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TIT¢£Y§£H££r£®E%eﬁo§TEt nod i separati g . 1 uorexceff NI

|l e containing a plurality of
protelns 4§ﬁ3¥§3§§@% ART As a nethod of detecting an *coooo2+
object to be detected with high sensitivity by
. utilizing an antigen-anti body reaction, an
FIEIé'hZQETéEHE AREIENTHAMosor bent assay (ELISA) or the |ike
sed. Such an, enzyne-1inked i mmunosorbent assay
gglea PLS§ERt bBY We%nbfelfa&reSexéﬁm R, FIRPATIRR aﬁ‘ethOd
that ¢ s i nded ect
Par@f’*‘i b coped (feghod R e A e Ao Bk brotein
fron‘f |amraeq;ﬂm1tcd1ﬁamlaig as paufmklefy taE kgﬁcotfe&rﬁs' ed on
(bound to) the antibody. In recent years, the use of
fluorescent proteins (G een Fluorescent ProteiE; SFP%
de m Aequor ea coerul escens which is a kind o
BALKL.Igﬁﬁféﬁags sugh fl uorescent naterlals has been
conferpl abedoaFs e@f@f@é@lnﬁ hath Qe SeRaRAY 1 89c8cted with
fluorescent protein fromt reads constituting a
highsi $dawet i cocpobybytiudirgng Nn aifidedyamoibsdy | Beaction, an
disclosed in M Tom ta et al., Transgenic Res., 16,
enzyieg lighed dEMUNARO TR0 A SS@Ye dEL ISR oG tyie like is used.
transferring a nucleic acid including a gene
corresponding to the fluorescent protein to a nucleic
acisthcdf drheesziha0r k&I LRALABYCEKRAESSANRE uses a reagent

fluorescent protein in the threads
obtained by, for example, preparing an antibody that can be

il
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specifically bonded to an object to be detected (i.e., an
antigen) and allowing a fluorescent material as a marker to be

carried on (bound to) the antibody.

In recent years, the use of fluorescent proteins (Green
Fluorescent Protein; GFP) derived from Aequorea coerulescens
which is a kind of cnidarian as such fluorescent materials has

been contemplated.

For example, a method of separating a fluorescent protein
from threads constituting a silkworm cocoon by using a Ni-
affinity column is disclosed in M. Tomita et al., Transgenic
Res., 16, 449-465, 2007. The method 1is carried out by
transferring a nucleic acid including a gene corresponding to
the fluorescent protein to a nucleic acid of the silkworm to
thereby express the fluorescent protein in the threads

constituting the silkworm cocoon.
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constituting the silkwrmcocoon. 1 However, since an
» adsorbent (separating agent) used in the Ni-affinity
colum is constituted of resin materials as a nmain
conponent thereof, the adsorbent filled into a | ower
portion of a filling space of the Ni-affinity colum
is defornmed or destroyed under its own me;ght by
re th bent refore
|s%§%ﬁ Ien?%ﬁég cqégéggag ursepaﬁ%elﬁ%mﬁgent? used in

the poft4oni vt heofiuhhi Ngs Sé@l@@t?tf;uﬁé@ Ne- fiNiddterials as a
columm. Such a probl em becones conspi cuous in the case

maimh@ompenesd! umhesierd i stbeal adsapbént skphledi niteo a lower

|.ar ge unt of a fluorescent protein at a tine .
PoTtaGY & nde WiPnhiERGSs #Thatdedodd -Réd &rnltyS column 1is

defdﬁﬂé&uEr'égékféy%&'ﬁﬁé §P§C§“§tw%2§hﬂ. gfgeﬁe%¥lng the use

col um preferred
of wuod uatisosbesed foneseparali RBerkhe  lUOpLSEEHN PhOtCNogging
froma viewpoint of an environment. It 1s an object of
occurife pReddst 19WeRt PONtEONDIak i thea fiddimmt $paceetifodthe Ni-
£f apabl e -of separating a large amount of a fluorescent
a ﬁﬁfoyéfh]fwgﬁ1a sanpl e (sanple solution) containing a
plurality of proteins containing the fluorescent _
protein with high purity by a sinple operation. This
obﬁech i® acbbéeadﬁapdd&spceﬂeptchouemjnnmhélbab@ where a
u& descri bed bel ow. (#? met hod of separating a
col nuo?b%%eﬁ‘ts pFPOREFR WP ofox SeRPratHemt & ntagge amount of a

fludyégggdg eﬂro%%!%§ cortaining the fluorescent

protein |s provi e met hod conprises: preparing
a sanple solution by adding the sanple to a |iquid;

preparing an adsorption apparatus having a filling
spieether, since Ni, which is a hazardous metal, is filled

into the filling space of the Ni-affinity column, it is not
preferred that the Ni—affinity.column is used for separating

the fluorescent protein from a viewpoint of an environment.

It is an object of the present invention to provide a
separation method capable of separating a large amount of a
fluorescent protein from a sample (sample solution) containing
a plurality of proteins containing the fluorescent protein with

high purity by a simple operation.

This object is achieved by the present inventions (1) to
(14) described below.

(1) A method of separating a fluorescent protein from a
sample containing a plurality of proteins containing the
fluorescent protein is provided. The method comprises:
preparing a sample solution by adding the sample to a liquid;

preparing an adsorption apparatus having a filling space for
2



2 filling an adsorbent having a surface, wherein at
| east the surface of the adsorbent is constituted of
a cal ci um phosphat e- based conpound and at | east a
part of the filling space is filled with the
.. adsorbent; supplying the sanple solution into the
£11¥309 | R FRARRLRANE h&ayd8sr i SWIdFear at veeseinhat t heast the
Lt f ' e t.be y the adsor.bent :
sur B e LB e BB BEr Pl For ety whpsphate-
basdd Uebapeant pd eht ToNéal RedohPrt g PEHEald ity i¢fg space is
proteins fromthe adsorbent into the filling space o
filled wishr phicorndppadbentus supphyisby tdlst asamphe eblanton into

c H.Lning the flugrescent protein; and fractionatin
thetﬁﬁ' G&nt SRAFEN ?g di¥ch HYl6H t RRPATFRIUSg SPacerat the

. d ] . ti . _
pluloatllttﬂ/e oft ﬁ?&@&ﬁ.ﬂg %%?E?fé?}rﬁég% %ﬁgggée%@%ogge‘hlge supplying

phosphat e el ution uorescent
a pipo@bled e astiuot bar bp@ferofor tdRieDigt eheheneby¥escent protein
separate the fluorescent protein fromthe plurality _
contaFight ¥R nshe Apdurdilagyt @©ft mrof i fleewr thedadlsowbent into

it.48. possible o_be capable.of separating . a | arge ,
thezﬁﬁﬁﬁ%ﬁgﬁsgﬁﬁff?%o?ggcgﬁgéngb?EiﬁpB?EﬁFPﬁetQaﬁ%FgebY obtain
an dBaM ecotaihOy €08t aipbpastbat ?EBE@lih_t;y 2l frahc_tiﬁ)nating

proteins containing the fluorescent protein wth (o]
the paiuayt byhd cdi npd eddopehatrged. firdm | thé h€indtihad space of the

descri bed in the above-nentioned item (1), in the '
dSHRISIATat BPBRGRFBA Bdfter 2 s BSPIGLRy ’f effhea pPrPePhathe elution

buff%}:lozgﬁgﬁgiﬁhﬂy Oﬂlg)ulffﬁéﬁgariegcieﬂtt e){(%tgggrﬁugaﬁnggcct%ﬁl?gf portions

S it possib 0 prevent

therof etd thereysepapatedef to@ belngratéentt ¢FAEn from the
prevent fluorescence property thereof from being

plursHdatge®f mygitsiigsal [y, it is possible to reliably
prevent the adsorbent from being alterated _
(dissolution and the like) so that it is possible to

pr avedl-ding to the method described above, it is possible
to be capable of separating a large amount of the fluorescent
protein from the sample (sample solution) containing the
plurality of proteins containing the fluorescent protein with

high purity by a simple operation.

(2) In the method described in the above-mentioned item
(1), in the phosphate elution buffer supplying step, a pH of

the phosphate elution buffer is in the range of 6 to 8.

This makes it possible to prevent the fluorescent protein
to be separated from being alterated and prevent fluorescence
property thereof from being changed. Additionally, it is
possible to reliably prevent the adsorbent from being alterated
(dissolution and the like) so that it is possible to prevent

separation capacity of the adsorbent from being changed in the
3
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separation capacity of the adsorbent from being
- changed in the 3 adsorption apparatus. (3) In the

nmet hod described in the above-nmentioned item (1), in

t he phosphate el ution buffer supplying step, a

tenperature of the phosphate elution buffer is in the
adsQIgeOHAPERFA1S0C. This makes it possible to prevent

the fluorescent protein to be separated from being

alterated. (4) In the method described in the

abowe- neAt LaBEGhdtRIA dddcriBed NEnPRARPhRLEVELHELP oned item
buffer supplying step, a salt concentration of the

(1) phosphatkeel phiosphbtief erelig 500 Miffer | oswpplying step, a
Accar di ng %o t he met hod descri bed above, it is
LeMRsyadi W% Ot ot PF ePBREPRAVEr S UARPBc IR T3 m st cit r FRg kange of
30 g{rgjddmrescent protein by netal ions contained in
the phosphate elution buffer. (5) In the nethod

degtriisbedhkigs tite phayviorents opedvéhenthélriubhebbent protein
phosphate el ution buffer supplying step and the
to kg panardatasd ifoem ibngng efterateslv rate of the
phosphate elution buffer flowing in the filling space
of the adsorption apparatus is in the range of 0.1 to

10 @/ miA). tACC Rl (@edbei PBE hod deReribeds ahoyeiohdd item
is possible to reliably separate a target f?uorescent
(1) ,pr dheittheM phoaphhbag elitniort obhéfaeedacbdloyigepasatbon a salt
operations. That is to say, the fluorescent protein
CONqERATRY ¥ArghChuritsy EArspdiasist achebiops)ouifehe iget ho8 mM or
low#gscribed in the above-nentioned item (1), the
l'uorescent protein is at |east one of a fluorescent
4

According to the method described above, it is possible
to prevent adverse affects from occurring to the fluorescent

protein by metal ions contained in the phosphate elution

buffer.

(5) In the method described in the above-mentioned item
(1), in the phosphate elution buffer supplying step and the
eluant fractionating step, a flow rate of the phosphate elution
buffer flowing in the filling space of the adsorption apparatus

is in the range of 0.1 to 10 mL/min.

According to the method described above, it is possible
to reliably separate a target fluorescent protein without long
time to be needed to separation operations. That is to say,

the fluorescent protein having high purity can be obtained.

(6) In the method described in the above-mentioned item

(1), the fluorescent protein is at least one of a fluorescent
4



protein derived froma cnidarian and an al tered body
s thereof. The nmethod descri bed above can be applied to

a met hod of separating various kinds of fluorescent

proteins froma sanple. |In particular, the nethod

descrj bed above can be applied to a nethod of
Prot&igh Gy gt Hedm woresicsitiant el mderlitraed iy Hdvereof .

cnidarian and/or the altered body thereof froma

sanple. (7) In the nethod described in the

abave- meidHanededdeibed labot8ecaht e Odled Sto a method of
obt ai ned by adding at | east one of histidine, |ysine,

sepagat i@gi vimious kirds | abr £3eenespent eprnotdeénsvédofr amsample.
the cnidarian.. I n various kinds of am no acids,

I RS e yt's*F%ef}lea]ﬁﬁad_ dr§rRirReEIhGPOVE JIRafPF nfPplied to a
metHE aJ)f' %Earya% focr}?e fiuéPgsc@%Eeg%gxt%qgly cglff\%e from the
y ing a

fluorescent proté€in is produced by : eas
cnidengianf didgoditie dltsimel W algiride firom Naldddle .

fluorescent protein, it becones possible to collect

the fluorescent protein with a high yield. (8) In the

nmet hod described . iin the above-pentioned item (1), the. |

fIJQSeégén 5r8F%¥ﬁxfs§%§%?%§§ lentgﬁ?eﬁggve'éeAtloned item
(1) ,COopgéi BULIR@G R SbAFWREM HACOANL DY aRR{€ld | B8 deast one of

nucleic acid including a gene corfesponding to the
histfildigreescéntsieot eandt oaaginiméei o adittk off idtescent protein

Silkworm According to the nmethod descri bed above, it
derijved,JIgtde (G i6iaR -a f1 uorescent protein having a

sinple structure. Therefore, it is possible to

prevent adsorption property of the fluorescent

pr aheivadouhekagdasr kantadiem being, changediinthat1ydsne, and
the method described above according to the preseﬁ¥
argimyenthave i Bight idifinfisy sepanatahgismeh a THexwfescentif the
alté?é&e%éhyso%r%@él¥i&§§ éé%§€|g£éggin is produced by adding
at least one of histidine, lysine, and arginine to a natural

fluorescent protein, it becomes ©possible to <collect the

fluorescent protein with a high yield.

(8) In the method described in the above-mentioned item
(1), the fluorescent protein 1is expressed in  threads
constituting a silkworm cocoon by transferring a nucleic acid
including a gene corresponding to the fluorescent protein to a

nucleic acid of the silkworm.

According to the method described above, it is possible
to obtain a fluorescent protein having a simple structure.
Therefore, it is possible to prevent adsorption property of the
fluorescent protein to the adsorbent from being changed. That
is, the method described above according to the present

invention is optimum for separating such a fluorescent protein
5



(9) I'n the nethod described in the above-nenti oned
.item (1), the cal ci um phosphat e-based conpound is
constituted of hydroxyapatite as a nain conponent
thereof. [0027] Since hydroxyapatite is a substance
simlar to conponents of living body, it is possible
fron $hes|Sagmle HAWEHCsUch a  fluorescent protein from
being altered (deactivated) when separating the
fluorescent protein fromthe sanple. Further, by

changi ngh atsal metREMd A+ DFe®@f ihha HoSPHAL enhti 883 item
buffer as an eluate, the nethod descri bed above has

(1) .an thevart hgeun hgtho s e hersest enpmppondi nisarcdrestituted of
easi ly desorbed fromthe adsorbent to the phosphate
hy ArHAEGY 1 B & F'3g6t LSATRORET FARECALL0) In the
nmet hod described in the above-nentioned item (9), the
hydr oxyapatite has hydroxyl groups, and the
[0o0o2dnidr oxyapatite is reacted with hydrogen fluoride
nol ecul es having fluorine atons to obtain a
f | SN AIdreOXyRpertdite dts 3 esgvstarceof sihélaydioxygbmponents
roups aof the hydroxyapatite is_  substituted by the
of i EERBne A oms 1 tho MU OOED FUoPFUbably| cotFEgat such a
£ludPeH AP Ide10f whigh hydroxyl 5 9f oLRs ar(ﬁe ctivated) when
substitutéd by the fluorine atons of the hydrogen
sepafdardmiad & e fdadresceantatorateid [ftenoapat idamgias. t Farther, by

fluorine atoms (fluorine ions) in a chem cal .
changinge13r 82t hec@ICentR@tdfBy 0f | £hps phwsghate telution buffer

e al ¢j Lci.um.ions) from bein
as GRS PROThOERE, ERLE Y AR o Fhetiigatage chat
the deslaidkedtdnt t herahovwe- i i oped é48M 6 §49drbtBe from the
fluoroapatite is produced by preparing a slurry

adsauderdi Hon g hehehiopthaxpgapdtition pudfar g abtpdnogére eluant.
fluori de-

(10) In the method described in the above-mentioned item
(9), the hydroxyapatite has hydroxyl groups, and the
hydroxyapatite is reacted with hydrogen fluoride molecules
having fluorine atoms to obtain a fluorocapatite, wherein at
least one of the hydroxyl groups of the hydroxyapatite 1is
substituted by the fluorine atoms of the hydrogen fluoride

molecules.

Hydroxyapatite of which hydroxyl groups are substituted
by the fluorine atoms of the hydrogen fluoride molecules, .that
is, fluoroapatite has the fluorine atoms (fluorine ions) in a
chemical structure thereof. Therefore, it 1is possible to
prevent calcium atoms (calcium ions) from being eliminated from

fluorocapatite.

(11) In the method described in the above-mentioned item
6



contai ning solution containing the hydrogen fluoride
<ol ecules, mxing the slurry and the hydrogen
fluoride-containing solution to obtain a mxture
thereof, and reacting the hydroxyapatite contained in
the slurry and the hydrogen fluoride nolecules
(10)o0 nt%%eﬁmrpﬁ@aﬁyéﬁogéﬁ f Prednaed c it aipreRR®IgIAUt ifon slurry

in the ] xture tq therehy substitute the at .| east e .,
contgafylfy | Th¥ o HR SR + heE Rt b9 oo TS TS nd Thoride-
conﬁdﬂﬂﬂ%ﬁ“%éﬂ&%&bﬂﬁcéﬁ%&iﬁﬂgéOQEQ hieepbde #BLeeYhESmolecules,
According to the nethod descri bed above, since the

miximgirgyensIitowoy | aednbhechiydsoger fidedradeacbhteinnag solution
source, it is possible to obtain fluqgroapatite having .
to APHATRr st BEXFRFEY tHETSAT cPRd FRpGEAng | she oRySresyapatite
: I ppur.d i i hed t 0 V. (
contiiaffs! TRULAY L0008 o RUERIh O B¥Elqe ( PBhecures
contldlibed aipHtole tiedrbgdmir €1u6rifet Bentangengf s51utlidn in the
. 5.0. According to the nethod descri bed above, it is
miXtyeesi b ethoreby aFnbaydrokgaphei g dfeasti ctnéydf oklie hydroxyl
rou a ubstituted by the fluori atonms of the
IEOURTr Sgent PP uTY HEO VR ACH ©s £Q h&PSi o LPPRLRBagiqe Of the

hyd iR E IR & ¥edadlddid y- (13) In the nethod
7 déscribed in the above-nentioned item (10), the

fluoroapatite is produced by preparing a first liquid
contai ning a cal ci umbased conpound cont ai ni ng

caPGCeRI1aI séond-he quiekhesht alesegileed hylpvgen since the
ek 8,00 LGS AL SPILE U0 WCEENRNL e

respectively, an _ ( _er _ _
is PoXEUHEe bY oM ot hﬁlﬁbfééﬂétﬂﬂédaham%g sieeondchigubd1inity

and the third Iiquid, and then reactingthe

in whail @i urebasetrdGypciendson trei hydir ogemnf | ingrimdiesyands t hentained
at a?v%E%§HE%{H%V%ﬁLd in the first mxture

(12) In the method described in the above-mentioned item
(11), a pH of the mixture is in the range of 2.5 to 5.0.

According to the method described above, it is possible
to obtain hydroxyapatite of which hydroxyl groups are
substituted by the fluorine atoms of the hydrogen fluoride

molecules, that is, fluoroapatite having high crystallinity.

(13) In the method described in the above-mentioned item
(10), the fluoroapatite is produced by preparing a first liquid
containing a calcium-based compound containing calcium, a
second liquid containing the hydrogen fluoride and a third
liquid containing phosphoric acid, respectively, and thereafter
obtaining a first mixture by mixing the first 1liquid, the
second liquid and the third 1liquid, and then reacting the

calcium-based compound, the hydrogen fluoride and the



According to the nethod described above, since the

= hydrogen fluoride nolecules are used as a fluorine
source, it is possible to obtain hydroxyapatite of
whi ch hydroxyl groups are substituted by the fluorine
atons of the hydrogen fluoride nolecules, that is,

phogghestigapeatiid drhdliend isgh wesizg 1 inity, in which no

inmpurity is contained or an inpurity is contained at a
very low level. (14) In the nethod described in the

aboyeoFRhioned, | @B (ddnod heabsésinBi X YhBve, since the
obtaining Step is carried out by mxing the second

hyddagpn df hwolr ide tbiledullequiatret ousdid abn & stbwsuline source, it

, m xture and thereafter m xing the second m xture with

is PRSP’ to| iQRhaLR Thydrasxaratitposdi pieiely hrfrexmly groups
' I Lgui nd.the third liguid w.th the .

wre T 000000, LA GRS b LA cruoriae

molddd el  tidte 1w dr oxybroa aPst Of nhydngxuapgat ckestaanibk8ty, in
uni formy substituted by the fluorine atons of the
whidiy drogemud ity i de sotezuhed. oFuanrhémporétyi iisi soalksdned at a

ssihle to reliably prevent or suppress a by-product
Verygﬁéﬁ’§§“@§?ciun1 fluoride from being produced in the

second m xture. According to the present invention, it
is possible to separate a | arge anount of the

f | UQnésaant tie ohet holir dsiche beslanpl etSaapbeesAkHtiBARd item
containing the plurality of proteins containing the o
(13)1 ddreesiciertt prbtleire vt i kg pek¢Pyibycarsipgl eut by mixing

operati.on, . By. appropriately, settinng separatin .
the c%ﬁ PPPonkt It ﬁguPtﬁ esa??lﬁ né%%?fb i 6F o?gFﬁénfﬁbwsecond
mixthled id theeRhosphatei x el tihd 08ebuhfiehi xEAPHIRith the first

i
dependi ng on a kind of fluorescent protein to be
licusigbarated, it is possible to inprove purity of

This makes it possible to uniformly mix the second liquid
and the third liquid with the first liquid to thereby produce
fluorocapatite. Further, the hydroxyl groups of hydroxyapatite
can be uniformly substituted by the fluorine atoms of the
hydrogen fluoride molecules. Furthermore, it is also possible
to reliably prevent or suppress a by-product such as calcium

fluoride from being produced in the second mixture.

According to the present invention, it is possible to
separate a large amount of the fluorescent protein from the
sample (sample solution) containing the plurality of proteins
containing the fluorescent protein with high purity by a simple

operation.

By appropriately setting separating conditions such as

the salt concentration or the flow rate of the phosphate
8



the fluorescent protein to be separated and purified.
: BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
sectional view which shows one exanpl e of an
adsor ption apparatus to be used in the present
invention. FIG 2 shows an absorbance curve which are
elutrﬁ@asuﬂoerffwimn thofighor éspendipgotenn xokigichedfi nfauorescent

le s Iutlon are _se arated by usjng the adsorption,
protiiah, Co Pe HAPPRHISE FOR CARRWNE BAe THE HWEWGO\P““Y of

he HANRINE! &N atd % '%glé h
the present %}#vgjctl on wll %%t%e%d%r% gg“t qgI based
on a preferred enbodlnent shown in the acconpanyi ng

drawi ngs. First, prior to the description of the
BRIEﬁnﬂﬁ&ﬁ Iﬁ¢lﬁﬂlﬂﬁ1TﬂﬁwﬂﬁAW§§§QC)the present invention,

G@ £ of an adgo;p%Loa appa a%H%ﬁ&g araélon le of an
apparat ) ¥ 02 bESG5EGRF A& esi Ton=H TP
ads IRIEIHd AR a Gl s BeReGlH MMl PHRMMNIGR HRGW, .

one exanple of an adsorption apparatus to be used in
t h&Igr.esenshowy eahi absokbanse tcmrye ndtiedh tdme¢ meaabheed when

foll ow ng description, the upper side and the |ower
a  fuprssrentG Prfain beepdnesdd (9 ag SRAPL6w Seilgsion are

ﬁﬁgg ti vel I pecifically,
Sep%ﬁﬁ}?n OM/SH%% neaﬁé a Cc'e éﬁ%a ﬁ%% i qui ds such

as a sanple solution (i.e., aliquid containing a
sanple) and a phosphate elution buffer (i.e., an
: i PUT(TS QVEIETION | on apparatus to

‘}at A purlf ) a target flu cent pt ei
C hBRS PSR o RIS et RS, SHCSHITHE BpBBf, present
:anegﬂt:q_%rf reamthed nfdu,sidey 18 tdatais, b%s%'ddeoﬁhraouggeferred
which the |iquids described above discharge out of
embddieneats ahuwron rapjiay aldtsompanying drawings.
First, prior to the description of the separation method
according to the present invention, one example of an

adsorption apparatus (separation apparatus) to be used in the

present invention will be described.

FIG. 1 is a sectional view which shows one example of an
adsorption apparatus to be used in the present invention. It is
to be noted that in the following description, the upper side
and the lower side in FIG. 1 will be referred to as “inflow

side” and “outflow side”, respectively.

More specifically, the inflow side means a side from
which 1ligquids such as a sample solution (i.e., a 1liquid
containing a sample) and a phosphate elution buffer (i.e., an
eluate) are supplied into the adsorption apparatus to separate
(purify) a target fluorescent protein, and the outflow side

means a side located on the opposite side from the inflow side,
' 9



Hereinafter, the description will be nade on a case
<that a fluorescent protein derived froma cnidarian
and/or an altered body thereof are/is used as the
fluorescent protein to be separated by using the
adsorption apparatus as a representative. The
thatdederi pdi ofiae | Ithyeughsowhiagh okha chbpuidfatdasuribed above

. fluorescent protein is separated fromthe sanple
Qi SCTRAS GHoSHt AT RS TIER HBPGF Birot ei ns by usi ng
the adsorption apparatus as a representative. In this
regard, the altered body of the fluorescent protein
deHeved nbiforrt, heheni disgd apteanswal pr beemadeawmga case that

fluorescing property (keeping fluorescence) and an
2 ENREssad PEqieice derafiech daemor anpraigdwirigracpgsl/or  an
altéﬂgalggﬁ§lgbé¥% Q?éé%gl%s%%q%%p9§1Offfuééggéeggeggotein to
protein “derived froma natural - cnidartan are rost!

be aB@parasulst iyt edshnganother a@RRAGIh apgheathBe as  a
other amno acid is added to the oné or nobre am no
reprasicgdgativid .uor Eseediespropgiion rekh Beumrlescteméade on a case

Protein,__ G-P) which is possessed by Aequorea
thatoodhE oSLBRECRAFER | BTAtRIRA BF TR oM fTk &he sample
fol. e Hol g . -Ho A2 changi ._par f :
o e g R 1 OO R b v the

adsdriptdices cepla pteiLiay d trdprderewadiRat. a fl uorescent
proteins which glow a fluorescent red, a fluorescent
yel l ow, fluorescent cyan, and the |ike are obtained.

Ex | es . of h fl tei ' R

I IO cCBAR PROTERN (FEP) et oy Hior edoermpepr gLapRescent
prote¥iP) dednde@yarrbhuorgacent i FEpieh N ALHR - é'“ﬁ?ﬂﬁ%in having

regard, it is to be noted that the fluorescen 10

flugpresicding deronyedt§r dinedAequor efl coes sit @scens atdn e amino-acid
extracted . by . using algenetic,reconbinatioTuégghnolo

Seqqﬁq&ﬂ(ﬁﬂuyq%FQﬁ§9$ Oor more amlno acids 1nc in ah” amino-

acid sequence of a fluorescent protein derived from a mnatural
cnidarian are lost, and/or substituted by another amino acid,
and/or the other amino acid is added to the one or more amino

acids.

A fluorescent protein (Green Fluorescent Protein: GFP)
which is possessed by Aequorea coerulescens which is a kind of
cnidarian glows a fluorescent green. However, by changing a
part of amino acids included in the amino-acid sequence of the
fluorescent protein, it is known that a fluérescent proteins
which glbw a fluorescent red, a fluorescent yellow, fluorescent
cyan, and the like are obtained. Examples of such fluorescent
proteins include Red Fluorescent Protein (RFP) , Yellow

Fluorescent Protein (YFP), and Cyan Fluorescent Protein (CFP).

In this regard, it is to be noted that the fluorescent
10



2008-0301823. That is, the fluorescent protein is
¢ produced in threads constituting a silkworm cocoon by
usi ng the genetic reconbination technol ogy, and then
can be extracted by dipping the threads into an
aqueous solution. Further, it is to be noted that an
protairerdair ety HFomhdefilgorascosrugdesceing danl veel ekksarted by
Aequor ea coer ul escens can alsg bﬁ oEtaine
geEnet

. . b ' .
usindiefh $HPConbi FAIEI Wit The by ocohy hitray in US-A-
200d-RMNALIY Misclpsedihg @§nér%99§h93%¥$%§fﬂmhé-produced in

general genetic reconbination technology.

thredet=ei nahted tut hagf laiosedkentmpradedeon déry vedifhgomidie genetic
cnidarian and the altered_body thereof are SinH%X and

recainattiofel s TREIRFIBY tIPASTRERUGRES EEntSPrERRY by dipping
der | fr. t ' i,an’ ... The adsorpti appay at.us

the 1€élﬁ%§§si nEG Qri % | %&Si ss%ls%@dlor?br g@%&%%tri’ng htellé to be

notdd Uh£sCaAt AN i vty Vel them A r&didal | gRotEPM derived
the sanmple solution, includes a colum 2, a granul ar

fromddeqbenta ( Foekal ps8enandatwa fdd tlee mwbrbensdd Igndusing them
The colum 2 is.constituted froma colunn, mai n bod

; . 21

in FRMRERCIR antiibh t §he A tESEARPIRRF AP S| Yechnology

aisgLARNd jutf 'U%VYAS-'z%%s%% 0qfgohe %‘i&'g“”.n amal %eB%Q%lZL genetic
y. 1is forne ro

respective he col um mai n body m

recdnirexamg eechnolygyndri cal nmenber. Exanples of a
constituent material of each of the parts (nenbers)
constituting the colum 2 including the colum main

bo 21 include rio | ass terials, various

e dtaerRed et e, thgr bUuORER S e i IRV odom the
cnide®fid C af@t ekhal s AndAle 1hkey 1lnAReopening ofsifgly and

col um main body 21 provided on its inflowside is
colleavEined ywi taféheedi tberagrebenodesaadti prdtiesin derived from

the cnidarian”.

The adsorption apparatus 1 shown in FIG. 1, which is used
for separating the fluorescent protein derived £from the
cnidarian from the sample solution, includes a column 2, a

granular adsorbent (filler) 3, and two filter members 4 and 5.

The column 2 is constituted from a column main body 21
and caps 22 and 23 to be attached to the inflow-side end and

outflow-side end of the column main body 21, respectively.

The column main body 21 is formed from, for example, a
cylindrical member. Examples of a constituent material of each
of the parts (members) constituting the column 2 including the
column main body 21 include various glass materials, various
resin materials, various metal materials, and various ceramic

materials and the like.
11



state, the cap 22 is threadedly nounted on the
<inflowside end of the colum main body 21. Likew se,
an opening of the colum main body 21 provided on its
outflow side is covered with the filter nenber 5, and
inthis state, the cap 23 is threadedly nounted on
the outfl owside end of the colum nmain body 21. The
colLum 2 haV|n%Fsuch as ructure as,  described above

hadTarPRRISADeRE 1519 | ﬁa gsacén%l WhPEK i dBFPHEgegy on its
1nf1§b«le sngc?é UQE %v%r%%dngéh aEH t'eIJ:I enﬁerﬁ?é‘?eﬁs %m%ln in this

| east a part of t sorbent | i hg space

stat2] ithd idddami b thhéadéﬁﬂ&bﬁ@hﬁid@lbﬂfﬁhk inflow-side end
enbodi ment, al nost the entire of the adsorbent
of thg |qnigiypadeipeedy {211 edb e ahe %s@?%@hﬁlgS?f phe column

._valunetrjc_ca |ty of t.he ad bent I'l.ing s )ac 20,
mainy PoE R PERERSe Rl e PG bRt REFol e SeSed With the
£11tR MhémbSP! Ht | hd olzbetlﬂl&%d state ac ol HH?t rﬂBC is threadedly
capacity is not particuiarly linited, bu

moungreef emalihe icnttfflew-ange endaldutthe) cblmnlmlm_boairyd 21.
nore preferably in the range of about 1 to 50 niL per
1 mL of the sanple solution. By setting a size of the

%‘%r beéglJrﬁA ! bn%ﬁ. %e s%pcﬁ 0 ast\fﬁlf'ﬂﬁﬁe tJE ndé%@rlb%d above

above range and ting a 3iZe o adsor

has (WA chaybibele dasarirdedsbater)26 0 whivd Uesw ddfinéd by the
range as will be described later, it is possible to
columsl | abiy bedy nm ualnldy sepafatléerhendmooresderand 5, and at

rotei n derive darian from caont am nat | .
Leagh G cPRSC (Pér it SRR IRTGo) L bt REr SPASR cle 1o Tiilda with
the A48 85600L 3P he'ehldberémgdirﬁ&mthslﬁeggartlh%n entire of the

contained in the sanple solution. In this regard, it
adsdrdodmr e Indtred ddwate edtanpd 68 1dfed hel thl 2 heo pidairatntng ) .

proteins contained in the sanple solution include the
fol |l owi ng proteins.

A volumetric capacity of the adsorbent filling space 20
is appropriately set depending on the volume of a sample
solution to be used. Such a wvolumetric capacity is not
particularly limited, but is preferably in the range of about
0.1 to 100 mL, and more preferably in the range of about 1 to

50 mL per 1 mL of the sample solution.

By setting a size of the adsorbent filling space 20 to a
value within the above range and by setting a size of the
adsorbent 3 (which will be described later) to a value within a
range as will be described later, it is possible to reliably
and mutually separate the fluorescent protein derived from the
cnidarian from contaminating proteins (foreign substances)
other than the fluorescent protein derived from the cnidarian
contained in the sample solution.

In this regard, it is to be noted that examples of the
12



First, a fluorescent protein is expressed in threads
sconstituting a silkworm cocoon by transferring a
nucleic acid including a gene corresponding to the
fluorescent protein to a nucleic acid of the
silkworm Thereafter, the expressed fluorescent
contgmgie@ity nNds Ryatreidts (qﬂrstsa)imﬁsg)im nthe aaupbdessodykaphnodnclude
th t.o.qbtain an ext.raction solution which is used as the
€ 5&%%%?%&& 50T 1 this case, exanples of the

coptiami-nat jngr1 REPLELBSL | NG4S Pr Of L1 NS HNBIed N8R threads
the fluorescent protein erived fromthe threads
constdnsttiitgt i angsthewsrinkwaraocrndopntranbifelrang extnacletle acid
. in the sanple solution in the sane manner as
inclyedd®g FedI@BRDVECTFRFPARALING| §6i FRE dhiress pitthweROEREn to a
cQql u i n d 1 he caps..22_and. 23 is, ensured
nuc%%%cagggg%%négfhéj%%p§%9%:§%-' 23 Féefﬁgggsghin&geofeXpressed

£ ludrees eRltuMp i di IPodYs 2lexiVadtl €1aPEH81¥4d| S in  an aqueous
liquid-tightly fixed to the cap 22 at substantially
solutherncdm epbtdnon egh, eghttaghiout lsetlupiipe 2Ahich alsoused as the

lLiquid-tightly fixed to the cap 23 at substantiall _ ,
samplies SRHIETON { hefBof-hiFhe 378y | BEHBIEF! Rk GBoyEoRtaminating

. h . 1L .
proﬁgﬂﬂg I ed-1Qad %Efﬁ%%gﬁpeBEh 2 tﬂﬂﬂlsggéf é#h%%éé%@ﬂ&. protein

the 1 nlet piIpe t he Iter ne

deridedui dgomuppheedchpebide aslsmstenicind | itige SHakotth cocoon,
. pass through gaps between particles of the adsorbent 3
whicindihenxbFraehadganoditheof samrle oFghrt 20nhigughe heame manner
filte% nber 5 and the outlet pipe 25. At this tineg,
as qﬁ%?%ﬁliﬁﬂ%? St protein derived fromthe cnidarian
and the contam nating proteins contained in the
sanpl e solution (sanple) are separated from each
ot Frerthased lakma dditfilgérterecs ibetdegreelof cabisom phadn body 21

of each of_the fluorescent protein derived fromthe
and HHeIHA08 AhdTReltontaMiitieny B% (3R 19 Hae caps 22 and

23 t§g§9kp%ﬁ%m§n%%gofl%he column main body 21.

An inlet pipe 24 is liquid-tightly fixed to the cap 22 at
substantially the center thereof, and an outlet pipe 25 is also
liquid-tightly fixed to the cap 23 at substantially the center
thereof. The 1ligquids described above are supplied to the
adsorbent filling space 20 through the inlet pipe 24 and the
filter member 4. The liquids supplied to the adsorbent filling
space 20 pass through gaps between particles of the adsorbent 3
and then discharge out of the column 2 through the filter
member 5 and the outlet pipe 25. At this time, the fluorescent
protein derived from the cnidarian and the contaminating
proteins contained 1in the sample solution (sample) are
separated from each other based on a difference in degree of
adsorption of each of the fluorescent protein derived from the

cnidarian and the contaminating proteins to the adsorbent 3 and
13



a difference in degree of affinity of each of the
+ fluorescent protein derived fromthe cnidarian and
the contaminating proteins to a phosphate el ution
buffer. Each of the filter nmenbers 4 and 5 has a
function of preventing the adsorbent 3 from
a diff kerereg ngnodegseet Inf  alSorWent of | Erichg &fpaklke 2§1uorescent

Further, .each of the filter nbers 4 and is fornmed .
oot RIG0E (e o, Ui § GHP T SHangRRl KBRS pof BUEATinating
protl?ecl%é %V'an%kﬁ%!ﬂﬂé@ec@l'u%&o?lo'b%@ferq woven fabric, a

mesh or the like, which is made of a synthetic resin

such as pol yurethane, polyvinyl alcohol,

pol ypropyl ene, ol yet her pol yam de, pol yet hyl ene ,
teﬁéﬁﬁ‘t hef atde oglb%ﬂlbﬂl‘legﬂb@ﬁ@ ‘Ee@é%tgalhﬁt%.aAtfumtlon of
h f d t j tit
preveffiing | osBier B84t ea consoting LA HITbo iR 0f  the

adsd¥ir Ei11deld \shdd o .t heueRhdar i aicandrt BBePrQt €eRSmembers
ot her than the fluorescent protein derived fromthe

4 amhiBadkafcamedspeti i pahvgvendfabléd, t @ stmdm aha sponge-like
adsqQrbent. 3 with adsorpability (supported ower)

Porapy Stl?qyé, I?ah‘ffé"r%rﬁ‘_?rg}mﬁbjs‘?e%% wiﬁemam%v_%ﬁgf%%rfﬁe a mesh

or fth'lléor §§E8n.t WhOLE! nisan%atcfée BEOt &l r%r?ttﬁ@ttiés’ré ¥  such as
cont am nating proteins are separated from each other

polvairédthand,f i ed bapedyonnaldi f f er erlceotet ween t heolypropylene,
adsorbability of the fluorescent protein to the

polysddwpeaityagisied (ol vridurinis | feyeprtha et r 0Pt ROYHUtylene

t he . adsqrbent 3. Exanples of the cal cium

tereﬁﬂgt a?t%cg-'based compound i nclude, but are not limted
thereto, hydroxyapatite (Cal o(PO4)6(0OH)2), TCP (Ca3
(PO4) 2) , Ca2pP207, Ca(P03)2, DCPD (CaHPO4.2H20) ,
Cas@( Ref)st2 the mateffdcd of nthdhi adsarlpamt »f ithesestituted of
materials is substituted by the other atons or the

A cBLALrMatRRRRI PARRA { RETPPREI- Thelhe ddiuqufificent protein
der RARSPRALE- based SAMIUNGS 5AR RS dISEIotkldlY SEndf than the

fluorescent protein derived from the cnidarian are specifically
adsorbed to such an adsorbent 3 with adsorbability (supported
power) which is inherently possessed by them. Therefore, the
fluorescent protein and the proteins, that is, the
contaminating proteins are separated from each other and
purified based on a difference between the adsorbability of the
fluorescent protein to the adsorbent 2 and the adsorbability of

the proteins to the adsorbent 3.

Examples of the calcium phosphate-based compound include,
but are not limited thereto, hydroxyapatite (Caio(PO4)¢(OH)2),
TCP (Ca;z(P0O4)2), CaP,07, Ca(PO;3),, DCPD (CaHPO,4-2H,0), CasO(P0O;)2,
materials in which a part of these materials is substituted by
the other atoms or the other atom groups, and the like. These

calcium phosphate-based compounds can be used singly or in
14



14 conbination of two or nore of them In this regard,
-1t is to be noted that the fluorescent protein
derived fromthe cnidarian is generally an acid
protein containing a relatively |arge anount of an
acidic amno acid as a constituent am no acid
Combﬂﬁéﬁé@p ofhévigalogi IwrsheSpk&ea-based conpound i ncl udes

nupber_of cal ciu ns in_a.cr
o Fc i Fosant: At d'orPe B anins thisai e of Luorescent
prot%ﬁ%f@éﬂld@&“ﬂﬂdﬁ”ﬁhe'éhfé&f&%h'I%tgéneﬁéY§§aén acid protein
structure. In the fluorescent protein derived fromthe

conterdindag @&n,reliadnivedndslaarge fanomedt bef weenat béiCaasite acid as
i ncl.uded in the caIC|un1phosphate based conmpound and

a coppd Tdedite 2HRR0 35di%d thegC4i-ned in the fluorescent
protein derived fromthe cnidarian. Therefore, the
fluorescent protein derived fromthe cnidarian can be

firaky bandedm(agsespeshciatb® HOSPARM® includes a large

cal ci um based conpound as conpared to the
numhannqﬁnﬂalchgm pitomsi rigy afcrhetaas@mbammuiaﬁthﬁﬁeﬂf. A Ca

icll Rt e suntace I, consti tuted of e phosphaty . .

cry d%%?'étf@%%d?@ |ab|I|ty separate the fluorescent
protein derived fromthe cnidarian (acid protein) from

the contam nating proteins by utilizing the
di fference between adsorbability of the fluorescent .
pr &fei Hrleril \‘f’é’&efsrc@lﬂtt heroefidardesi ves! t REcrdsidrdbesnidarian,

and dsorbabl f e con m natin r ot ei 0 .
ion Eonaasorﬁent IX urt e weqfhe g‘ ?%en? g %é§ﬁé$%u in the
caldl%ﬁﬁtphagpﬁHﬁEagﬁsba @@ﬂgbtﬁ&tegn@ftﬁﬂ§ Qﬂﬁ&ﬁhﬁt%mlno acid

cal ci um based conpound nmakes it possible to obtain
contlyiigledst r emgt ltheThef éhorescenti s rpogsiil e lierived from  the

cnidarian. Therefore, the fluorescent protein derived from the
cnidarian can be firmly bonded (adsorbed) to the phosphate
calcium-based compound as compared to the contaminating

proteins.

If the adsorbent 3 of which at 1least the surface is
constituted of the phosphate calcium-based compound is used, it
is possible to easily and reliability separate the fluorescent
protein derived from the cnidarian (acid protein) from the
contaminating proteins by utilizing the difference Dbetween
adsorbability of the fluorescent protein derived from the
cnidarian to the adsorbent 3 and adsorbability of the

contaminating proteins to the adsorbent 3.

Further, the adsorbent 3 of which at least the surface is
constituted of the phosphate calcium-based compound makes it

possible to obtain high strength. Therefore, it is possible to

15



15 reliably prevent the adsorbent 3 from being easily
+ deformed and destroyed under its own weight for a

| ong period of time. That is, such an adsorbent 3

makes it possible to prevent the follow ng phenonenon

fromoccurring. The adsorbent 3 filled into the |ower
relighlyi @ cofenthehed solaserent |3 |frrgorspkae-‘en90e@$lthedeformed and

destggjyg UrPRABREY e Al 9 AoBLL Oy e LIELEbECLO0UNL  phac

reliabl ynt r&dloMd A 08 AARWBL Of tﬁ@sé%‘ipé e t§9| WrielRnt the
In other words, it beconmes possible to reliably

follmmmmgnphenéme@mnaﬁnumtadbdﬂnadgtmweShenhdquMEﬂur3 filled
derived fromthe cnidarian fromthe sanple sol ution.
1ntqwﬁ§ﬁ;%QWéﬁaR%HQﬂQﬂnﬂﬁuﬁﬁﬂt ARLTSPERE c disspace 20 of the

adsor{%@ o%ne%%%Q:Pgt\_{ sogne%% ?Sorqgl% hetﬁe\égég y%.aéec_:té erigﬂsoccurs

onen I'S™pr ferr
ther@QkLICU|ar t he hydroxyapatite is substance simlar
to conmponents of a living body. Therefore, when the
f 1 der escarsuptot eith der inagbiblem the xliiddriantireat a large

adsor bed to and sep argied desorbed) fromthe
amoulis oPherfthSs, SAIP1Ps HRLLF PR t o 1ol PEBFY pPetdft sifchbecomes

posAdl uctroesgequt rﬁ%ﬂhﬂt@‘a bféf%en aé&?uﬁﬁeéﬁeﬁﬁéu%ﬁ%rescent

Further I f t e sa concentr at phosphat e

proteliuf iderr el @rons thie endaae ias changete thapleetdaadition.
according to the present invention has an advant age
that the quorescent protein derived fromthe

cnidarian is peci f.i cal | bed m t he adsor be

ekl hese s RaT Gl RlofEiet Sckat i\ bt Phtheionea
abody, drhe | corf PP P Hy dipayappipd i s S4bst hh vhedoRYonent of

f1'uori ne atons of hydr ogen fl uoride nolecules to

the elisminbetucr dapatvetferrilde fThuparhécalens ekeshydmoayapatite
crystal structure of quoroapatlte This makes it

is B 0 Al BB Cald Gmlddmg Pody.  Therefore,

when the fluorescent protein derived from the c¢nidarian is
adsorbed to and separated (desorbed) from the adsorbent 3, it
is possible to reliably prevent such a fluorescent protein from
being altered (denatured). Further, if the salt concentration
of the phosphate elution buffer as an eluate is changed, the
method according to the present invention has an advantage that
the fluorescent protein derived from the <c¢nidarian is

specifically desorbed from the adsorbent 3.

It is preferred that at least one part of the hydroxyl
groups of hydroxyapatite is substituted by fluorine atoms of
hydrogen fluoride molecules to obtain fluoroapatite. The
fluorine atoms exist in a crystal structure of fluoroapatite.
This makes it possible to reliably prevent calcium atoms
(calcium ions) from Dbeing separated or eliminated from

fluoroapatite. Further, an adsorbent 3 of which at least the
16



(calciumions) from being separated or elimnated from
- fluoroapatite. Further, an adsorbent 3 of which at
| east the 16 surface is constituted of the
fluoroapatite nmakes it possible to further inprove
strength of the adsorbent 3. Hereinafter,
sur flaggr o/ apanstetuhddf ofortdapafiveraapattbe| aekioge| it possible
referred to as "apatite". JIn. the nmeantine, in a
£0 ST g CBRE R0 CORRTEA F&d SPPoR REGTEE R -
coerul escens belonging to the cnidarian, a chronophore
(fluorophore) is formed by bonding three am no acids,
namekginagseerne, hydosixyapaarndegl yame t offbtdesapadisite are
shown in the followng formila (1), the chronophore
collipgd iyediyr y@fgreaedn tghidéh " aPRG 14t rogen atons are
adj acent each other. Therefore, if netal ions
(calciumions) are close to the structure (two
ni thogede atamklimef tiie shromephi@n? phekata kdived from
formed between the netal ions and the chrophore. It
Aequozrea femrulwmcdiadrespaning propere yconfdahean, a chromophore

fl uorescent, protein_derived from Aequorea . ,
(FluoggREeonss | SOPRANRY APt nEAeRS] SrEporeids, namely,

corfi Y 9RO, CBY SRl Dot GERefBE. 1L A Mg im e

follBhamef @armdller @ )i s teseSstdyopitotd by supppiuttthe in which
nmetal atons to the adsorbent 3. However, the
two addaicsem a3 oFfs Wiieclipdgtacent each other. Therefore, if metal

ions (calcium ions) are close to the structure (two nitrogen
atoms) of the chromophore, a chelate bond is formed between the
metal ions and the chrophore. It is a fear that fluorescent
property of the fluorescent protein derived from Aequorea

coerulescens is changed due to the chelate bond.

L- tyrosine (Tyr66)

HO

L- serine (Ser65)

Therefore, there is necessity to firmly support the metal
atoms to the adsorbent 3. However, the adsorbent 3 of which at

least the wvicinity of the surface is constituted of

17



| east the vicinity of the surface is constituted of
- 17 fluoroapatite nmakes it possible to reliably prevent
the calcium ions frombeing eluted to the phosphate
elution buffer which is used as an eluate or the
sanple solution. As a result, it is possible to
fluangdapailyrepreakan it uprestele peopetigbdby phevent the calcium

B S T R
used M- ahNetbSer €8arhe asgﬁg%fé’dsgﬁ.ufgﬁgglf'c' R¢ a result, it is

fluoroapatite described ove W Il be described later
posdibldet &id . felidicly asrshentn | Alkbfesdent hepadperbgnt of the
3 preferably has a particulate (granular) shape, but
separn; Sthve AhBPHEFCSRApe HiRUPHEs a periwed(smaffom  Aequorea
block) -1 i shape or bl ock-]ike s e (€:.0., .4
Coerpuol?eosuc)serbso E}ef h Switeh Caﬁ]nagceeé(n t&upe 0 fteo S Qggem"ﬁfrﬁ Cclg{“}s W
each other or a honeyconb shape) By form ng the
adsorbent 3 having the particulate shape, it is
podsi bitditso megeegdse it smestodacefar paodawdngherfélyproapatite
i nprovi ng separate characteristics of, the fluorescent

desqyifisd RS ved i RsmAsRe Ehstaridhit ¢ wetaddsor bent
3. i Cl [ f.th d '
RN PO PR, 30RO L IR GR: |8 Mhterabiy

partic r imt era

has ¢ papticulabet Qgiifulbrandhapes Wief aiapl Hat® bRABther shape
range of about 10 to 80 m By using the adsorbent 3

sucthag iy pekletan(sielhgelpakt t ke shape pr asbposki-Bike shape

t l'iabl t.cl ' f. the filt nber .5 .
(e-Gani 12 BOSHPPI oot i PHEED o A0 6711t eP i, AP Fate with

cactENSHEEH. okt ol Shdi-R&MIVt SHabOAL 1 BE FUSQIRRNTL 1R MBY<B8bent 3
entirely constituted of the cal ci um phosphat e-based
havicgnpobad pardliterlaatl vahape t hétadisor pentiBlanytdeincrease its
gorned ey coa iqg the | , .
surface ared, and thereby improving separate characteristics of
the fluorescent protein derived from the cnidarian to the

adsorbent 3.

An average particle size of the adsorbent 3 1is not
particularly limited, but is preferably in the range of about
0.5 to 150 um, and more preferably in the range of about 10 to
80 um. By using the adsorbent 3 having such an average particle
size, it is possible to reliably prevent clogging of the filter
member 5 while a sufficient surface area of the adsorbent 3 is

ensured.

It is to be noted that the adsorbent 3 may be entirely
constituted of the calcium phosphate-based compound.
Alternatively, the adsorbent 3 may be formed by coating the
surface of a carrier (base) with the calcium phosphate-based

compound. It is preferred that the adsorbent 3 may be entirely
18



surface of a carrier (base) with the cal ci um

- phosphat e- based conpound. It is preferred that the
adsorbent 3 may be entirely 18 constituted of the
cal ci um phosphat e- based conmpound. This makes it

possible to further inprove strength of the adsorbent
consgitutiast elfy tdist gladicigma phdsodislte -delaath qompsaingsedThas makes
. separgting a _large anmpunt of the flugresce pr ot e
it REPRLRYSS thoim FHOERER, GAINAAYE TREZSHEbRDET  SPENETRRPeRE 2.
there¥S td il £ 0 $h§u§ééﬁlénboﬁﬂﬁﬁpQ%tQEPQ§§QicﬂﬂpQEggrating a
can be obtained as foll ows. Phosphate cal cium based
largeonpounchtparifi cltée ( [fliusaregceartt | preskins debtaededflbpm the
_using a wet synthesis nethod or a dry synthesis
cnidddtldde, a slurry containi ng such phosphate
cal ci um based conpound particles is prepared, and
then the slurry is dried or granulated to obtain
drired padsicsieant Ther eaktieelyt heodskedutRart bgl esharecalcium
sintered to obtain the adsorgént 3 entirely
phosgpdradts thasefl ofontgmirghl| ciunbphosphaned basedoddppsundPhosphate
On the other hand, the adsorbent 3 forned by coatin

calgifyn- ceCBFPPHEICarPREFIGI R t hPIim Particles)  is
hat,e- Cc ou I.Ae y L US§ -
Obta%et odg%hétg%t e Arie %g?t?k?%?%g g?qe:ﬁclc:)gl :j?lge Az} Bynthesis

metHday,br i gli zethrwt h ddi adarifiger swnstphoissila®é reslBsum-based
or the like. In the case where alnost the entire of _
compcyinda editdenites fig IRTRPaRte 200 i then | the sdwhryhés dried or

adsqrbent 3 i.n case qf _thi.s _enbodi gent, e .
grar{ i Fant 03 Bardh b ) Rad HHTaR  al FPoCERE Shne the dried
partGRRAS| L@ 8Ln€¥eEY Pebnichiaihe ddsorbeMrfddt i B entirely

space 20. This makes it possible to allow the

consgdsorgsd af tdyeparadtaisinl dho spdnee ea bpaseld cwingiohaynd .
excellent ability to separate (purify) the
fluorescent protein derived fromthe

On the other hand, the adsorbent 3 formed by coating the
surface of the carrier with the calcium phosphate-based
compound can be obtained by using a method that the dried
particles are collided (hybridized) with the carrier

constituted of resins or the like.

In the case where almost the entire of the adsorbent
filling space 20 is filled with the adsorbent 3 as in case of
this embodiment, the adsorbent 3 preferably has substantially
the same composition at every point in the adsorbent £filling
space 20. This makes it possible to allow the adsorption
apparatus 1 to have a particularly excellent ability to
separate (purify) the fluorescent protein derived from the

cnidarian.

In this regard, it 1is to be noted that the adsorbent
19



cnidarian. In this regard, it is to be noted that the

- adsorbent 19 filling space 20 nay be partially filled
with the adsorbent 3 (e.g., a part of the adsorbent
filling space 20 |ocated on its one side where the

inlet pipe 24 is provided may be filled with the
fillgagordrate 330 MmAvt fiss pasleiathe Fehdedi wg tharthefadperbent 3

(- Sas gt BARE b EFALERBRE PR hotidd 08 SERRAT gl TRELoa on its

one i 638N 1 ohipidt defpyesh f1omIhe; §84 dak aBe”%h@Qed with
the adsorption apparatus 1 described above {i.e., a

the sapacabenn at.hod Inactioisli rgsteq t tike prresenitminy epairan)of the
will be described. (1) Preparation Step First, a
QHQ%QQ|t§ﬂ%ﬁl$ﬁotépﬁ§ecoﬁ¥blHP%@ abfl udrids@sht with another
ads&yﬂgﬁ' n derived froma cnidarian is extracted froma
€ to prepare a sanple solution. Exanples of the
sanple to be used for extracting the fluorescent
protein derived fromthe cnidarian include cnidarian
suHhras;nAed}@m eaavi atedticdl anef Che¢parabich beheng flworescent

cl.ass dr oz and Porifera .and .Renill a which belogg ,
protedry 1Y ho LB E%gﬁpl EQIGRLIRE otLH%Jrn%an’b gs fgsorption

appa t%%ed ordgéEEQBEHngaHJVéflV?rgscenExprgg éfbt on method
Jhas

erived fromthe cnidarian 1nclude: suc
accoddihgarice s hel gperdetae ianenGaldnys mgaJJJ 155 dé@mudews;
an insect such as silkworm an aninal cell such as
CHO cel | derived from Chi nese hanster ovary cell
secr ted %Eon1a m cr obe such as col

ﬁrlalg
baé érla %9?5% aShi eEonponents t hereof; and the
i kerskn thegeuphhetysa®Wl §8ot8ins containing a fluorescent

protein derived from a cnidarian is extracted from a sample to

prepare a sample solution.

Examples of the sample to be used for extracting the
fluorescent protein derived from the cnidarian include
cnidarian such as Aequorea victoria and Obelia which belong to
class Hydrozoa, and Porifera and Renilla which belong to class

Anthozoa.

Examples of the other samples to be used for extracting
the fluorescent protein derived from ‘the cnidarian include: a
mammal such as Ovis aries, Leporidae and Gallus gallus
domesticus; an insect such as silkworm; an animal cell such as
CHO cell derived from Chinese hamster ovary cell; materials
secreted from a microbe such as coli bacteria; cytoplasmic
components thereof; and the like. In these other samples, a
nucleic acid including a gene corresponding to the fluorescent

protein derived from cnidarian is transferred to nucleic acids
20



nucl eic acid including a gene corresponding to the
- fluorescent protein derived fromcnidarian is

transferred to nucleic acids 20 thereof. Anong these

sanpl es nentioned above, the other sanples are

preferable. Such the other sanples can produce a |arge
therg@funt of the fluorescent protein derived fromthe

cnidarian (produced protein) . Therefore, after the

fluorescent protein derived fromthe cnidarian is

exhmglbedr i thgpAlhernSAFPESd @A SaNPhe other samples
solution, the fluorescent protein is separated from

are theeSampbiesol Buadn ahd mbhidn edamphes nmekespirbduce a large
possible to reliably and easily obtain_the | arge , ,
amouniy it et Nl YPIRFEERenPLOpRTei RISV ed T PRoMt #hecnidarian

j i i fi |y, e | C I deq ' :
e o SO0 Sl Wl i ISR protesn

deridesd VEstbd I ete cohdastaan is exarsierdedidn aelCbehér samples
acid of the silkwormto produce the cocoon.
to artraetlsr eso el eibe dore pf baecesc oyt teoseirwbe neeparated from

preferabl e as.the sanple..Lf the coon produced b .
the CfTRGE nePl Shded AU hRUSARPRE: | % BRSSP biE (RPaRIble to
reli@HIRAUAL S9! 11 8BratR PRECH LR dul HRIESSENEHRT @ GbRescent
deri'ved fromthe cnidarian is extracted (dissolved),
protwiirh dealiateidv elrpready epeadatdians i n that the cocoon

(threads thereof) is dipped into a neutral buffer such
as water and a normal saline. As a result, the

eXILACki-gL QL Ut o, £an, Bg N5ed 35, 4 NS ALy the  gene

tion is used in € separation

corr@EpRIrding it (e PrAsedsdaentiOfeit tabsi dbdf Eeht cnidarian
for the fluorescent protein derived from the
is tomrgdfsrared wid eh i riod ueeid] byt thize s$ikkwomm to peoduce the

coc&gglfl%%éaeﬁw ér Eﬂgl%%cgg§r%&%ﬁ%cé& £§ gﬁ%?'@fiﬁ¢%nn is

preferable as the sample.

If the cocoon produced by silkworm is used as the sample,
it 1is possible to an extraction solution, in which the
fluorescent protein derived from the cnidarian is extracted
(dissolved), with relatively easy operations in that the cocoon
(threads thereof) is dipped into a neutral buffer such as water
and a normal saline. As a result, the extraction solution can
be used as the sample solution which is used in the separation

method according to the present invention.

It is difficult for the fluorescent protein derived from
the cnidarian, which 1is produced by the silkworm, to be
modified by sugar chains. Therefore, it 1is possible to
relatively and easily obtain a fluorescent protein having a

simple chemical structure (non-modified type protein). This
21



relatively and easily obtain a fluorescent protein
: having a sinple chemcal structure (non-nodified type
protein). This 21 makes it possible to prevent
adsorbability of the fluorescent protein to the
adsorbent 3 descri bed above from bei ng changed. That
makejsg ity 39981%@ §@paﬁ%ﬂ\r6§ﬁt rrétiﬁ@aba@eémm@ft dheefluorescent
r.esent i nve

pti mal |, for arati
oot B8 TR S CERO TR of n CRBF 2T PO e Y oT P, changed.
That! fid he nsigl eathackdphrakddhnehelthRgene SAIRFRANHRNY present
to the fluorescent protein derived fromthe cnidarian

invemslomramsfeopedmablg nuse@i cEaci cdeplartliteng | kiver nfloorescent
tain g cocoon, and then the fluorescent protein
prOt&éP19§JlWF8w¢FH@ L8R GRLFE% 1P -separat ed from the
cocoon produced by the silkworm wth the separation
nmet hod according to the present invention, it becones

possi i tRuPreskcacadpuire fldigieserat gehet &idrresponding to
derived fromthe cnidarian on a comrercial basis. (2) _
the Su%b$9¥©@0§m©p Reeteirhe peepaedd Sampl e Sbeut igridagrian  is

d to the sqorbent . fillin 0 t hrough
crargfBaie: b1 o 2aS1RA % ECLA 19r ThEnDer LA e T obtain
coco%?lnt aghgW thefhecgdsofReite 3800 tR-oRASS WRHAUARY t%%om the

colum 2 (adsorbent filling space™20). The fl uorescent
cnidprdbe i sderepaad tfadbmrddme i dasdesn hesodid e by the silkworm

adsorbability to the adsorbent 3. Further, a part of
with e 3Rarm han ngebhedePASCEEABE tearkhehePFespReseBHENtion,

[ fron1the nldarlan has relative
ic BEORRLE ERaniPie, €8 TtREorboRt s TRePEFSrERy, pRrotein
derlfvtauorf@merahepeatlala&_laelr byle_@k chmaetha 1chhdaki.an and
contam nating proteins having the relatively high
adsorbability are carried on the adsorbent 3 in the

ad§85benéuéﬁk§igg gggge 20. The contam nati ng proteins

Next, the prepared sample solution is supplied to the
adsorbent filling space 20 through the inlet pipe 24 and the
filter member 4 to be in contact with the adsorbent 3 and to

pass through the column 2 (adsorbent filling space 20).

The fluorescent protein derived from the cnidarian has
high adsorbability to the adsorbent 3. Further, a part of the
contaminating proteins other than the fluorescent protein
derived from the cnidarian has relatively high adsorbability to
the adsorbent 3. Therefore, the fluorescent protein derived
from the cnidarian and contaminating proteins having the
relatively high adsorbability are carried on the adsorbent 3 in
the adsorbent filling space 20. The contaminating proteins
having 1low adsorbability to the adsorbent 3 and foreign
substances other than the contaminating proteins and the

fluorescent protein derived from the cnidarian is discharged
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havi ng | ow adsorbability to the adsorbent 3 and
- foreign substances other than the contam nating
proteins and the fluorescent protein derived fromthe
cnidarian is discharged 22 out of the colum 2
through the filter nmenber 5 and the outlet pipe 25.
out (&) hectPbidRi dnthrepaletihe figiesprambey riand the outlet
.__buffer as an eluate is supplied into the adsorbent
plp%:%%ﬁ ng space 20 (colum 2) through the inlet pipe 24
and the filter nenber 4 to elute the fluorescent
protein derived fromthe cnidarian, and thereby an
el ant Fehaobtehatoohabheng t he phosphate el ution
buffer and the fluorescent protein derived_fromthe

cnfi§&ti af EROBEH &ML OTTHIHSERE 45 TReSePahft 15 supplied
. di ar f the . u t u oyt |
inch) SEDSCAREAE! A3 50 VEBLZe! MOPBULAR P8l Snroun cne
inldic@imet ed) ahdt eha BNteen meinddie patwsphate ehdt iFdlorescent
buffer containing the fluorescent protein and other
protsgm | gy ivedr eromt othhdt admidantan onsrbr tdepmhdi ngnt oeluant
t he phosphat.e .el utiqn buffer having a predeterni ned
(elugbsin G eHR A arkhe | PRITEOUG, THE|Phor BUEERE  and  the
flud¥edRigt d8ideead, [damJNe £ danhd adn 8ag -1 88 can ﬁe obtained.
contam nating proteins, which are adsorbed to the
Theadadtkent the arluad | @écseldatgepavatedf rame eashumt her through
to the fractions in_which theﬁ$are el uted depending
the oputhet difFer éAce et Ween hbsbehalianber of tie fractionated

f,l resce rotein_.derived fromtithe cnidarian to the
(C01§5¥%F%§ntgét§n§ia ggFﬁg il?fytﬁ%ﬁ ?ﬂgoﬁ n gﬁiﬁ%'f%ﬁfn' butfer

contRlietiignsth® thaoadsechentprbt EXANRhES RhdhepPPOSORSt @hereos
elution buffer include sodium phosphate, potassium

to phogphat Erattibnam pbospderedamg tthe |dHee. phaspHadfe elution

buf 1‘5t er]]:e h%t\]r%%%h aa.t %reelduettleq:rr]n ikr)lléfdf %.rmolu%tn %tf %?{et Ie lljlla%rtl .y

In this way, the fluorescent protein derived from the
cnidarian and the contaminating proteins, which are adsorbed to
the adsorbent 3, are collected (separated from each other) to
the fractions in which they are eluted depending on the
difference between absorbability of the fluorescent protein
derived from the cnidarian to the adsorbent 3 and absorbability

of the contaminating proteins to the adsorbent 3.

Examples of the phosphate elution buffer include sodium

phosphate, potassium phosphate, lithium phosphate and the like.

A pH of the phosphate elution buffer is not particularly
limited, but is preferably in the range of about 6 to 8, and
more preferably in the range of about 6.5 to 7.5. This makes it
possible to prevent the fluorescent protein derived from the

cnidarian to be separated from being altered, thereby
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l[imted, but is preferably in the range of about 6 to
- 8, and nore preferably in the range of about 6.5 to

7.5. This makes it possible to prevent the

fluorescent protein derived fromthe cnidarian to be

separated from being altered, thereby 23 preventing
previEnigres cehtugpropeny fPeaPBEFYig ERgfgedelny aeleRrRgoh; In

it. 1 s al.so possible to.reliabl revent the adsprbent
2aag i e e T OrEr (e S8 of G e LT oY By B aGenPEnguoorbent
3 FIRRPBAAP ] EPRET {§18do1hea pdSerbeaby 3ptePahbeh§dseparation

changed 1n the adsorption apparatus 1. A tenperature
propertyhe ghosplivat eadbarbent buBf effriom ndieirgar t¢ltangedy in  the

limted either, but is preferably in the range of
adsofRFHOTSFRRGTBFES dnd nore preferably in the range of

about 35 to 45C. This nmakes it possible to prevent

the fluorescent protein derived fromthe cnidarian to

be asepampeedtfirem dei ihe abhespHatBy &Bubfohh&uffer is not

phosphate el ution buffer of which pH and tenperature
partiguylaglohi hinHedboidhent edur afgePreiferiodplyosigi bike range of

i nprove a_collection rate of a target fluorescent

aboysr ot Qi e EI_%rCF've%In‘?r‘B‘PﬁF?hErEEFH%P?Xn}nA%trange of about 35
to g8%kent rﬂi'soglaglrgl%ﬂ&gﬁ.tlpggé’ggg%geeleg' 9e$g££ertﬂesoglwescent

preferably 5 nore preferably 4
protain edsrivddefsepartatl amiofartien f toobescadagteidei from being
derjived fromthe «cnidarian by using the phosphate
alteyqsti on buffer having such a salt concentration makes
it possible to prevent adverse affects fromoccurring
to the fluorescent protein derived fromthe cnidarian

dugyt ougxhst @mee Phospeat®t al1dtas | ButhérPRESPRALEn pH and
el ution buffer. e salt concentration of the

temgﬂnaqunﬁef&ﬂanbhhbmfthe ppove noted ranges, it is possible
to improve a collection rate of a target fluorescent protein

derived from the cnidarian.

A salt concentration of the phosphate elution buffer is
preferably 500 mM or less, and more preferably 400 mM or less.
The separation of the fluorescent protein derived from the
cnidarian by using the phosphate elution buffer having such a
salt concentration makes it possible to prevent adverse affects
from occurring to the fluorescent protein derived £from the
cnidarian due to existence of the metal ions in the phosphate

elution buffer.

The salt concentration of the phosphate elution buffer is
preferably in the range of about 1 to 400 mM. Further, it is
preferred that the salt concentration of the phosphate elution
buffer is changed in a continuous manner or a stepwise manner

when a separate operation of the fluorescent protein derived
24



preferably in the range of about 1 to 400 nM Further

it is preferred that the salt concentration of the

phosphate elution buffer is changed in a continuous

manner or a stepw se manner when a separate operation

of the fluorescent protein derived 24 fromthe o
fromenFRgr i Gt AR AR nekeENiS Pl dtt Pe$Fiklentiy efficiently
: | 0pr o th rate ration of the fluorescent .
impr gl e aGeRERY R o ePrRaReRiatian MR ¢ LOUERSREgE protein
deritie@ phemsphale cglidtairarbuffer to flowin the adsorbent

filling space 20 is preferably in the range of about

0.1 to 10 nL/mn, and nore preferably in the range of

about to 5 nL/ eparating the fluorescent

1 in. B |

or Bt €57PY GERFTe@ 1 1 Hh { REOGRPA&FI F-1riat { RBLEskplte flow in

the 48 @thEQEnQ J QU rahe,dt fé%é%ggiyl§nt%he range of
rella a

y separate arget fluorescent protein
aboutter ® ved thr am t he/pahdardranl hoo8 die feampls 50 whieOnrange of
Wi thout long tine to be needed to the separation .
abougpel atticon® TR&Mins t oB¥ayseRaratsinmsshpl e buprgresnt aprotein
a of .t.he.fluqrescent derived fraomthe

A t
deriygd ExcliPtHe PRLdGEL AP, THOR 110 SEREAT GEHIATSqTs rim Such 2

flowt heagRi danican jhaviegshikalh RWr i Lyl iBK1ihe @paratkoNs target
as descri bed above, the fluorescent protein derived

f luchesmentte romtdEin adetr svedl Eeomedthieo canidarddet ef mymedhef sample
fractions, In various kinds of am no acids, a basic ,

solufomo WaFhovbchlong Hiidis dite, PRysheededr &R githiheSRRaration

[ af f il - e tal i T r i £ .t

ope atggpéd 6§%§¥o%gtﬁg)f?%%Teggeﬁ¥§ ?%%Q?%gngifgﬁjgﬁbﬁ? large

amouhfte 6fi dald aplisrebtehvedidni il pgodt tHeashigheigh, or to
histidine, lysine, and arginine to a fluorescent

obtagipttdieh dénpyedcensmdgniategy afromi dhei amidawian having high

.f | uor escent
purity.

By the operations as described above, the fluorescent
protein derived from the c¢nidarian 1s collected to a

predetermined of fractions.

In various kinds of amino acids, a basic amino acid such
as histidine, 1lysine, or arginine has high affinity to the
metal ions. Therefore, if the altered body of the fluorescent
protein derived from the cnidarian is obtained by adding at
least one of histidine, lysine, and arginine to a fluorescent
protein dérived from a natural cnidarian, the fluorescent
protein derived from the natural cnidarian can be collected
with more high collection rate (yield) by using the separation

method according to the present invention.

Further, the basic amino acid has high affinity to a zinc
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protein derived fromthe natural cnidarian can be
. collected with nore high collection rate (yield) by
usi ng the separation nethod according to the present
i nvention. Further, the basic am no acid has high
_ affinity to a zinc 25 atom (zinc ion), a nickel atom
atom ni(@EC i dRT) ' cobal RLEEdM FteIbal iDLl dfmloopsebalt atom

t .(capper., 4 r.ef or t t, O f

o CHaPE S Worsl S840 Gorly! 303 PARGIRELEEL av 1eaer

one -t Icomrtqe@a&ﬂ@ilﬂes&wb@doﬁbg;ﬁ@tﬂw becrubst hiut-edyapatite
by these atons (ions). This nmakes it possible to

and | hpreveapdtfite t deefrihed fabgyeesvant bpr studiat ideriadedoy these
fromn cnidarign to the adsorben . a es

1t 3. EX I of a, |,
atonfe AP shhLFi Pa Fﬁgtheostsl?éssFooﬁ@_ TR¥Pt a5f ipfgy of the
il luo‘i@s% i< d%ér?{%i‘ﬁf d%qqtv'etdle.fl}%mt I&%i@tamn( It%n%%]ﬂael :agieg,olig)%nt 3.

a met ringing a liquid containing a

hydroxi de, a sulfated material, a carbonated material,

and the_ like, in which the atons contained, into
cofffadPlgist ok he wnpheed e ofAcedPdt AUt BNGudthen Abt horRst one

t he _at can be substituted to the cal_ci ato .
Pty B 1 BBt 1 Gl BhSE LT { RE afBPERBRL I Bhed 1 atoms (ions)
incl%répthﬁodt*&fﬂ)ﬂﬁﬁ%ﬁ@&”b Prptied NncdRELYRINET @M idRide, a

cnidarian (or altered body thereof) has described as
hydmoma dexarpl subfaked | uatesteht pr atgibonateskeweteridie, and the

separation nmethod according to the present invention

like,s 1z skheabatiie o to8Sar SPPRE1IASHI uotRSRerforasttei with the

STt oF s Borh 8 ofaScort i
wpa S0 2 nel e sh ST AL WL BPOTLSE, MLDe™oEan

substgstiddiedt aloee By ke aRbR@UeRE DY eUSitigeany edised of
method. It is preferred that fluoroapatite is
produced by using the follow ng nethods (1) or (I1).

IE nVEtPEQ (gkgf%ﬁ%nggggg Ofdéggéiéﬁféﬁpg %ﬁm!ea%auorescent
protein derived from the cnidarian (or altered body thereof)
has described as one example of a fluorescent protein. However,
the separation method according to the present invention is

also capable of separating a fluorescent protein contained in

fish such as Anguilla japonica with ease and high purity.

In the meantime, fluoroapatite as described above may be
produced by using any kind of method. It is preferred that
fluoroapatite is produced by using the following methods (I) or

(IT).

The method (I) is a method of substituting at least one
part of hydroxyl groups of hydroxyapatite by fluorine atoms of
hydrogen fluoride molecules. Such a method is carried out by
reacting hydroxyapatite and the hydrogen fluoride molecules in

a mixture which is obtained by mixing a slurry containing
26



part of hydroxyl groups of hydroxyapatite by fluorine
- atonms of hydrogen fluoride nolecules. Such a nethod

is carried out by reacting hydroxyapatite and the

hydrogen fluoride nolecules in a mxture which is

obtained by mxing a slurry containing 26
hydynpeirapgtaige | tandndaa hydrogen fE&uprdéeegpnaamhmg? solution

solution_.containingt hydr.ogen fl uori de nol ecul es ,
conEii i chpEonPAIPITt UG LBAYAER, oML ML NG (HREPSy obtain
flusHdgfdQut as follows. Afirst liquid containing a

cal ci um based conpound contai ning calcium a second

liquid containing the hydrogen fluoride nol ecul es and

a third liquid containing phosphoric acid are . o
pr &g SBthqdesddot itvvelGprriast eaitt évs fiHeldws st Al ifduisd, liquid
e second || guid nd the third liquid are mxed to .
Con%éxaghé#i%stcﬁy% %?é.aﬁﬁgn cfﬁ%°%3?ciﬁﬂ§g§§%ang calcium, a
secdTPPLREL q t Benby dhoggn thkuerifde el &S @Ntnolecules and a
phosphoric acid are reacted’in the first mxture to
thinder ddyguicbt acpnthioiogpat phesphoraccorveid i orade  prepared,
net hod of synthesizing fluoroapatite, fluoroapatite

reSHeCTIWRINesi ZERFIBSA SRl ngtRRmbATEM Hylddgen the useraed liquid
10 0 upLy t.al nj .
an (62 ELU08, MU SEd B BLUEEY AL NI pipyre. e
the (dglainth-Hdddd Shrseuide tysrpgeRoféroridermbesdhesules and
are used as the fluorine source, It is possible to
pPhosgiosiif f prObdfoape | rearhedwhiththe ifdpst t pikgure to thereby

contained or .an inpurity is contained wthin a very
Obtﬁ%ﬂNﬁl&ﬂﬁqapﬁﬁgl ‘ore, it is possible to obtain

fluoroapatite having high crystallinity. Further, it

is possible to inprove acid resistance of the

pr dduced chnvensdpatilt enaltisod 0 offheste s ©f s alflubBirbypatite,

Therefare, the adsorbent 3 _constituted of such
fluorocapatite i1s synthesized by adding ammonium hydrogen
fluoride as a fluorine source to a slurry containing
hydroxyapatite. However, according to these methods (I) and
(II), since the hydrogen fluoride molecules are used as the
fluorine source, it 1is possible to obtain fluoroapatite in

which no impurity is contained or an impurity is contained

within a very low level.

Therefore, it is possible to obtain fluoroapatite having
high crystallinity. Further, it is possible to improve acid
resistance of the produced fluoroapatite due to the high
crystallinity. Therefore, the adsorbent 3 constituted of such
fluorcapatite can be used for separating a fluorescent protein
from a sample solution with an eluate having a relatively low
PH. In this case, the separation process can be carried out
without dissolution of the adsorbent 3. Therefore, it becomes

possible to reliably separate such a fluorescent protein from
27



fluoroapatite can be used for separating a fluorescent
- protein froma sanple solution with an eluate having

arelatively low pH 1In this case, the separation
process can be carried out wthout dissolution of the
adsorbent 3. Therefore, it beconmes possible to

the sanpls BeParate€ such a fluorescent protein from 27
the sanple solution. Furthernore, since the obtained
fluoroapatite has a large specific surface area, the

us en@ft HheAds ordiente I oNshi 4 g f?ﬁoﬂﬂﬁﬁatlte has a large

fluoroapatite nakes it possible to inprove a
specidfdlecsunfiace aheeef, tthe fheor efcaite paddé@iident 3 constituted
Fbrelnafter a description wll be made on the nethods
of gygh a%Jd“(W%PaQJI\H HeRKeS BF: PRFFibleats| drpyove a collection

fide s prepared. Hereinbel ow, a
ratf?qgaqg&%f preparing %)é}oxyapatlte primary particles
antiexeindfiter, N dhidelkcaggptedat 65i0f tRe made on the methods
hydroxyapatite primary particles are dispersed will be

(I) gextriPad. The hydroxyapatite prinmary particles can be
obtai ned by various synthesis nethods, but are
preferably synthesized by a wet synthesis met hod in
wWhi gl +&bg gast one of a cal ci um source (cal cium
conpound) and a phosphoric acid source (phosphoric

aciad :conpbust) i s useduirtyt hecbntaining sAUydddBapatite is

Further, the thus produced hydroxyapatite primary
PreHﬁ%@@cles are small in size, and have therefore very

highly reactive with hydrogen fluoride. Exanpl es of

the cal cium source to be used in the wet

Hereinbelow, a method of preparing hydroxyapatite primary
particles and a slurry in which aggregates of the
hydroxyapatite primary particles are dispersed will Dbe

described.

The hydroxyapatite primary particles can be obtained by
various synthesis methods, but are preferably synthesized by a
wet synthesis method in which at least one of a calcium source
(calcium compound) and a phosphoric acid source (phosphoric

acid compound) is used in the form of a solution.

Further, the thus produced hydroxyapatite primary
particles are small in size, and have therefore very highly

reactive with hydrogen fluoride.

Examples of the calcium source to be used in the wet
synthesis of the present invention include calcium hydroxide,
calcium oxide, calcium nitrate and the like. Examples of the

phosphoric acid source to be used in the wet synthesis of the
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synthesis of the present invention include cal cium
. hydroxide, calciumoxide, calciumnitrate and the
i ke. Exanples of the phosphoric acid source to be
used in the wet synthesis of the 28 present
i nvention include phosphoric acid, ammoni um phosphate
presgit t HeVeRkEon AFSEd Uefe Rh Q! | $CEBnt AT WhePhosphate
cal ci hydr oxi de the calciumoxide is._. .
and Ebe; diisry BIHL, FBa™as The MM E Ui BbaiBERdarifongaloium
hydr®diley Ot ik f1ie PAREPNOS | Sape] du1dS1PapteEetAEdYas the
preferred as the phosphoric aci'd source. re
calcspeci $oeade y, asdcloney dnaokygpatoheapningr yhearghadmsoric acid
. and slurry can be obtai ned by droppi ng a phaosphoric
1s PRET QHBPRY) PISSISHESSh 3Sn(thSa PERSPERST-6n 261 Ic SPEF G/
hydr oxi de (Ca(OH)2) or cal cium oxide (CaO contained
in a container and m xing themby stirring. An anount
of Mohe hyskoxfapatlye pacRahydpakibphes teCprimagd paArticles
the slurry is preferably in the range of about 1 to
and Z)umry catd heoradtwriatfest d yArapPrine raarmgwosihabicuta®id ol H3PO,)
2 W% _A2: On the other nd, . a, sol ution_cant ai ni
SO LY RGRRET IFuoP PSSP e i et SohiR alWF PG | o () z)  ox
cal S Tk iGRNT EtdHNGdrhie, 5 AT QX VARAb AL £ nd) SN ERLx {08 them by
di ssol ving hydrogen fluoride is not particularly -
stiddimd.ed, and any sol vent can be used as long as it
does not inhibit a reaction between hydroxyapatite and

hydrogen fluoride. Exanples of such a solvent include

water, an aIcohoE sq&@ thanoltaggnethano

a an .
Doamount T 0 % Foxyapa rimary . ﬁartlcles
the 1ikKe. ese ‘Sol vent s nﬁy be” “Hge oI nat i o

contfidatd Df fREesolirkhens HowenarabBong thBeang@t &f iSbout 1
particularly preferred.
to 20 wt%, and more preferably in the range of about 5 to 12

wt%.

A2: On the other hand, a solution containing hydrogen
fluoride is prepared separately from the slurry containing the

hydroxyapatite.

A solvent for dissolving hydrogen fluoride is not
particularly limited, and any solvent can be used as long as it
does not inhibit a reaction between hydroxyapatite and hydrogen

fluoride.

‘Examples of such a solvent include water, an alcohol such
as methanol and ethanol, and the 1like. These solvents may be
used in combination of two or more of them. However, among

them, water is particularly preferred.

An amount of the hydrogen fluoride contained in the
29



An anount of the hydrogen fluoride contained in the

29 hydrogen fluoride-containing solution is preferably

in the range of about 1 to 60 wt% and nore

preferably in the range of about 2.5 to 10 wt % A3:

Next, the prepared slurry and_the prepared hydrogen
hydrogesy | ddLeFatsi-Fiongassing ofCakéifrxedst ogeekherapgy 1in the

rea he ydr oxyapatd t e i mar articles wth_the
randi 30 QRS dor i D] et ne i JIreY (PESkE oty i he range of
abou@ont &l g ot ke shydrogen fl uoride- containing sol ution

to obtain fluoroapatite primary particles. Mire

specifically, as shown in the follow ng fornula, by

bringi ng_the hydroxyapatite primary particles into

cofttact MWP¥R:- %P&réﬁ@@agpﬁoﬁyﬂirﬁtaq% 5@%SPB?EaF%d hydrogen

tit at. | ea part. of . i graqu
rrac Rl A e S5 0 PR, Phikl, DX SEBhbace che
hydridxj@idadtd tD Qe LS, t Pa OIVBES . wihB thedne)drmppdn t luoride in

into fluoroapatite and thereby to obtain the .
the fsliormapéréaet ppinmdigupdr t icongaindaido {IROMy@re@efy f2luoride-

conigbe LTS SO RS Oy ives rcnes

primary particles with hydrogen fluoride in the slurry
containing the hydroxyapatite primary particles, it is
possirkl especi feasillly prasiuskovwhe ihl worcoapal idwinpy | faryula, by
_particles. Further, since the hydroxyl groups of ,
bringiddo i Y eOafaPa SR (R ¥ ey b@aJE%bcg?%o%Pﬁ@ §PBRBCt with

of the drogen f.l.uori de_ nmolecul.es duri the sta
byt N S0 apdti 11 pPPRRIY opirt | LRt CrNGCoRra aaet one

partf | &0 eBRaAtde BFI1IMBd dolRsH t bE| By dha%gapathEt iGH| BhéY fluorine
high rate of substitution of the hydroxyl groups by

atontshe Plfuor hgmdragens. fluoride molecules to convert the

hydroxyapatite into fluorocapatite and thereby to obtain the

fluoroapatite primary particles.

Ca10(P0O4) s (OH) 2, —> Caqg(PO4) ¢ (OH) 2.2xFax

(wherein 0 < x £ 1)

As described above, by reacting the hydroxyapatite
primary particles with hydrogen fluoride in the slurry
containing the hydroxyapatite primary particles, it is possible

to easily produce the fluoroapatite primary particles.

Further, since the hydroxyl groups of hydroxyapatite are
substituted by the fluorine atoms of the hydrogen fluoride
molecules during the stage of the hydroxyapatite primary
particles, the obtained fluoroapatite primary particles have a
particularly high rate of substitution of the hydroxyl groups

by the fluorine atoms.
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30 Further, since hydrogen fluoride (HF) is used as a
. fluorine source, no by-product is fornmed or an anount
of a formed by-product is extrenely small as conpared
to a case where ammoni um hydrogen fluoride (NH4F),
lithiumfluoride (LiF), sodiumfluoride (NaF),
potassium fluoride (KF), magnesium fluoride (MyF2),

caIC| fluorj.de ( or t like is d as the

T HSrtRemsourdseeioraatpatny | EXPPyidene (FRfur gy W88d as a
flucf:z:q_'Hé:-‘msoQEcEI UQ[cPaB?thSdubE pref enably asrsm®l | a@Sunt of a

possi bl e. For exanple is preferably 300 ppm or

fornebssbyapdodore pref erdlreynel®0 ppalbr ad essmpiltesl nekess case
it possible to prevent or suppress the, fluorine ataqns
Wheqﬁwﬂﬁﬂﬂﬁ%ﬁ?(quﬁQQﬁﬂﬂ§qq9ﬁﬁqq d@?%gbatﬂﬂéhaﬂ@ féuorpgpr (LiF)

sodih @y S{%}Hf ide Come ¥ ut c%%’%/ Lkrﬁfprfi’ué‘&&‘&' d(xp

resi oapatite prinary partlcfés
£ ludheie diMmyr.h 0 thechumsentiokAMentcar,) PyoadiHst Lhget B8 used as
reaction conditions (e.g., pH tenperature, tinme) of
the tfHaiorigwctdamirdset ween t he hydroxyapatite (primary
particles) and hydrogen fluoride, it is possible to
allom1the impurity content contained in the
r.oa r y ~fa
|r% %ﬂéééaefo%ed %gem%—urt %@&l& C?Jsﬂ%glsty %f elftthéloroapatlte
is @ﬂeﬁurakﬂ@onaentsahumn at apbssbblae i oFcxoOnkxamedel,n it is
a supernatant to reliably fall within a predeterm ned
refieedely PaPPi ®Amar Py, tRTDr dPAg tBPXRe PFcdsambly 100 ppm or

h dj d
Leed Voo, JA B S B e yarsgress the

fluJﬂﬂHH'éEbﬁ@nfﬁbﬁ|BQlﬁQ'%ﬁh&ﬁn@kbatﬂ%%mfﬁlﬁdﬂba itd due to
this state, the hydroxyapatite (primary particles)

theineatés vimplrhiygr cgertdrituor tderebni smpedossiniat apodsicbkéstance

HP %4|OMIthe concent.rati on of tqg fluorine ion and the
of the fluorocapatite primary particles.

magnesn.um

According to the present invention, by adjusting the
reaction conditions (e.g., ©pH, temperature, time) of the
reaction between the hydroxyapatite (primary particles) and
hydrogen fluoride, it is possible to allow the impurity content
contained in the fluoroapatite primary particles to reliably
fall within the above range. Further, it is possible to allow a
concentration of a fluorine ion contained in a supernatant to

reliably fall within a predetermined range.

Particularly, according to the present invention, the pH
of the slurry is adjusted to fall within the range of 2.5 to 5
by mixing the hydrogen fluoride-containing solution with the
slurry, and 1in this state, the hydroxyapatite (primary
particles) reacts with hydrogen fluoride. This makes it

possible to allow the concentration of the fluorine ion and the
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31 inpurity content to reliably fall within the above
. range. In this regard, it is to be noted that in this
specification, the pH of the slurry neans a pH val ue
at the tinme when an entire anount of the hydrogen
fluoride-containing solution is mxed wth the
lmp@qlimf ycontentpetpH sl iphd vs| kYY) withépushed atkapv(qesgange In

there_is.,a te that hydroxya
thls eﬁ%rglss%l%gstoaHE 4%§3§ & ittp %bﬁeépg %?EﬁFfon the
pH é@ epBventuiydrempal i be Qe fALIOERAPRLINEE itn an entire
obtain fluoroapatite primary particles. Further, in

amourhi soﬁasteh,ethgdeogsrlalfslmczar:pi&){ﬂcmnaltmtng:oasﬂ.utment is mixed
materials of a device for use in mxing the
withydo§lafatite primary particles with the hydrogen
fluoride-containing solution are eluted into the
slurry so that low purity fluoroapatite primry

partti ctigs pHe &bt ahBed 1t hesMIudtled IS0 less than 2.5,
technically very difficult to adjust the pH of the
therg ursyat ¢-erddmmy velhae hydsoxlyapaziSeusitgplithedissolves, and

ogen, fluoride- ng, sol uti on. he ot her
ehex RPN ROTES o At He bR COTRET FURFP tPaotee into
£lud:iaibat 4 Ndcbhe dydragensiluophdsr cent a ticl
uso utlgh a |large anﬁhnt of mate? has tozgé :%%d Par icles.
Furtthes, fﬂnﬂwbasldaééjstmaﬁe ig@ &Dtalaapnuhlemfthhe constituent
slurry becomes. extrenely large, and as a result, the
matepiglf offt e daviisieoapari tlég%rllﬁar‘ylishﬁgl dhe bydsexyapatite

t.he total -amunt of he urr | ower e
prlmalaﬁstplalIggglsadvan agé%ﬁ xﬁ“ﬁbﬁ¥?hstg}8°Fﬁ§ a5895alnlng
solutédrtasese | 81at&dseinhere tHée Pkhafy t hes sl t'flét’ | $ow-purity

adjusted to fall wthin the range of 2.5 to 5, the
fludﬁqﬁpanmnﬁ|p£nm¢wynpaytpaREBCHm® givtediucet. byFthehermore, it

! t hen
%&%&é’%f?;g#fnéj&g&udigs% Vaedjalg.]gtlthe PH of the slurry to
value 1less than 2.5 using the hydrogen fluoride-

containing solution.

On the other hand, in order to adjust the pH of the
slurry to more than 5 using the hydrogen fluoride-containing
solution, a large amount of water has to be added to the
slurry. In this case, a total amount of the slurry becomes
extremely large, and as a result, the vyield of the
fluoroapatite primary particles based on the total amount of

the slurry is lowered. This is industrially disadvantageous.

In contrast to the above two cases, in a case where the
PH of the slurry is adjusted to fall within the range of 2.5 to
5, the fluorocapatite (primary particles) produced by the
reaction once tends to dissolve and is then recrystallized.

Therefore, the fluorcapatite primary particles having high
32



Therefore, the fluoroapatite primary particles having
- high 32 crystallinity can be obtained. The slurry and
t he hydrogen fluoride-containing solution nay be
m xed together at one tinme, but they are preferably
m xed by addi ng (dropping) the hydrogen
CrYﬁﬁ%kﬁ%QkﬁkdﬁFh%ﬂ ion into the slurry drop by
drop. A rate of dropping the hydrogen
fluoride-containing solution into the slurry is
prefer ablyrip hhE Eﬁ@gQ&ﬁrdﬁgﬂ”fiuodeéOQOﬁéginlﬁﬁdsolutlon
nore preferably in the range of about 3 to 100
may Fbet erxed hgogesberorabetomeent the, hydrtoxyhpat idee preferably

. primry artlcl s and hydrogen fluoride |s preferably
mlx%%rFWédaég Y

£5hi f rombn% urtrfgﬁ Sydnagesy. Ry osider .Cﬁ@ltamlng
solt{]&g)ﬁlﬂ{trcy tHd d1% 4] ng the
roxyapatite prl rtlcles I'nto uni form contact

mnth hydr ogen quorlde and thereby to allow the
reaction between the hydroxyapatite primary particles
ané Hvﬁﬁbgeﬁffl@mﬁpmkﬁgo ehei chgdrbgepr ofdegride-containing

t 1 i bl e t bt fl tLte
s P re1 B hE e LSRR TRRAYL G Tt BF90E OF Sbout 2

to fdﬂi’%!;/ﬂf”'é}m qﬁof@epfwé%iyg{@ueﬁe%angadaﬁxmea&' B€to 100

by the fluorine atons of the hydrogen flUorid

L/hmol ecul es. By using such fluoroapatite prlnary
particles, it is possible to produce, for exanple, an
adsorbent (dried particles or sintered particles)

ha%b&@hl§sstﬁﬂgr %SSEiéﬁ'%e%%%E%FHSPS roxgg?%tlte primary

reli"ab i S case for s TFEPH

partSldiidsy drid mﬁﬁfgaéﬂ YflthdSlridDé? 18angee pbraboyt cQrtit8 3ut while
W and nore preferably in the range of about 0.5 to

the 1sBanypers Istireedof Bhessigripg Ahearmumrof hydiesgewssible
to 'E&%%Ejd hto Qed?é§§gpé§19§t6§£Q£§¥b particles into uniform
contact with hydrogen fluoride and thereby to allow the
reaction between the hydroxyapatite primary particles and
hydrogen fluoride to efficiently proceed. 1In addition, it is
also possible to obtain fluorocapatite primary particles more
uniform in the rate of substitution of the hydroxyl groups of
hydroxyapatite by the fluorine atoms of the hydrogen fluoride
molecules. By using such fluorocapatite primary particles, it is
possible to produce, for example, an adsorbent (dried particles

or sintered particles) having less characteristic variations

and high reliability.

In this case, power for stirring the slurry is preferably
in the range of about 0.1 to 3 W, and more preferably in the

range of about 0.5 to 1.8 W per 1 liter of the slurry.

An amount of hydrogen fluoride to be mixed is determined
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33 so that an anount of the fluorine atons becones
- preferably in the range of about 0.65 to 1.25 tines,
and nore preferably in the range of about 0.75 to
1.15 tines with respect to an anount of the hydroxyl
groups of hydroxyapatite. A tenperature of the '
so tlakt pBn PEREe Pt hehqy dlogvapat ittensprigramepapre¢Eeeably in

and hydrogen fluoride is nof_particul arl limted .
cie Y BPOREPRE o 195 (8 Fanhe CoMRnodPCh T SOt BRERPLY 1n
the UG PI&f eL8bhy & 73 heorange efmabopt tR0r£8p40€ tbNan amount

this case, hydrogen fluoride is preferably dropped

of taeddedraxitlo r@ipd ke $lygimoxyegrttdite.ng t he
hydroxyapatite primary particles for a length of tine
fromabout 30 mnutes to 16 hours, and nore

pr ef n ti fr t .
ho%? gg %%ﬂ%tg[ﬁa %ﬁ gb?r g{e,aéat\:qﬁnr sk?éqvl?ege%? dt%% n%‘gfi%f’ﬁb’apatlte
primaSal ghunibased aﬁ@nngmd;dq@m alnbrgdeal £4 UAAS Barticularly
cal cium source is prepared. Exanples of the
limigad,i urethase doceiqoainlly (tal chenrsngecef tbohe 5 to 50°C, and
contained in the first liquid_include, but not limted
morg RihF ARy diturkhfy dPegdet aditumfokicdd 2 € al ci um
nitrate and the |like. These conpounds nmay be used
singly or in conbination of two or nore of them
Amorg them cade] uMyipdigen délisrigarticulpadfierably dropped
referred as the cal ciumsource. A solution or _
(adagiperditon d6AY ai Ffg $HEYBAl GURdEEW ébsepobimdrayyapatite
' the first

priﬁ%?%;ﬁgé%fgﬁég?ggﬁ Cgﬂ%§ﬁ€?3%€ gfm% gﬁ%%oﬁgah%gybdminutes to

case ere t base

16 Hl#d Unahly dhdvd dere fe kb T UFRRYAT DXhgen SYSPENREOBrbA about 1
whi ch the cal cium hydroxide is suspended in water is
to audsmhiyw.eferably. 34

Method II
Bl: First, a first 1liquid containing a calcium-based

compound containing calcium as a calcium source is prepared.

Examples of the calcium-based compound (calcium source)
to be contained in the first liquid include, but not limited
thereto, calcium hydroxide, calcium oxide, calcium nitrate and
the like. These compounds may be used singly or in combination
of two or more of them. Among them, calcium hydroxide is

particularly preferred as the calcium source.

A solution or suspension containing the calcium-based
compound as the calcium source can be used as the first liquid.
In the case where the calcium-based compound is calcium
hydroxide, a calcium hydroxide suspension in which the calcium

hydroxide is suspended in water is used preferably.
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An anount of the cal cium based conpound as the cal ci um
. source contained in the first liquid is preferably in
the range of about 1 to 20 wt% and nore preferably
in the range of about 5 to 12 wt% B2: Next, a second
liquid containing hydrogen fluoride (hydrogen
fluoride-containing solution) is prepared. A solvent

for_dissol vi ng_hydrogen,fluorjde i.s not ticularly .
B O 36y S ER e baS gt i BRY 48" e Yeareaum
sourdeesdila i hid e eﬁcﬁétomi_%lm L£arpieee PM14 NifiNehe range
step B5 which will be described |ater. Exanples of
of adgclt 4 sal vEhtwihclamd meterprafewlcbholn sticd rasge of about
met hangl and ethanol, and the |ike. These solvents may
5> topd2 W&éd in conbination of two or nore of them
However, anmong them water is particularly preferred.
B3: Next, a third liquid containing phosphoric acid

( pBasphorégt ACad-gddd N hgusal Won@R)i nisigPrepBF&fen Af luoride

sol vent for dissolving phosphoric. acid is not
(hydgegeinc dllaory dei-gongaindng smpusdonentiscameperesed as

long as it .does not .inhibit the_reaction taq be . .

s BRIt 1 T SRBCBLVLN oRYGEOPeBo ddutigy is ot
partidi8hr1118 i$ATR SO0l MRN AL PR UHFEL AP bd NEsS@ ¥8Mong as it

for dissolving hydrogen fluoride in the step B2
doesdesstr i bedilabove. ddadtsidro be bet ethrhiald botith the the step BS

. solvent for_ dissolving hydrogen fluoride and the

whicfomiddt bEoLegicadbed Agtekosphoric acid are preferably

the same kind of solvent or the sane solvent. A first
m xture is obtained by mxing the first, second 35

a_”Q_xb.ﬁ\b'l@g' bgUisthenprepyeebm@ms desuliddesh©doyean TRecohol such
m xi ng order

as methanol and ethanol, and the like. These solvents may be
used in combination of two or more of them. However, among

them, water is particularly preferred.

B3: Next, a third 1liquid containing phosphoric acid
(phosphoric acid-containing solution) is prepared.

A solvent for dissolving phosphoric. acid 1is not
particularly limited, and any solvent can be used as long as it
does not inhibit the reaction to be carried out in the step BS
which will be described later. The same solvent can be used as
the solvent for dissolving hydrogen fluoride in the step B2
described above.

It is to be noted that both the solvent for dissolving
hydrogen fluoride and the solvent for dissolving phosphoric
acid are preferably the same kind of solvent or the same

solvent.

A first mixture is obtained by mixing the first, second
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thereof is not limted as |ong as the cal ci um based
. conmpound, hydrogen fluoride and phosphoric acid can

be sinmultaneously existed in the first mxture in the

step S5 described later. However, it is preferred

that after the second liquid is mxed wth the third
and |fhirdl tisTwisisinrepas@cond Moaanidedapdpovsen The mixing order

second m xture i, ded to the first liguid to obtain
the’i%oefo f’r?sf“’gm%&f‘lﬂ&&a@‘dﬁﬁ n‘i{%?%gatshetqq r ?‘?cjslé[&b}ﬁ%ls geempound,
hydddydrf lehgBird8el Naddl ShdddiRnid Nc$8CoRsh | i 41808 taneously

the third liquid can"be uniformy mxed with the
exidtigdt ihi ghied. f gt heixtthe hydridey| sgepus odescribed later.

hydr oxyapatite can be uniformy substituted by the _
Howegjor i He 1ot BRBLSFredethplr 8&ERTT IHHGY iTRCIRS ebidiesd 1s mixed
wiclf MADCPIE 1ikols oBOSBLALE LO JRIBDI GO0 chen the

Suppr ess a by-product such~as ~ calcrum Tuoride From

secdifd Nl phodlces. added hts il@egafgxs&tli%ui@_ be Bptgdnt BAE first
exanples of a nethod of obtaining the first mxture

mixtotteer than the method described above include: a
nmet hod of substantially sinultaneously adding the
second liquid and the third liquid to the first

i qui di s a: et Of . st j VoS gNeo ; ; ;

adang R (A 1T NG andhe (R T a'ratifig in this

ordeaecotite seégonhd; 1agdid sRthatheoftisidastiaiuiad | ¥an be uniformly
. simultaneously adding the first liquid and the second

mixegd gt Eht henhdimatr dliqwid d. Ferehenf t he hvEsuefilptgopups of

wll be made, as a representativ iLth respect .to .
by ity ChoFatar br FHd C280dnd " RFke G EoPe B editoq £ 1uorine
atort€oseedrd Hjdddyed | 61 MbXEse Wnblebligekbl I Strudtiitbled it is

obtain the first” m xture, thereby producing

posdihicr oepatrefléablg BieNext:, dihessppoass| aqlbydtmrditdte such as

third |iquid, ich .
calcium fluéiiéé gﬁ%m being produced.

In this regard, it is to be noted that examples of a
method of obtaining the first mixture other than the method
described above include: a method of substantially
simultaneously adding the second liquid and the third liquid to
the first 1liquid; a method of substantially simultaneously
adding the first 1liquid and the third 1liquid to the second
liquid; and a method of substantially simultaneously adding the

first liquid and the second liquid to the third liquid.

Hereinafter, a description will be made, as a
representative, with respect to the case where after the second
mixture is prepared, the second mixture is mixed with the first
liquid to obtain the first mixture, thereby producing

fluoroapatite.
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have been prepared in the steps B2 and B3,

. respectively, are mxed to each other to obtain the
second m xture. An anmount of hydrogen fl uoride
contained in the second mxture is preferably in the

range of about 0.5 to 60 wt% and nore preferably in .
t hé% angdegt  abdiet SE®nD LoTwkdoant dpeuhhisd liquid, which

h horlc aci d cont ned in t secgn mxture is
hav%rg &rabl reparet%lihe Ta 8 i é:rjc‘oﬁz aBat 38390 hrekeghyvely, are
mixdPPrtes rgaaérer&l}ié/r 'tfbtcﬂﬁqa[ﬁ{‘gﬁqé)f Al A dre 20 Wt %

The anount of phosphoric acid contained in the second

rri »gur ameynpr effer apfiyogent He ucarige ofomtb@ine?. Gnt ocHe 5second
nmes.in a_nol anmount, and nore preferably in the .
mmr%?gel%fpﬁ%‘a%aélg 8 theoTArges Qh aPTespect 9 60 wt%, and

o e R gt B NBRC el et 1 g & Bt Fon

cont ai ni ng cal cium based conpound) prepared in the
step Bl described above is mixed with the second
m Xrur enebngi nefl iphesmhantiap B&Fl@esephbednedbowa tthhe second

t th t tu Th t b
iR BELLISL T e, Theh, U Sl nbRsed, oy g

mord g ddenANd Phagphallfe ag dddyd ke f igstygngdaure to

thereby obt'ain fluoroapatite primary particles. Mre
specifically, in the case where cal cium hydroxide is

used as the cal ci um source, by bringi r;lfgtl cal ci um

hy dP6xi BBOHRE 0 Ol oRPESPDRFER ek g@eriiaimecdeiandhe second

: LS it osSible to
wis OO L AL s A ORI CORIA D 0 pra.s cines o
a mdDl hewhng, f ghdUkB el fePdb12 HrbHhd Bger SHFabout 2.8 to

Caro (PO4) 6 (OH) 2.2XF2X + 18H20 + 37 2 (FQC» X +
4.02p$mgstvpmﬁere¢ﬂp©ck xo diydrogen fluoride contained in the

second mixture at the mol amount.

B5: Next, the first liquid (solution containing calcium-
based compound) prepared in the step Bl described above is
mixed with the second mixture obtained in the step B4 described
above to obtain the first mixture. Then, the calcium—based
compound as a calcium source is reacted with hydrogen fluoride
and phosphoric acid in the first mixture to thereby obtain

fluoroapatite primary particles.

More specifically, in the case where calcium hydroxide is
used as the calcium source, by bringing calcium hydroxide into
contact with hydrogen fluoride and phosphoric acid, it 1is
possible to obtain fluorocapatite primary particles as shown in

the following formula.

lOC'a(OH)2 + 6H3(PO4) + 2HF — Calo(PO4)6(OH)2_2xF2x + 18H,0 +
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As described above, the fluoroapatite primary
. particles can be reliably produced by bringing
hydrogen fluoride and phosphoric acid into contact
with the cal ci umbased conmpound (cal ci um hydroxi de)
as the cal ciumsource, and then reacting hydrogen
2 (HAQ)grort @&F1phosphoric acid and the cal ci um based
co und with sinple handling that the first liquidis
niQ@ﬁheFﬁH31Q:ﬁé“ééL&ﬁd m xture. Fluoroapatite produced
by the reaction as shown in the above fornula has a
| arge specific surface area. As shown in the above
f orAaul describsds@imosed that flflcrarapeaydttiet eprsmary particles
produced by_substituting_the hydroxyl groups of .
can h;b@ro%?éba%itife PrRrY¢eed | Bt i RE1REARE obYEredaydribyeeride and
i de ec i n y. Wth i
o RRt by REBVaLENAR { o LBl SR Bllseq  compound

(caPROSEh bh?dﬁf@x@ﬂéai A Bh@h candtih 0§osHbs! | tHd NghéRe reacting
hydroxyl groups of hydroxyapatite by the fluorine
hydrgasmn of lubei@gdr ogbesbhasicde awildecuhed. FEhet heglcium-based

since hydrogen fluoride (HF) is used as.a _fluorine . _
COMERIHE e E it e TBTES AT AR CHRC i by LAFSAUCETRT 18 mixed
with AHE G oA fmYtte Of a by-product is extremely smal

as conpared to a case where amoni um fl uori de (NH4F),

lithium fluoride (LiF), sodiumfluoride (NaF),

pot assi um fluoride (KF), nagnesiumfluoride (MF2),

calfdiuphcan#dritde Pragzyed ot hehej Keadgtd apsedsashdwer in the
abo feI uj‘f)c;]_lrtl{]el SUULE ].-I-I']rereefsor ec:':i.J‘:IiI']ce saunlpémt of dhe

%wprmﬁ& HWUH%% dontaimed I ﬁﬂ%ﬁﬁﬁﬁite

primary particles can be nade small so that acid

resi stance of the fluoroapatite primary particles-is

i mrovetownt iy t bhbe mbted B&miuhai tie tiey msupposed that

FLuqEEARARASY ubF BECBFCETe 1Y KEURAF LU 4 feriRFbahA5RREL groups
of ""Wiroxyapatite by the fluorine atoms of the hydrogen
fluoride molecules simultaneously with producing hydroxyapatite
primary particles. Therefore, it is possible to obtain a high
ratio of substituting the hydroxyl groups of hydroxyapatite by

the fluorine atoms of the hydrogen fluoride molecules.

Further, since hydrogen fluoride (HF) is used as a
fluorine source in the present invention, no by-product is
formed or an amount of a by-product is extremely small as
compared to a case where ammonium fluoride (NH,F), lithium
fluoride (LiF), sodium fluoride (NaF), potassium fluoride (KF),
magnesium fluoride (MgF;), calcium fluoride (CaF,), or the like
is used as the fluorine source. Therefore, the amount of the
by-product (impurity) contained in fluoroapatite primafy
particles can be made small so that acid resistance of the

fluorocapatite primary particles is improved. It is to be noted
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material of fluoroapatite. Mdre specifically, the
- inmpurity content of fluoroapatite is preferably as
smal |l as possible. For exanple, it is preferably 300
ppm or |ess, and nore preferably 100 ppmor | ess.
This makes it possible to further inprove acid
that edihet apREn OfiMPNE Ltlv(iorwsisht hesepni maanpaariehes, ddd thium,

o theiy |low inpuri content .. Agcording to the
cal%%‘ééenﬁ‘f%{/le%?i 51, Bg}‘gad?b@?i n"éhltcﬁ'é l@ongFFilgﬁ (BrgR, @ raw
mat®Hialesper ahidFSapdtMd. of the reaction among the

cal ci um based conpound (cal ci um source), hydrogen

fluoride and phosphoric acid, it is possible to allow
the inpurity, content contained in the fluoroapatite .
priYRyry pRFELELE’1LY. fthel WWRHIITY hecrbrRe PAndducHeapatite

N iCHALL d d d_m_xt. ma e m xed . :
e t%fgée%%%eégg* & téu”{r‘%‘gl]tsg O EOESiRE r)s/tporrlf xtUrEPYS 1t 1S

prefé&eybiye 300 epphally mexed haddbre (SFoRpisy t 80 ppm or
second m xture into the first liquid drop by drop. By

lesgir opitiriy make s ddompasitle ¢o ifvtrg hishre ifmprsive jaguiidd reististance
i ossible to relatively easil react the ,

of  EhS; il BAEREPRbHPOUNBE HGEF ogBATFEEOFFdedify o their low

impRPPSPhOLhCegci d. It is possible to nore easily and
reliably adjust a pH of the second mixture to a val ue

wi thin an appropriate range. For these reasons,
deconposition or dissolution of the produced . _
f | fTCAFHNT e teanthe pPegenned. imgenrtierul thy i adjsisting the

ossible,fo_ obtain_fluoroapatite .(fluorpapatite :
Con%lr‘?%% 057 ¥ el 8?) ﬁa‘?\‘}‘g}?’ﬁéa%ﬁ’jrgh St_tfin]et)y %‘ﬁd | apgetion among
theS@&EEE&@—EHEEQC%OQb%@d&W@%émdﬂhﬁ“é%&kcép,Ah?é&@g@ﬁ_fluoride
droppi ng the second m xture into the first ifquid is
and préfasrdisinid nathd, r ahge iof @oswtiblet 0td00alldw, tdrd impurity
content contained in the fluoroapatite primary particles to

fall within the above range.

The first liquid and the second mixture may be mixed
together at one time to obtain the first mixture, but they are
preferably mixed by adding (dropping) the second mixture into
the first liquid drop by drop. By dropping the second mixture
into the first 1liquid, it is possible to relatively easily
react the calcium-based compound, hydrogen fluoride and

phosphoric acid.

It is possible to more easily and reliably adjust a pH of
the second mixture to a value within an appropriate range. For
these reasons, decomposition or dissolution of the produced
fluoroapatite can be prevented. As a result, it is possible to
obtain fluoroapatite (fluoroapatite primary particles) having

high purity and a large specific surface area in a high yield.
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nore preferably in the range of about 10 to 100 L/ hr.
+ By mxing (adding) the second m xture with (to) the

first liquid at such a dropping rate, it is possible

to react the cal cium based conpound, hydrogen

fluoride and phosphoric acid under mlder conditions.

Further, the reaction anong the cal ci um based

conpo drogen fluoride and osphaoric acid is .

pré e%%ng %grﬁ#ﬁéfgﬁﬂg Fles?%%£$i (ﬁHEaIJEEtPS the first
liqeid riedprByeshbnki NG thes fri8be BEXEWoRt It £S5 100 L/hr, and

possible to bring the cal ci unt based conmpound into
moregrpfefertab ontmcthev téandy doDgavodt uod itde B0 L/hr. By mixing

hosphoric acid and thereby to allow the reaction
(ad g

the EsFeRtnpassds Eombourt®) Hyke oﬁéﬁsﬂl éEpdd at such
] id. I, i tl . .
a dgg%¥?F%ﬁPP$Eé9h§§%ol%o géééfﬁfgf %? @Egg%e %??2<%ﬁ%§1um—based

xyl groups o ydr oxyapa
compurid) mhydswhehi t £1@shk b¥e t Badl | posspeoA OMaQla th8der milder
hydrogen fluoride nolecules. By using such
conditipmapatite primary particles, it is possible to
produce, for exanple, an adsorbent (dried particles
or sintered particles) 3 having less characteristic

vargatdHis aﬂﬂehir%étqldrf‘b&kﬁﬁg' tll'{é thy cf@rﬁ—ebagg&’er ompound,
for stirring the first mxture™ (slurry) is pHaeraﬁy

hydrggdmmef hamgsdefaadophofphot dc 3a¥idand preferpbefeicakiried out
.in the range of about 0.9 to 1.8 Wper 1 liter of the
whilg g AlFehperiatinte ofst ML ¥erd i on ByhoR§irkwéng the first

- I umeb d und,_as ;t he cal ci um spurce,
mlxé%%ﬁbggﬁ'?f%oﬂéﬁgggaf Bﬂoéﬁﬁ%} ct§8<f? ?+RW'based compound
int@anhi€kally ddmided, whuh 15y @Freder abhyioriet Nend aR@® sphoric

of about 5 to 50C, and nore preferably in the 40
acid amg@ bheapbut t20 ald A0CheA témeighon hemsegatati amalcium-based
i , nt . . o
comﬂgﬂgg¥1ﬁ§ Eggéggfagogggepg%%gphosphorlc acid to efficiently
proceed. In addition, the hydroxyl groups of hydroxyapatite are
uniformly substituted by the fluorine atoms of the hydrogen
fluoride molecules. By wusing such fluorocapatite primary
particles, it is possible to produce, for example, an adsorbent

(dried particles or sintered particles) 3 having less

characteristic variations and high reliability.

In this case, power for stirring the first mixture
(slurry) is preferably in the range of about 0.5 to 3 W, and
more preferably in the range of about 0.9 to 1.8 W per 1 liter

of the slurry.

A temperature of the reaction among the calcium-based
compound as the calcium source, hydrogen fluoride and
phosphoric acid is not particularly limited, but is preferably

in the range of about 5 to 50°C, and more preferably in the
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i nvention has been described above with reference to
. preferred enbodinents thereof, the present invention
is not limted thereto. For exanple, the separation
nmet hod according to the present invention may further
i nclude one or nore steps for any purpose. Exanples
rangieref nidedow, 2@ hieo pk@sent i nvention will be described
with reference to specific exanples. (Exanple 1) -1-
First, a silkwrmcocoon (threads of cocoon)

COd i Hduh ath&CEyanant o5 Rnd d AT Sé%%ﬂiiﬁgmt% Nthe present
derived from Aequorea Victoria) was grinded to a

invenwier kaat beby deisng ibedgrabuder witlobtaferanpewder pafeferred
the sil kworm cocoon. In this regard, the reconbi nant o

embeEINGRS ant Rt ed KoM RLESAtch Wienhiam dilfes NRdr e limited

theﬁé’ (gl_ed %‘%\gt I'égcafnlé)li%r,estcr?@t sgff,%églélgﬁ'(l( gé%%o%eg%%cﬁodré{r%n to the

at ur al quor e I'ctorl a. worm cCo

presont Al Avagcihe hegorb et GhPi1vas ehtabRefokboRNEQ for any
SILK Co., Ltd. -2- Next, 50nMtris hydrochloric bufifer
purgeseition (pH 7.5) containing 150 nM NaCl was added to
the powder of 120 ng to obtain a mxture, thereafter
the obtained m xture was stirred. In this regard, it

Exa&g}ég be noted that the stirring conditions were set
at a stirring speed was 30 rpm a tenperature of

t heldre imdyldrwochitos i srdudriteriseént iom wasl46e daedrdbed with
stirring time was 48 hours. 41 -3- Next, the stirred
ref ey st et NaTPeUb] et es - centri fugal separation
tre gmhé%?MOrmnforSIﬁnMesata tenperature
of T obt’ain a supernatant, and then the

-1- First, a silkworm cocoon (threads of cocoon)
containing a recombinant GFP (fluorescent protein derived from
Aequorea Victoria) was grinded to a powder state by using a

grinder to obtain a powder of the silkworm cocoon.

In this regard, the recombinant GFP was an altered body
in which six histidines were bonded to the fluorescent protein
(GFP) derived from natural Aequorea Victoria. The silkworm
cocoon containing the recombinant GFP was obtained from NEO

SILK Co., Ltd.

-2- Next, 50mM tris hydrochloric buffer solution (pH
7.5) containing 150 mM NaCl was added to the powder of 120 mg
to obtain a mixture, thereafter the obtained mixture was
stirred. In this regard, it is to be noted that the stirring
conditions were set so that a stirring speed was 30 rpm, a
temperature of the tris hydrochloric buffer solution was 4°C,

and a stirring time was 48 hours.
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super nat ant was concentrated by using an
+ultrafiltration mnmethod. Thus concentrated supernatant
was used as a sanple solution which contained the
reconmbi nant GFP and contam nating proteins derived
fromthe sil kworm cocoon. -4- Next, 50 pL of the
sanple solaiti.on tke sebbiied mippired)waat osghjected to a

S etf|II|n ce of a a ion aratus to
cen&ds%%ﬁ EAhEPRanteerredha LonbantREc | RGE or Bepries at a
temﬁ@r@ﬂlﬁéis@@e@bc Thes, awc£lyate Aupasnavapki edahc@t %hen the

t he adsor bent f||||ng space for 5 mnutes at a fl

supematait 1 wak/ moonchextratadm xdwr euoing heaal uaﬂe:n&farld:ratlon

an_eluate B was supplied into the adsorbent filling
methodee f%}uslSCHPHSFE@SFda s‘%HW%%ﬂ‘él ola$ M99d naso a sample

SOlﬁetF%%rtl Z&h%f’i‘gﬂu%nﬂc%&h%d th\ge r%. at SF@ g the toamlnatlng

was conti nuous y C ange in the range

prot®idder e epfderchd hei Btwste & owsn supplied i nt 0
the adsorbent filling space for 5 mnutes at a flow

rate of 1 nlL/mn. By supply process as descri bed
above, ecophi nant _GFP and cont am nating proteins
were desg{%ﬁ% m‘{Iheogds‘b]?‘BerﬁamH t gl BF&gPe Was ¢ jepplied

(appll 2ddy €180 t Q@l ebualbepBnto Hﬂﬂ.?g%ﬁor%ﬁéé‘ S ¢ Ualsorption

contai ning the reconbi nant GFP an
appaicaitesti nat i rePgwad eivle  emmditerel UBRP Ccemidal RiohGaminating
the reconbinant GFP and/or the contam nating proteins
Prot@id wel 28 SERergeatt.r ofibehe adsorbiafe fA|waﬁgsgpaéeed into

adsor t|on atus. The disch ed
the ?uan’%b&tlt Erl%cl: |gna Cplea%s@f‘gufﬁ 2fC. & ﬁ‘ﬁ? rate of 1
mL/n{@gar dyekt , i & H&ﬁ%hﬁgﬁgﬂ Ehétéidéﬂé”ﬁ'éﬁﬂz%ﬂ4eiﬁﬁe% B was
100 mm in which 0.9 g of hydroxyapatite beads ("CHT
Supp@qﬁﬂlintgfthhl@NS@H?QKFEfhkﬁmngrspase4ﬁoklmS\MMMutes at a
flovggggﬁsé:g? %}.?ﬁgt&arqﬁ( EDYA Corgora%tcgu%rp grata:l?ot hbetween the

eluate A and the eluate B was continuously changed in the range
of 0 to 100%. Thereafter, the eluate B was supplied into the
adsorbent filling space for 5 minutes at a flow rate of 1
mL/min. By supply process as described above, the recombinant
GFP and contaminating proteins were desorbed from the adsorbent
to the eluate A, the mixture, or the eluate B to thereby obtain
an eluant containing the recombinant GFP and/or the
contaminating proteins. Then, the eluant containing the
recombinant GFP and/or the contaminating proteins were/was
discharged from the adsorbent filling space to out of the
adsorption apparatus. The discharged eluant was fractionated in

vessels by 2mL.

In this regard, it is to be noted that a column (size 4
mm x 100 mm) in which 0.9 g of hydroxyapatite beads (“CHT

Typell”, of which average diameter was 40 um, was produced by
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the adsorbent filling space was used in the adsorption
- apparatus. Further, it is to be noted that 1 nM

phosphate elution buffer (pH 6.8) was used as the

el uate A and 400nM phosphate elution buffer (pH 6.8)

was used as the eluate B. As a result, the fluorescent
Pentapt dHRYderfRARPFFOIRNIAqUEBed g cRepPabeBE| vase filled into

separated from.the_cont am natin prot ei ns_der_ived .
thefr§§$$ﬁ§e§£|k%ég§68ﬁ wﬁ3%$%MH%acoh?%?§elen tbﬁe adsorption
app&Babhe. solution. This result was shown as peaks in

whi ch one peak in about 11 m nutes of the retention

time in FIG 2 represented a peak of the reconbi nant

GFP_and the other peaks in the range of about 8 to 10 .

mi MHEDE the A6t R i BR 1GR9 nthat gl I epPesphpeg elution

ks, af amLpati t el That _ j

o P s ent by AF o Har L yadet st aduiSa 0P D npepnate
eluthoh dobef &l |EIcted ) nidd acddOnss (dhe orssed 5.

contai ning the eluant which was discharged fromthe

adsorbent filling space to out of the adsorption

apparatus in t range of__about 10 to 12 mnutes. .

LP i s@, 4b3V gproé%ﬁ%egqﬂﬁﬁ?ﬁﬁﬁqqedPB%FeB@ t%ﬁgéved from

I t eg Thes ul a S : :
A e e B ASaat A5°To & erhay aninating
protueses | BedivadMErbonitle esibk. cocbbansgarilc WRese, cdbtained in

449- 465, 2007., a reconbinant GFP which was the sane _
the ggappde §9&HCIARt he ERAFprEsHliayasepdtatedasrBarks in which

c m.nat | roteins deriv froma,sil kworm.cocoon
one bég%% ﬁé} B ﬁ. Wiﬁqga d’%.tﬁ% ASEERFASTH {P,l“tenem FIG. 2
repSepaitedd 08 padkt ke cohd eebtonbPhahbe crre R AROt oEBHBr peaks

was possi bl e. However, clogging occurred to the
in the range of about 8 to 10 minutes of the retention time in

FIG. 2 represented peaks of the contaminating proteins. That is
to say, the fluorescent protein derived from Aequorea Victoria
could be collected in fractions (the vessels) containing the
eluant which was discharged from the adsorbent filling space to
out of the adsorption apparatus in the range of about 10 to 12

minutes.

Likewise, above processes were carried out 50 times

repeatedly. These results were the same as the above results.

Comparative Example

According to a method described in M. Tomita et al.,
Transgenic Res., 16, 449-465, 2007., a recombinant GFP which
was the same as that used in the Example 1 was separated from
contaminating proteins derived from a silkworm cocoon by using

a Ni-affinity column.
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Ni -affinity colum at a tine in which the sane
+ processes as those in the Exanple 1 were repeated 30
times. Exanple 2 A natural GFP extracted from Aequorea
Victoria was separated from contam nating proteins
derived froma silkworm cocoon and collected in
frdet i 8nsresukiane thenneeraratien Eradpl the 1collection of the

results t he sane, th of the aml e 1.
recQithare "GhE el Tt Al et RS SEEcr (Ho@ORRG Sccurred to the
Ni-d5F 2008830823t 8 nafny aknCGRiwas E’ﬁQdLé%% 'gro%esses as
threads constituting a silkworm cocoon, and then the
thogrmt im at he&FRkams] s eparate drdpeaxmed @ aniineat i ng pr ot ei ns
derived fromthe sil kworm cocoon and collected in
fractions as sane manner in the Exanple 1. The
re r£ the sane as that of the Exanple 1. In
_thi%sila{r gl\z:%?dé,e a nunmber of histidine contained in the

natyr aha ol Wasgspel £REradbdd t BabmCoRLtalBedal Niibeoria was
reconbi nant GFP. Therefore, there was a tendency that

sepaprtedt Empnorrdritamigfatting nertotraln$GFReirnvad from a silkworm

absor bance gurve was slightly earlier than that of the
CoCQUL AR naRt LeEFEduER t HrRRBLFDR? BRMAI BRPAFReln the Example

1. Co’f‘ltlé' rkeéjsuftrher%}er}e FEEEheégmé.e"ag h%hg.%t uB@' %g gsgagnple 1.
separated fromthe contam nating proteins derive
Furtflierm t hecstikmgr Foc ec ot deottHséfdihnutsha-2008-0301823,
fractions as the same nanner in the Exanple 1 by .
a nasprRglt KEFF IWRT cppadieed béadshnesdisc eepnst Hastinded silkworm
ove as .adsor results were the sane

. Th
COC At ofmtdhgn ) 2:%%&. PﬁgFﬁ? re aljrd,w?ﬁeres‘?f%asragtsed from

cont@ndencind hatrdcka ndseqoti sugh @on adser bei  fBKES ddcoon and
possible to inprove a nunber of the separation

colloperead | On tioraloe iceusr i@l oaher ep@aicad| in 44e Example 1. The

east qne of_cal cium atons of ,
resuFlL{:rsE hv?errneortehe astan|1e as tq'lat of t%e Example 1. In this regard,

a number of histidine contained in the natural GFP was smaller
than that contained in the recombinant GFP. Therefore, there
was a tendency that the retention time of the natural GFP in an
absorbance curve was slightly earlier than that of the
recombinant GFP due to the number of histidine contained

therein.

Furthermore, the natural GFP were separated from the
contaminating proteins derived from the silkworm cocoon and
collected in the fractions as the same manner in the Example 1
by using the fluoroapatite beads produced as described above as
an adsorbent. The results were the same as that of the Example
1. In this regard, there was a tendency that the use of such an
adsorbent makes it possible to improve a number of the

separation operation to be carried out repeatedly.
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of

hydr oxyl apatite was substituted by at |east one of
» zinc atons (zinc ions), nickel atons (nickel ions),
cobalt atons (cobalt ions), and copper atoms (copper
ions) to obtain hydroxylapatite beads as the
adsorbent. A natural GFP were separated from
c oATERNSATMOAS . pr o8& nsl@aptvedone omaf si Idavsrieocadipms  of

and - collected in fractions .as the sane nner ip the
hydARRE TS, Vo] RYPERGRUREr Gk I Spat ARECbEARs Ofnginc atoms
(zid@SUbAS) W8 ckBe SAMBNAS (niBRL1 Of oBX3NMPl & pa1d NatBhE  (cobalt
regard, there was a tendency that each of the

iong)et eartd croppemesaodms hécopper aioBP andobhein hydroxylapatite
contam natin protei ns separated. by using such
beadf drxytRparaseheads ash et webr R pegameseRa®ted from

congmqqalﬁﬁegirot%%é{%t lge%l.iv%': %‘1% th %(:)Lﬂ.ltk%'g%at iCrC]J%OOH and

proteins arat ed by using the adsorbent in the

colllaigd eid duect@ohbe alsMiiyeshié f nahh¥rbetvweais tBRample 1 by
natural GFP and the adsorbent. This tendency was
usinghwrle orsprexiolapatite kesds of The vesubfstWere the same as

n rec gg{naQ$?GFP. Furt hernore, a reconbi nant GFP were
t a%éﬁg BPS om contaminating proteins derived froma

si Igwogm goqeen nd tﬁ@f(ll: eGhed 4 nhag 'c?/nslhl"i‘ast”é%.ch of the
sane manner in the Exanple 1 except that the

retearaciarbi namesGFRwashehamgetiriad adFruoaesicethe pkohtiaminating
derived from Anguilla japonica. The results were the

Proteims aSePRbRtef bxaisiandl. swolht hedrerylapatipsealkrndd as the

adsot%: eJLII’lreLg t r%%)r{qg tllgl%te ; n:eh%r[ Ieﬁggtgs a(rj?iéz gél?%gilgﬁ{lglaﬁt eGSF']EE oand the

Su er contal ne

contARMAHAAtH P N e 29850422008 bl ed Qe at ¥s@@bent in the
2008) which is expressly incorporated herein by

Exampdfeeriendee i noi the emprosted dfifliesisotherwease shat adfuaal GFP
reference to a conpound or _ 45 ] ,

and the adsorbent. his tendency was shown conspicuously in

case of the use of the recombinant GFP.

Furthermore, a recombinant GFP were separated from
contaminating proteins derived from a silkworm cocoon and
collected in fractions as the same manner in the Example 1
except that the recombinant GFP was changed to a fluorescent
protein derived from Anguilla japonica. The results were the

same as that of Example 1.

Furthermore, it is also to be understood that the present
disclosure relates to subject matter contained in Japanese
Patent Application No. 2008-042209 (filed on February 22, 2008)
which is expressly incorporated herein by reference in its

entirety.

Unless otherwise stated, a reference to a compound or
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conmponent includes the conpound or conponent by
» itself, as well as in conbination with other
conmpounds or conponents, such as m xtures of
conmpounds. As used herein, the singular fornms "a,
"an," and "the" include the plural reference unless
compeeRontRciudteatly COMPPWR@sobt perpprent ERreptsehér eas well

ot herwi se _i_ndi cat. [l nunbers expressin
as Bhatetigeegres mid Shier  FRTRPREHBL Shoi dmrnenby sguch as
mixtoFdd otis@bnddudde specification and clainms are to be
understood as being nodified in all instances by the
term "about." Accordingly, unless indicated to the
contrary, the nunerical paraneters set forth in the

{4

f oltowi PR spEERENcattilén [PV Rt abRBBS cl'dirms sfe © and “the”
: oxLyat i at ry d Ing n
inc B DERE, BIRFRTS SBneniRl LIRS PR philfexc clearty
dictfyEesendthdfwiegd i on. At the very least, and not to be

considered as an attenpt to limt the application of

the doctrine of equivalents to the scope of the

cl aj_ns, .each nunerjcal ,paraneter should be construed ,

0 BIEIRC OISR RGRBEFIOF SPGRCACEAn: il PTARRS expressing
quarf di DAL Y SEoundiNg; canuent kgaétié\ﬂd'édmaéhi'éhs,t hgna so fortn

recitation of nunerical ranges wthin this
usedpeni ftiheat speciSi conisirleard ttdaiasa dalfsctosWes wfid@tstood as

. nhurerical values and ranges within that range. For B

beinganpPeified airangelis fnswealsest Yo &bsut Bormit “about.

[.S;.de d include,.  f.or.examl.e, 1 34, 46. 1, .
necd OB RILbBRe PR Finge® wPbRERaFKe (digenomerical
pardhetdiad | se€l akBREni Sinl. thdTethoth Ofisepasgtéfi@ation and

fluorescent protein froma sanple containing a
attgghadldlaind rotappsoxomaionmngthdte may vary depending upon

the desired properties sought to be obtained by the present
invention. At the very least, and not to be considered as an
attempt to limit the application of the doctrine of equivalents
to the scope of the claims, each numerical parameter should be
construed in 1light of the number of significant digits and

ordinary rounding conventions.

Additionally, the recitation of numerical ranges within
this specification is considered to be a disclosure of all
numerical values and ranges within that range. For example, if
a range 1is from about 1 to about 50, it is deemed to include,
for example, 1, 7, 34, 46.1, 23.7, or any other value or range

within the range.

46



fluorescent protein, the nmethod conprising: preparing
» a sanple solution by adding the sanple to a |iquid;
prepari ng an adsorption apparatus having a filling
space for filling an adsorbent having a surface,
wherein at |east the surface of the adsorbent is
What i r¢laimed gksy cal ci um phosphate- based conmpound and
at least a part of the filling space is filled with
t he adsorbent; supplying the sanple solution into the
1. fildi 'ﬁgat?fﬁﬁf:eo@f sEBQngg’Lﬁ@ptéonfﬁP@Pééé%ﬁt ga chgé ﬁhefrom a
plurality of proteins are “adsorbed by t adsor bent ;
samleppl gomga tnjpgspaat plekalion buffeprboélebutb@@thhalng the
fluorescent protein contained in the plurality of
£lugieieh s BYOM LT hetRRISH G GMRF¥HEIFi | | i ng space of
th r at thereby tain an el uan
co trge&?]a%g{él %es%é% pr ote| agg&n?r ae ‘?oﬁg h& to a
liqude; el uant mhlch i s di scharged from the filling space
of the adsorption apparatus into a portion of the
pmﬂﬁﬂnﬁninganoﬁdbgrpeionoap@BWBMQalha%ﬂngn@séémﬂing space
ej n_and ther portions thereof to thereby
for EhiTag thed 3%%5?%§Eehfwlwoﬁeﬁﬁrﬁﬁ6ﬁnweeﬁfeapafar:t Jeast the

surfgcéﬂégetﬂé 350; SHHEEQOQO Scelat Enachgﬁgﬁﬁm phosphate-
he e

wherein int phosphate el ution ér supplying

basei epompopHdofaridie aphosgdet ea gbattt obrbufher fiig liimgt hepace is
range of 6 to 8 3. The nethod as clained in claim1,

fll%ﬁ%ﬂ@ﬁhlﬁhqrﬁQS?ﬁhﬁﬁmmte el ution bu;fer suppl yi ng
t
ot AT T Re  PARGR o 0 i HR0t T, e ok MW agpace of

the(%é%@ﬁﬁtiBnCh@bﬁk&tuﬁhgﬁaﬂﬁdﬂ1GHEEplurality of proteins are

adsorbed by the adsorbent;

supplying a phosphate elution buffer for eluting the
fluorescent protein contained in the plurality of proteins from
the adsorbent into the filling space of the adsorption
apparatus to thereby obtain an eluant containing the
fluorescent protein; and

fractionatihg the eluant which 1is discharged from the
filling space of the adsorption apparatus into a portion of the
phosphate elution buffer containing the fluorescent protein and
other portions thereof to thereby separate the fluorescent

protein from the plurality of proteins.

2. The method as claimed in claim 1, wherein in the
phosphate elution buffer supplying step, a pH of the phosphate

elution buffer is in the range of 6 to 8.

3. The method as claimed in claim 1, wherein in the

phosphate elution buffer supplying step, a temperature of the
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phosphate el ution buffer supplying step, a salt
» concentration of the phosphate elution buffer is 500
mMor lower. 5. The nmethod as clainmed in claiml,
wherein in the phosphate elution buffer supplying
step and the eluant fractionating step, a flowrate
phogphate ehesipmatuiien iioh BWufthe ranamialy 3G the0°C.
filling space of the adsorption apparatus is in the
range of 0.1 to 10 nL/mn. 6. The nethod as clainmed in
4. clajfe 1meiescei nad hecfd upegscent pLrohei B i sy Rkrk8aSt in  the
one of a fluorescent protein derived froma cnidarian
phogpithtaa elltieied odfearhes@obdlyimg Theeppt hodsadtclaimmthtration
in claim6, wherein the altered body is obtained by
of TRl PRPIRIEMARLUEPDHPHI T dihe 09 Y (RE Lawrr -
arginine to the fluorescent protein derived fromthe
cnidarian. 8. The nethod as clained in claim®,
5. wherei N fdthdd UM LSCETYimddi Ot h N ESaeXPr €SSeghefein in the
threads constituting a sil kworm cocoon by
phogphaisd er elpngiannudiudiferaci supmky iy ngsgegeneand the eluant
correspondi n to.tﬁfofluoresc n ein to a nucl.ei

t [
Eraciy P Rthe R kvibr O, TTHE bt HBE BLOSPRRREA SHition buffer
flo&&ﬁ%nlﬁ’tﬂ@eEgﬂ@ih§§§%%E@'ﬁ? jﬁﬂ?%ﬁ@@&f%%féﬁda opoupd is in

I's constituted of oxyapatite as a I n comnponent
the tweigofof 10.1 The Ietiothias. claimed in claim9, wherein

the hydroxyapatite has hydroxyl groups, and the

hydr oxyapatite is 48 reacted with hydrogen fluoride

6. rTDl'ﬁ‘ﬁel’”rnee }{]ciaééié]sq éigfrﬁéé]eiﬁ?éggsirgtn , g%h%%giﬁy&lhgxﬁluorescent

f 1 uoroapati wherer n at

protEMPSs odt t Nea by dbRxyapahi Eeubsestbati bubediBY dkh8ved from a
fluorine atons of the hydrogen fluoride nol ecul es.

cniddriathembtdrochlaseddibmet)y ithedtemifm 10, wherein the

7. The method as claimed in claim 6, wherein the altered
body is obtained by adding at least one of histidine, 1lysine,
and arginine to the fluorescent protein derived from the

cnidarian.

8. The method as claimed in claim 6, wherein the fluorescent
protein is expressed in threads constituting a silkworm cocoon
by transferring a nucleic acid including a gene corresponding

to the fluorescent protein to a nucleic acid of the silkworm.

9. The method as c¢laimed in claim 1, wherein the calcium
phosphate-based compound is constituted of hydroxyapatite as a

main component thereof.

10. The method as claimed in claim 9, wherein the

hydroxyapatite has hydroxyl groups, and the hydroxyapatite is
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fluoroapatite is produced by preparing a slurry

» containing the hydroxyapatite, preparing a hydrogen
fluoride-containing solution containing the hydrogen
fluoride nolecules, mxing the slurry and the

hydrogen fl uori de-containing solution to obtain a
reaqi&d uvetRhaydgpgeand lneadiGengnarchlaly oxgapag i féuorine atoms

ontained_in the slurry and the hydrogen fluorid
to AR BarLiRrarnebi by (KBS iR, ahoneact one 'St e nyaroxyl
dpdiorjrdes gONntaj i UldeON; 5N LRSIl L §,9 thRL ey yor
gros%bstitute tﬁg}aﬁﬁggig{ one éf the hydroxyl g?oups o? norne
atonidheof hytoe dxydpaden ef Twot e fialcrdulessat ons of the
hydrogen fluoride nolecules. 12. The nethod as
claimed in claim1l, wherein a pH of the mxture is

11, | ”1‘1{&9 rﬂ%gﬁo% 2 t?}éirﬁﬁil&in-rhe(t:?%{rgpd 138 C'v?ﬂlge%%/n the

inclaim erelin uoroapa € | s produce
fludFepedt e ai i pebalitadl by GRRAMIINRGY & §8hei¥MBAs8dning the
conmpound contal ning calcium a second liquid
hydx@itapat e + he gnairasgery f | wor i dewdanegem t hifdadorlidguicdntaining
containin Phogghoric aci d, respect,|
[

ly, d o
SOy T PR A R HR G DRRGREFPPSE ALRPEF ESbJORFRPRGSt nBixing the
sludty Shndl GHED hyd1® g3 e CON L Qi arg%égir%:ig%pt&itgt:'f%rgutg’ obtain

S
and then reactingthe calcium ound,
a miwtdiogevhéteof | denandebbeingherphaytieogghgatitbheontained in
first mxture. 14. The nethod as claimed in claim13,
the hbiern an@ Eheshydrpgenr Elepradai nglscupepsceatpingd in the
the second 49 1. uid.ang?the.t

ut_ _by.m xin ird
by e T ohTa RoaCSatoN FRRtEre aba CPRoPBHFLER to thereby
subdl Xtk t R@esegond disd UbgeW b thes f inkSitolkh AUl ro@fs of the
hydroxyapatite to the fluorine atoms of the hydrogen fluoride

molecules.

12. The method as claimed in claim 11, wherein a pH of the

mixture is in the range of 2.5 to 5.0.

13. The method as c¢laimed in claim 10, wherein the
fluoroapatite is produced by preparing a first 1liquid
containing a calcium-based compound containing calcium, a
second 1liquid containing the hydrogen fluoride and a third
liquid containing phosphoric acid, respectively, and thereafter
obtaining a first mixture by mixing the first 1liquid, the
second liquid and the third 1liquid, and then reacting the
calcium-based compound, the  hydrogen fluoride and the

phosphoric acid in the first mixture.

14. The method as claimed in claim 13, wherein the first

mixture obtaining step 1s carried out by mixing the second
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liquid and the third liquid to obtain a second mixture and

thereafter mixing the second mixture with the first liquid.
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