcon 1 hich the particul ar
tei t agl: i t.h . d b .8 ' i i, to th
et cul ar - pr arsth ohif fetott BBl RA R ] O BRI B B0REr sy Ot i

using | asgh BRI &hiLReaa@rRLdi 8811, ChAlM: 2oy uhshehial heusEPat gaCe pavi ng
specific bond to said particular “protein is a nolecule having specific

bondi ng afijueeirgi $dl€tion containing substances that the user wants

to measure can be easily formed.

Furthermore, the sample can be contrarily mounted on the
substrate. For example, a plurality of substances can be
measured when antibody to a measuring subject, which is labeled

by various types, is poured.

Industrial Applicability

Since the present invention is constituted as described
above, it exerts excellent effect that it can provide the method
of analyzing protein using laser ablation, in which atomic ions
of constituting atoms that constitute protein are produced and
the produced atomic ions are analyzed, which is a method of
analyzing protein using laser ablation that does not require
a mass spectrometer of high resolving power. Herein, in more
details, the invention exerts excellent effect that it can
eliminate the possibility that the analysis of mass spectrum
becomes difficult and does not require the mass spectrometer
of high resolving power when performing mass spectrometry, for
example.

Further, since the present invention is constituted as




with protein. 36 4. The nmethod of anal yzing protein using | aser ablation
~according to daim3, wherein the nol ecule having specific bonding
~characteristic'with said protein is qycleic acid having specific bond with
“protein. 5. The nethod of analyzing protein using |aser ablation
“according to Caim2, wherein the substance having specific bond to said
parti cul ar prot einis protein that exerts a specific bonding action anong
protein. 6. The nethod of analyzing protein using |aser ablation according
to O ai nugscyiBE ddRR Proteidkdal exeblisehbe sirtdd i enhendingcagtion
anong said protein is an antibody. 7. The nethod of anal yzing protein

usi ng | adeasabkalignsimptofdi bhet eySammebnswheueiont he chi p having said
protein fixed thereon is formed by pouring solution containing protein
that reacts w 8hithifiirthen bddpectha peieisenttainvgntion imntohetlytiitedd

t hereon, allow ng proteln that reacts with said antibody to react with

sai d an??b@&?cr&}?& aPbsWieng ith @jamfiti exaelkenteoffeql t haki 4t 8aRi body to
bond sai d argtl bod% 8,. The %]Od of analy |nﬁh§rot ein using |laser ablation
accor di nf§ oﬁﬁye fectiveran ﬁl? (?"’Pn \Wﬁgﬁé‘l Atake dherehVaraple s
attached,. fpi%g df &éggog re CQEIQB. 9. The nethod of anal yzi ng
protein u aser a Fat i*6n




according to Claim8, wherein said element |abel is a stable isotopic.

- element |label. 10. The nethod of anal yzing protein using | aser ablation
~according to any one of Clains 8 to 9g wherein said elenment |abel is

" | abel ed by using a puromycin derivative. 11. The nethod of anal yzing

" protein using |aser ablation according to any one of Clains 8 to 9, .
wherein said elenment | abel is | abeled by a sandwi ch nethod. 12. The net hod
of analyzing protein using |aser ablation according to any one of Clains 8
to 9, wherein said elenent |abel igidijpectly |abeled to protein in a
sanple. 13. The nethod of analyzing protein using |laser ablation according
to any one of Clains 8 to 12, wherein said chip is a nulti-channel ed chip.
14. The met hod of analyzing protein using |aser ablation according to any
one of ClaiZzmethiog ¢ sl i3 ngipercdiai rausangl kFasentzbld ngmpriat ehicho be
anal yzed and | abeled 38 protein solution, in which a |abel is attached to
t he prote¥niregdiatingl VAaspr abeamex o P win efoopesaAnhlivrerl sndpetitive
assay is?gir%orne i n which a_substance having specific bond to_ particular
protei n FPx3E-BE WG Breqrepn - disPprbeen s 8taBizaddntegonghitebingd| abel ed

tei d ti.tivel d.th ticpl .otein is_fixed
Cai d chi oL EneRee T T e S rlins s Ry prg: ST et PR rr L ceraprla poR
accor di Ngnk0; 8RY ZQQGCBBS g{. L e nc:]; é?e&léntwg.{'g' Qnalyz ed, wherein

the laser beams that irradiate the protein to be analyzed

and ablate the protein are ultra-short pulse laser beams,

the ultra-short pulse laser beams are irradiated on a chip
having the protein fixed thereon, protein is atomized into
constituting element and ionized simultaneously by ablating the
protein fixed on the chip by the ultra-short pulse laser beams,
and

the ionized constituting elements are analyzed.

2. The method of analyzing protein using laser ablation
according to Claim 1, wherein

said chip having the protein fixed thereon is a chip having
particular protein fixed thereon in which the particular
protein reacted with and bonded a substance having specific bond

to the particular protein fixed on the chip.

3. The method of analyzing protein using laser ablation
according to Claim 2, wherein

the substance having specific bond to said particular
protein is a molecule having specific bonding characteristic

with protein.




ultra-short pulse laser beans that are irradiated.on the protein to be

- anal yzed and ablate the protein has a pulse time wdth of 10 pico seconds
~or less and a peak val ue output of 1G, nmega watts or nore. 16. The net hod
“of analyzing protein using |aser ablation according to Caim15, wherein
“ultra-short pulse |laser beans that are irradiated on the protein to be
anal yzed and ablate the protein has a pulse tinme wdth of 1 femo second
or nore and a peak value output of 1 giga watt or nore and 10 giga watts
or less. 17. The nmethod of analyzing protein using |aser ablation
according to any one of Clainms 1 to 16, wherein by noving at |east one of
the ultréa-shird patBed| aser aheaygBinghaircaddial eupiageilmAnd abbheiont 0 be
anal yzed, the ultra-short pulse |aser beans that ablate protein ablate the
prot ei n aecbedingakgzelamwint Beuvhemessi on and duplication to perform

analysis. 39 18. The nethod of analyzing protein using |aser ablation
accordi ng to aRye&itd sl brwsng skeci£ighending g wariiawi stiss wikhd

ionized constituting.elenents is. Sss.spectranetry by a time-of-flight
mothod. TSLORRPYRIIAGE THCLELE PALAGPRYORE SPasSin PRRdri BEPERLRaccor di ng
to any one of Clainms 1 to 6, wherein substances to be fixed on said chip
are fixed as a mxture, solution attached with a different |abel for a

subst ance thgle REEHSA! %ﬁeaﬂﬁﬁﬁﬁ.ﬁg 'ep?:c?ééelgy\?gg?.nﬂ?r SALLo M EEIEQ§8H] éLgr e,

and plural types of substances™ are detect he m xture.
met hod ohcabalyaygngoptohemnzysivRgrkager abl ation according to any one of

Clainms 1 to 6, wherein
the substance having specific bond to said particular
protein is protein that exerts a specific bonding action among

protein.

6. The method of analyzing protein using laser ablation
according to Claim 5, wherein
the protein that exerts the specific bonding action among

sald protein is an antibody.

7. The method of analyzing protein using laser ablation
according to Claim 6, wherein

the chip having said protein fixed thereon is formed by
pouring solution containing protein that reacts with said
antibody on a chip having said antibody fixed thereon, allowing
protein that reacts with said antibody to react with said
antibody, and allowing the protein that reacts with said

antibody to bond said antibody.

8. The method of'analyzing protein using laser ablation

according to any one of Claims 1 to 7, wherein




a sanple is fixed on said chip, antibody to a neasuring subject, has been
- labeled in plural types, J ~is poured to neasure a plurality of

- subst ances. ABSTRACT A net hod of analyzing a protein using |aser ablation
“which conprises, in order to sinultaneously atom ze the atons
“constituting the protein to be anal yzed and ionize the sane using a single
| aser source, irradiating the protein wwth |laser beans and thus ablating
the protein to thereby atom ze the protein into the constituting elenents

and ioni ze theyh SnA0TLERY fé)%%ﬂa%@d‘%%f?%B%%mﬁ”ﬂi%?'&naQQJi.éiZ' ng the

constituting el ements thus ionized. The |aser ating the
subj ect phopein are ultra-short pul se | aser beans wth which a chip having
the protein fixed thereon is irradiated. Thus, the protein fixed on the
chipis ablated with the wultra-short pulse | aser beans so that the protein
is atom zed into the constituting elenents and, at the sane tine, ionized
f ol | owed®by e Eﬁ§h9§i safof aphdyssngt innaiein etishpat slasers abdatied. 0 pw
~gw r-JJ~ ~a 8 mU U Jwz

according to lalm 8, wherein

said element label is a stable isotopic element label.

10. The method of analyzing protein using laser ablation
according to any one of Claims B to 9, wherein
said element label is labeled by using a puromycin

derivative.

11. The method of analyzing protein using laser ablation
acqording to any one of Claims 8 to 9, wherein

said element label is labeled by a sandwich method.

12. The method of analyzing protein using laser ablation
according to any one of Claims 8 to 9, wherein
said element label is directly labeled to protein in a

sample.

13. The method of analyzing protein using laser ablation
according to any one of Claims 8 to 12, wherein

said chip is a multi-channeled chip.

14. The method of analyzing protein using laser ablation
according to any one of Claims 1 to 10 and 13, wherein

a sample containing protein to be analyzed and labeled
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protein solution, in which a label is attached to the protein
to be analyzed, are mixed and poured on said chip, competitive
assay is performed in which a substance having specific bond
to particular protein fixed on said chip, said protein to be
aﬁalyzed, and said labeled protein are bonded competitively,

and the particular protein is fixed on said chip.

15. The method of analyzing protein using laser ablation
according to any one of Claims 1 to 14, wherein
ultra-short pulse laser beams that are irradiated on the
protein to be analyzed and ablate the protein has a pulse time
width of 10 pico seconds or less and a peak value output of 10

mega watts or more.

16. The method of analyzing protein using laser ablation
according to Claim 15, wherein

ultra-short pulse laser beams that are irradiated on the
protein to be analyzed and ablate the protein has a pulse time
width of 1 femto second or more and a peak value output of 1

giga watt or more and 10 giga watts or less.

17. The method of analyzing protein using laser ablation
according to any one of Claims 1 to 16, wherein

by moving at least one of the ultra-short pulse laser beams
that ablate protein and protein to be analyzed, the ultra-short
pulse laser beams that ablate protein ablate the protein to be

analyzed without omission and duplication to perform analysis.
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18. The method of analyzing protein using laser ablation
according to any one of Claims 1 to 17, wherein
the analysis of said ionized constituting elements is

mass spectrometry by a time-of-flight method.

19. The method of analyzing protein using laser ablation
according to any one of Claims 1 to 6, wherein

substances to be fixed on said chip are fixed as amixture,
solution attached with a different label for a substance that
needs to be measured is allowed to react with the mixture, and

plural types of substances are detected from the mixture.

20. The method of analyzing protein using laser ablation
according to any one of (_:laims 1 to 6, wherein

a sample is fixed on said chip, antibody to a measuring
subject, which has been labeled in plural types, is poured to

measure a plurality of substances.




