1 DESCRI PTI ON METHOD OF ANALYZI NG PROTEI N USI NG LASER ABLATI ON Techni cal
“Field The present invention relates to a nethod of analyzing protein using
| aser abl ation, nore particularly to a method of analyzing protein using
"l aser ablation, which is capable of significantly inproving analysis
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 specinen
taken froma living body. Background Art In recent years, the application
range of mass spectronetry has rapidly spread fromthe field of physics
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 ysis of nolecul ar weight of protein and the decpsi
~am no-acid sequence. The principle of such nmass specWrc
sanple is ionized in various nethods, ions obtained i zation are
separated by mass/charge, and the intensity of each sedgtiled ion is
measured. Meanwhil e, a conventional mass spectronetry dfCpflotein has been
- one that electrons were added to protein itself to be 2‘?' nized and its
mass was anal yzed, or a nol ecul e having high nol ecul ar ht is
fractionized into nol ecul ar ions having |l ow nol ecul ar ht to perform

mass spectronetry and constituting nolecules were conreg Herein, a
secondary ion mass spectronetry (SIMS) where high enerjgy omc ionis
allowed to collide protein into ionization, an elegtra or ption

ionization (ED) where a nolecule is fractionized ipto ecul ar ions
having | ow nol ecular weight by electron inpact andCha spectrdietry is
performed, a matrix-assisted |aser desorption ioni z i ﬂ(I\/ALDIm and the

l'i ke, for exanple, are known as an ion production din thez
conventional mass spectro ry of protein. However, E?awuﬁlexistdg a probl em
that a nmass spectroneter &hi gh resol vi ng power m§§gﬂﬁbessary Y order to
perform mass spectrometry E;polyner ion, a proble E&;the pre&sence of a
fragnment ion, which was degogposed and produced in a PLERAR nner g made
mass spectrometry difficulyFor the like in all ) crlbed

nmet hods. On t he other hand & | aser atom zati on resonance
m cropr obe (LARI MP) net hod re atom zati onfarmo v <um
by a nano second Igser, fon:E%aane, is kno as anass ;
sanpl e | abel ed by "ani sot o O elenment in pe rm ng chem cal anal ¥
However, since the LARI MP od requires twy aser soudte{) whi ¢
atom zat| on | aser for atontzitmg Iabel ed @ a resonance=
ionization |aser for ip - 8 : .uon1zed | @@p! ed el ensif s,
there existed a problepthat a systen1const| tion becane conpllceu-.
Mor eover, since the atpmof | abel ed el ene needs to g be resongd

ionized in the LARI MP hgt hp @scri bed abov | aser of unlque
wavel ength nust be irrpdia ﬁg e atoify) of each | ab& el enent, pnd
there existed a probl e that nducti ng eff|C|entg§ruﬂ ysts was extr-nely
difficult in the statp mhere vari ous types of |ab¥led iso m xed
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bject is tp

The present invention hees-aee SO G
various problens that the conventlonal art has,
provi de a method of anal yzing protein using }l asef; abl at
ions of constituting atonms, which constitutg eac%§typ \
protein contained in a specinen taken from § |i vitngZEgey, Ars
and the produced atom c ions are anal yzed, ich
protein usi aser ablation that does not r &e

spectronmeter of high resolving power. Mre SpeCIfIC when berforning
mass spectronetry to each type of protein such ag tHe ein contained in
the speci nep taken fromthe |iving body, for ex Iez I bject is to

provi de a
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mass spectronetry of protein using |aser ablation where possibility that
the analysis of mass spectrum becones difficult is elimnated and high
resolving power is not required in a nmass spectroneter. Further, it is an
object of the present invention to provide a nethod of analyzing protein
using laser ablation, which is capable of sinultaneously realizing

atom zation and 4 ionization of the constituting atons that constitute
each type of protein such as the protein contained in the specinen taken
fromthe living body by one |aser source, and irradiation control of |aser
is significantly sinplified. Furthernore, it is an object of the present
invention to provide a nethod of anal yzing protein using | aser ablation,
whi ch is capabl e of perform ng efficLenﬁ anal ysis even in the state where
various types of |abeled isdtepes areg qmjxed. Disclosure of Invention To
achi eve the above-descri bed [oQjlects, t&ﬂa met hod of anal yzing protein using
| aser abl ation according to |the presénd®| invention is that eafh type of
protein such as the protein Ebntainedsin t he speci nen taken firomthe
living body is ablated by ( a- shontpapul se | aser beanp—the—prefein is
atom c ionized to produce 3§ i ¢ iong,dnd the produced atofc iohs are
anal yzed. Thus, it is possi to conddct chem cal ana ysi%Eof e
of protein. Specifically, accﬁ}ding tdﬁthe met hod of anjpl yzimmg pyotein
using |l aser ablation of the ent iln¢ention, by ablafing=ach
such as the protein containgd| the ‘Qpeci rrenwtaken frpm tig@ <ivj ng body
by ultra-short pulse | aser tré;proteingis deco -o§sd—unto pi eces
and atom zed by ,each atom tjhat constQBLtes t proteiny ap e ptom zed
atom is sinultai Tom=zgd | nto |g&nonoval ent i on,

anal ysi s can be oerﬂgr by anayzi ngdat omi d i ons prod e
i oni zati on. Therefoqﬁ en perfoNm ggnass trometry inAhe 5 nethod
of anal yzi ng pr ot eir=udi ng kas Lgﬁcn pr esent tion, mass
spectrometry is{cofdicted t® &t ilord h |OM/HBSS,fEEFPhat not only
t he possibility |t hgtg tHe—anl § f—rra s ct rpumyeconest-A fficult is

B ng.n D pect ronet er havi ng

elimnated but &l sB &her s na
hi gh resol vi ng %@Ter, scdpscr b
of analyzing prat®ip using |asef gEj ation

to the met hod
ion, by

abl ating protein by oge type of ful tfa-shor he protein
can be atom zed a elitoni zayi onfof the & D t He
nonoval ent ion ca : eoysdly perforre , the
irradiation contrjo Ser is” sinplified, Z | abel ed
el ements can be 6 r-tdneousl y in chem cal anal ysi 3\ anpl e, so
that analysis efficiency can be inproved renarkably.mln}#;p— rds, since

the atom zation and ionization of the |abel ed el enents\ PN
simul taneously perfornmed by one type of ultra-short pul 4 3
t he net hod of anal ygrg—ypretn using | aser ablation ofi!
i nvention, an analjysi q

anal ysis efficienc -
conventi onal nethods. " Sr

3 ul tfr a-ghoryt pul se

| aser beanms, each |3 AN v aven&incjhe state
where various types A mi xed, by whigh applQ@cation to
a6 multi-label systemifs gccurate and highly efficient
anal ysi s | ymer sal ly, the present invention
is a netho anal/y protein using |aser ablation where by irradiating
| aser beans on protein to Pe anal yzed and ablaﬁgng the protein, the
protein is atom zed into d@nstituting elenments~the atom zed constituting
el enent s 'onized,aﬂujghe ionized constituting elenents are anal yzed,
in which t\ge J aser beans that irradiate the protein to be anal yzed and
ablate th otein




are ultra-short pulse |aser beans, the ultra-shor

irradiated on a chip having the protein fixed thereon,

into constituting elenments and ionized
protein fixed on the chip by the wultra-short pu
ionized constituting elenents are anal yzed. Furt
is that the above-described chip having the prot
chip having particular protein fixed thereon in

protein reacted with and bonded a substance havi ng specific bond
t he present
havi ng specific bond to the above-described particul ar

particular protein fixed on the chip. Further,
that the substance

t pulse | aser beans are
protein is atom zed

si mul t aneously by ablating the

se | aser beans, and the
her, the present invention
ein fixed thereon is a

whi ch the particul ar

to the
invention is

protein is a nolecule having specific bond with protein. Furthernore, the
present invention is that the nolecule havin d with the
above-described protein is nucleic acid havijng spegific béndi ng
characteristic with protein. 7 Further, thd presgat inveftion is that the
substance havi ng specific bonding characteridqtic td&the ab¢ve-descri bed
particular protein is protein that execis_ghé eci figg bondi g action anong
protein. Further, the presgnt inventiohis tHat the Z=bove{descri bed
protein that exerts the sQ&cific bondi ng actijon (s qﬂ thelprotein is
antibody. Furthernore, the\pres@nt inventionlis dohe chi p having the
above-descri bed protein fixYed tédyereon is forn i sol ution
containing protein t th the abov ti body on a chip

havi ng the above- deg

reacts with the abc ti body to reac
anti body, and al |l ow that reacts w
anti body to bond thg Noed anti bodg. Fu
invention is that ar IabSS} i~ t acjed t

above-descri bed chig. r, t {nven

ody fixed thereon

| 1 ow ng protein that

h t he above-descri bed
t he above-descri bed

r r, the present

o the protein fixed on the
tion is that the

above-descri bed el en i e \i s top&b element. Further, the
present invention ig 7 efenent | abel is |abeled by
using a puromycin (@ t her no present invention is that

t he above-descri beg
Further, the present
directly | abeled to ein in a sanple.
that the 8 above-described chip is a nul
present invention is that a sanple conta
| abel ed protein solution, in which a |abe
be anal yzed, are m xed and poured on the a
assay 1is perfornmed in which a substance hé
particular protein fixed on the above-descri Dy
protein to be anal yzed, and the above-describea
conpetitively, and the particular protein.is
chip. Furthernore, the present invention
beans that are irradiated on the protein

out put of 10 nmega watt br nore. Furt

that ultra-short puls QS beans t

be analyzed and abl at-1 pe ot ei

second or nore and a p %% Y o]

watts or lgss. Further| <p sen ention is

one of théﬁ!:Lra-short B | aser beans that ab

to be anal yzetl, the ulkra}short _pul se | aser beans
anal yz@d wit hout oni ssi

abl ate the protein to

perform anal yeis. Furthe
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the above-described ionized constituting elements is mass spectrometry by
a time-of-flight nethod. 9 Further, the present invention is that

subst ances that need to be fixed on the above-described chip are fixed as a
m xture, solution attached with a different |abel for a substance to be
measured is allowed to react with the m xture, and plural types of

subst ances are detected fromthe mxture. Still further, the present
invention is that a sanple is fixed on the above-described chip, antibody
to a measuring subject, which has been |abeled in plural types, is poured
to measure a plurality of substances. Herein, when ablating protein by the
ul tra-short pulse Iaser beans in the present invention, irradiating one

shot (one | tra-short pulse | aser beans on protein is
enough. Iur hots (plural pulses) of the ultra-short pul se
| aser beans na firra ated on protein and the nunber of shots (pulse

nunber) of the ultra-short pulse | aser beans to be irradiated on protein
shoul d be appropriately selected. Further, it is preferable that the
ultra-short pulse |aser beans be one having the pulse time width of 10
pico seconds or less. For exanple, it is appropriate to use fento-second
| aser beans irradiated fronta Iaser that is generally called a

f emt o- second |aﬁ%:50|ja‘fl DAl I\FPI—HLW{W Wh ANTIBODY O second or nore

and 1 pico seco I'ess. u ernore nega watts or nore is preferable
as the peak val ue\out put from spoTi2t-RABBIT ANTEHUNMAN beans, and nore

particularly, 1 giganyatt or nore afnd 1PENIOGIVEBIN ANTIBODY i s preferable.
This is because there I's a possibiljty that multivalent 10 ions are

produced to make the pegtrum difficult when the peak
val ue output fromth 5 i
| arger, and the effic] encyye R i and ionization is reduced to
make it difficult to ~C | $i ghal s when the peak val ue out put
fromthe wultra-short -pulse | aser --beams|i s--10---nega watts-or--1|ess.

---- -- It is to be ¥PRJG ments, which are

descri bed | ater, conducted by the |nventors of the present invention,
extrenely good results could be obtained when the pulse tine width was 110
fem o seconds and the peak val ue output was 2 giga watts. Further,
according to the present invention, the wultra-short pulse |aser beans such
as the fento-second | aser beans capabl e of simultaneously performng

atomi zation and ionization efficiently are irradiated on a protein sanple
that is |labeled by an isotopic elenment or the like. Therefore, it 1is not
necessary to selectively ionize the | abeled elenents and various types of

| abel ed el enments can be used. Moreover, since the repetition rate of |aser
irradiation can be increased to several kHz, the invention is suitable for
hi gh- speed anal ysis. FgIZRe)FRRQOT n the present invention, by noving at

| east one of the ultra-short pul se | aser beans that ablate each type of
protein to be analyzed such as the protein contained in the specinen taken

fromthe living body and the ot ei anal yzed, the ultra-short pul se
| aser beans that ablate protg?g abl™a Hé protein to be analyzed w thout
om ssion and 11 duplication perforntanaly5|s Specifically, in the

present invention, by the novenent of a spot of short pulse | aser beans
and the chip having protein to be analyzed fixed thereon as a sanple,

abl ation of a | arge nunber of protein sanples fixed on a w de area can be
performed w thout om ssion and duplication. This nmakes it possible to use
a chip where protein is fixed by antigen-antibody reaction as a chip
having antigen to protein to be analyzed fixed thereon, which is
particularly effective. According to the present invention, analysis speed
beconmes significantly faster than conventional one due to this :
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 chip 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 elenment |abel can be used as a | abel according to the
present invention. Mre specifically, various types of isotopic elenents
can be used as the elenment |abel, and when stable isotopic elenents are
used as the elenment |abel, for exanple, it is possible to increase the
variety of |abels to the nunber (270 types) of various types of stable

i sotopes. This nmeans that the anount of information can be increased
dramatically conparing to a fluorescence nethod (2 to 6 types) that is a
conventional |abeling nmethod and radioactive isotopic elenents (about 10
types). More specifically, it is possible to use protein by 12 |abeling

in the periodic table, 32% hp nat |ar @jlgrioup. M6 [stfapl | s@ opes in the
periodic table, 35Cl1 andg}id7/CIl are | grptp 17 silablije | sqtopes in the
periodic table, or 118Sh|{g¥—1 [ hat  dliel (st abl q4at ppgs of transition
nmetal in the periodic tiakleo apel dged §n t el lexperijment of protein
anal ysis using the chi g b A-H-s-HiHdaid Ly iantly ant iobody
reaction as a chi p havi ng|fan bl prlot d|inl [t o |bell@hdliyzed fi Xtd thereon.
After protein is allowed||tid DI i|N tNati § g ajtgridet 1fon the
above-descri bed chip, it||il{ 1| py |ul t|r|atishort {{pulide| |laser beans to
perform atomni c ionizatiqmn|d Il e5.| Aljtler tha,t%grmss§@anrmmtm
detects mass, and thus tlhd il 1T B Bpl ¢ €lllg cgnt aighed in the
bonded protein can be dgtiet Therief dflel| t he tl@riget | prlot ei n can be
anal yzed by cal cw ati ngj(t/he Df | ol el li n |l abg|led pollecul es. Herein,

i n conparison w th 1 abellg||¢ Lsad, lltihe | var ijetly ot IJabel s can be

i ncreased to as nemy as 2f vheh - stighliel | el mentts are used,
for exanpl e. Nbreé&er, Vhe! 1ty (threlel typgis||ar; pore) d&f apr ot ei-n

| abel ed by separat@g el engt xed jand||al | mul t [{Hehdnnhelqed chi BEt hat
were allowed to bbnd andj|f¢ |t anget| gtl t he|lgane ti ne, daga
between a plurali of qanp pg |conbaried.| As||ddsScdi bed, Lhe present

i nvention can est &bl i sh [{[Ri YTVe a i ON- Spee Ss| spest Penetry by
various types of ¢stabl d||j|$01 opi qjel erent [lliablel 5, ahd [tlher €f ore, e
present inventionléan bqgilgppliled |fiofialjl nesearah | elids re 13« | abeling
is performed by fmorochrcma or rladi badti V||| sptlopes|| {Hurt hier nore2
according to the esent n',nLic”, S e S n be used
as the | abel ed el nt Hhowt|  Usiing| tihe afoact Me fiispt opi ¢ el enents, so
that facility to be usqggiliplsjuchlicase |i s[|not| testijjjcitlgd|a instal lation
in nedical facility ang|{pnttvyate s |i s {|poss) bl elf|j{Aqdi tiognal ly, in the
present invention, regarjdling| [mullEi|{chgnne ing wherld furfal i ty of |abels
are used at a tine, whgp|jthe¢ |subgflancds flijxe z i p jare ot spotted
by types like a mcro gfifa but|||flii xked ag| M Xt urlg di{so] ution attached
with a different |abel Hy||leach] sUpdt ance tiat] nheeds b asured is

al lowed to react with thg|{m xturaill|apd this||t|iis |Rpsdi bl e to detect

plural types of substanggsiiiom-gneispat " tthi & Iaqﬁr for
fabricating the mcro arfflgy| {clan |bg|omitted|dragti galfl|y, |and a cust om nade
substrate for adjusting||g0l uty onljgont ai ni|ngi spbst ane h a user wants
to measure can be easi lly|{fforned.|||Furt her mon e} | tthe||s I n be contrarily
nmounted on the substrat —or exanpl e,| a||pliur glii t y|{of] [subst ancQs can be
measured when anti body to a neasuring subj ec which Ts 1abel ed?® by various

types, is poured. Brief D%cri pti o@ of the awings Hig. 1 is™a conceptual
constitution exenplary view of a ¢onstitution exanpl e of a mass
spectronetric systemfor Shnalyzing‘the.ﬂhss of protein, which is an -
exanpl e dfggn analysis systemthat can gﬁ used when inplenmenting a nethod
of anal yA protein using | aser ablati according to the present 14
invention. Fig. 2 is an exenplary view sow ng an exanple of the nethod of
anal yzing protein using | aser ablation agcording to .the present invention.

Fig. 3 itLES exenpl ary view for explainifdy a sandw ch

& c
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met hod using antibody as a nethod of |abeling protein that needs to be
nmeasured. Fig. 4 is an exenplary view of a chip being a target used in
experinent 1 conducted by the inventors of the present invention. Fig. 5
shows the experinment result of experinment 1 "conducted by the inventors of
the present invention, and is a graph show ng mass spectrum by abl ati on on
spot 1 and spot 2, which were neasured by a quadrupl e nmass spectroneter.
Fig.. 6 is a graph showi ng only the nass spectrum neasured by ablation on
spot 2 which is extracted fromFig. 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 show ng the correspondi ng
relati on between chip 1 gnd chip 2 which were used in experi ment 2, and
measurenent results. Fig.l 9 ils a|graph of | TOF| spe¢tru t was neasured by
ablation on spot 1 of chilp 1.| Fig. 10{is a graph of TQ ectrumthat was
nmeasured by ablation onl|spotf 2 af chip 1] Fig. 11 isja cg aph of TOF
spectrum that was neasurdgd by} abl atijon oph spot 1|of ¢hi '_5 15 Fig. 12 is
a graph of TOF spectrum tlhat (was {nmeasjured| by |abl ati on ogs spot 2 of chip 2.
Fig. 13 is a graph of - TOH spdctrumthiat was neasufed by Tabl ati on when
sanpl e concentration in dxperiinent 3 wmas |0.2mg/mM. Fig. &4 is a table
showi ng the detected quantity of | samari um (Sp) that sal cul ated from
TOF spectrum Fig. 15 isja grjaph show ng fhe felation|betfeen the sanple
concentration and the qugntitly off Smdeterted| Explanatigm of Reference
Nunmerals 10 Mass spectrgnetriic gystem 12 Vacuum {ank 14 Target 16
Quadrupl e mass spectronetler (18 Rotatjonal in|let {erm na 20 U tra-short
pul se laser 22 Focus leng 100 Chip 102 Anti bpdy 104 .um ed protein 106
Sanpl e 108 Target protein cortained in sapplef 200 Chip mm Anti body 206
Sanpl e 208 Target protein contained ijn sanpl e| 248 EEEEE o aaent 16 212
Ant i body (I abel ed antibody) gl - Lrate 2008 =r#ste Bedf Mode for
I'npl ementing the Inventign | g o ?ﬁ?@?ﬂ “enbmdi ments of

t he met hod of anal yzing : to the
present invention will bd Ph attached
drawi ngs. According to tf sgamr’f‘%‘é"%ﬁ% ng 1Bser

abl ati on, each type of pddteiln SLCh ds pr ot ei @1 n a <Cspeci nmen
taken froma |iving bodyjcan [be gnal yzed.}{ Figl 1 sho ':@Eigg;f con€ept ual
constitution exenplary vilew |of g constitutio : = t he mass
spectronetric systemfor | angl yziing tjhe nmss e an exanpl e of
the analysis systemthatf can be jused whep inpl em nti nd=the net hod of

anal yzing protein using lfaserl abljati gn acgcord B egent i nvention.
The mass spectronetric system 10 |[has ja vacuu W Ycan be set to
t he vacuum | evel of 10-8|to 10-6|Torr|, for exanple, =ta]get 14 arranged
in the vacuum tank t25qajquadruplie mgss specfrongter | l8ERs a nass
spectronmeter arranged ijn|thejvacyum |jtank, a rotational %l et term nal 18
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14, a ultra-short pulse laser 20 that emts ultra-short pulse |aser beans
such as the fento-second | aser beam for exanple, to be irradiated on the
target 14, and a focus lens 22 that 17 focuses the ultra-short pul se | aser
beans irradiated fromthe wultra-short pulse |laser 20 on the target 14.
Herein, as the ultra-short pul se | aser 20, one capable of irradiating
ultra-short pul se | aser beans having the pulse tinme wdth of 1 fento
second or nore and 1 pico second or |ess and the peak val ue output of 10
giga watts or |ess can be used. Mre specifically, one that is made up of a
titani um sapphire | aser and includes paraneters shown below, for exanple,
can be used as such ultra-short pulse |aser 20. Peak width (pulse tine

wi dth) : No an 10 s (fento second) Qutput: 50 to 480J (mcro

joul e) (Pﬁaoutput' 0.5 to 4GWN (giga watt)) Wavelength: No nore

t han 800nnf (n ber) #Repetition: 1kHz (kilo hertz) Further, the
quadrupl e mass spectroneter 16 is installed in a vertical direction by 90
degrees with respect to the irradiation direction of the ultra-short pul se
| aser beans that are emtted fromthe ultra-short pulse | aser 20 and
irradiated on the target 14. Meanwhile, it goes without saying that a
time-of-flight mass spectroneter (TOF MASS) may be used as the nass
spectronet er ingb%ﬁg ofdgp% gﬁ ve- descri bed andru | e mass spectroneter
16. Furt hernoreSRQE kg I -BREPJAVMN&NJ!B@B 22 that focuses the
ultra-short pul se | aser beans } i t tyl B se | aser 20
is set to 25(F:)m for exanpl e. 1§'p¢ﬁe heA@quJ@b&égtér*ﬁ@e%@ﬁ@hti on,
description will be made for a nmethod of perform ng mass spectronetry using
the above-described n spectroneific system 10 by the net hod of

anal yzing protein using |aser ablatjon accprding to the present invention.
Herein, the nethod of |anal ng pr&ein us|ng |aser ablation according to
the present inventionlis th t he |l e pf each type of protein such as
the protein contained|in the specinmen takpn fromthe living body is
detected and anal yzed| by using abl ation b7\Kg$ ultra-short pul se | aser
beanms emtted fromthe ultra-short pulse |as 2680sch as the fento-second
| aser and an anal yzer such as the nmass spectroneter such as the quadruple
mass spectroneter 16 and the tine-of-flight nass spectroneter.
Specifically, the nethod of analyzing protein using |aser ablation
according to the present invention is a nethod of analyzing protein using
| aser abl ation, where | aser beans are irradiated on protein to be analyzed
to ablate the protein, the 'protein is atom zed into constituting el enents,
the atom zed constituting elenents are ionized, and the ionized
constituting elenents are anal yzed, and the | aser beans abl ating the
protein is the ultra-short pulse | aser beans where the ultra-short pul se

| aser beans are irradia%ﬁg o] ;g chip having protein fixed thereon, the
ultra-short pul se | aser EHSF ﬁQYE the protein fixed on the chip to

si mul taneously atom ze and ionize the protein into the constituting

el ements, and thus analyze th ioni zed constituting elenments. 19
Specifically, the chip havin ?;}oteidﬂFExedmthereon is arranged in the
vacuum tank 12 as the target the ultra-short pulse | aser beans such as
the fento-second | aser beamemtted fromthe ultra-short pulse |aser 20
are irradiated on the chip being the target 14 to perform abl ation, and
analysis is conducted by the mass spectroneter such as the quadruple nmass
spectronmeter 16 and the tinme-of-flight mass spectronmeter. In such occasion,
when the protein to be analyzed is attached with a | abel by an el enent

| abel or the like, the chip having the | abeled protein fixed thereon is
arranged as the target 14 in the vacuumtank 12, the ultra-short pul se

| aser beans such as the fento-second | aser beamenitted fromthe
ultra-short pulse laser 20 are irradiated on the chip being the target 14
to performablation, the | abeled el ements are neasured




by the mass spectroneter such as the guadrupl e mass spectroneter
the tinme-of-flight mass spectroneter,
can be detected and anal yzed. Herein,

t her eon,

parti cul ar
can be used. Specifically,

anti gen-anti body reaction on a chip,
can be used as the

anal yzed is fixed,

for exanple. Therefore,

a chip having protein fixed thereon,
with and bonded a substance (such as antibody) having specific bond
protein fixed on the chip and the protein is fixed
a chip where protein

and thus the
as the chip having protein fixed
where the protein reacted

16 and

protein to be anal yzed

to

on the chip,

has been fixed by

on which antigen to protein to be
chip having protein fixed thereon,

the chip having the | abeled protein fixed

t her eon

to performc

itive assay,

and conpetitive assay

can be forned as foll ows, for exanple. 2 Speci fically solution of

| abel ed protein being a sapplg is ppuredion the chip bn wh|ch a|substance p
~(such as antibody) having %Becific bapdito parti¢cu-ar profeip has been
fixed, the Iabeled_protei1;gnda§¥e above-describ qﬁsubsta1ce1h Vi ng
specific bond are all owed rle ,{af@ particulay @rpt€niiAd the | abel ed
protein is fixed on the ch gﬁ Fuf her Her ¢, by cl ngﬁiha i p on which
the particular protein outjof ithe abel ¢d protein is|fixefd, a ¢hip having
the | abel ed protein fixedrHhereen—i-s—eb{ai ned. FetH—sHm+ar-{to a DNA
chip, by using a chip wherg wvario types of subgtances (such @s anti body)
severally having specificjbond w t&g par{icular pjotejn are fix¢d on one
chip and by using the chipl@n whi protein sevegdH y bongded the various
types of substances (such pgyanti bagy) having spe iﬁjc bond has| been

fi xed, measurenent of varlad§ t yped—of protein cap Be| perforne

si mul t aneousl y. Further, as e subgt ancé havi ng q%ﬁ fic nd §o0
particular protein fixed o ChIpEIIt i $ possi bl use noliecul e
havi ng specific bond to praégln or, furt1ernDre, dggtein ch as

anti gen-anti body that exer spe fIC bondi ng o pn an@ng protein. |t
is to be noted that a nucle acidigal l ed as an apt@2ner havi ng|specific
bond simlar to antigen cap usedgjas the nol ec I&@ havi spe¢i fic bond
to protein, for exanple. Aptwner aan be|fornmed by la pet ham cal led SELEX by
whi ch one havi ng hi gh bonfi® chargcteri stic with & targeﬁ subst ance such
as protein fromthe pool pf dl igonucleotlide that |has| beenlrandomny

synt hesi zed. 21 Further, gs tfhe pr._at ei n[such as anti gen-aﬁti body t hat
exerts the specific bondin protein, [profern yhat jforns a
receptor or a conplex with are kno toj] cauge spe¢cific bond
in aliving body can be us exanpl e fgﬁhe met hod ¢f anal yzi ng
protein using |aser ablat o the present invention will be
described in nore details ig. 2. Sp cﬁ? glly, in|the
above-descri bed net hod of ein using das& abl ati ¢n according
to the present invention, N which a ;g?og% 1p82t o|protein
that needs to be detected|i or med. e proteiln that
needs to be detected is sy in vitro trensRati p@gyor {the |ike,
and | abel ed by an el enent bnt ai ned | h& pEoC2iRi(stable

i sotopic element such as and Fe) t2E§DFﬂ1 akel=d protein
104. Herein, a sel enethion invitro vCXugjmpi usi ng
puronycin derivatives, or bxanpl e, (:385 b~ [Hséd @3 a | abel i ng
met hod. Meanwhile, althoug | uor ochr ¢rre % é( %rél ly used in
the in vitro rus met hod, |an H—tabel ing bedy—s—syhthesSized and

el ement | abel can be pefforjmed ip a gimlar thod to {he case using

fl uorochrone. t, severa ylpes of sol btion havi di fferent
concentration of synthesi zegyljabet ed PMotein are shred {oWNtake their
calibration cyrve. Nextg. a|ganple 106 (such ag seque | for e¢xanplle) taken
from the |i body iE m xed withjthe | abel gl pfote|n solution whose 22
concentrati o\m been @dj tsted;,—the mxture & poured—onmto the chip 100




is perforned by antigen-antibody reaction in which the antibody 102, the
.l abel ed protein .104, and target protein 108 contained in the sanple 106
are allowed to bond conpetitively. Then, after the chip 100, on which the
anti body 102, the | abeled protein 104, and the target protein 108
contained in the sanple 106 have been bonded and fixed, is cleaned and
dried, the fento-second |aser beamfromthe ultra-short pulse laser 20 is
irradiated on the chip having the target protein 108 fixed thereon as the
target 14 to performablation, a quantity that the |abeled protein 104 has
reacted with the antibody 102 is neasured by neasuring the | abel ed

el ements by using the quadruple mass spectroneter 16 or the tinme-of-flight
mass spectroneter, and thus the concentration of the target protein 108
contained in the sanple 106 is detected and anal yzed. 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 calibration curve and

measure the sanplfEr STITUF HERCOUST ¥ GIT a Saner enip: = SPECFTcar Ty, *™ 1y sol ve
such problems, tHe chip offshich the antiibody, the |abeled proteid, and
the target proteifn contaf #cd in the sanplie are bonded should be

mul ti-channel ed, §.and t he gl ti - channel ed. ichip can further inprovelthe
accuracy of t he fabove- des:.1 bed net hod accordlng to the present

invention. The mfi ti-channdg ng can be redlized by the nethod 23 @xpl ai ned
bel ow, for exaan-. I n ot ;i.mords S|nceTthere is a possibility t¢g cause

difference in th ~cal i brat ft_curve due to-the status of the «chipy it is
desirable to credie the caiggration curve_and nmeasure the sanple .
si mul taneously orf- a same cEgp in order to~-prevent the difference.
Theref ore, when rfeasuring gg@iein called’A solution of |abeled prcteln to
whi ch different Ifabels (f& xanpl e, Iabellng by sevepnl types of 4Fe

i sotope) are attfached by easI concentratiion, is prepdapd. Wien it s m xed
with the sanple ; d al | oned-H react with-. the chip haygng antlbody fixed

t hereon, the cregtion of thé&alibration carve and/t e sanple meagur ement
can be perforned iSi nul t aneousE®¥. Next, asithe neth@d of |abeling gdrotein

t hat needs to be § neasured, andwi ch net i anti body may be yged
other than the gDoye- desqra Enekhod. whed e hheik net ed.protein. iy =

.................

w il be descrlbeu‘referrlng to gy [) 7 | ch met hod, a s@ nple 206
is allowed to regct wth a chip_200.-or—weet=—artrbody 202 to targ-

protein that nedds to be detes@®d is fixed, an target protein 208
contained in thd sanple 206 aFf {— he antluody 2 are bonded. Next_

anti body (| abel e anti body) 21Z#==abel ed by-a | abe] ed el enent 210 s poured
from above the tgfget proteifs sanpl e 206 that bonded
the anti body 202,f-and the ta
is allowed torw;ctvmthth-
the chip 200, on fhich the and&Rody 202, the 24 pro
| abel ed anti body 12 | abel ed by Iabeled el enent
is cleaned and drff ed, the “f‘ "0-second. Iaser beam f
pul se laser 20 i g irradi atecs

ablation, the | gpeled ele

in 208, and t e
10 have been'oonded,
mthe ultra-< ort

spectroneter 16 o' the ti -flight nass-spectroneter and thus 4 he
concentration of fhe target: ein 208 contained in the sanple 20- is

det ect ed and anal;zed Furt the sandmnsh nethod IS not Ilnlted o the
Above- desc rmaed  Jiwi R it nigiimaiin e

ant i body andmnchlng and plnchlng t he target proteln that needs to be
detected is selected, and | abel ed secondary nti body may be poured from

above to perforntdetection, for exanple. Fukthernore, a nmethod of directly
| abel i ng tZ:ESEOtein in the sanple may be uSgd as the nethod of | abeling

protein th&t eeds to be neasured. Specificaly, the protein contained in
t he sanpl e be | abel ed by i odine, for_exanple. An i odo- bead net hod

(trademarkm




of Pierce Chemcal Co.) can be used, for exanple, to perform the nethod 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 antibody 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 the antibody are
bonded by antigen-antibody reaction. Next, after the chip, on which the
target protein contained in the sanple, which needs to be detected, and
the antibody have been bonded, is cleaned and dried, the fento-second

| aser beamfromthe ultra-short pulse laser 20 is irradiated on the chip
as the target 14 to performablation, the |abeled elenent is neasured by

t he quadrupl e mass spectroneter 16 or the tinme-of-flight nmass
spectroneter, and thus the concentration of the target protein contained
in the sanple, mhich needs to be detected, is detected and analyzed. In
the follow ng, ded¢Fiptiongg-1r be madé ToE the experrrment resultg of the
mass spectronetry onductesd- the inventérs of the present inventji on by
usi ng the above- dg .crlbed % S S spectronmetfic system 10. (1) Exper|nent 1
(1-1) Form ng of uhlp Firstige- the form ng+ of a chip being the target 14
wll be describeﬂ referri s #0 Fig. 4. Thg chip is forned as fol | gws.
Specifically, pol »L-Iysin- oated slide giass was used as a substFate
1000. The poly-L-Iflysi ne-coa ae slide glassiwas formed in such a dnner
that slide gl ass t'S i mrer s€@&in 3% poly-L-1ysine solution for 1 Hour

after NaOH treat mgnt, and ®¥ed at 80C after cleaning by water. Neixt
rabbi t anti-hunan‘ heanIob £ant i body (mahufactured by Sigma Co. Ltd )
and rabbit anti-hgman | gG body were séverally deconposed in '*S 26 at

t he concentration fof 0.2ny/ and were spatted on the poly-L- Iyst
coated slide glassgp(refer to=gg. 4: spot 1+ is the rabbit anti-hurfpn |1gG
anti body and spot [ is the rzg8it anti-hufan henogl obi n antibody).i Then,
after renoving extffa anti boggEby PBS solutlon cont ai ni ng 3% non-f g ntlk
and 0.1% Tween-2 : s imersediin bl ocking solution
3% non-fat mlk a'
4C. I n addition,
after 10 m nutes af
fixed thereon ma-*forned. Her

cpt@i ni ng

at 10 00@xg and a chlp haV|ng an |body
g the matgrial of the substrate ddes not
need to be glass,;and it may Efgmetal or dnsulator. A substrate hayi ng
hi gher heat condudfion causes his@er ion détection efficiency in tihe | aser
abl ation using ul tfa-short pul sgmaser bears. It is to be noted t jat a
sol i d substance igfused as t-- ~ubstrate -and |t is preferable tha t he

centrlfugl?

0. 1Wn 1K-1 or nor e
Next, the adjust

ot of prot

with the

anti body fixed on Lhe chip are=pseT or med. The adj ust mrent and reacti on of
protein solution i conduct eds#s ol | ows. THuman henogl obi n (nanufa tured
by Wako Pure Chemigal Indush*“fs, Ltd.) mas di ssolved in PBS at tHhg

concentration of [Png/m, angEEhe protein Solution was adjusted. Ek ra PBS
was shaken of f from t he chi¥Bghavi ng antibedy fixed thereon, the pf ot ein
sol ution i megy-ately pl ac@® on a chip surface on 27 mhlch ant itbody was
fixed, cov | asg} mas gent overed fronL above and |t was Ieftg o stand
for 2 hours 4C.1 apiachield it Sl gie RBGumigeign\/c t he
cover gl asYwsad proteln solutlon treated in 0 005M'Tr|s HCl 0. 005%
Tween20, and pH7.8, dried after subsequent Efeatnent by PBS, and a chip
being the target 14 was obtained. (1-3) MeasUrenment The target 14 fornmed
as described above is installed in the vacuﬂhttank 12, and the inside of

t he vacuum is drawn O

S :




vacuumto set the degree of vacuuminside the vacuumtank 12 to 10-6 Torr
or less. Next, ultra-short pulse |aser beans emtted fromthe wultra-short
pul se | aser 20 are focused on the target 14 by using the focus lens 22 to
ablate spot 1 or spot 2 forned on the target 14. It is to be noted that
the pulse width of the ultra-short pulse |laser beans emtted fromthe
ultra-short pulse laser 20 is 110 fento seconds and its output is 230J.
Then, the nass of nonoval ent ion generated by the irradiation of

uItra short pul se | aser beans onto the target 14 was neasured by the
qguadrupl e mass spectroneter 16. Fig. 5 shows the nmass spectrum caused by
the ablation to spot 1 and spot 2, which were neasured by the quadruple
mass spectroneter 16 using the above-described nmethod. In addition, Fig.
6 shows by extraction only the nass spectrum neasured by the ablation on
spot 2 shown in Fig. 5. As it is clear fromthe experinent results shown in
Fig. 5 and Fig. 6, Fe was detected frontspot 2, and henpgl obin coul d 28

be detected by thp ety st oTTE e D AT Ty cienent

| abel was not attfched to ke proteln to be detected in the
above-descri bed efperinmentallc but it is a-matter of course that p oteln
attached with thefel enent IE&bel can be anhlyzed as shown in experjiment 2
and experinment 3f In the fZl ow ng, experanent 2 and experiment 34will be
descri bed. (2) Experiment 2" 2-1) Formngiof chip Firstly, the forning of
a chip being the jarget 14 1;-I be descrlbed referring to Fig. 7. £The chip
is formed as follpws. Spe-rj cally, poly=t-Ilysine-coated slide gldss was
used as a substraf.e 2000. *%~~o|y L-1ysi ne-coated slide glass was i forned

in such a manner fFhat slidea £ASS was i mefsed in 3% poly-L- Iysun-fPBS
solution for 1 hofir after Ng 5Ft r eat nent, and dried after cIeaninogby
water for 15 m nufes. Next, £ ‘
(manuf actured by Eortex Bioca'“ Inc.) andi anti-nouse |gG antibody §
(manuf actured by pouthern Bi¥sgchnol ogy Associates Inc.) were severally
di ssol ved at the froncentratiQzads O. Ing/ni was severally spotted i
3l /spot on the pply-L-1ysine@pated sllde.glass that was forned awi
descri bed above ag shown in F-’ﬁ 7, and was naturally dried (in Fig.
spot 1 is the ant ';s,tr-ept;am;d.t bl 0 Iy, and-,.sp.ot ook LR ANL |7 JOUSE I gG
anti body). Then, fhe dri‘ed pon n_,‘l ne <oated sl'ide’glass ‘was i
in Tris-HCL sol ut} on (pH7.8) com¥ENi ng JISWBSA 0. 1% sodi um azi dé&
0. 05%ween40 for B5 mnutes foig if'anlng,:and subsequently, the gI:
imersed 29 in Tis-HCL sol ut Sl p :
sodium azide, anfi left to stand=wasr. one n;ght at 4C. The gl ass ma §
cl eaned by PBS tofrenmove bl ockig@mS0T utionrafter 10 ni nutes of é
centrifuging at 1fi, 000xg. It EM+o be notefl that two pieces of the.k
formed as descriped above werc®arepared (¥efer to Fig. 8 chip 1 and chip
2). (2-2) Adjustnfgnt and react; of proteln solution Streptavidirg
(manuf actured by Rerki nEl ner +re f‘IabeIed— by europium (Eu) was dis
in Tris-HCL sol utfon (pH7. 8) a '“Eann/nt'“lt was dropped on spot If
spot 2 of chip 1 py 3I, andZ¥e chip was 1eft to stand in room tenberature
for 2 hours. Aftpr that chi . \\as cl eankd by Tris-HC1 sol ution (3
ini attes, andidried naturally (refer.go Fig.
ured by PefklnEIner Inc.) |abeled E
eur opi um ( wask.di ssol ved 1| i s- HC1 sdIutlon (pH7.8) at 0.2ny/
was dropped on sppt 1 and Spos of chlp 2 by 3[ and the chlp e
stand inr t enpPeET=t v e Bl : e shed by
Tris-HCL sdl uthi on (pH7 8) contalnlng 0. 1?Hmeen20 for 30 m nutes, and dried
naturally (refer to Fig. 8). (2-3) Measurene Al t hough the neasurtng
method is the sane as the case of experinmenkgl, the experinment is

8). Further, nousk

di fferent NJ' t he nmeasuring nethod of expetjnent 1 on the point that the
out put of O
>

&




ultra-short pulse | aser beans emtted fromthe ultra-short pul se |aser 20
was set to 120J and the nmass neasurenent was 30 conducted using the
time-of -flight mass spectroneter. Fig. 9 'to Fig. 12 show the experinent
results of experinent 2. Herein, Fig. 9 shows the neasurenent result of
spot 1 on chip 1, Fig. 10 shows the neasurenent result of spot 2 on chip
1, Fig. 11 shows the neasurenent result of spot 1 on chip 2, and Fig. 12
shows the neasurenent result of spot 2 on chip 2. Fromthe experinent
results shown in Fig. 9 to Fig. 12, it was nmade clear that protein
contained in the sanple could be detected by using a | abel attached to the
protein. (3) Experinent 3 A chip was fabricated by the sane nethod as
experiment 21 it was allowed to react with measuring protein solution
whose concentration was changed, and quantitativeness was studi ed. Herein,
the adjustnent of protein solution was perforned as follows. Specifically,
Tris-HC1 solution (pH7.8) Iabeled by sanarlunl(Sn) whi ch cont ai ns '
strept avi din ( :'f R et T g 7 i = 0% a0 3 o o o 36 T T ‘”‘“‘ m
0. lmy/m, O.2ngfm , ane"- 5mg/ m ," was anjusted and it was allo E
react with a clfiip on whidd anti-streptavidin antibody was spotted i
sane conditions S experl-‘nt 2 to perforﬂ1neasurenent Fig. 13 sHows the
measur enent resyf’t when t®¥-sanple concéei

't when tW¥-sanple conc&itration was 0.2ng/m, add Fig. 14
;d quant +g& of Smthat was cal cul ated fromthe ngss
d'results 7le clear, as shown in Fig. 15, that thg quantlty
g.ei n cont afgeEd in t he sampl e could be neasured -
@ using t hgset hod accord;ng to the present inve tlon 31
dl_present igeention, with ¥he abl ati or=by ul tra- sh-rt pul se

spectrum  Thes

guantitatively
According to th

| aser beans on gotein thafg *ls Iabeled byfa single 5ﬂ a plurality of

i sot opi c- el errent 's), the tltutl ng €el&nents are mnpl etely at@mc

i oni zed, and th:gquantltat neasurenent of proteinfcan be perfcrned by
conducti ng nmass ;spectronet~* to the |onuzed | abel ed enment. Thi g nakes it

possi bl e to use [arious typ@gof isotopiciel ements as
an applicabl e rghge of proteim4¥ which mass spectro
be broaden remarkably. In shg proteln.itself whi ch

abels. The or ef or e,

i sotopic elementfs, is ioni zegs an atonrc Ievel and Lh S, the | abel e

el ement can be @EFECTEd" 5o FTEEET T HECOES POSEIBre A TEmEi KEBTYy Hroaden
t he applicabl e fange where nassS==mpc fronetry can be pe rmed. Fof
exanpl e, isotopilg el ements can be‘useo as The=tabket.—and-the varilety of

| abel s can be iflacreased to _ages y as 29 types that ,
stabl e i sotopic jelenents, fo# anpl e. Thi's neans tha
i nformation can e increased" gt cal | yi.conparing
met hod (2 types)fi-that is the_gouventsEgraly | abel i ng
radi oacti ve isotffpi c el enentMg about 10“fypes) Mean

mass spectronetJﬂ was used ag e nmass spectroneter

the fl uorescence
hod and t hef
ile, the qi@adruple

t he above-gescri bed

Ve

enbodi ment, but it goes w it saying that the invention is not Jimted
to this. The tifje- of - fllght s pectrapeter that peyforns mass.|
spectrometry by [greasuri ng 1 e=tITe"of flight of ato s 32 descrg bed
above, and in s' h a case, ®ggss spectromelry of a plurality of atpns can
be perforned Sil | t aneousl :f‘ one | aser +irradiatiom Furthernnr-f it is
al so possible tg perfornl‘ i spectronet?y of a plurality of atoi when
| -otron FomEgeer transfornanass spectronmeter as thej mass

thernDre

IG- ',"

cription has been made for nass spegtronetry

using an i cyq
spectronet@?}lF

as the met hooNoflf, : A0V =Y W a RN o Y=Y Lo o)) tizhed anbadigent , but
it goes wipaQyt saying that the invention is not limted to this and the
present invention nmay be used for analysis mther than mass spectronetry.

AT

Still further, the rotational inlet termnal 78 for rotating the target 14
was used in tRe above-descri bed enbodinent,pbut it goes w thout saying
that the i tionis not limted to this appropriate neans such as a
freely no lle tabl e capable of nounting th& target 14 thereon may be
used.

n




Further, in the above-described enbodi ment, the rotational inlet term nal
18 was used to rotate the target 14 to ablate the target 14 w thout

oni ssion and duplication, but it goes without saying that the invention is
not limted to this and noving means that noves the irradiation position
.of ultra-short pulse | aser beans on the target nmay be provided to ablate
the target 14 without om ssion and duplication. In addition, in the present
invention, regarding the multi-channeling where a plurality of |abels are
used at a tinme, 33 it is possible to detect a plural types of substances
fromone spot when the substances fixed on the chip are not spotted by
types like the mcro array, but fixed as the m xture and solution attached
with a different | abel by each substance to be neasured is allowed to
react with the mxture. Wth this nmethod, |abor for fabricating the mcro
-array can be omtted drastically, and a custom nade substrate for

adj usting solution containing substances that the user wants to nmeasure
can be easily f@rimed. " Frihefdore; The Sanplre can be éontrariiy nognted on
the substrate. pFor ex@gple, a plurality-of substances can be nea ured
when antibody t§ a neal‘rlng subj ect, mhlth is |abel ed by variousytypes,

is poured. Induftrial Aplicability Since.the present invention |s_
constituted as gescri bg# above, it exerts excel %nt effect that if can
provi de the metffod -of #&nalyzing proteinlsing | gser ablation, in #hich
atomc ions of constlaatlng atons that constitut€g protein are produced and
the produced at§mic iorg are anal yzed, which is met hod of anal y3i ng
protein using i 'er ablion that does noi reqthg'—a mass spectrogeter of
hi gh resolving ffower. HErein, in more details,=tHeSj nvention exers
excel l ent effec§ that i¥ can elimnate the po 'Elty that the afal ysis
of mass spectru becornggs difficult gydEthSEPOE(DGQUlre the mass
spectronet er " hi gh rfgsol vi ng povvem@m mf‘@ Q?i‘ﬁ’g nmass spectrogetry,
for exanple. F irther, & nce the pré%eq} :nqg«tlon is constituted 4s 34
described abovef-it exe@s excel | ent & f &t that it can drastlcaliy
sinplify the sygtem cong&itution. Stil 1 since the present Jnvention
is constituted fas desci bed above, it er\s eycel l ent effect thaﬁ iy can
perforn1effectiﬁe.analyﬂj. even under . tRE st. tsa\u ereivariqus. .typgs &f

| abel ed isotope: are m xed & a1 A iRt QW f'anaryzihg'pT.tdrn
using laser ablgtion in which by Tradaiating.la r eans on protefn to be

anal yzed and a bl at i ng t he pLot-ei=A ijo ein tom zed into
constituting elenents t dft4p1zed consii tuti elenents are |on|zed and
the ionized conftituting el enelfts—are 2 alyzed, erein the |aser

that irradiate whe protein_.to He ana zed
ultra-short pul §e | aserffoeans, || the uitra ul se | aser beans 2
irradi ated on afchip hg |ng thgl protein fi'xed th@reon, protein is @
into constltut;ng el eri@nt and || onized sidultane usly by abl ating the
protein fixed off the ctip by tHe ultra-shprt pul £
i oni zed constitl tlng elments alie anal yzed. 2. Thie net hod of analy"
protein using | gser ablgtion agcording tp Caimg, wherein said cHip
having the prot@in fix¥ thered® is a chip havin particul ar protdin fixed
thereon in which the p3 tlculae; protein .yeactedwi th and bonded a. :
subst ance havinujspeci?-c bond to the partlcular protein fixed omijthe
chip. 3. T 'whod of $anal yzi ng protein .using laser ablation accgrding to
Claim 2, er - the sigostance having spegific bond to said particyglar
protein isga nDIecuIe & ving:specific. banding erjistic, w.ithiprotein.
36 4. Th ‘ﬁﬁthOo of analyzing protein using |a atlon according to
Claim 3, wherein the nol ecul e having specifigybonding characteristic with

EﬁE?
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said protein is nucleic acid having specific bond with protein. 5. The

net hod of anal yzing protein using |laser ablation according to Caim 2,
wherein the substance having specific bond to said particular protein is
protein that exerts a specific bonding action anobng protein. 6. The nethod
of analyzing protein using |aser ablation according to Caimb5, wherein
the protein that exerts the specific bonding action anobng said protein is
an antibody. 7. The method of anal yzing protein using | aser ablation
according to Claim6, wherein the chip having said protein fixed thereon is
formed by pouring solution containing protein that reacts with said

anti body on a chip having said antibody fixed thereon, allowing protein
that reacts with said antibody to react with said antibody, and all ow ng
the protein that reacts with said antibody to bond said antibody. 8. The
met hod of anal yzing protein using |laser ablation according to any one of

Clains 1 tofT, in 3 a | ement | abel is attached to the protein
fixed on s iy 9. The hod of anal yzing protein using |aser
ablation according to Caim8, wherein said elenent |abel is a stable

i sotopic elenment |label. 10. The method of anal yzing protein using |aser

abl ation according to any one of Clains 8 to 9, wherein said el enent | abel
is |abel ed by using a puromycin derivative. 11. The nethod of anal yzi ng
protein using |l aser ablation according to any one of Clains 8 to 9,
wherein said elenment label is |labeled by sandwich nethod. 12. The net hod
of analyzing protein usi lQAMIIEE abl ation| according to any one of Clains 8
to 9, wherein said el emﬁg@ NIL ﬁ@ﬁgtﬁjﬂlabel ed to proteinin a
sanple. 13. The method o E J%A |QUANTITYdser ablation according
to any one.of Clains 8 t¢ miherein said chip is g nulti-channel ed chip.
14. The met hod of analyz{T% %roteln usi ng hgg r. abl gtion according to any
one of Clainms 1 to 10 an 9 wherein a sg contclning protein to be
anal yzed and | abel ed 38 ein sol ution, gyggehi ch|a label is attached to
the protein to be analy,éggqmu;4n4uaL4um_+muuéxL£w-said chi p, conpetitive
assay is perfornmed in Mhl@h a substance hcqq@g(ﬁpecific bond to particular
protein fixed on said chipr—sart—protetn—tobe—anat|iyzed, and sai d | abel ed
protein are bonded conpel{@fi vely, and thq28&00&ul 4r protein is fixed on
said chip. 15. The netho@i_of anal'yzi ng prcbﬁlrbp ing | aser ablation
according to any one of D& ns 1 to 14, w8 ul tira-short pul se | aser
beans that are irradiated on the protein to be analyzed and abl ate the
protein has a pulse tinme w dth of 10 pico seconds or |ess and a peak val ue
output of 10 nega watts or nore. 16. The nmethod of anal yzing protein using
| aser ablation according to Caim15, wherein ultra-short pulse |aser
beans that are irradiated on the protein to be analyzed and ablate the
protein has a pulse time wdth of 1 femo second or nore and a peak val ue
output of 1 giga watt or nore and 10 giga watts or less. 17. The nethod of
anal yzing protein using |aser ablation according to any one of Clains 1 to
16, wherein by noving at |east one of the ultra-short pul se | aser beans
that ablate protein and protein to be analyzed, the ultra-short pulse

| aser beans that ablate protein ablate the protein to be analyzed w thout
om ssion and duplication to performanalysis. 39 18. The nethod of

anal yzing protein using |aser ablation -according to any one of Clains 1 to
17, wherein the analysis of said ionized constituting elements is mass
spectronetry by a tinme-of-flight nethod.
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~19. The nethod of analyzing protein using |aser ablation -according 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 substance
that needs to be nmeasured is allowed to react with the m xture, and

plural types of substances are detected fromthe m xture. 20. The nethod
of analyzing protein using |aser ablation according to any one of Clains 1
to 6, wherein a sanple is fixed on said chip, antibody to a nmeasuring

subj ect, has been labeled in plural types, J ~ is poured to nmeasure a
plurality of substances. ABSTRACT A nethod of anal yzing a protein using

| aser abl ation which conprises, in order to sinultaneously atom ze the
atons constituting the protein to be analyzed and ionize the sanme using a
single laser source, irradiating the protein with | aser beans and thus
ablating the protein to thereby atom ze the protein into the constituting
el ements and ionize the thus atom zed constituting el enments, and then

anal yzing the constituting elenments thus ionized. The | aser beans for

abl ating the subject protein are ultra-short pulse | aser beans w th which
a chip having the protein fixed thereon is irradiated. Thus, the protein
fixed on the chip is ablated with the wultra-short pul se | aser beans so
that the protein is atomzed into the constituting elenents and, at the
same time, ionized followed by the analysis of thg constituting elenents

thus ionized. O pw~gw r-[J P J~d 7 QN[T) enU) U Jwz (r) Qwag
J L (r) LLa2 oly QUQz ¢4) 2 VU | U-~IiOp H w C7 Q2J O OLU
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