(54)[Title of the Invention] Method for Preparing Tetrapyrrol e Conpounds

[ Detail ed Description of the Invention] [Technical Field] [0001] The
present invention relates to a nethod for the preparation of a tetrapyrrole
conpound and the resulting tetrapyrrole conmpound. [Background Art] [0002]
The tetrapyrrol e conpounds such as porphyrin and chl orophyll are conpounds
i mportant and useful as a variety of medical and pharnaceutical agents such
as anti (Ed8itkyeft theafdyentioaddiiethod firPeeparingefetraperedlso Chpranndsed as
food additives, and oxidation-reduction catalysts in the fields of

el ectronics. Such a tetrapyrrole conpound is in general prepared according

to a Chﬁgtggieé%%gggﬁtslﬁfqg%%%&H&l&\é% this chem cal synthesis nethod

suffers tTrom such a pro reéuires t he use of specific equipnent
( manuf apidéhhiche@abpgEent) and a specific catalyst and sone of the chem cal
synt hesi s nethods may adversely affect the environnment due to the solvent

used t herosith. [ 0003] Over against this, there has been proposed a

met hod for the preparation of a tetrapyrrole conpound which nmakes use of a
i croor gani $#¢ HEEEePhstyreRion Helateasobaertirowaca et REEPITH SHAT cf &

variant_qf the m croarganis | ongi ng. to.t n Pl ma which is a
nd of “BraP oS En TR B a) the S P s Fr e FEL R hg
protochl orophyllide is then isolated and recovered fromthe culture nmedi um
(see, for instance, Patent bocunent 1 specified below). Mreover, there has
been knirackgremichadt] n whi ch photosynthetic bacteria are cultivated to thus
isolate and recover the resulting tetrapyrrole conpounds (see, for

i nst ancE€00Pat ent Documents 2 and

The tetrapyrrole compounds such as porphyrin and chlorcphyll are
compounds important and useful as a variety of medical and pharmaceutical
agents such as anticancer agents and, in addition thereto, they have also
been used as food additives, and oxidation-reduction catalysts in the fields
of electronics. Such a tetrapyrrole compound is in general prepared
according to a chemical synthesis method. However, this chemical synthesis
method suffers from such a problem that it requires the use of specific
equipment (manufacturing equipment) and a specific catalyst and some of the
chemical synthesis methods may adversely affect the environment due to the
solvent used therein.

[0003]

Over against this, there has been proposed a method for the preparation
of a tetrapyrrole compound.which.makeé use of a microorganism. For instance,
there has been known a method in which a variant of the microorganismbelonging
to the genus Plectonema which is a kind of photosynthetic bacteria is
cultivated and the resulting protochlorophyllide is then isolated and
recovered from the culture medium (see, for instance, Patent Document 1
specified below). Moreover, there has been known a method in which
photosynthetic bacteria are cultivated to thus isolate and recover the

resulting tetrapyrrole compounds (see, for instance, Patent Documents 2 and



3 specified below) . In addition, there has al so been known a nmethod in
whi ch a m croorgani sm belonging to the genus Arthrobacter is cultivated in
a culture nedium containing a specific conpound and then the resulting
uroporphyrin is then collected fromthe culture medium (see, for instance,
Pat ent Docunent 4 specified below). [0004] [Patent Docunent 1] Japanese
Un- Exam ned Patent Publication Hei 5-91866; [Patent Docunent 2) Japanese
Un- Exan® sedciZdedritelPubl | tmkiditidei He244Q87%1sp Raeterknolocuneicod3in dajpdnese
Un- Exam ned Patent Publication 2000-23691; [Patent Docunent 4] Japanese
Un- Exanf ReEF Ozamt STRAHONe g %t%ﬂe@lséﬁfi@SObT%e§ g3t vated Héa FHS@F’H‘? on]

[ Probl ens, .That the Invention.is to Solve 005 n i
net hod di scl:lfu o%oen& A Baf e?ﬁecf)glc ment o‘incy %(\:/I\E\(fleef1 4 ée?lélst ? uf’o%o@%h;r?ﬁ%

protoc hi@&@@h&&ik@%& houh dnbeueoldardBdn (se8) tehe lﬁgaweeobat@ﬁt ehlaheriel | s
and nore specifically, it is necessary to destroy or crush the bacteri al

cel | s anhdspeabsSeguealdw) .separate and purify the product according to, for
i nstance, the extraction technique. Mreover, when adopting one of the
met hods #1%4¢| osed in Patent Docunents 2 to 4, it is needed to i ncor porate,

![2: ?aw?r[ %l%etngjﬁ%gﬁdl !EmJ}]O i%rgegglL%Vléxanrl]{n%dalgaten%SPutbq:eLc 11:"0(:nu SOI‘5 958?‘6

[Patent Document 2} Japanese Un-Examined Patent Publication Hei 5-244937;
[Patent Document 3] Japanese Un-Examined Patent Publication 2000-23691;

[PatentADocument 4] Japanese Un-Examined Patent Publication Hei 5-38295.

[Disclosure of the Invention]
[Problems That the Invention is to Solve]
[0005]

When using the method disclosed in Patent Document 1, however, the
resulting protochlorophyllide shouldbe collected fromthe culturedbacterial
cells and more specifically, it is necessary to destroy or crush the bacterial
cells and subsequently separate and purify the product according to, for
instance, the extraction technique. Moreover, when adopting one of the
methods disclosed in Patent Documents 2 to 4, it is needed to incorporate,
into the culture medium, b5-aminolevulinic acid as the precursor of a
tetrapyrrole compound.

[0006]

Accordingly, it is an object of the present invention to solve the
foregoing problems associated with the foregoing conventional techniques and
more particularly to provide a method for easily producing a tetrapyrrole
compound while making use of bacterial cells of Escherichia coli, without

using any precursor of the tetrapyrrole compound.

[Means for the Solution of the Problems]



Accordingly, it is an object of the present invention to solve the
foregoi ng probl ens associated with the foregoing conventional techniques
and nore particularly to provide a method for easily producing a
tetrapyrrol e conpound while nmaki ng use of bacterial cells of Escherichia
coil, wi thout using any precursor of the tetrapyrrole conpound. [Means for
the Solution of the Problens] [0007] The nmethod for the production
of a tet®EPYrrole conmpound according to the present invention is
characterized in that bacterial cells of Escherichia coil, which cannot
express t he Themethpf Borp2E1RYONGEL D Of He LeAFIRWT B8R P Rt PEFCIHEReHt, are

cul t : VaEI?ed L4 e('rait.Cllflilvgl;liltrieonnj;?sdcl:lr%'I ngagpgritzggtinttr}keatr %chlahl.aqgcetle_l.tsr%o%fsr hoelrt%ﬁgganpound
haV|ng a porpnyrin ring structure 1s I'sol ated and recovere rom e

cul ture-gedi ymcH 0908t expres %hp_rgfé%cywy @eehod b thearRr esentcibAvent i on
is further characterized 1n that it conprises the steps of adding, to the

cul t ur emediiomthareet,abtdé cubtienent icapabl eucf médiungaxdnitet ttdd taxudtions
thereof in the foregoing culture mediumor a netallic el enent-containing
conpounteicapabiad cofoBiUng HRSSWCPaPePivAtd T iSSASCEIEr éPnlsytadr apd

mat eri al cogt}nd ﬁsgfen cal | eﬁg ng or .isolating the resulting tetrapyrrole
conpount CORFST Hithg the © Jf%ﬁ% mehttY] The production method of the
present jdygention is further characterized in that the foregoing
tetrapyrrol e conpound is one which carries four' nethyl groups, and four
et hyl ester To¢ pupsudali oAGetBb® o § bl Ppseb@ito phwimat en dscupsheorhbtectpaipbyri n
ring of the conpound. [0010]

in that it comprises the steps of adding, to the culture medium, a metallic

element capable of being converted into ions thereof in the foregoing culture

mediumor ametallic element-containing compound capable of being dissociated

into its ions therein, as a raw material, and then collecting or isolating

the resulting tetrapyrrole compound containing the metal.

[0009]

The production method of the present invention is further characterized
in that the foregoing ‘tetrapyrrole compound is one which carries four methyl
groups, and four ethyl ester groups or acetate groups (propionate groups)
on the porphyrin ring of the compound.

[0010]

In addition, the method for the production of a tetrapyrrole compound
according to the present invention is likewise characterized in that it
comprises the steps of cultivating bacterial cells of Escherichia coli, which
cannot express the gene ypjD (b2611) due to the variation or mutation thereof,
in a culture medium which comprises, as a raw material, element Mn capable
of being converted into ions thereof in the culture medium or an Mn-containing
compound capable of being dissociated into its ions therein and then
collecting or isolating, from the culture medium, the resulting tetrapyrrole

compound having a porphyrin ring structure in which Mn is coordinated at the

center thereof.



In addition, the nethod for the production of a tetrapyrrole conpound
according to the present invention is |ikew se characterized in that it
conprises the steps of cultivating bacterial cells of Escherichia coli,

whi ch cannot express the gene ypjD (b2611) due to the variation or nutation
thereof, in a culture nmediumwhich conprises, as a raw material, elenent M
capabl e of being converted into ions thereof in the culture nmediumor an
Mh- cont BdGildg conpound capabl e of being dissociated into its ions therein
and then collecting or isolating, fromthe culture nediun%athe resul ting

t et rapyrrol &' JrAFEAREIRATT FYLLUBBr PHIAHEN RS NP LPYing dre™ite wHiCesHs s i's
di + : : | d
havi ng ThEorEl | Stk RS Pshebd YRt e RATT I Lo RIS foad T

according to the above-nentioned nethod. [Effect of the Invention] [0012]
According to the present invention, a tetrapyrrole conpound can be produced
by cul t [Bffechgfh&bectnvehtisill s of Escherichia coil, in particular,
Escherichia coil, which cannot express the gene ypjD (b2611) due to the
variati B¥#16¢ mutation thereof in a culture nedi um and subsequent!y
recovering gr.dselating Lhe resul LEng, Lighr apyrdle, conpoundLhayi g aye
por phyrin ring str cture ana accor |ndiy, the pre gnt I nvention can easily

provi des@duetd apYduLek aeapsd YA T Bevls UsiMeGnaRycHILEEIIiSOfn bherehoky, [ Best
Mode for Carrying Qut the Invention] [0013] In the enbodi nent of the

met hod fsorhetrhehiar cdltt ivbncbf cannbet egymasisokiee cmpoupiP ad@éi 8l ndpet ¢ot hige
present invention, the tetrapyrrole conpound is produced b{ cul tivating
Escher i @Htatdt P* preFErabIng TRl 4R 20TULGEE? BRRATE 2t £ R WERH LT STY6FARY ng -

and recover.i the intended. tetr rrole co f t ' r iC

Ul tur < radr b T PGS S EE i 5o R0 F GREBSUIE s o g bhoot 30T
ring styuekuhies HeCAdbRGidQyt Nendr ssenhci AMEMEiIGR, chhecheiARHLOhe a
conmpound can be prepared by maki ng Escherichia coil produce the same during
t he pr ooesspioroleheonmwiuhi vigitthont and.ngr ehy freratisor ohetdmrbacterial cells
and subsequently recovering the tetrapyrrole conpound secreted in the
culture nmedium It is preferred to use the oligotrophic culture nedium as

the cul tur i in_order to, _prevent, any influence of conponents such as
nat ur al E%eﬁgsg%gecgg}:p EEENTY | 1-"'t ﬁlge (;eIﬁ’Ivf‘aﬁtr:_le" di um which nay be an obstacle
to the jgakation of the tetrapyrrole conpound. As such oligotrophic culture
medi uns, there are preferably used, for instance, culture nmedi uns each

In the embodiment of the method for the production of a tetrapyrrole
compound according to the present invention, the tetrapyrrole compound is
produced by cultivating Escherichia coli preferably in an oligotrophic
qulture medium, isolating and recovering the intended tetrapyrrole compound
from the oligotrophic culture medium to thus give the tetrapyrrole compound
having a porphyrin ring structure. According to the present invention, the
tetrapyrrole éompound.can.be prepared by making Escherichia coli produce the
same during the process for the cultivation and proliferation of the bacterial
cells and subsequently recovering the tetrapyrrole compound secreted in the
culture medium. It is preferred to use the oligotrophic culture medium as
the culture medium, in order to prevent any influence of components such as
natural substances present in the culture medium, which may be an obstacle
to the isolation of the tetrapyrrole compound. As such oligotrophic culture

mediums, there are preferably used, for instance, culture mediums each



contai ning glucose or |actose, but the present invention is not restricted
to the use thereof. [0014] The Escherichia coli used in the present
invention is preferably one which cannot express the gene ypjD (b2611) due
to the variation or nutation thereof. Specific exanples thereof include
Escherichia coli cells derived from K12 strains and BL21 strains. For

i nstance, preferably used herein are Escherichia coli cells derived from
K12 streénis,inivid ghuczamot lexpeessbthaehganesgpf BnybRelon) igwett eestécted
variation thereof. Exanples of Escherichia coli strains which cannot

expr esst? H&egetfe WPFEP{'b2611) through the nutation include Escherichia coli
strains m%r]ei n the transposon for the gene ypjD (b2611) is inserted into

t he gené of "'the strains. Such nutant strains are in such a condition that
the functiomnd hergef;don the expyasston Rtséhe igeae ivhj D (R26ddbliySone
partially or conpletely deleted. In this respect, the K12 strains are

avai | abkte dhr omnot orxpirass$ aheegendayp onab2 Bilo- Res borcbesvanibicien phenB2tist r ai ns
are available from for instance, TAKARA BID. Mreover, the variant strains
wher ei nthe¥eof r afBpRISER PHIPLAR tHerecy ppp I 6idenishihsett &EHatt TR gene
t hereof _i nc e, for in ce, SD23504 strains avai i 0

Bi o- Res%ruormcgélgbgsfﬁdfg]andsé% t%1ratlrr'|llsé go &éﬁsﬁ%rﬁ?e,’ %Lgécéﬁgrgﬂff Lég%g?élsqt ?Jgél ns

are firplcfeihthMaLed; ida180 £ gok rioBRi £1.0Ut b, MR dbMeaddbe! BkSrd-@speet, it
is preferred that the Escherichia coil strains are pre-cultured in an

appr oprdgeateeyrcil tneeel relde wo wicherrithaon thereolfi. gaixpophd scot Gkt chmidicahi such

as LB culture nediumand that the pre-cultivated strains (or pre-cultivated
productshradpe HsSe §aRirY PXPROTUIREeSINY®IAN (4G 1ddt FRFMIE EOF tTHE AR um

to thus. carr u rincipal,cultivation.. 1 The caqnditions_for
or ovi i EAGRE TRl 4o Babe ShEeie heBsin SRarepmmerctlFef RS e
strai nsihehpofs canReqcldd val %@nlélf‘@@fthé hasginsur 568 ke sedcboind Bee

proliferation thereof. The sane would be true for the foll ow ng case, i.e.,
when Estrhentichi @ngliatiosthat mnie atfvactissthprevfcfbt thedxanestiberpt hige gehaci pal
cultivation thereof is carried out while replacing the culture nediumwth
anot heryriRe (bF5d) | s PartEallyvher seepeetiedly deldtedar énprlelsctiptRaéd e KB

culture nedium at a.te rature ranging from 15 to 40 C for 6 to 24 hours
and t heFhiAnB® PR LAGE FoF P USRB e Ol SUIBPEcE B30T S THECHH HRTBar™

cul ti Vaéilo'g];]:g'ir%n 20L1 90t aphl Ce .ol t HE enedi UiB! ankeIPeYTaL Une L3NG Ngntrom
20 to 40'C for 12 to 96 hours. Thus, the bacterial cells proliferate or

gr ow i-nvdiant kbl Weshdim adt & spobes Ybk,tha gdnet yoi@ (laditlh viat ackeproeduct )

can be obtai ned, which-has a color tone peculiar to the intended

t et r apyinrtol ehecoapoihereof include, for instance, JD23504 strains available from
National Bio-Resources.
[0015]

In this embodiment, Escherichia coli strains are first cultivated in
an oligotrophic culture medium. In this respect, it is'preferred.that the
Escherichia coli strains are pre-cultured in an appropriate culture medium
other than the oligotrophic culture medium such as LB culture medium and that
the pre-cultivated strains (or pre-cultivated products) are subsequently
inoculated into an oligotrophic culture medium to thus carry out principal
cultivation.

[0016]

The conditicns for growing Escherichia coli are not limited to any

particular ones and the strains thereof can be cultivated under those



[ 0017] ' Then, the intended tetrapyrrole conpound can be isolated from
the foregoing cultivated product according to the nethod detail ed bel ow.

[ 0018] More specifically, the cultured product is centrifuged to give
a supernatant followed by the filtration thereof, and then the tetrapyrrole
conmpound is isolated fromthe filtrate through adsorption using, for

i nstance, a columm packed with an ion-exchange resin or a reversed phase
col um. ciFoent hstuandefort hire quilofl Uf eraredh iheobe i NBk afnervouléd Raultrbe atdron of
the bacterial cells is centrifu%ed to thus nake the bacterial cells

sedi mentheofoldPEtiprassy e Lo RER E§ERRF Igh SupRt elitan ts ebht Al Hi g Cut s

(cul tured odyct). .Then_the.supernatant is .fi . I

havi ng aandpfeé%ne;{glﬁn?rnlen&l%%fr ecu%?lz‘ga (IPSrte}}%ﬁg%inlge%glg{lggp&% %g%ge ?rﬁg’rllé(%lﬁ{g
resul tifng tilddRt fediSnl PadeshOhtnend. 0F€9ehBEa TRl Uik BackadaMddi8nire

i on-exchange resin to thus adsorb the intended products on the resin.

Ther eafger-cut herecuit UBeduprnodusddiiug, edtutaederfigerat tire reogirex chamdge resion
using, for instance, 20% acetonitrile-0.1%trifluoroacetic acid sol ution
and t herf toe or es Bt havgsetnshtben $hpyrashil Fixedel) suspinsipasiesrllqqtefisdoal so
possi ble to use el uting solution prepar.e [ q ution
of an a@rhp%VmﬁﬁggfﬁgFP’t%®%ﬁ“6¥b%ﬂﬁ%t§dfdéh‘B¥H§ggﬁ§9?§gégb?n %gﬁﬁg%Bn
step. Acgonding 4.0-bhis gmodirent, . ong gbual. | east, tR khbdsrial cells
tetrapyrroﬁe conpounds are obtained and several mlligrans to several
ten-m | ptgi @asatef dretgtrapyti otlee caripouvadsediam Bedobs ak nedsdlitoma feotture
instance, 500m of the cell suspension. [0019] The product isol ated
accor di fRpLEsvatRs Prrdeghl g prooetinesd, ¢RhchE2aFarYREdtPE PRI iPRCatee, the
NVR (NuclearN$q$§ticRes§nance sgectroscopic measurenent to thus confirm
whet her BFPRBY ThE X BHPapyF o8 Compounds are present in the product. In
addi tiopygiwhen anal yzing the product according to the spectrophotonetric
measurenent, it would be found that the conpounds are ones havi ng an

absor pti on peak whkhiifténdsayvekengiviiroegi amppecdl| ¢ar keo ishkatdyleStrohf she

| nnost of cases, those conpounds are dyestuff conmpounds each showi ng a

bi | at erirepeino suatietedorIdise abeEred foihe Hionepiatailpdmeler-
phthaIOﬁ%ﬁB'ne. Such dyestuff conpounds are useful as photocatal ysts or

el ectron- nsfer materials whose el ectrons are excited through the
irradiation ereof . w i g r r t:he 4 | yedqidk the
reduction-o%% axﬁgﬁ‘%%%§6§3 E%gc?¥gﬁu¥E gg&ggﬁé8%s¥§gFﬁ?$%ﬁgoygt%%ﬁidﬂ t he
cel | mesdyeangcaitd raccaedi mgltye Fi1tmvauleh haebeld ewrd dhbat titcheytcayrkbkew se
function in a battery. [0020] As has beendi scussedabove in detail,
accor di srgppond he ipebsedtf romvbatiiidhrateethrapgh pés @ rEdApoahes EnditEerapyrrol e
conpounds containugg a netal (conglexes ,, for instancg, por phyri ns EUCh as
por phi e COBGFPRIFFH Hhd BBr Iy FFAR TSNP €X "cah e B S 80 &G S BTN Eschét i chi a
coli and theref : ' .hod r g : f iQF

Gevi coot e, Zhe A B R S ol o i andoa.

conpounds 14nld k& trheuroddiehi oRakbeneshcassen didigstsedihentchepiealpisyns hesi s
nmet hod, the fornmer method does not require the use of any solvent and

accor ditmgkiys igivée s swdernstamghtbytaippre hmidede t(bhat tuded weadhet) adVesséhy

af fects the surroundLn% environment. in additjon, it is not needed to add
any pr eRCEBREF YT 16 W C8FPAPYPBYR o S8 Etih @gRredetermined pore size

(for instance, 0.22um) and then the resulting filtrate is loaded on the
foregoing column packed with an ion-exchange resin to thus adsorb the intended
products on the resin. Thereafter, the cultured product is eluted from the
ion-exchange resin  using, for instance, 20% acetonitrile-0.1%
trifluoroacetic acid solution and then the resulting eluate is lyophilized.
In this respect, it is also possible to use an eluting solution prepared by

adding an aqueous solution of an acid or an alkali to an organic solvent in



5-am nol evulinic acid to the culture nmedi um when cultivating Escherichia
coli, and further it is sufficient to recover the tetrapyrrol e conpounds
secreted in the culture nmediumand it is not necessary to collect the sane
fromthe bacterial cell. In other words, the nethod used in the present

i nvention does not require the use of any particular conmpound and equi pnent
for the cultivation of Escherichia coli and the recovery of the resulting

t et r apythrolferemipounids iamdtapcoAdimgling tcheéhieehbelipenii tanet e agadgast
production of the tetrapyrrole conpounds. The tetrapyrrole conmpounds thus
pr epar et &hnbe G SEF PRV W Er§EPGUtS pRYIGEERIAY FREFEES AR S HRES fédi cal

care, fgeovderg‘ﬁdce%tefflrior%i I%SS 'of[t(:)e Zr‘]ié rrol coI ”OEQ&SS SH’%%O'&ETPa%edtﬁ‘r%m”e%o*}Od of
t he present inven 1 OR “al SO conpri L5 Y Re”S eps of I'ncorporating, fnto an
ol i got r ophiagceuldodhe dedhinge1a BRiRLLI & €1 ement capabl e of being converted
into ions thereof in the foregoing culture nediumor a netallic

el enent t@ad®fiai ni ng conpound capabl e of being dissociated into its ions
therein and then recovering a tetrapyrrole conpound or a conpl ex, which
contai ns t héhereRzgducttisaladasf peGoeALng Het $EcROECIREREl PTECHESR apRibI R of
bei ng convert into.ions there The conpound. containing_such a nmetal is
sol ubl S TaRE Byt dve thEpeer FaBbe (AR SR TRHEE ST SR RS B St (e
foregoi g SiRLAAL €0 elRIFRALSEiirRCIdB Al B8StcHANE tRBDEFo13eLeRtRGET oM t he
group consisting of gold (Au), copper (Cu), potassium (K), manganese (M),
zi nc ( Zmesand imutheprududtRu)In badadding ivren i yret@althrayrdiecaddedrdond he
culture nediumin the formof an inorganic netal conpound or an organic

met al cEhpbsecCcEBRTpr e Gl C SiseRuTHie§anitcverddare EBnpbihds thAdomgeunds
sulfatesl5 car bonat es, ni%ratgs(b t hi psul ates, ngqgih &i%kkdﬁizq“ Qq&!des
of the 10t 8§01 g MY af's " NBPebVR P 2 éxXampr8s® 6f ' the f or egoi ng” or gant ¢ net al
conpounds @f+3ees umgpbek E)P'cg@,a\TzI?QS%ngonﬁ)'oﬁﬁdg@l:@B?est[uQch%]mpounds ch¥h has
been described above, the incorporation, into the oligotrophic culture

medi um shafviag nebal dteeaklpeae time apakb echoke beisagvebnverdnedréopityd 1| arese dher eof
in the culture mediumor a netallic el ement-containing conpound capabl e of
bei ng disdeépataadne nt §urk sdveshsif mopepwndfoard Perth t 35 the tpEdehlostdarof a
tetrapyrrol e conpoupd or a conpl ex havi a color tone.which may va »
dependfﬂ&CSHm?ﬁgERFﬂﬁfo?a3q¥ aﬂgtgﬁoﬂ%ea?gﬂﬁp8556€8if?%ﬁ???,tFFO%ﬁhté%?al

cel I's of Egeherdchha &0 |5 &f & iGHE LI MAL edidAofe CUlhUY & B dhug yd e metal

el enent or netal conpound I ncorporated into the cell bodies of Escherichia
coli i srezmavest-eaidsationa ( cRRERPURGctinged i bhueoueoberuttioneOEhghuat ek f rom
each netal incorporated into the bacterial cells due to the action of the
‘gene ofcdlienggbohaeiahi aceoldingThet eafovéd bet helicorgound Fkey cherdsédvizom t he
cells as a product and therefore, the secreted conpound can be recovered
from t HEEGEPUre AR UR Yo thus be able to obtain a conpound useful as a
dyestufhm2g? obtain a conmpound having a desired color tone, it is
sufficient to properly select the netal depending on the desired color tone
and this won dasyeeh ¥i &bisBeaabevd he qkesul,r 2Rt APto the pdeyaltopirnt i 6,
novel methods for every intended conpounds, which may vary between the

col or torwgspyordie igrpaetet tand heetgeppourids, campbikds t fentprodurt #omedél such

conpounds according to the chem cal synthesis nethods. Incidentally, the
resul ti fPTESHFUNdS Ry "D 4hpl PEEPRYF 1A v aFFlet §° of o Ferts Budivasrt At
fields of Rbotocatl 8l|e¥<SctaS And optical butteries., and, i;ngluding Lhe {}elds
of , foﬁ)lﬁs¥ance,ﬁbp i Cal °F 8Cor ing marer ars, I'nformat 1 on-recordi ng

mat er i aletno@l RELE Oquli Fangherudmb erdrahset SRAMISARAYCEQl cet £RALSsARdted
el ectrodes. [0023] The present invention is not restricted to the

enbodi mEpesddeser thediadrove tlan dntarcleddespyardsousl ikarthatorodsctimaregefrewf t hout
departing fromthe gist of the Bresent i nvention. [0024] .
according to the chemical synthesis method, the former method does not require
the use of any solvent and accordingly, it is only slightly apprehended that
the method adversely affects the surrounding environment. In addition, it

is not needed to add any precursor for the tetrapyrrole compound such as



The present invention will hereunder be described with reference to the
foll ow ng Exanpl es. [0025] Exanple 1 An insertion variant in which

t he transposon for the gene ypjD (b2611) had been inserted (JD23504

avai l abl e from National Bio- Resources) were cultivated in 2 m of LB

cul ture nedium (bacto-tryptone: 1% bacto-yeast extract: 0.5% NaC: 0.5%
at 37" C for 12 hours. There was added 1 nL of the resulting cell suspension
to 500 framghokbsvudduinasidiol tid onl tpire padedn WyeradditngaQing BfchkH2ECR c@lli, g of
K2HPO4, 2 g of (NH4) 2S04, 1 g of citric aciddihydrate, 3.6 g of glucose
and 20020y TeFthpgStats suificient dei b9ores thst T raRir e <EPryn F@cg?Ftﬁdect ed
to principal cultivation at .37' C for 24 hours. [0 t.yred
liquid Jtlhl%geo utliéﬂlﬁeeal “Rad" F8lnd £3 BE Toisrress oa?%%%]étb%hgﬁ rs]%r?eﬁdf‘% g{‘n #ﬁe
princi padcreut4d wati ongy Rithet-hgs 100l oimd RereRf ubéd neded Heesoh®Orinabhefont he

el apse of 24 hours. This cultured liquid was treated using a centrifuge to
t hus présisphbdatregtiwe cet lwepoesent pdhdrelar andpdirel ped WUl pgergufer ndteant
was filtered through a filter having a pore size of 0.22pm Then the

resul ti ¢yl HveEone herbepagsiad A rodghe deetUm? ipdeked Ut 19 Bifrapyrrole

ani on- exchan resin, sybsequently e.cul ture . adsorhbed he resin was

el ut ed ??’“gﬁ]ugﬁse agén%dﬁ?g:é{h%&g"zgﬁo éné%F BRI &2 (f%fo/f i Iplfggr}%%%lé)tnl g%a{(}}ed

sol uti ofe@spe-gliehbodnd .t hen dhe el 4t e WaSoUnaRRLL bzefard Rirosilgded | Nged
wi th pink was thus recovered. [002 Thi s product was subjected to a
vari et yirofa iwnstieuyest alncasat ygesfieddshsash tdzoseedetaidadd deekowfoahdand was
confirmed that the product was a tetrapyrrole conpound having a structure
as shownhl€ckrfigs-1. The synbols A to G appearing in Fig. | correspond to

t he rrarh)[s decifyi ng the correspondi ng 130 NWVR spectral peaks as shown in
Fig. 4, %eéde in the followng figures are shown in the sanme way al so.
Moreover, the Rt oduehqWasandlyzad-achorl Bdeddht De NVR.SRAGHI QB Yesand it
was confirmed that a tetrapyrrole conpound was certainly present in the

pr oductthe Ftudshef Apeespdrbeips,esencen ofl i pot aspai toul K ravasdiei,estredabyid he

| CP (I nductively Coupled Plasma) nmass spectronetric analysis and it was

t hus coficingdedapiiaie eheebonpovedtofmsnteéovetrerees gnehe foregoing culture

mediumor ametallic element-containing compound capable of being dissociated
into its ions therein and then recovering a tetrapyrrole compound or a complex,
which contains the metal. It is sufficient that such a metal 1s one capable
of being converted into ions thereof. The compound containing such a metal
is soluble in an acidic, alkaline or neutral aqueous solution. Examples of
the foregoing metallic elements include at least one member selected from
the group consisting of gold (Au), copper (Cu), potassium (K), manganese (Mn),
zinc (Zn) and ruthenium (Ru). In addition, the metal may be added to the
culture medium in the form of an inorganic metal compound or an organic metal
compound. Examples of such inorganic metal compounds include sulfates,
carbonates, nitrates, thiosulfates, oxides, nitrides or halides of the
foregoing metals. Moreover, examples of the foregoing organic metal compounds
are sodium gold thiomalate and zinc malate.
[0022]

As has been described above, the incorporation, into the oligotrophic

culture medium, of a metallic element capable of being converted into ions



ionically coupled with Kor in the formof a conplex with the sanme. In
addition, the product was further subjected to the spectrophotonetric
analysis and as a result, it was confirmed that there was observed a

bi | ateral peak including the Soret band peculiar to the porphyrin, as shown
in Fig. 2. In Fig. 2, there are observed two peaks at wavel engths of 395
urn and 549 urn, respectively. This clearly indicates that the product is
an or ganieredyest uftfe catryiengediwme ogl achetmis icapableat ofoniadergmnigegpround

m gration. %0028] The tetrapyrrol e conpound prepared above was

di ssol veParhedPff Bebit deroelted( SRRDI étsl Lon %E@ 2v°ultdhé3%“@émt\5frﬁg

sanpl es esub ct to the two- d| |on
NOESY, ?@&5 %f f%rag\y\erf 5 Ccfnﬁou%na yS| S polflgyah %T?C%%ré)%ra and

the strycs whal anrhisie of tﬁ@%ﬁarmp%@ méQ029ked. Mora%ar:ﬂfﬂgutlbe sanpl e
1, it was dissolved in CD30OD and then the resulting solution was subjected

to the DiVRespelCicrdEL 0PI Ksaeasurienanti am‘edeulitﬂveté@Illnowcngtmdedn@rnsthe
" . Appar at us Used: | NOVA500 Model (available from Variant Conp ); . Resonance
Fr equentstalagdeBenoy Teral Spmriard chgrlp%’ﬁﬁ? camajhellcflm d4e5 429 ppm

(230D - 6D o P Skl on, WIERSL L MO 10 LEBR)2 LG 20426

ti rreS)1orlg1nated from each metal incorporated into the bacterlal cells due to the
action of the gene of the Escherichia coli. Thereafter, the compound is
released from the cells as a product and therefore, the secreted compound
can be recovered from the culture medium to thus be able to obtain a cqmpound
useful as a dyestuff. To obtain a compound having a desired color tone, it
is sufficient to properly select the metal depending on the desired colbr
tone and this would surely eliminate the requirement for the development of -
novel methods for every intended compounds, which may vary between the color
tonesﬁolxaimpartedtx)thecompounds,unliketheproductioncﬁfsuchcompounds
according to the chemical synthesis‘methods. Incidentally, the resulting
compounds may be applied to a variety of fields such as the fields of
photocatalysts and optical butteries; and including the fields of, for
instance, optical recording materials, information-recording materials,
electron- transfer materials, semiconductor elements and electrodes.
[0023]

The present invention is not restricted to the embodiments described
above and includes various variations thereof without departing from the gist
of the present invention.

[0024]

The present invention will hereunder be described with reference to the
following Examples.
[0025]

Example 1



Ot her Condition: The mxing time of NOESY was set at a |evel of 400 nsec.
[ 0030] In addition, as to the sanple 2, it was dissolved in a
90:10: 0.1 m xed CD3CN D20/ CD3COOD sol vent and then the resulting solution
was subjected to the NVR spectroscopi ¢ nmeasurenent under the foll ow ng
conditions: Apparatus Used: | NOVA6OO Model (available from Vari ant
Conpany); Resonance Frequency: 599.8 MHz (' H); St andard: 1. 92 ppm
(CD2HCN, 1HANNREeit 28 Wnaémmm@ld\lmmpospmf@gr‘@tq opnyaber©26HIN

(64 times 13CNWVR 50000 tines); COSY (16 tines) g%G tlne§ CE
(32 ti n%%% bePWB@S(eféédt iJH?éé?O‘l aV@tlFaél?lecc?ﬁaﬁ“tl}]%ﬁJronﬁrheBlrﬂ xFRGOYT 78 oF e NOESY
was set C&Lttlvateecy Qf cultLrOQ?fn]éljl% r H)%E!CIS aérﬁ‘i@é‘hys' Of)amqv%mggsé

extract: 0.5%; NaCl: 0.5%) at 37°C for 12 hours. There was added 1 mL of
the resulting cell suspension to 500 mL of an agqueous solution prepared by
adding 9 g of KH,PO,, 21 g of K,HPO,, 2 g of (NH;),S0,, 1 gof citricaciddihydrate,
3.6 g of glucose and 200 mg of MgSO, to 1 L of deionized water and the cells
were subjected to principal cultivation at 37 C for 24 hours.

[0026]

The cultured liquid thus obtained was found to be colorless at the
beginning of the principal cultivation, but the color thereof turned pink
color after the elapse of 24 hours. This cultured liquid was treated using
a centrifuge to thus precipitate the cells present therein and the resulting
supernatant was filtered through a filter having a pore size of 0.22um. Then
the resulting filtrate was passed through a column packed with an
anion-exchange resin, subsequently the culture adsorbed on the resin was
eluted from the same using a 20% acetonitrile-0.l1%trifluorcacetic acid
solution as an eluent and then the eluate was lyophilized. A product tinged
with pink was thus recovered.

[0027]

This product was subjected to a variety of instrumental analyses, such
as those detailed below, and it was confirmed that the product was a
tetrapyrrole compound having a structure as shown in Fig. 1. The symbols
Ato G appearing in Fig. 1 correspond to the marks specifying tfle corresponding
3¢ NMR spectral peaks as shown in Fig. 4, these in the following figures are
shown in the same way also. Moreover, the product was analyzed according to
the NMR spectrometry and it was confirmed that a tetrapyrrole compound was
certainly present in the product. Furthermore, the presence of potassium
(K) was detected by the ICP (Inductively Coupled Plasma) mass spectrometric

analysis and it was thus concluded that the compound was recovered as one
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The results of the 114 NWR spectronetric analysis are plotted on Fig. 3
(solvent: CD30D). As a result, there were observed signals at about 10.0 to
10.5 ppm (d), around 4.3 ppm (f), around 3.6 ppm (g), and around 3.2 ppm
(e), which were assuned to be ascribed to the intended conponent. The
signals' intensity ratio was found to be about 1:2:3:2. The signals d to g
are identical to those appearing on the other figures. [0032] The
resul t sidfichhey tAEIVR WS pie Bldraimethd forangl y sbsplaxeriphohtedmen Fhgdddtidnt, was
t hus assunmed that the conpound was an aromati c one because of the presence
of si gridlesp®dantl Was fOUB8) subjectqdnte hhg PEARETIOEANCTRE Fnadygharreiser ved
in the IHN\VR spectronetric n?lasuhement ig a chargct‘ ri sgi C i.gln§ldMi ch is
not curt BREHY - s P ITTEAE PR T JRESDF2F RESHRGH T Gbe” OF 2t RE 2 E &N 2at % hi f ¢
and it S t ; [ po .0 skek gt on, )
candi daetli%, Sai%ggggkﬁ%ﬁg?fﬁggc%ﬁ%ipgggg i"oh %%%ﬁ%gﬁltﬁt ?\g? ?nh'e fsj}grrE%?e 2
conpounchewaSirabae orat t v ks ASvaMell bndeghsdeseyd heanded Dy, wassecanat Wi ng
the results (Figs. 5 to 9) obtained by the two-di mensi onal NVR spectronetry
whi | e régardienagly hedtormesutia: tasheappotushyirs an orgrnicedisty L € garbel wnbisezed
wi t hout any contradictigon. Mreover, a conpound having a structure simlar
to thate1€§¥F?ﬁ;ﬁ EQPEANE GépitEdotiY BT Ps reported in J. Org. Chem,
1999, VRJO28 64, No. 21, pp. 7973-7982 and the magni tude of the chem cal
~shift detected by the IH NVR spectronetric measurenent is well consistent
W th that discltesesbirrol Becadpblifidl &repAeEDroglwas ki sedliverieas afiglibyerire

concl uded that the conpound has a porphyrin structure. [0034] The
anal ysi®loknthd SemplalilnemsiSemale NVR specerohengi 8ampd &8 Uresite ALPIAAtRd b0
described below in detail. [0035

the two-dimensional NMR spectrometry (COSY, NOESY, HSQC, HMBC), follecwed by
the analysis of the resulting spectra and the structural analysis of the
compound.

{0029]

Regarding the sample 1, it was dissolved in CD;OD and then the resulting
solution was subjected to the NMR spectroscopic measurement under the
following conditions:

* Apparatus Used: INOVA500 Model (available from Variant Company);
- Resonance Frequency: 499.8 MHz ('H);
- Standard: 3.31 ppm (CD,HOD, 'H NMR)
49.421 ppm (CD;OD, C NMR);
'IntegratiorlNumber::%1NMR (16 times); °C NMR 53428 times); COSY (16 times);
NOESY (8 times); HSQC (32 times); HMBC (128 times);
* Other Condition: The mixing time of NOESY was set at a level of 400 msec.
(0030]

In addition, as to the sample 2, it was dissolved in a 90:10:0.1 mixed
CD4CN/D,0/CD3CO0OD solvent and then the resulting solution was subjected to
the NMR spectroscopic measurement under the following conditions:

* Apparatus Used: INOVAG0O Model (available from Variant Company);

+ Resonance Frequency: 599.8 MHz ('H);

11



The results of the HSQC spectronetric analysis are shown in Fig. 5. The
HSQC spectronetry is an anal ytical technique for the detection of 'CH The
results thus obtained are al so depicted on Fig. 5. Regarding the proton
signals, capital letters are ascribed to carbon atons directly bonded.

[ 0036] The results of the COSY spectronetric analysis are shown in
Fig. 6. The COSY spectronetry is an anal ytical technique for the detection
of the spicandoupl i AgobetweerD AeN,11d N8 a result of the analysis, it was
found that f and e caused a sglnlgou&llng and it was believed that this
coul d be ascribed to?8 X at© AMRI gh probablllty in consideration of

t he signal _int nS| atl he na hi hem | for \F and

E. In th?st%%:§e8? ?@%ﬁ{§ ?%ME uni n?R% d"EBhi %ﬂ%ﬂt %ﬁ%@%f

struct um@sl?ammtlmg@i b@@@ eluehdad)edmut®03%$ times); The results of the HVBC
spectronetric analy5|s are shown in Fig. 7. The HNBC spectronmetry is an

anal yti ecakhéecbndnient orhet hexidet eadd on NoEsknel {ai=aaboutvdl v6 40, mand thi s
t echni que provi des the heterogeneous nucl ear renote coupling correl ated
spect ral0%Pé anal ysi s of the spectrogramclearly indicates the presence of

h | at F ., B . O, (f, A, (f,
s;Jc cogtzf)%cg#aqn%yaf & Of)SaﬁogFf (e, F), (g, B), (g, O, ( ), (

ese cor ions are never contradictory to the
esti rrat ed Sﬁ‘ﬁé’%‘dﬁ@t@%fshﬁé/mlﬂNMRFlsﬁect]rom[eQQI;%B}analy31s dhe piestdd snofid he
NCESY spectronetric analysis are shown in Figs. 8 and 9. The NOESY
spect r odrespyvdrg :atb;anpl yas cakefidchntigue fore dtheerdetieciionehs aof altduwe pddsence
of magneti zati on- exchangeand accordlngly this would be able tOéPrOVIde t he

i nf or makq OA- T BREefHI NgraHe S PRACE) betiRuas %éc@@hr(%qmaﬁ% FRVPRE -Bas of
the magneti zatjon shift e to the cross, rel i.on. The.an Si. 1t he
spectro 5an§b ea?F?aF?ﬁTéé Obe?ﬁﬁglﬁr%g%ﬁg%lg ERR ] (%%Trgkétl ﬂgi%s (g,

e), (f 11rg:)ensitfy r&io k& £dind dfve Bdout ﬂ"Z :8) 2 CORE %h@ﬁdl@r@ to Ehﬁ%eldg%lcal
correlations clearly supported the reliability of the estinated structure
as showm ithos¢ grpptar{3038] the other figures.

[0032]

The results of the C NMR spectrometric analysis are plotted on Fig.
4. It was thus assumed that the compound was an aromatic one because of the
presence of signals B and C.

[0033]

In this connection, the d signal observed in the 'H NMR spectrometric
measurement is a characteristic signal which is not currently observed in
the light of the magnitude of the chemical shift and it was assumed to be
ascribed to the porphyrin skeleton, as a candidate, while taking into
consideration the fact that the sample compound was an aromatic one. As will
be described below, when énalyzing the results (Figs. 5 to 9) obtained by
the two-dimensional NMR spectrometry while regarding the compound as a
porphyrin, the results can be analyzed without any contradiction. Moreover,
a compound having a structure similar to that estimated and depicted on Fig.
1 is reported in J. Org. Chem., 1999, Vol. 164, No. 21, pp. 7973-7982 and

the magnitude of the chemical shift detected by the 'H NMR spectrometric

measurement is well consistent with that disclosed in the article.
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Structural Analysis of Sanple 2: The results of the IH NVR spectronetric
analysis are plotted on Fig. 10 and the results of the I13C NWR
spectronetric analysis are plotted on Fig. 11 (solvent: CB3CN D20/ CD3C000 =
90:10:0.1). In Fig. 10, the signals enclosed in tw squares are ascribed to
inmpurities. As a result of the conparison with the spectra observed for the
foregoing sanple 1, it was assuned that the structures of the principal
conponeht®rigngl yi, dentarc atagomabhebarohblerdedTias thasocabgonduppamosdhyint he
anal ytical results of respective COSY, NCESY, HSQC and HMBC spectrograns.

[ 0040] Structurgqg. 12 shows the enl arged NOESY spectrogram observed for the
sanpl e ﬁMB4here were observed the d proton splitted into four species and

t herefo ghe nunbers dl to d4 were given to these species in the order

fromthe | owhomgrefd:c &4 @1’19 t§b%m@h£‘1<§rﬁ@ AECENHREnETderpeasThend@Eyi11
correlations are summuari zed | ows: There were observed, for the both

dl and demhbeﬂkEEbehﬂréhaﬂﬁﬁﬁS.MAth the both nethyl group and - CH2- CH2- X;
There was observed, for d2, the NCE correlation only with -CH, - CH2- X;
There wB¥Bbser ved, for d3, the NCE correlation only with methyl group.

(0041, e B0 el PeT Mot B PR P15 80 ICHR LA B kol o
not Obseﬁé/@,d%ycqlréﬁléw hp%\%oéﬂaqugiéﬂntechnlque for the detection of J';z. The
results thus obtained are also depicted on Fig. 5. Regarding the proton signals,
capital letters are ascribed to carbon atoms directly bonded.
[0036]
The results of the COSY spectrometric analysis are shown in Fig. 6. The
COSY spectrometry is an analytical technique for the detection of the spin
coupling between 'H-'H. As a result of the analysis, it was found that f and
e caused a spin coupling and it was believed that this could be ascribed to
-CHg%Hb—Xateahighprobabilityjjlconsideration<xfthesignalintensityratio
and the magnitudes of chemical shift for F and E. In this connection, X
representé an unidentified component whose structure has not yet been
elucidated.
[0037]
The results of the HMBC spectrometric analysis are shown in Fig. 7. The
HMBC spectrometry is an analytical technique for the detection of J'y (n=
about 2 to 4), and this technique provides the heterogeneous nuclear remote
coupling correlated spectra. The analysis of the spectrogram clearly
indicates the presence of such correlations as (e, A), (e, B), (e, F), (g,
B), (g, C), (£, &), (f, B), (£, C), (f, E). These correlations are never
contradictory to the estimated structure as shown in Fig. 1.
(00381

The results of the NOESY spectrometric analysis are shown in Figs. 8

and 9. The NOESY spectrometry is an analytical technique for the detection
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bet ween net hyl groups or between -Cl-12-CH2-X groups in addition to the
foregoing NOE correl ations. [0042] Regardi ng the nunbering of the 13C
signals and 11-1 signals, they were nunbered in such a manner that the
signals observed in an approximtely identical region were nunbered in a

| unp. This is because, the porphyrin skeleton has a repeated structure and
therefore, the detailed attribution thereof was quite difficult. As to the
nunber of thepedddnicons nadyes el ruel en-ebstrvedaidarcordaksl ,otihe aitldidsudlals e to
met hyl group (g) and accordingly, the number of repetition would be

est i mat edlPrevisie e fobugption cowmm ﬁ@etddsmlécer BY WG RI PEOE SRIFRSN i t

could b conflr that the co d the struc .as s | Flg 1
Tt he THORES G i TS e AT P RN Sy e e S Bha 3R Pt Pt

respect ¢ Qﬂg\es\f)%[ftrégtrahscl%léfrﬂz Cl'n%@&at;e@akhé B?emeéf afich me&;ﬂr‘é@a§i&%
chains and nore specifically methyl groups and -CH2- CH2- X groups are four

in totaks @ha990$flkpn of, each(dsi te qbann aldﬁ@hednﬂayahﬁnﬂltW@Eseﬂﬁﬁbf t he
8 sites as shown in Fig. 1 and this is not in contradiction to the
f or egoi @@:r@é@momC@beamlMgmpporh@i posindlépbiHeveof the evtimpEst riteret®
t hose specified in. Fi 1. [0044] Then the portion corresponding to X
in the 4t GO *BH51942-X was i nvestigated. [0045] The product obtai ned
achrdlﬂQr@Q t he foregoing procedures was subjected to the foll ow ng
anal ysi s

Structural Analysis of Sample 2:

The results of the 'H NMR spectrometric analysis are plotted on Fig.
10 and the results of the °C NMR spectrometric analysis are plotted on Fig.
11 (solvent: CD;CN/D,0/CDsCOOD = 90:10:0.1). In Fig. 10, the signals enclosed
in two squares are ascribed to impurities. As a result of the comparison
with the spectra observed for the foregoing sample 1, it was assumed that
the structures of the principal components were identical to one another.
This was also supported by the analytical results of respective COSY, NOESY,
HSQC and HMBC spectrograms.
[0040]

Fig. 12 shows the enlarged NOESY spectrogram observed for the sample
2. Therewereobservedthe<jprotonsplittedintofoﬁrspeciesandtherefore,
the numbers dl to d4 were given to these species in the corder from the low
magnetic field side (in the ascending order). The NOE correlations are
summarized as follows:
* There were observed, for the both dl and d4, the NOE correlations with the
both methyl group and -CH,~CH,—X
* There was observed, for d2, the NOE correlation only with -CH,~CH,-X;
* There was observed, for d3, the NOE correlation only with methyl group.
[0041]

The arrangement of side chains as shown in Fig. 1 were elucidated on

the basis of the fact that there was not observed any distinct NOE correlation
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[0046] (1) Qualitative Analysis According to Pyrolytic GO Ms: To
renove TFA or the |ike, the sanple was heated at 280C for 10 mnutes in a
heati ng furnace, then thernmally deconposed at 600C and t he deconposition
products were separated and anal yzed using the gas chromat ogr aphi mass
spectrograph (hereunder referred to as "GC/M5") as detail ed bel ow. Nane
of the Device: A device available from Agilent Technol ogi es under the trade
nanme of bdéRE87 3k tHylpereguiqpedwvest iCih-0BSIvselerin védidébedioorte EnegbiR8890
Type: Gas Chromat ogr aph; A devi ce avail abl e from FRONTI ER LAB under
the trate&E sanee BFtiPYs 20201D: Heati ng Furnace type Deconposition Device.
Sanmpl e E§<g§ Anal yzed: A solution (0.5m ) obtained by adding 1 m of AcCN
to 2 ngy ti%each sanpl e was poured into a sanple cup and then AcCN was

removed by RHéﬂdﬁlﬁgt@rﬁ‘e SR D QISR GAha1k 004 I (2)grAD8] Viley wbtd
El ectrospray Tonization-Mass Spectrograph:
.numbered in such a manner that the signals observed in an approximately
identical region were numbered in a lump.. This is because, the porphyrin
skeleton has a repeated structure and therefore, the detailed attribution
thereof was quite difficult. As to the number of repetition, there were
observed four peaks to be attributable to methyl group (g) and accordingly,
the number of repetition would be estimated to be 4.
[0043]

According to the foregoing procedures, it could be confirmed that the
compound had the structure as shown in Fig. 1 in the light of the analytical
results of the sample 1 and 2. In this respect, however, it is sufficient
that the number of respective side chains and more specifically methyl groups
and -CH,~CH,-X groups are four in total, the position of each side chain
attached may be either one of the 8 sites as shown in Fig. 1 and this is not
in contradiction to the foregoing data. Accordingly, the position thereof
is not restricted to those specified in Fig. 1.

[0044]

Then the portion corresponding to X in the group: -CH;-CH,-X was
investigated.
[0045]

The product obtained according to the foregoing procedures was subjected
to the following analysis:

[0046]
(1) Qualitative Analysis According to Pyrolytic GC/MS:

To remove TFA or the like, the sample was heated at 280°C for 10 minutes
in a heating furnace, then thermally decomposed at 600°C and the decomposition

products were separated and analyzed using the gas chromatograph/mass
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To exam ne t henol ecul arwei ght of the conponents present in the solution,
each sanpl e was anal yzed using the El ectrospray |onization-Mss
Spectrograph (hereunder referred to as "ESI-M5") as detail ed bel ow Nane
of the Device: Qstar available from Applied Bi osystens: Sol vent |ntroduced:
AcCN 0. 05% aqueous form c acid solution (50/50); Met hod of | ntroduction:
The solution to be anal yzed was directly introduced using a 30pL | oop. Mode
of MeasdpeeiBfYrapRogidricvueddddererredSeb s oncis headnadtypzeed balswal | anount

of a solution obtained by adding 1 nL of AcCNto 2 ng of each sanpl e was

di spensed¥dme af vitel Davidet herdadiiFat it b ebduem 280 1ppr TchRoIHE P nerdduct i on

| vent. [0048 Its obt din the f |
i catd THEE TR00h A B dLBE TOPERL B h TR Cp £ PRSI O A

seen from, su 4) obtained in the foregoing ESI-M

anal ysi's, ?gfd;ﬁg é%%r?é?ﬁ‘g ﬂgaaﬁl‘rml ecul ar wei ght of 59 (4 peaks) were
detected ang daccey dirmﬂamelftromom@mu radnidatnd heads agnent monpeised an
et hyl ester group or acetic acid group (a propionic acid group). [00491
Mor eovéifeatime Hugnegoitiyge p@@@mposmgnawlytzed by the pyr olytic GC- M5

tech d lt, th t th f
yr ol o CHBOENE 4 PSRBT . FPELE L5, (CTRITG f Jet* G50 BEU06n PEria By
conpar |10, L1, MBS, SBECLY Al Bl Al EACN GATRONE MM A, A0S 2L achaney and

as aresu cou € con |rrredt at t pro ad a pyrrole ring

struct tgyephflgltrll@,etn@l@@u{@th lhAtasklint gey, in respect of the detailed
nol ecul ar welght, it was detected as an ion formed through the addition of

a hydrogea7ion to the product as shown in Fig. 13 and thus t he nol ecul ar

wei ght thereof was found to be 654.2682 (-655.2760 - 0078). Fromthe

f or egoi 79, AP %Ras COHF FF fed oPRERY Hﬁé%ﬁ“&@&c%a%ép&cbﬁgﬁﬁ?% n conpound
carrying, op, Lheside ¢halng., %ﬁ#ﬂ\é'ofec%t &lord es%F th@%oqugf
(propi oni c aci groups) and 4 bt groups, aV|n ar wel ght’ of

654 and,kawang1d Res faﬁki%dﬂﬂuﬂ@'t%@@l@&tf&fﬁﬂéb@onlzatlon Mass Spectrograph
‘ (hereunder referred to as “ESI-MS”) as detailed below:
Name of the Device: Qstar available from Applied Biosystems;
Solvent Introduced: AcCN/0.05% aqueous formic acid solution (50/50);
Method of Introduction: The solution to be analyzed was directly introduced
using a 30uL loop.
Mode of Measurement: Positive Mode;
Solution to beiAnalyzed: A small amount of a solution obtained by adding
1 mL of AcCN to 2 mg'of each sample was dispensed in a vial and then diluted
to about 100 ppm with the introduction solvent.
(0048]

The results obtained in the foregoing GC/MS analysis indicated that
carbon dioxide was detected in the sample. In addition, As seen from the
results (see Fig. 14) obtained in the foregoing ESI-MS analysis, fragment
ions having a molecular weight of 59 (4 peaks) were detected and accordingly,
it was confirmed that the fragment comprised an ethyl ester group or acetic
acid group (a propionic acid group).

[0049]
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C36H3808N4. [ 0050] Exanple 2: Bacterial cells, nore specifically
Escherichia coil strains wherein the transposon for the gene ypjD (b2611)
had been inserted into the gene of the strains (a transposon-inserted
variant: JD23504, avail able from National Bi o-Resources) were subjected to
a preculture in 2 nL of LB culture medium (including Bacto-tryptone: 1%
Bact o- yeast extract: 0.5% and NaCl: 0.5% at a tenperature of 37C over 12
hours. The mesitvtingheeltbrsitspensidonct wds) anabyzaddey the apragueousCss| uti on
obt ai ned by dissolving, in one liter of deionized water, 20 ng of MnCl2, 1 g
of citriashatinek dichyelpaesuly, shgmain girpenset tAgikofoSnpUaf YoSCr PY&EFRLSt hen
the bacterial cells were_ subjected tqQ the principal.cultivation .at

t enper ai P8t 28 AE°EY e Eﬁ?'hi‘)ﬁ‘r s?hl[%)g%iﬁ Sofld Be 'ﬁ%@kjcliﬁetduk?\é cﬁré%ﬁrdﬁl]g(tglﬁl ture
Solutl Qs M5 doUNtiakQ fCCa) QbhaSRaRl, e ANLELALLO 0 1Na AIduie] pd
cultivation, but the culture nmediumturned reddi sh brown, after the el apse
of 24 heyinsg. bd h@nlibhdd e ngedinamprasusiaach eshtrola tirgakmemiturs én the
centrifuge to thus precipitate the bacterial cells and the resulting

super natgdrtuigas In ktdiidn, hiougbpertf oF the deaei vyl Bopwrdasivedgbt, Gt2esgm

Then the filtrate was passed through a columm_packed with an_ani on-exchange
foal n, GaECET FURBATALBTa SEEG HedtiH ot HBoF BaTRENE b gl CF SO BeP A an
el uti ngassgw 9n %18'12%19&&5 achéo%fe%%agplvie&%@-&elg@f Lisk! HQLRACEtIL acid
aqueous solution and then the eluate was freeze-dried. Thus, there was
recovergsd . asgr qdyst . A7snged woth) r edegirs hhbr oomegol 52} was confirmeddtiidton,
the foregoi ng product was anal yzed by the pyrolytic GC-M techni que and as
a resulthe prelurti wasconpoméntrin remeoindrasrfydnad aothe sadpydedne, doApoiind as
shown in Fig. 16. This fact could be confirnmed b corrparizlgrg1 ;‘hg mass
spect r 413 GaPA°YS *aeh CERITAEHC I (REFHGEEC PFET 8EPYRT) (R 5t Yh4$8Hd as a
resul LinddinG AUl L1 GOULL LD 1aalaine, ANAG! e 1A A PYET QL8 F | RGBT ICL LT @

in the m)gﬁule. Mor eover, e product wa urt ubjected to the ESI-M
mass spggijogmetric analysis and it was found that this conpound had a

nol ecul ar wei ght of 707 (see the data plotted on Fig. 17), that four
fraynmentt®56hch havi ng a nol ecul ar wei ght of 59 were in order detected in
the M5/ M5 neasurenent (see the data plotted on Fig. 18), that the presence
of OO B¥@8PHet%cted in the analysis according to the pyrolytic GG M

Lechni que, as.dunihe case,of. Bxaple. by a0 Lhal, | bsy Camoodocluded 4

et hyl ester gr oups” or - a gr oups opi ohate groups) In a .
shows tihanahsmpthORnS RREL RYTAM PNISTVRILE ihber&anenfd esGknBa fige @

color tone tinged with an orange col or. [0053]

strains (a transposon-inserted variant: JD23504, available from National
Bio-Resources) were subjected to a preculture in 2 mL of LB culture medium
(including Bacto-tryptone: 1%; Bacto-yeast extract: 0.5%; and NaCl: 0.5%)
at a temperature of 37°C over 12 hours. The resulting cell suspension‘(l mL)
was added to an aqueous solution obtained by dissolving, in one liter of
deionizedwater, 20 mg of MnCl,, 1 g of citric acid dihydrate, 3.6 g of glucose,
and 100 mg of MgSO,;, and then the bacterial cells were subjected to the
principal cultivation at a temperature of 37°C over 24 hours.
[0051]

The culture medium (culture solution) was found to be colorless at the
initiation of the principal cultivation, but the culture medium turned reddish

brown, after the elapse of 24 hours. The culture medium was subjected to

a treatment in a centrifuge to thus precipitate the bacterial cells and the
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Moreover, it was found, fromthe results of the XPS el enental analysis (see
the data plotted on Fig. 20), that the conpound contained Mh atom Fromthe
results obtained through the detail ed mass spectronetric anal ysis di scussed
above, it was confirmed that the product of this Exanple is a conpound
having the structure of a porphyrin conpound in common with the product of
Exanple 1 and it was al so proved that the product of this Exanple is that
pr epar ecedul t Exampberdatfanomvashifc htdnad certughl a Hydrogéavatorsprare seke mnat ed
and in which a trivalent M1 ion is coordinated at the center thereof, on

t he bas? s220f mt helhget &h¢ effi ldxans neasi epasasd tq’ieodgfﬁfeerc‘@ﬁé@ni?ﬁqlﬁé ass et ween
the mass o product o n Iec ar wel

654. 2689} ARt THEIRASS bt e prbater RSB e e i PP s ek from
the dat@sﬂ?ll ot Eu?d émt'fh& sjoautz&f" Q'E)ngscttlnaaso@ I’ng Q@%’l HceBhOiti1to. 13
707.1905) (grmre specifically, 654.2682 (nolecular weight of the product of
Exanpl et di)f1udr 28 i X2ch atpfiiecusvebpiticafarfdlXidn thd 41 @380w{atfom=-veight of
Vh) = 707.1906). [0054] Fromthe foregoin it was thus confirned that
t he resmltsl,ngh@rreoafaetrqoever%b@phmdwtcehwﬁndl hiceAdksly PFeen £ our

- CH2- CH2- groups (propionate groups) and four nethyl groups on the side
chai ns, h has a nol ecul ar wei ght (the nol ecul ar wei ght thereof in the

i oni zed stateg) Ay t pe dhardua {4 hghigs

i oni zed forr&fadgi 5%161@%5%@%%1{06%@%90%%?Exafrp |l e %9% Y Bacteri al
cells, vayheigpeand bsaldepuEschne inahh aom@idenstrharast whef@im tchiee b gRSPOSON
for the gene ypj D (b2611) had been inserted into the gene of the strains (a
t r ans pos@woing @st pweaki Bhy: 1§D23B0% fae‘vaioph%lbe Fond A e Pbr%zrnparlng the

Bi 0- Resour ces were subjected to a precult nL. of . L ul ure di um
Ol el it Boaeteet e o ea o comatdt gty Hiske Digetbi Bope mrid e 8 sog
at a temeratune Qf R4G nf}gm&p%{a% th-g(l}?:ordﬁéyhgéi ngyeeble §ﬂ§gp§ﬂ%'c9ﬁ‘re(l m )
was added to an aqueous sol ution obtaine dissolving, in one liter of
dei oni zad that®il eciZ2e .MMAHe0s06] UhR gﬁbduémwesreﬂuateer tulgj @ftedi ta e asidvs

di hydrate, 3.6 g of glucose, and 100 ng of MgpSO™4, and then the bacteri al
cells verse mlg}iem@dip@neh@iﬁrandciitpms tvingithat itbas gerreundmgdradtuieeubir 37C
over 24 hours he cul ture nediu mas found to be colorless at

056
t he begW%ﬁPﬁgO%%OFhéS]e&r ]ﬂ%ldﬁ’éla RUATRG T SA9- bult +t e e dPHure 28T Gt ned
yel | ow %&ﬁf r&oﬁecsi?a«?%& to@ﬁ% QMS; , The. Ol LWL ey & %gmsy\@ssmég%r%ﬁ&e@ to a

treatrrenéf a centr us precipitate the bacterial cells and the

resul ti pgesupennat Abenas ohi rigr ed) t hnatgheapddskhes Jtavi,Ngadpeseesi ze of
0.22mm Then the filtrate was passed through a colum packed with an

ani on- exechangkysiesaortihey ol the edrobttec ¢f-4Satdsdmbade orst he thesiasewef e
eluted using an eluting solution consisting of a_20% acetonitrile-0.1%

trifludFodeéeilc a8 dFhadqueduSOEBPIRY SACHIET ﬁeeffhtyﬁee%qe&agléo‘%ﬁésof raé@fét%lrl ed.
Thus, there P oph SGOLer er%ua PI‘ OdLi(it tEl ngel% %c;[vg ’Mﬁeel J;\k?é%r Ibgn rss dtto
JHEPRETEE S rRe P g

pr oduct 9 Was® Téss 'Specttonetric analysis,

resul t, ider¥es fBPl’éHg s%ﬂ@tprEB@cthQigl%ta e At Hise @-n{gé@ah'thcérg@eﬁilgé@dmor
Furt herm)re this product was |ikewi se analyzed according to the pyrolytic

GC-MS texmaique, and as a result, it was confirmed that the product nainly
conprises a pyrrole conmpound and that the conpound conprises a pyrrole ring
structure Hﬁm{q«péreﬁ-mlécﬂqa% fo[l%-ﬁ]:om the results of the XPS elemental analysis

(see the data plotted on Fig. 20), that the compound contained Mn atom. From
the results obtained through the detailed mass spectrometric analysis
discussed above, it was confirmed that the product of this Example is a
compound having the structure of a porphyrin compound in common with the
product of Example 1 and it was also proved that the product of this Example
is that prepared in Example 1 from which two central hydrogen atoms are

eliminated and inwhich a trivalent Mn ion is coordinated at the center thereof,
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Exampl e 4: Bacterial cells, nore specifically Escherichia coil
strains wherein the transposon for the gene ypj D (b2611) had been inserted
into the gene of the strains (a transposon-inserted variant: JD23504,

avai l abl e from Nati onal Bi o-Resources) were subjected to a preculture in 2
m of LB culture medium (including Bacto-tryptone: 1% Bacto-yeast extract:
0.5% and NaCl: 0.5% at a tenperature of 37C over 12 hours. The resulting
cel | suspéhsionig of iy dm@ilaﬁ@d@@m@@a@@naqﬁ;@m@ifsf@ra@%hn &he alaﬁ@aeb‘yeen
dissolving, in one liter of deionized water of cu ]6%?% citric
aci d di hydrate ot 3ePpasft gifuesge; e &n@aféﬁgr?gm%lre%ébﬁjel% ' Of e

bacteri I e i t .V
tenpera%rgg%fﬁggegﬁ\%rgbéz%ﬁhgg Otfotkﬁ%ogg IhFﬁ% P&! w%gi é{? ?%érﬁe)%ﬁglglt&r% 3\a/atsa f ound
to be cpladtkassn atgt e, begd pRrb&G-10hat he mpLédiQiapake iGukt b ato7 0090 HUtmd ke

cul ture nedium turned bluish green, after the elapse of 24 hours. The

cul t ur espredifumaMas ©4bp et aublegubat vaghiefttherrradeentf Ekggela b t Ru8078
precipitate the bacterial cells and the resulting supernatant was filtered
t hr oughxé flpree Hedaltgoh otk siv2ed B0 GaoignieiHenCf HEVf I {9 at’éOhhs
passed f Egh a colum packed with an ani on-exchange resin, the cul tured
mat eri al s adsorbed on the resin were eluted using an el uting sol ution
consi sting eftom t20%AegLbORd t ikl RrD A8 tohl HRIcoaESt itee atd 1 BOUERPUBISA] Uti on
and.then the eluate was freeze-dried. Thus, there was recovered a product
tinged i bhpgmbenin Thepewsuitidgeprida counadts ulij.e?®dgt@psh et CRonasSs
spectronmetric analysis and as a result, it was found that the pr oduct

cont ai n%r%lpﬁéta&PIfPHr BB PP IERF OPRlEtHEPIRHAEDS 1 WHCHR AR BP LS oF PREH s e
anal yZﬁgH,%Cﬁegg% gt Qe%}& @M&Oeqvft k6 t%% “{fén&?ecmttgeg and -85 a.d e3ukt, Jhgt vas

confir ct maln nprises a pyrro e conpound an

Comoungeﬁ%ggﬁﬁéﬁ%yatr@y EhoheL d (g 1%@ Ueh e Eferhhesmpd.aeid R, - 10G39) ]Exarrpl e
5: Bacterial "cells, nore specifically Escherl chia col1 strains

wher ei n[ad¥e1t ransposon for the gene ypjD (b2611) had been inserted into the
gene of the strains (a transposon-inserted variant: JD23504, avail able from
Nat i onaf*¥BPée Relsour ces) were subjected to a preculture in 2 n of LB

0 0
culture madbume(rllfaf ce? ngmoBranoect rf#Q%](;lé( A) iggcat (c)o i algx%g%%in QhSA)
and NaC efrpera over Hotrs. € resulting Tel |
suspensi 0fhsbdsdi FoWaseagded, i @&@qwe&;@bw Whkof Rt diNere Byndissehyi ng,
in one liter of deionized water, 17 ng of ZnCl2, 1 g of citric acid
di hydr atte;,ai8s 6(g t@fangtmasenmdeal%ﬂgnof MySed4, aavdiléielre tfhem béatienail
cells were subjected to the principal cultivation at a tenperature of 37C
~over 24B1ﬂm§ﬁ§ouqqyggoqere subjected to a preculture in 2 mL of LB culture medium
(including Bacto-tryptone: 1%; Bacto-yeast extract: 0.5%; and NaCl: 0.5%)
at a temperature of 37°C over 12 hours. The resulting cell suspension (1 mL)
was added to an aqueous solution obtained by dissolving, in one liter of
deionized water, 25 mg of sodium gold thiomalate, 1 g of citric acid dihydrate,

3.6 g of glucose, and 100 mg of MgS0O,, and then the bacterial cells were
subjected to the principal cultivation at a temperatﬁre of 37°C over 24 hours,
[0056]

The culture medium was found to be colorless at the beginning of the
principal cultivation, but the culture medium turned yellow, after the elapse
of 24 hours. The culture medium was subjected to a treatment in a centrifuge

to thus precipitate the bacterial cells and the resulting supernatant was

filtered through a filter having a pore size of 0.22um. Then the filtrate
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The cul ture nmediumwas found to be colorless at the beginning of the
principal cultivation, but the culture mediumturned green tinged with red,
after the el apse of 24 hours. The resulting culture nmediumwas treated
according to the sane procedures used in Exanple 1 and as a result, there
was recovered a product tinged with green. [0061] Thi s product
obt ai ned through the foregoing cultivation, tinged with green col or tone
was anawyzpdsdey tHreugmssodpet baoet withaac endinrgx timrigker cFOR, MBet@dhnrepie. As
a result, the product was found to be a m xture whose nol ecul ar _wei ght
falls widtiriat headsenged ofn f HEMBOT t Se2 94 UE_d Wi inIh @Ns AR F1 ML HE Wat a
plotted on .Fig. 21. ), addi ti.on,. the product was |.ikew se analy. t he
102 s patibRer st e B e ir P e e S SNt R
product ,conRtal NS el RNRALAls 2EdCe-45; .| ITHRE, SeRRf M- EB8,aR80% Rirbafict
spectrophotonetric curve given in Fig. 22, the product shows two peaks at
wavel engtihigdofi 37 Zenandrdkd Senn] timgs peeducrekys sk éderdmperhd HEPpmaskict
was al so anal yzed by the pyrolytic GC-M5 technique and as a result, it was
conf i r neREGtHanetHe ppddvict, s af yrevnpr il§eesdopye Lo tloRPOHTE WG that t he
pyrrole co nd ¢ rises role ring. structure in.t.he nolecule, [0062]
Exarrple‘E‘GI?“éQ)aq}ﬂlc g@f&ﬁﬁgl 3%&% e ggﬁ%irP%%?TyW%%CJéFW%%?énf%yfeé
strai ns,wheneld +Hhet,aBsPposofe ar: d g geNeaPhPa(R2611) shagdsbestrik-nsert ed
into the gene of the strains (a transposon-inserted variant: JD23504,

avai | abteatf enenpatiieanabkiBiyoehgsdueses pynwerle satyjomatiethd ohat pheoctdmpuned i n 2
mL of LB culture nmedium (including Bacto-tryptone: 1% Bacto-yeast extract:
0.5% afeNACES 0 PBYHOIRt TANT SYpEFEtSr énofhe3Pelenrde- 12 hours. The resul ting
cel | SUfﬁ) ?ion (1 nl) was added to an aqueous sol ution obtained by

di ssol v 32 in one liter of deionized water, 10ngof RuCl3, 1 g of citric
aci d dipydrates. 3.6 g of glucose, and 100 ng of My504, and then the

- bacterial cCells were subjected to the principal cultivation at a

t enper at ur eBafte¥ 161 QeI s 2dohobibsci fi0063] EschericAhecald §tired naddhiertfioEhe
cultured liquid was found to be colorless at the beginning of the principal
cuItivattﬁﬁpO@mtfphéh@uM¥@¥Epﬂ%dbﬁﬁﬂvuh%%ée@$Gpéﬁfﬁ¥bé%?>éh?éﬁn?HéPéhapse

of 24 hours. The cultured |iquid was subject 0at t t in.a

centri fUYE RS thi<prRRacprtat tﬁﬂevao%éflélr i%ﬂﬁgg%'l sa"aﬁég‘?a]heg?f%@tﬁ?ﬁlﬁaal

Super nag ant emée'sktvﬁerr%ds&tgr %g@ 3 %lalte%ﬁjr@ﬁ\g 09 AnPYL 181 28 tQfe hed?ugM
Then the filtrate was pass qt rough "a col unmm packed w th an ani on-exchange
resin, theiculignedrsmiroptaless adsmabed-wasthexdr@stn overe alditvedl usi.Bg) an

eluting solution consisting of a 20% acetonitrile-0.1%
at a temperature of 37°C over 12 hours. The resulting cell suspension (1 mL)
was added to an aqueous solution obtained by dissolving, in one liter of
deionized water, 20 mg of CuCl,, 1 g of citric acid dihydrate, 3.6 g of glucose,
and 100 mg of MgSQO,, and then the bacterial cells were subjected to the
principal cultivation at a temperature of 37°C over 24 hours.
[005‘8]

The culture medium was found to be colorless at the beginning of the
principal cultivation, but the culture medium turned bluish green, after the
elapse of 24 hours. The culture medium was subjected to a treatment in a
centrifuge to thus precipitate the bacterial cells and the resulting
supernatant was filtered through a filter having a pore size of 0.22um. Then

the filtrate was passed through a column packed with an anion-exchange resin,

the cultured materials adsorbed on the resin were eluted using an eluting
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trifluoroacetic acid aqueous solution and then the eluate was freeze-dri ed.
Thus, there was recovered a product tinged with green. The resulting
product was subjected to the TOP nass spectronetric analysis and as a
result, it was found that the product contains anetallic ruthenium (Ru).
Furthernore, this product was |ikew se anal yzed according to the pyrolytic
GC- M5 technique and as a result, it was confirnmed that the product mainly
conpri sesuaiqyrowistéogpdundoandetdrdt ri he-Opy e rtali &l compoand: eohprdse3Isa
pyrrole ring structure in the nolecule. [Industrial Applicability] [0064]
g’he teltsfo&plw@rblaédcﬁrﬁaoahﬂ Prapared BERGLIFRET 0 TNE, prissdentas MASAT R nay
e applied to or, used..pn a vari of fi.elds such as the f] f
phot ocat EF?%{% %W&egﬁflitgaqreﬁﬁt t g%‘%erg;su%tnldlgi PEAGGT Gt hefre %g%o © 1or
| NSt ange,ss0ptd ¢abnd8Ger NG s MLk A §, rdJifiQf MRl LAD-FRaaTN At RALebh&S,
el ectron-transfer materials, sem conductor elenents and el ectrodes. Brief
Descri ptdnanied o4 hetdxiaw ogspdr0Q6h). FErtguwrecidd, Ehdgs drstwowswihd igpecia a as
the result of the analysis of the mass spectronetry according to the TOF- M
t echni qualyagd eRcorss nebseEe @vrekytikeCHMEdirIp eI dEe S A 1=eanpt & t1vas

LFLOUTe Sl Fy g 1, SO LI SLebct b o LU B B e RLANCL PLOMUBRE 0
1 prepQ&&HgohﬂB.%%ﬁﬂ%&é%sla pyrrole ring structure in the molecule.

[0059]

Example 5:

Bacterial cells, more specifically Escherichia coli strains wherein the
transposon for the gene ypjD (b2611) had been inserted into the gene of the
strains (a transposon-inserted variant: JD23504, available from National
Bio-Resources) were subjected to a preculture in 2 mL of LB culture medium
(including Bacto-tryptone: 1%; Bacto-yeast extract: 0.5%; and NaCl: 0.5%)
at a temperature of 37C over-12 hours. The resulting cell suspension (1 mL)
was added to an aqueous solution obtained by dissolving, in one liter of
deionized water, 17 mg of ZnCl,, 1 g of citric acid dihydrate, 3.6 g of glucose
and 100 mg of MgSQ,, and then the bacterial cells were subjected to the
principal cultivation at a temperature of 37°C over 24 hours.

[0060]

The culture medium was found to be colorless at the beginning of the
principal cultivation, but the culture medium turned green tinged with red,
after the elapse of 24 hours. The resulting culture medium was treated
according to the same procedures used in Example 1 and as a result, there
was recovered a product tinged with green.

[00617 .

This product obtained through the foregoing cultivation, tinged with

green color tone was analyzed by the mass'spectrometry according to the TOF-MS

technique. As a result, the product was found to be a mixture whose molecular
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[Figure 4] Fig. 4 shows the 130 NMWR spectra observed for Sanple | prepared
in Exanple 1. [Figure 5] Fig. 5 shows the HSQC spectra observed for Sanple
1 prepared in Exanple 1. [Figure 6] Fig. 6 shows the COSY spectra observed
for Sanple 1 prepared in Exanple 1 [Figure V] Fig. 7 shows the HVBC spectra
observed for Sanple 1 prepared in Exanple 1 [Figure 8] Fig. 8 shows the
NOESY spectra observed for Sanple 1 prepared in Exanple 1 [Figure 9] - Fig.
9 showsvetibbt NGESY wapect riieobserevet firom Bampd el294prepat bda ne@xdrpinethe

[ Figure 10] Fi g 10 shows the JH NVR spectra observed for Sanple 2 prepared
i n Exarfisite BlotFeqorel ] 2H gin PEdshigie EfeProfivR Ypodt kel ichs@ra/eder o

Sanpleaé%epﬁﬁp%égg gﬁ%c%%é%@%r% ghd as a result, it was thus confirmed that the
product contains elemental zinc. As will be seen from the absorption
spectrophotometric curve given in Fig. 22, the product shows two peaks at
wavelengths of 372 nm and 445 nm, respectively. Furthermore, the product
was also analyzed by the pyrolytic GC-MS technique and as a result, it was
confirmed that the product mainly comprises a pyrrole compound and that the
pyrrole compound comprises a pyrrole ring structure in the molecule.
[0062]

Example 6:

Bacterial cells, more specifically Escherichia coli strains wherein the
transposon for the gene ypjD (b2611) had been inserted intb the gene of the
strains (a transﬁoson—inserted variant: JD23504, available from National
Bio-Resources) were subjected to a preculture in 2 mL of LB culture medium
(including Bacto-tryptone: 1%; Bacto-yeast extract: 0.5%; and NaCl: 0.5%)
at a temperature of 37°C over 12 hours. The resulting cell suspension (1 mL)
was added to an aqueous solution obtained by dissolving, in one liter of
deionized water, 10 mg of RuCl;, 1 g of citric acid dihydrate, 3.6 g of glucose,
and 100 mg of MgSQ,, and then the bacterial cells were subjected to the
principal cultivation at a temperature of 37C over 24 hours.

[0063]

The culture medium or cultured liquid was found to be colorless at the
beginning of the principal cultivation, but the culture medium turned bluish
green, after the elapse of 24 hours. The cultured liquid was subjected to
a treatment in a centrifuge to thus precipitate the bacterial cells and the
resulting supernatant was filtered through a filter having a pore size of
0.22 um. Then the filtrate was passed through a column packed with an
anion-exchange resin, the culturedmaterials adsorbed on the resinwere eluted

using an eluting solution consisting of a 20% acetonitrile-0.1%
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[Figure 12] Fig. 12 shows an enl arged NCESY spectra observed for Sanple 2
prepared i n Exanple 1. [Figure 13] Fig. 13 shows the spectra illustrating
the rel ati ve abundance observed for Sanple 2 prepared in Exanple 1.

[Figure 14] Fig. 14 shows the results of the analysis carried out according
to the ESI-MS. [Figure 15]Fig. 15 shows the results of the analysis

of : t heproductprepared in Exanple | , which is carried out according to the
pyr ol ystsi fGBIVBIcef £ gui e atiBpol golutd osmvistitanetiresinate wis fheezendryed s of
the product prepared in Exanple 2, which is carried out accotdin%8to t he

pyr ol yt TRISGENRES Was Hecquer e FPERAIE LIARIRT 1 Eh Pretious TR hESFES LY $18 G he

oo ai s TA BB il REERRLECHLDFIBIPLE oy M S 1 BHAAGE e 14

shows thginbasdktthe Protifer 8@l Hsk S ftal Dec Phadue tn RREPAT BdriRrEyadPtei 2 |
which is carried out according to the M5/ MB neasurenent. [Figure 19] Fig.

19 showscddhet absdriptwise spelgtzedplvob oadietor i € thpegtologiafCols arevbdidusr atdhe
product produced in Exanple 2. [Figure 20] Fk%. 20 shows the results of the
anal ysi&s éf rete tprbdies ghidpared theh BeaRpPE 2, "oHHIhCPPEERF i B EYSHPLE

accordi DgobOnd N8 PR CLAMEALEL 2031 XS & LRLOULE 24, ELa (dhoshave the mass
spect rofetric spectrogram( -iéﬁ serve or t culturéd”product which
is tinggdowethigtgen color tone and which is produced in Exanple 5.
[Figure 22] Fig. 22 is a graph showi ng the absorption spectrophotonetric
curve observed for the product which is tinged with green color tone and
whi ch is produced in Exanple 5.

[Industrial Applicability]

[0064]

The tetrapyrrole compound prepared according to the present invention
may be applied to or used in a variety of fields such as the fields of
photocatalysts and optical butteries; and including the fields of, for

instance, optical recording materials, information-recording materials,

electron-transfer materials, semiconductor elements and electrodes.

Brief Description of the Drawings

[0065]

[Figure 1] Fig. 1 shows the spectra as the result of the analysis of the
mass spectrometry according to the TOF-MS technique, which was observed for{
the product produced in Example 1.

[Figure 2] Fig. 2 shows the structural formula of.the product produced in
Example 1.

[Figure 3] Fig. 3 shows the 'H NMR spectra observed for Sample 1 prepared
in Example 1.

[Figure 4] Fig. 4 shows the >C NMR spectra observed for Sample 1 prepared
in Example 1.

[Figure 5] Fig. 5 shows the HSQC spectra observed for Sample 1 prepared

in Example 1.
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(57) [Cainmns] 1 .A nethod for the production of a tetrapyrrole conpound
characterized in that bacterial cells of Escherichia coli, which cannot
express the gene ypjD (b2611) due to the variation thereof, are cultivated
in a culture mediumand that the resulting tetrapyrrol e conpound having a
porphyrin ring structure is obtained fromthe culture nedium 2. The

nmet hod for the production of a tetrapyrrole conpound as set forth in claim
1, wher gfiguiceé €onptigses dhoes strepsodf spddirr cbservtelle few|Sanpée ne dirapg real
metallic el ement capabl e of being converted into ions thereof in the

cul t ur elhédPPir -a netal lic el ement - cont ai ni ng conpound capabl e of bei ng

di ssociated into it.s igons therei s.araw nateria n i ng
or isol Jigﬁlﬁe{]ﬁe r%gul?iszlﬁwf’ e?hreagbﬁéraoﬁpgcc%anﬁgg%ﬁvego% %%ﬁ%gﬁhgg%%g% 3.
The nethog.tas 4 Re production of a tetrapyrrole conpound as set forth in
claim1 or 2, wherein the tetrapyrrole conpound is one which carries four
nmet hyl grioups,slandibous sabhy|theSI@SYgspsa othsacetdtfer gtauds | propaowht e
groups) on the porphyrin ring. 4. A method for the production of a

t et r apy¥t démelsnpoeund characterized in that it conprises the steps of

Gene yoi BCE20H1) “tide 1 6"PRE VATAtLoR LHioh Ol T S oCuI ThS hedeiiahi ch

conpri sgs gyas,@ haw material, el enmental M capabl e of being converted into
ions thereof in the culture nmediumor an M-containing conmpound capabl e of
bei ng dimispeeaned Fngo 10tshowsnset HaM® speanda tdvenreal Fecthnglof drephat¢d ng,
fromthe culture nedium the resulting tetrapyrrole conpound having a

por phyrim Exprglestlruct ure in which Mh is coordinated at the center thereof.

[Figure 11] Fig. 11 shows the 13C NMR spectra observed for Sample 2 prepared
in Example 1. |
[Figure 12] Fig. 12 shows an enlarged NOESY spectra observed for Sample
2 prepared in Example 1.

[Figure 13] Fig. 13 shows the spectra illustrating the relative abundance
observed for Sample 2 prepared in Example 1.

[Figure 14] Fig. 14 shows the results of the analysis carried out according
to the ESI-MS.

[Figure 15] Fig. 15 shows the results of the analysis of the product prepared
in Example 1, which is carried out according to the pyrolysis GC-MS.
[Figure 16] Fig. 16 shows the results of the analysis of the product prepared
in Example 2, which is carried out according to the pyrolytic GC-MS technique.
[Figure 17] Fig. 17 shows the results of the analysis of the product prepared
in Example 2, which is carried out according to the ESI-MS mass spectrometric
analysis.

[Figure 18] Fig. 18 shows the results of the analysis of the product prepared
in Example 2, which is carried out according to the MS/MS measurement.
(Figure 19] Fig. 19 shows the absorption spectrophotometric spectrogram
observed for fhe product produced in Example 2.

[Figure 20] Fig. 20 shows the results of the analysis of the product prepared
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in Example 2, which is carried out according to the XPS elemental analysis.
[Figure 21] Fig. 21 shows the mass spectrometric spectrogram (TOF-MS)
observed for the cultured product which is tinged with green color tone and
which is produced in Example 5.

[Figure 22] Fig. 22 is a graph showing the absorption spectrophotometric
curve observed for the product which is tinged with green color tone and which

is produced in Example 5.
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(57) [Claims]

1. A method for the production of a tetrapyrrole compound characterized
in that bacterial cells of Escherichia coli, which cannot express the gene
ypjD (b26il) due to the variation thereof, are cultivated in a culture medium
and that the resulting tetrapyrrole compound having a porphyrin ring structure
is obtained from the culture medium.

2.7 The method for the prodUCtipn of a tetrapyrrole compound as set forth
in claim 1, wherein it comprises the steps of adding, to thé culture medium,
ametallic element capable of being converted into ions thereof in the culture
mediumor ametallic element-containing compound capable of being dissociated
into its ions therein, as a raw material, and then collecting or isolating
the resulting tetrapyrrole compound containing the metal.

3. The method for the production of a tetrapyrrole compound as set forth
in claim 1 or 2, wherein the tetrapyrrole compound is one which carries four
methyl groups, and four ethyl ester groups or acetate groups (propionate
groups) on the porphyrin ring.

4. A method for the production of a tetrapyrrole compound
characterized in that it comprises the steps of cultivating bacterial
cells of Escherichia coli, which cannot express the gene ypjD (b2611)
due to the variation thereof, in a culture medium which comprises, as
a raw material, elemental Mn capable of being converted into ions
thereof in the culture medium or an Mn-containing compound capable of
being dissociated into its ions therein and then collecting or
isolating, from the culture medium, the resulting tetrapyrrole
compound having a porphyrin ring structure in which Mn is coordinated

at the center thereof.
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