SPECI FI CATI ON  Process for production of pyrrole
conmpound Terhnical Field [0001] The present
invention relates to the preparation of a
tetrapyrrole conpoundagﬁghgggAresultlng tgtrapyrrole
conpound. Background Art [0002] The tetrapyrrole
conpounderaress forpprpipcitnonndf chy vrokh ¢impgund
conmpounds inportant and useful as a variety of nedica
and pharmaceutical agents such as anticancer agents
Technaedll FHieldddition thereto, they have al so been used as
food additives, and oxidation-reduction catalysts in
[0001)he fields of electronics. Such a tetrapyrrole
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qui res the use of specific “equi pnent (manufacturing
eqU|pnent) and a specific catalyst and sone of the
chenical synthesis nethods nay adversely affect the
Backgeomad 8ntrent due to the solvent used therein. [0003]
[ooozover agai nst this, there has been proposed a nethod
}or t he preparatlon of a tetrapyrrole conpound which
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known a nethod in which
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.
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over against this, there has been proposed a method for the preparation
of a tetrapyrrole compound which makes use of a microorganism. For instance,
there has been known a method in which a variant of the microorganisfn belonging
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



a m croorgani sm bel onging to the genus Arthrobacter is
cultivated in a culture nediumcontaining a specific
conmpound and then the resulting uroporphyrin is then
collected fromthe culture nedium (see, for instance,
Pat ent Docunment 4 specified below). [0004] Patent
Docunent 1: Japanese Un- Exam ned Patent Publication
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bacterial cells and subsequently separate and purify
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obj ec e present invention to solv

foregoi ng probl ens associated with the foregoing

conventional techniques and nore particularly to
Discposmwiedefatietihodntion easily producing a tetrapyrrole

conpound whi |l e maki ng use of bacterial cells of
Problem dhrehthe dBVentign ABute S@34VAg any precursor of the
[Oooéftrapyrrole conpound. Means for the Solution of the

oblems 2 [0007] The nmethod for the production of a

LR ARKEHQ| €n FRPAYND1:12CEBE&H NG PAtent Document 1, however, the
resulting protochlorophyllide shouldbe collected from the 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, 5-aminolevulinic acid as the precursor of a
tetrapyrrole compound.

[o006]

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



the present invention is characterized in that
bacterial cells of Escherichia coil, which cannot
express the gene ypjD (b2611) due to the variation or
nmut ati on thereof, are cultivated in a culture nmedium
and that the resulting tetrapyrrole conmpound having a
porphyrin ring structure is isolated and recovered
rood#j0m the culture nmedium [0008] The production nethod
g the present invention is further characterized in
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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 ypijD (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.



The tetrapyrrol e conpound of the present invention is
represented by the following fornula: [C36H3608N4 IVh
(I111)y 1 Effect of the Invention [0012] According to
the present invention, a tetrapyrrole conpound can be
produced by cultivating bacterial cells of Escherichia
coli, in particular, Escherichia coli, which cannot
[oo1®pPress the gene ypjD (b2611) due to the variation or
mutati on thereof in a culture nedium and subsequently
r geevesdragyrafld sohpdhindgot hher peddntngnteeitt apyirs obpresented by
conpound having a porphyrin ring structure and
the dgodbodimyglfprmidse present invention can easily provide
a tetrapyrrole conpound wi thout using any precursor
therefor. Best Mde flErH@a:yiMigITHX! "t he | nvention
[0013] In the enbodi nent of the nmethod for the
production of a tetrapyrrole conmpound according to
EffdcitCoPriesehveftyent i on, the tetrapyrrole conpound is
produced by cultivating Escherichia coli preferably in
[ooi@n oligotrophic culture nedium isolating and
recovering the intended tetrapyrrole conpound from
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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
culture 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 compound 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



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

t hereof include Escherichia coli cells derived from
K12 strains and BL21 strains. For instance preferably
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Escherichia coli strains wherein the transposon for
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variant strains wherein the transposon for the gene ypjD (b2611) is inserted
into the gene thereof 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 conditions for growing Escherichia coli are not limited to any



currently used for the proliferation thereof. The sane
woul d be true for the follow ng case, i.e., when
Escherichia coli strains are first pre-cultured and
then the principal cultivation thereof is carried out
while replacing the culture mediumw th another one.
For instance, the bacterial cells are pre-cultured in
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bacterial cells is centrifuged to thus nmake the
intehdst éetadpoebls smgonedt or precipitate to thus give

a supernatant containing culture (cultured product)
[001%hen the supernatant is filtered through a filter
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resin to thus adsorb the intended products on the

[0018lesin. Thereafter, the cultured product is eluted from
the ion-exchange resin using, for instance, 20%
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a column packed with an ion-exchange resin or a reversed phase column. For
instance, the culture medium obtained after the cultivation of the bacterial
cells is centrifuged to thus make the bacterial cells sediment or precipitate
to thus give a supernatant containing culture (cultured product). Then the
supernatant is filtered through a filter having a predetermined 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



addi ng an aqueous solution of an acid or an alkali to
an organic solvent in the foregoing elution step.
According to this enbodi nent, one or at |least two
ki nds of tetrapyrrole conpounds are obtai ned and
several mlligrams to several ten-mlligrans of
tetrapyrrol e conpounds can be obtained from for
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function in a battery.

[0020]

As has been discussed above in detail, according to the present invention,
tetrapyrrole compounds and tetrapyrrole compounds containing a metal
(complexes), for instance, porphyrins such as porphine, porphyrin and
porphyrin complex can be produced using Escherichia coli and therefore, this
method never requires the use of production devices and catalysts selected
depending on the kinds of the intended compounds unlike the production thereof
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



7 is not needed to add any precursor for the
tetrapyrrol e conpound such as 5-am nolevulinic acid
to the culture nediumwhen cultivating Escherichia
coli, and further it is sufficient to recover the
tetrapyrrol e conpounds secreted in the culture nedi um
and it is not necessary to collect the sane fromthe
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present invention  does not require the use of any
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elecca@ahke of being converted into ions thereof. The
conpound containing such a netal is soluble in an
WOZé&idic al kal i ne or neutral aqueous sol ution. Exanples
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i norgani ¢ nmetal conpound or an organic netal

mediupppeurrtal Exaapereantoforiaining cogeeind erredle o§hsonadd ssociated
i.nclude sul fates carbonates, nitrates, _thiosulfates,
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conmpoun are sodi um go iomal ate and zinc mal ate.
of béﬁ@;z&])nverted 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



As has been described above, the incorporation, into
the oligotrophic 8 culture nmedium of a netallic
el enent capabl e of being converted into ions thereof
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as a product and therefore, the secreted conpound can
metdle dieaexer ed hédD tdegpethd utecdrediratad dritbushbecabl ebodies of
to obtain a conpound useful as a dyestuff. To obtain
ESCQ?ﬁJth@Lﬂﬂilha$lﬂ@P%Fnﬂeél¥mﬁP colagmpegnk, tingedjwith a color tone
sufficient to proper]y select the netak@de en

Orlglll?@tﬁ%§|rP‘8<fa€8I‘i‘_ﬁLalt 8 BAF i §Wbbid °8hr Wg ceii3aue co che
actl%n et ﬁ%gg <¥1’:e q:lﬂl FE%ElEBEat ?Zlde\ﬁ%LeQQME oéhe compound is

nove or every I ntended conpounds, which may

reld&2el HRJIMEERS dehes G ar prédiReSatd therd ey, t etk tsectd®d compound
conpounds, unlike the production of such conpounds

can hegecdieged trathehe hehiwzl nalimmhtes Esusrbe ledds .to Obtain a Compound
Incidentally, the resulting conpounds may be a

usefpy 3 @awee?ttyféf FP etR¥S 18 (e AOBRCHEI T PR d&fslredo Bol &' cone, it
is &{tlgt(? ttal:g %p%nfiy %EE&%@lthQ%éteaﬁ_ gali)er?dlg ltHQ'(ﬁl:gsired color

ance, optic rec

tondTBAE® rth@& S\ﬁouﬂ.@fs@ﬁfm ic@Am{BRRS thd Gl Riveat Sf,or tﬁ'leeﬁé‘l‘eﬂ_l’cbpment of
transfer materials, sem conductor el enments and

noved| regthodd 6€r e-\{e@QZJIﬂteﬁhed gres@ndsi pdahimgy Vayynegtween the color
restricted to the enbodi nents descri bed . above and

tonejspfq %é@p%ﬁﬂ&@st%?qwrleﬁ% BREYREOT S TG LR pa st gomeounds
accordgrrln%:]tp Bk c emnc.)gzaf I%Sfflp%ess %npn ﬁQJV nt' 1d£%é%&% %Iéeresultlng

I nventi on w er eun escri
comp'bﬁfx@sﬁermﬁﬁﬂeo abPfied 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]



foll owi ng Exanples. [0025] 9 Exanple 1 An insertion

variant in which the transposon for the gene ypjD

(b2611) had been inserted (JD23504 avail able from

Nat i onal Bi o- Resources) were cultivated in 2 nL of

LB culture nedium (bacto-tryptone: 1% bacto-yeast

extract: 0.5% Nad: 0.5% at 370C for 12 hours. There
Exm¥%§ fdded 1 nmL of the resulting cell suspension to

of an aqueous solution prepared by adding 9 g

ohn KI2BO¥: o2 tatfi ot K2 RO tRBe G rahspdddd) for ghofgetbtypiD (b2611)

acid dihydrate, 3.6 g of glucose and 200 ng of My304
had tgen inssfrtdéi 6226604 vextaerlabhel frpm datienalnwBie- Resources) were
subj ected to pr|n0|pal cultivatign at 37*C for
CUltH8%¢%9 1F062Tﬁ fTHe ?HHtPH?eﬂfqluau#Qﬁqq?u§r¥ﬂﬁ99?ne%FﬂMQ%CtO yeast

nd to be colorless at &h hegi

excepft 1581 NALeT Gt oft BUE TR JCoPBre nerisse Fof qéged 1 mk of

the PLAK ti6Q|Qn1aftentNh @bapse mef o2 4nNQiicSus TdH1Sition prepared by
cultured liquid was treated using a centrifuge to

addihi9sy Of BIGPQ,t 2t @ of MeHrog) b3y gff @8RIMSOL heyeifrciamdc thid dihydrate,
resulting supernatant was filtered through a filter

3.6 B C@SSo?réP 309 @90t HIPOphe IThedf dehenizedyratiengnd the cells
filtrate was passed_through a col um. packed with an

Werea?H?ﬂ?CéﬁérﬁﬂwgélP%%ﬂﬁ% C%{H%ﬂiﬁb%%tﬁgy3? fon) $hifeurs-

[ooz28fisorbed on the resin was eluted fromthe sanme using
a 201 acetonitrile-0.1letrifluoroacetic acid solution
afhanuetuasd 1a6did hemst berLlnddt @ayasoundopli bé zedorbess at the
product tinged wth pink was thus recovered. [0027]

begimping pF odec brivesirsdbfddtizdt ien.abvarthet gobdr thereof turned pink
[ such__as those d bel ow,

i nstrumental anal ys ai
colop AFCRE SRESSHRTEI ‘Pﬁ’Yn%é’i Rz - tﬁ@lﬁr%’&fr&?e%§ was treated using

a cer%_;l%g_ E@%é/ E%ﬂ!&%s&ﬁ%@?é A'%tatgﬂ% egea Zglpsz g{r‘elys%gll'&lr t%ieel‘lé é.ﬁ I?:t%m}s!enre sulting

supe B 208 PRIBAE 1@ k8@ tABG I S peCtdy hagidd e pove esp Qﬁd] 2Qum. Then
13C NWR spectral peaks as shown in Fig. 4, these in
the thesulolioowiigrBtgumes areseghdhmough t Ae codpen wagckddsowith an

Mor eover, the product was anal yzed accordlng 0 )
anion-exchange resin, subsequently the ‘culture adsorb&d on the resin was

eluted from the same using a 20% acetonitrile-0.l%trifluoroacetic 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
A toGappearing in Fig. 1 correspond to the marks specifying the corresponding
*C 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

(X) was detected by the ICP (Inductively Coupled Plasma) mass spectrometric
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the NVR spectronetry and it was confirned that a

tetrapyrrol e conpound was certainly present in the

product. Furthernore, the presence of potassium (K)

was detected by the ICP (Inductively Coupled Pl asma)

mass spectronetric 10 analysis and it was thus

concl uded that the conpound was recovered as one

anal:kfi%@.ﬁc AYLtC‘let QS\M! lgdé)ci t'hgﬁttn'?e t:’glﬁxgglgfd @a§(}|%g E&red as one

th the same. [n addition, the product was further

ionisddljl @ ebagl dbwithex sPeatthe LR fdnplaRAMiYEithe @Bfle ASTnaddition,
result, 1t was confirnmed that there was observed a

the prbduer aks feakhemelljiatgd tchehSepettimphdtpegulicamalygsis and as
the porphyrin, as shown in Fig. 2. In Fig: 2, there .
a regpkt obk #P§ P WongskEias HienRavet ehervedot P3E-exA @eak including

49 t.i ... _Thi | ly indicates.that t .
cne B3af e CBRR IR oy i, BOIF Chnrts, PRE feoris. 3. Borig. 2,

ther®l S 5 ERRAELERE 2 HRIGL OGRY s WeH B0 ha $ 098] resHiBrively.
tetrapyrrol e conpound prepared above was dissolved in

ThisdtId=ar1gnindisetaenhst thamrbaudt aptnSarfIng cJyest BEF carrying free
resulting sanples were subjected to the

electyonsgliqmeablomfl uUNIRrsEagt ngrtipn ( COSY, NOESY, HSQC,
HVBC), followed by the analysis of the resulting

[°°2§E)ect ra and the structural analysis of the conpound.

[ in ' i i
A R R o L

solvkatd hgsahpR sipeslr£s40pi £) Meas Urahe Rt ndINEeph14d8ere subjected to
follow ng conditions: -Apparatus Used: | NOVA500 Model

the {evaiimahssorial AMR/apecrbnSorpda9gy, NOERS oOHSMLeHMBC) , followed by
Frequency: 499.8 MHz ('H) ; -Standard: 3.31 ppm _
the pephHaS, Of HIVRPSULG-42 SPRPM3A eBRCHe ESEURIVRR! analysis of the
CC)mpl nLgar ation Nunber: "H NWR (16 tinmes) ; 13C NVR 53428
£l nmes) ; COSY (16 tinmes) NOESY (8 tines); HSQC (32
[oo2bimes); HVBC (128 tines); -OQher Condition: The m xing
time of NOESY was set at a |level of 400 nsec. [0030]
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 (CDzHOD, 'H NMR)
49.421 ppm (CD,OD, '*C NMR) ;
+ Integration Number: *H NMR (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

CD;CN/D,0/CD;CO0D solvent and then the resulting solution was subjected to

the NMR spectroscopic measurement under the following conditions:

* Apparatus Used: INOVA600 Model (available from Variant Company) ;

11



In addition, as to the sanple 2, it was dissolved in a

90:10: 0.1 m xed CD3CN DzQ' CDJCOOD sol vent and then

the resulting solution was subjected to the NWR

spectroscopi ¢ neasurenent under the follow ng

condi tions: *Apparatus Used: | NOVA60OO Model (avail able

from Vari ant Conpany); 11 - Resonance Frequency: 599.8
oMz (1 ., -Standard: ppm (CD2HCN, 1H NMR) 1. 28
Reﬁﬁﬂ?rgcé%é?\ﬁu%é NVRY - ¢ ”E‘ﬁ Zifdgration Number: 1H NVR (64
 schhBS). ; 1136 DR (2000Q tiyRER) ; COSY (16 tines) |

NOESY (16 ti nes); I—% QXL (32 tlmss) HVBC (128 tines);

, O her CandBstpmmn: (CDh®, mgi Wgr)t:;i ne of NOESY was set at

a | evel of 400 nsec. [0031] Structural Analysis of
InSamteom ‘NuFher r S5NIR 66 ft inge) 1 HCNMR P66 ttrinaet r FeSY (16 times);

sisS a | otted an F vent: CDOrdD). As a
NOESIXezﬂJ%/ttlmFﬁg €P ré3%bt51§‘|e§ ngl]% g?% &"8Bbut 10.0 to
aroun » 2250 3
Otlli %(Jplgltlgvnd Qgrléoun %1me otsl(\lggég \(I‘\Iﬁg s%letwae.t?e g%\geulrrgg 400 msec.
[oo3t1q; be ascribed to the |ntended conponent. The signal s’
intensity ratio was found to be about 1. 2 :3 :2 . The
Strusitgnal dndlyeig ofr 8anmenfiical to those appearing on

the other fiqures. SﬁgOOSZ The results _of .the 13?%\%5 ,
SPRRtYSSHRET | &hal }\’%RaﬁpécﬁF?i?etté?dco"i‘P%Yﬁls 3re pio on Fig.

3 (s%wghtasé O%B?ht 'Aét trgguf@ np,ggpeg M? Sﬁ%e%%%&%&bf%%ﬁg %j: about 10.0

ecause pr ésence of signa
to 1bNs thinS (HONALSIHOR, 3 IR Ok)Si gAdinObsepyRd(d)N &he alblind 3.2 ppm

NMR Spectrometric neasurenent is a characteristic
(e) ,sitgralvenhiashunesi mmbe gseridrtllty Olesieroesded pompdrenti gAthe signals’
~of the magnitude of the chem cal shift and_ it was , ,
integgiinEdt 1O fmgsdcw BeaPpet theé: picrphi FiPreRE %t bf 2ragdentical
to tg gandl gat en L %lﬁl ngf intao  consideration the fact

Rat tke® ngpleco VErS an-aromatic one. As will

[0030¢ descri bed bel ow, vvhen anal yzing the results (Figs.

5to 9) obtained by

The results of the “C NMR spectrometric analysis are plotted on Fig.
P

4. Tt 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 analyzing 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

12



t he two-di nensi onal NVR spectronetry whil e regardi ng
the conpound as a porphyrin, the results can be

anal yzed wi thout any contradiction. Mreover, a
conmpound having a structure simlar to that estimated
and depicted on Fig. 1 is reportedin S. Og. Chem,
1999, Vol. 164, No. 21, pp. 7973-7982 and the

meas[@ &tUdf o\fﬂeiij 2c8H§1er%ﬂ£ %«J?.ltﬁt tﬁingtle%tlggl@édt hﬁ1 1th¥h/grt1cle

spec ronetri measur enent consi st ent

AccolBdtg1di, Sl 05€0ed Sbrdahey %tdcﬂc@uded\ﬁﬁz&[ ghd1@bjipound 1@ porphyrin
reasonably be concl uded that the conpound has a

strupoaphyrin structure. [0034] The analysis of the
t wo- di nensi onal NVR spectronetric nmeasurenent will be
[003déscri bed below in detail. [0035] The results of the

TS P OTE Py e SATRAPYT) AN SPEEHIIRIEF Bpapfgment will
be d%SEﬁ%ﬂéhoﬂeth'1ﬁcéttégﬂe results thus obtained are al so

epicted on Fig. 5. Regarding the proton signals,

[oo3éppital letters are ascribed to carbon atons directly
bonded. [0036] The results of the COSY spectronetric
aftze ystel tar ef sheWsoCrsricgromet rifeana@@sis gyye cthogmery ls“lig 5. The
is an anal ytical technique for the detection of.th

HSQCSREFETBRIFYT hY BetRehicat Fachpiaue FsGPe BEeChen Sf d'. The

o SUELN Bl R UG LB, 8 EAUSEU BB horon i,

capiBSEiRedrd Qre S50 %o alarBohi Sbrer @Dad it Yordrd.
consideration of the signal intensity ratio and the

[oo3eRgni t udes of chen1ca| shift for Fand E. In this
connecti on, gresents an unidentified conponent

mzfséesg%lrtaafu%e RasY ABECKRATChEED 2nt YRSt ol 719 6+ The
COSYlhe(ecr{:JefSU|t}§%/ Of .f).tnh%an%cﬁég ecEn?&%e:réf?)rat@%l Xgéect§5§ of the spin

own I n spec
coup@:[}%l ¥tiwh teahni gue forither dat %91%'19@159]: l'é%\)@lb' {dAd that £ and

about 2 to 4), and this techni que provides the
e calreides cgpenecup liug leedr it @adtlselieved that this could be ascribed to
-CH,-CH,-X at a high probability in consideration of the signal intensity ratio
and the magnitudes of chemical shift for F and E. In this connection, X
represents 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°w (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, ¢), (£, A), (f, B), (£, C), (f, E). These correlations are never
contradictory to the estimated structure as shown in Fig. 1.
[0038]

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

13



coupling correl ated spectra. The analysis of the
spectrogramclearly indicates the presence of such
correlations as (e, A, (e, B) , (e, F), (g, B), (g,
o, (f, A, (f, B, (f, ©, (f, E). These correl ations
are never contradictory to the estimated structure as
shown in Fig. 1. [0038] The results of the NCESY
p r r F
ons PSR e SHEELY L8, B LTS By o et
of thdpréeireetdramgnet i tel P esemtretind accordingly, this would be able
magneti zati on- exchange and accordingly, this would be
to paptigie tipe pnbwinge ibhecnnéorimat tion déamlbwelenemclear spins on
di stance between nuclear spins on the basis of th
the krﬁeﬁgﬁétfu tiﬁtma@ﬁeghﬁttwa@@lﬁ b ARECEPESEOPRIFRXEITIAT - Tﬁae analysis

of tg? es#ﬁléz O SUC Cd;)lrczrgéag]tt%xlorerpgl[els%nlc%] défc %;1&? (\]%)E c3rrelatlons
as %OE e)®) (£, <q|d (2, =) (d<d ek), (4 e9) &pr%ﬁlc@rlreﬂﬁloﬁg.esﬁ‘hese NOE
correl ations clearly supported the reiiability of

correher esisi abdadyssipetriee thas rehioani 1iny Fofgthd .eqt@0384d structure
Structural Analysis of Sanple 2: The results of the 1H

as sNWR: sipe€igonetric analysis are plotted on Fig. 10 and
tre results of the 13C NVR spectronetric analysis are

[0033) otted on Fig. 11 (solvent: CD3CN D2Q) CD3000D =

strudPord: QndlysilsNoFi St 21 he signals enclosed in two
squares are ascriped to Inpurities. As a result of the
CORPALEE0fE off the thendpeptetrdesel ¥ ethal9is hre plotted on Fig.
foregoing sanple 1, it was assuned that the

10 am thetnpsadtofott tee pﬁq M peéctoompbntnesalrgis pgeplpetdd on Fig.

tQ one anot her. his was al so sugEErted by

h
11 (APYtT OO BSUEP R riletiit i SNGEE e Higepls enclosed
in twg ds%d % S@'ﬁségglgfb%ﬁsto 1 %ﬂg%tlézé.g %o%r §tg toEelfhe comparison

enla Spéectrogra serve

with T @puet:& oBserxed rbhecrdpretafbingl sdiae iLntia fﬂ@i;lrassumed that
species and therefore, the nunbers dl to d4 were

the gimenures tdfeske gpeorasal gonbenantdeverg daenhiecdlofp one another.

magnetic field side (in the ascending order). The NOE
This W5Sr s FErerLpe by the analytical results of respectlve COSY, NOESY,

HSQC and HMBC spectrograms.

[0040]

Fig. 12 shows the enlarged NOESY spectrogram observed for the sample
2. There were observed the d proton splitted into four species and therefore,
the numbers dl to d4 were given to these species in the order 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
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summari zed as follows: There were observed, for the
both dl and d4, the NOE correlations with the both
nmet hyl group and - CH2- CH2- X; *There was observed, for
d2, the NOE correlation only with -CH2-CH2-X; *There
was observed, for d3, the NOE correlation only with
nmet hyl group. [0041] The arrangenent of side chains

the ?%se Jgfqgi\é\?h% Egtgﬁ ?Hat:.l' tWELE WSE lﬁBE %tsggv an}éiéthi. _CQ%ESI\?(%frelation

ere was not observed any distinct

betweRhh@k 81 ghouRed Mesivdemt luyl, - @, SUPBo@s in addition to the foregoing
bet ween- CHZ- CHZ- X groups in addition to the foregoing

NOE Nokreltriehat i ons. [ 0042] Regardi ng the nunbering of
the 13C signals and LH signals, they were nunbered in
[0042dich a manner that the signals observed in an

appr oxj.nat el i dentical regi.on were nunbered.in
I Eﬁ%a}r ste?% nblg'gﬁﬁjsrg, otfhgh%or IRPPALS 681 ét & 9%%1]28 g thEY were

numbe?R8 _a{r? Cgu%hr H%&Hn%raggatg r@{e_efsgﬁﬁalst r@)%sgﬁt'@i l;6d an approximately
attribution thereof was quite difficult. As to the

iderfilBHErafiofi eRetl hidsretihef @ Wane. ovhseriveHedise, petak porphyrin
to be attributable to nethyl group (g) and . ‘
skelgtownrtdgisngl sepeat e Shyppevreoandepgerefrn Wwhal detigdled attribution

estimated . to he 4. [0043 Accor di to_ the foregoin
therﬁPBc“&ﬁJﬂBéFeiqlfébﬁﬁl{f'be‘“ Gift (SPAeBT Of P gfptnd iere were
trugt i i i i .
onsc}fSs B SEOLE A B, BRI T ekl Bt ) O foosnsny

the hBSRBCLE RV eLon idouls Belfddteherda tbheé 4.he nunber of
respective side chains and nore specifically nethyl
[004gt oups and - CH2-CH2- X groups are four in total, the

position of each side chain attached nmay be either

offee B PR BLEF tf€§eﬁgl%8ﬁﬁc‘?drﬁlri§?g.ltlc‘a‘1‘%i Phi P4 HRt that the

LN ntradiction to th r i.ng .d .caor di : .
coneaS 4IRS L0 B R OBLED 18 By LAY cnmsyicar
resudPedsf Led s'aﬂpfé a. aﬂlgi i.ooﬂﬁ]thighl%%ptebﬁ, pRIELER, it is sufficient

corresponding to X in the group: -CH2-CHZ-X was
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
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i nvestigated. [0045] The product obtained according

to the foregoi ng procedures was subjected to the

foll owi ng anal ysis: [0046] (1) Qualitative Analysis

According to Pyrolytic GO Ms: To renove TFA or the

i ke, the sanple was heated at 280'C for 10 mi nutes

in a heating furnace, then thermally deconposed at

[ S, S r

prodggg% Sgl?febg égﬁ%rgﬁ%f)%{eﬁg %ﬂgﬁ.gaec% Lé&gr%g Ue §é@ %hromatograph/mass
spect RbSFEHO JheRivhaBs Sre fepe6d g tapied/mer g undeket & efert betow.

to as "GC/M5") as detail ed bel ow Nane of the Device:
NameAoflehtiec @ewisa:| abl e from Agi |l ent Technol ogi es under the

trade nane of HP5973: Type equipped with a

nlas%e@éﬁ el ab e teer AILISRE ngogﬁfﬁemé%% the trade name of

a h; A V|ce avai.l able fr
BP9 1 PE N L PHfe e PPV 6061 B o PRR g FuPRELQ TYpe: Gas
Chrogg&gqﬂ@gﬁonp05|tlon Device. Sanple to be Analyzed: A
ution (0.5 nL) obtained by adding 1 nL of AcCN to

2n mgvode aasl A r@emMVERONTAOER edBiwider aheatiide e @MEY-20201D:

then AcCN was renoved by purging the cup with
Heatjng r%geacega@/pe[l@@wmp%% onARaViesi-s with El ectrospray

| oni zat i on- Mas ectro raph: To e am n Iecul
Satpy 81 0= P ALK Lo Ry RGP pl e ScPE) (RS BY (TGRS - nb of Acc

to 2 ﬁ%c@f EQ&P lsgwgpesw%ggbﬁzgg 1H§ %.g?%ngﬁel-:é Eﬁ@%ﬂéﬁlﬁcm was removed

ni zation ctrograp reunder referred to
by pabgirgStndup astrletiairbgsh kgkow. Nane of the Device:
star available from Applied Bi osystens; Sol vent
[oo47htroduced: AcCN 0. 05% aqueous form c acid sol ution
50/5Q); . Method of Introduction: The sol ution to be
(2) Y73 8 Vs EHPFEOPPTRY mitard dRickl ~Mas? ndp oS tEepE o 0p.

Npo gxglng/%%é%{o%gg@far é)lsdhgzl o\%etlbéogcﬁnponents present in the solution,

each sample was analyzed using the Electrospray Ionization-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 30upL loop.

Mode of Measurement: Positive Mode;

Solution to be Analyzed: 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
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Solution to be Analyzed: A small anount of a solution

obtai ned by adding 1 nL of AcCNto 2 ng of each

sanpl e was dispensed in a vial and then diluted to

about 100 ppmw th the introduction solvent. [0048]

The results obtained in the foregoing GO M5 anal ysi s

i ndicated that carbon dioxide was detected in the

. S e. ..l .t Lan,: n fromthe results (see

aClnggBhﬁéf' ég%gh%% %%%dfﬁg gfegoing ESI - M5 anal ysi s,
[oo4byagnment ions having a nol ecul ar weight of 59 (4

peaks) were detected and accordingly, it was

coofdaveed tHeaifotrbgoimgagnehictceaprarsdgzad wt ik mstodytic GC-MS

group or acetic_ 16 acid group (a propionic acid
techyigipynd as 6oLTP L b ichd Fein CORRCTHE 46 Agt prodoerd hrke a pyrrole

anal yzed by the, pyrolytic - hni and.as a .
comPREEE TP I oo NERT TERerSo e THRot §Y g garing the
masspé@’erc‘%lrg_l SegRgu @Qcﬁ%oﬁ{)&’!@%ﬂ Qit!'_ﬁ Yhe Jcﬁ'taTﬂ;Hs% £r§§EsCé)¥Egult, it

be confirned by conparing the nass spectral data of

coul@agd Earponentthatt bhd haodatn Hase ppfrde &in@driictute in the
could be confirmed that the product had a pyrrole ring

molestlaict In @dilhtidme imwkepedteof |theadrtiatilon nolacylegpedighst it was
t he_detailed nol ecul ar wei gh .t was detected as an

deterhifl £ PREG BTG A T A R 167 OF HPHGHER B e Product
as s%%ﬁ'xeqaopfbc.t 13 azgndsgﬁﬂ@ t'l-{é Jr:\é%cu].tgrawr& 'Euénér'%%f was found to be

cul ar” wei ght ereof was found t e 654.2682

654 . £60D3=896G7601- 00 6By s) . FEosh the fOreR@ehgg it taya®nfirmed that
confirmed that the product was a porphyrin conpound

the wardugkngis arpdripbysim@ovhains cadrygngy | on ¢be evidgr dupgsers ethyl

acetic acid groups (propionic acid groups) and 4
esSteRGEAYRS Of 3BTRS C 2HAARYPR (REPRICE 6 ACHE PEREPDf SE5U iyt 9roups.
havi hgg‘\élt_)rg%etch a:r_t vovl ig(ﬂﬁé 8% 6g2|aen% aa\;‘infpotrh@%c?ﬂflowgﬁgmgig formula:

T ~ Exanpl'e” 2t "Bacterial cerls, nore specifically
c,H.oa¢herichia coli strains wherein the transposon for

the gene ypj D (b2611) had been inserted into the gene
[oos@f the strains (a transposon-inserted variant:

JD23504, avail able from Nati ona
Example 2:

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, 20 mg of MnCl,, 1 gof citric acid dihydrate, 3.6 g of glucose,

and 100 mg of MgsSO,, and then the bacterial cells were subjected to the

principal cultivation at a temperature of 37C 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
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Ri 0- Resources) were subjected to a preculture in 2 nL
of LB culture nedium (including Bacto-tryptone: 1%
Bact o- yeast extract: 0.51; and NaCd: 0.5% at a
tenperature of 370C over.| 2 hours. The resulting cel
suspension (1 nL) was added to an aqueous sol ution
obt ai ned by dissolving, in one liter of deionized
prowlHrer? érng%s F124 Hou@s0f Thkt fliGudel bRy AkBbjected to
: g of glucose and 100 ng of MgSO™4, and then the
a tr&aGlatid] aCRintsi M t8Whueciedipotdteethpbantepal cells and the
cultivation at a tenperature of 37C over 24 hours.
resull 605 pupdiretent twase fibdined tiondugbr e fSdlcarilsy)nges pore size of
found to be colorless at the initiation of the
0.22princiThan the tiilarebe, wiupashed cClitouse edPifnt Bregs with an
. reddish 17 bro after the el. 4 :
A o A TREITERT T WLt SR B e B AR s peeifrere elucea
usin?enatr{ ' felig@ir_tléD tHSE PEECiBhE fd@ nhheobacd erdoal g@idosientde-o0.1%
he resulting supernatant was filtered through a
trifiidderebiyibbfd agheves sbreioh ar@l 22ranhe Bleatd Res freeze-dried.
filtrate was passed through a colum packed with an
Thus anihsrreexeh aiegeveesst |, Pre@ICEUF irgesd ikl eisddish A¥S8Tbed
[005on the resin were eluted using an eluting solution
%bn5|st|ng of a 20% acetonitrile-0.1% trifluoroacetic
u 0 -
L B, R L ey v By BT DR pymotyic ceoms
techhif@esghavd B reedot SBhdhaim cofiidl thbpeafidas fomd tdibe a pyrrole
foregoi ng product was anal yzed by the pyrolytic GC M
compoethas gheward Bk .alfesfhis faple could beorgidiened PHejBppring the

was found to be a rrol | d .shown i Fi q.

ass FRECHRR-s Ipbe OFCBHTH CHRPUBRET T B Shper #) Theiats pase and
nass ., spec i i

asaTwW ﬁé lgactogﬁl% gg thoglﬁ g%eas a tr esul t %ﬂlz:tt: Wc%g %I py%géfe H@ Skucture

in tKORbiddmd  t hatrebhier PERdgebaladwas FEyf-thbe stibfrted to the ESI-MS
structure in the nolecule. Mreover, the product was

mass Bpethemes ubf evdladisandhd ES| LavBd tirat $hép corpoHethade molecular
analysis and it was found that this % oun

. h
veASROISGC U or SRt ebr o7 t8eE Pl dd0a BF Cel gt cEpgee each
; at. rour. i |
nawvi G b s O e g o B R AL D M BB TR B R measurement

r det ect
(see BRASHLQITBNbe 568 Hike At acphiothed@rehtd.of18), wid@ktected in

the presence of CO2 was detected in
the analysis according to the pyrolytic GC-MS technique, as in the case of
Example 1, and that the compound included 4 ethyl ester groups or acetate
groups (propionate groups) inall. Fig. 19 shows the absorption spectrogram
observed for the same product having a color tone tinged with an orange color.
[0053]

Moreover, it was found, from 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
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the anal ysis according to the pyrolytic GC M
technique, as in the case of Exanple 1, and that the
conmpound i ncluded 4 ethyl ester groups or acetate
groups (propionate groups) in all. Fig. 19 shows the
absor ption spectrogram observed for the sane product
having a color tone tinged with an orange col or.
. t u t
is SR8 Brateial e pates R e AL e G ed g 2tome are

elln‘g.g)a.te& bad 1151 blﬁl@l@ ARQY B Santai fieds MBoalidAted O fhe cBfter thereof,
results obtained through the detail ed mass

on tEPBakiOBEtthe cleanil ¢ esamithas tors sécthabu\ﬁéerértcevmthe mass between
confirmed that the product of this Exanple is
the vo®polndehprddvgttdfeExamrict Lr@apinga ﬁ&lﬁﬁ%%waﬁ?ﬁo%é“ -2682)

h th
sna LR UTTEe Bt hol s PEONEL SLBIATRLe, S0 b B cne daca
ploth:ggt rprﬁearffj ltﬁe ?S{%eﬁlﬂlcg Iilasf EOrHBl\M&hQQ tv)é@gﬁ@rgfr ab7 1905) (more

rogen-atons ar I'mnated and in which

spectllfh.c\!élileijSM'] 269N (hSl&Rnkdiwvaagietonths beomemceﬂ Exdweiieaf),- 1.0078
on the basis of the detail ed exam nation of the

X2 dhfdntrcenenglith of NieXmass dxetvreen(atbhic mesghofof Me) = 707.1906) .
product of Exanple 1 (having a nol ecul ar wei ght of

[005854. 2682) and the mass of the product of thi's Exanple

( Erom tlhl ?er%g%r{%f Iy %Imw(tig Q:hq@t &on 'r%(? %ilxggntlllzé g:es&]?tlng product

e produc ecul ar weight o 7.1905) (noré

is asﬂﬁgh 'rﬁ‘?lcb o@%wﬁ@&z cbopl acubar -vej-ghi- C@f)Hté'}:%ups (propionate
roduct of anp e 1) - 1.0078 X2 (atomc weight of H

grouﬁs?)am& fodr 8380y gtoupscomehe)ht dofhadims , wh7 0% hae @61)olecular weight
[0054] Fromthe foregoing, it was thus confirnmed th , ,

(thet Hele@g@rt Wﬁﬁgl'ﬁ‘{ sageeot i éhﬁoﬁfﬁy?refin Ehpothd’ Ghi "unicn is
carries four - CH2- 0O0OH S r opi o r

repr e LY Bty B Ghpe Ton ¥ FSPAPTb BB reL TR Has D)

[oospl ecul ar wei ght (the nol ecular weight thereof in the
ionized state) of 707 and which is represented by the

Exampdemd a (in its ionized form of [C36H360BN4' Nh(lll)]'

[ 0055] Exanple 3: Bacterial cells, nore specifical
EBetieriichics1de| mose FRPALT MRALEFHCheR Chi f &ﬁébﬁaﬁlﬁ%wherem the

transpo?%é?orytrﬂe ge(nbez%j (E%Qlﬂeigd'b%% nes%rk:gé Q.nq:gecl'zgseggne 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, 25 mg of sodium gold thiomalate, 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 37C 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
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strains (a transposon-inserted variant: JD23504,
avai | abl e from Nati onal Bi o- Resources) were subjected
to a preculture in 2 nL of LB culture nmedi um

(i ncluding Bacto-tryptone: 1% Bacto-yeast extract:
0.5% and NaC: 0.5% at a tenperature of 37C over 12
hours. The resulting cell suspension (1 nL) was added

to t%lu% é)rec];glet? 42 13_1% Yt ICQQJf:PaHt %%gfg amﬂ &lxesgl El\ﬂﬁgrg étﬁbé%@ﬁtant was

el oni ze um go
flltEPéQ@llr% glfglt% ﬁé\]: FgC gﬁg &z@ygf 3t .82 ym3- Ernen0fhe filtrate
ucose 00 ng of ﬁbs , and then the bacteri al

was pﬁslea tiagh auhkjleeh @dcked iheh pniand bpadxabahye vasiontlz cultured
a tenperature of 370C over 24 hours. [0056] The

mategihl®r adarlpd nPwashe ottﬁa?ant Ueﬁ‘é ebiter s§dngtan ppiuting solution

| nning of the rin cul.tivation

consg SPLTR BF Aet LA PHEE JEI O APCEr PRECAT Apda Magpougysolucion

and PR Sne TG ?gl b % Q@é@ Uy uas sl echefd tasaddosatd®nt product
I'n"a centrifuge to thus precipitate the bacteri al

tinge8l Jlftlﬁ@'@lim r'@ﬁé«”rtelsﬁgtﬁ@@frﬁaﬁcaﬂtwa‘ﬁlaSubjfddtéert&d the ICP mass
through a filter having a pore size of 0.22 a m Then

specthenéuﬂlbra@aéysmsarp?a@s@ deshktouthwas é@mﬁmhaﬁd@@ﬁ ogpethcontains
an_ani on-exchange resin, the cultured. materi

a mefadbibedPloh (PHE 1 SSITTIRERY %l (Pdd BEIHG a8l E‘Pﬁ%“dse analyzed
aCCOiL’gll'flgf 53 thecgg/'tr]ISEL?t IJ]QC (MS %&%{ge%egﬂal tsrel k‘gsx?htlo/?t was confirmed

roa C” acl agueous utiron and

thatﬂ;l':@b@o&‘@@t fik £€ZL vl B Ge s TAYSrrb e IempBnd eAQ\BEE Ci:k& compound
product tinged with yellow The resulting product was

compsllbpect peridle éng GRromsgre spethe omderuke.anal ysis, and
as a result, it was found that the product contains a
[005fetallic gold (Au). Furthernmore, this product was

Exa ngemﬁse anal yzed according to the pyrolytic GC M
ique, and as a result, it was confirmed that the

Q:lé%aﬂ%'e'ﬂhé/ FOPDELSES i2aPYY EOL R SRARLWRY; 8Rdatiiadherein the
e conpound conprises a pyrrole ring structure in

tranfsfi@sdﬁ)lfeﬁ whe. gdrR0GFAD (Exeumpl Bad beBacireeiradd dekd shengere of the
specifically Escherichia coli strains wherein the

stra@nanbaaésf@nssmonrh%saféﬁé YT D1s 26320° Ohad? FedAPL A Telational

th
Bio- I@%.?c?%g %%g§55gﬁ] egggﬁif;({)% egg%s 1 Sjl%tt l a@%ﬁ% ﬁn%nof ql%e&tlﬂlre 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, 20 mg of CuCl,, 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 37C over 24 hours.
[0058]

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
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Bi 0- Resources) were subjected to a preculture in 2 nL

of LB culture nedium (including Bacto-tryptone: 1%

Bact o- yeast extract: 0.50; and NaCd: 0.5% at a

tenperature of 370C over 12 hours. The resulting cel

suspension (1 nL) was added to an aqueous sol ution

obt ai ned by dissolving, in one liter of deionized

f L i i bydr ;

cre 381 8 B OV, B Sy 8 o S e sean
the RACLEFEAImaC8H B WBESH1HI4B) &61Rd t&siiNRerdldiNCéPalsing an eluting

cultivation at a tenperature of 379C over 24 hours.
solJtQ0h&onsTheimubt wr 20 necktuuminasld-ountl trd fbeomelceriessid aqueous

at the beginning of the principal cultivation, but
soluthencand henndw emvate Wed Braszehdgrden, Tt efhqrgevas recovered

el.apse. of 24 hours. The culture nmedi um was subj.ecte

= prpgief bt o oo PP P RIS arasc%“%JF%‘%ee“‘d £o the ICP

' : the_r htiny t

wac B SESHRLLEL oBLLA AR IS SR o, BUBSAALaAL U2 promec

cont@i220M mekaeni 2 0ddperf (dd)r.at rumderpess ednt Srtiglica was likewise
col utm packed wi th an ani on-exchange resin, the

analyzkf redrdime tpdihe psdybed GGhMeHechasive wef eised esylt, it was
using an eluting solution consisting of _a 20%

confAEBed HheF | the. PRI, Raindy RITBALETT & BETE G fraBgynd and that the
sol ytion and_then .yat ezer dr | Thus,

comep ettt Aibe 2 Pee o) BVette, Tt g & SR

[oosie@sul ting product was subjected to the ICP nass
spectronetric analysis and as a result, it was found

Exariphat5t he product contains a netallic copper (Cu).

Furthernore, this product was |ikew se analyzed, )
aBeotretiing a8 lehaopy seryi ficadty Mischestiiigueldmirasngvherein the

result, it was confir hat .t.he produ Al nl
eransEREpT SoE SLnaTIO PR R ARES I BAd Rl e i Sothe gene of che
straGQepP gé $6Sn8pBVdd-QhSeFiddd vakiat. UrB2i dbat, hevamleel! from National
[0059] Exanple 5: Bacterial cells, nore specifically
Bio-Eesberdeahi wex0kibddtaing wheraiul ttihe int anls pdsigh chibfure medium
the gene ypjD (b2611) had been inserted into the gene .
(incgpding Baste Aimy®teRe t Adnssdonyedsle PKEER S ar Pant s and NaCl: 0.5%)
JD23504, available from National Bi o-Resour es& wer e
at S FEPBCRLIER 6T & pr GUGF Uy BT 2 PR TEPO LA BT Tt S TRERP LR -

was added to an aqueous solution obtained by dissolving, in one liter of

deionized water, 17 mg of zZnCl,, 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 37C 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.

[0061]

This product obtained through the foregoing cultivation, tinged with
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(i ncluding Bacto-tryptone: 1% Bacto-yeast extract:
0.5% and NaCl: 0.5% at a tenperature of 379C over
12 hours. The resulting cell suspension (1 nmL) was
added to an aqueous sol ution obtai ned by dissol ving,
in one liter of deionized water, 17 ng of ZnCl2, 1 ¢
of citric acid dihydrate, 3.6 g of glucose and 100 ny
gree?l%%?%e%g JTB]%QZ&FS Qﬁgtm%%g% eggén%t\ﬁ@ra%céy@i cﬁque TOF-MS
to the principal “cu ffvation at a tenperature of 370C
tech@¥ §he 24A8QWsul E 0RBRlprodhier Gl FHiR B8 Belimivasirbiidde @lecular
be colorless at the beginning of the principa
weightll faMat withinbube traege ubft direm reddi ten129¢ Nl wgil &dre seen from the
tinged with red, after the elapse of 24 hours. The
datay pkefitelng Edft (e nmEUREH WS - t theaPERAUCACYRT dithg 6 {iRdyzed by

rocedq!es used i resul.t

sane n_Exanple .1 apd as

e dhE (ulee BRTtISEREA™ BT GUGCT 1T nged™ i ChUgriean. med that the

prodngQ 6_<1:«])nta_-lj-'_t?1|ss e@_&t@éjr%étl %B@' neg thnqugh thenf er&going absorption
cultivation, tinged with 21 green color tone was

spec@iabiyrethebyid RErHASH ve@pest raget 1y, aneqrmhidogttghdwietwo peaks at
TOF-M5 technique. As a result, the product was found

wavefl gngpehsa offi Xtume gwd<d Snohedgiaectiveilght FRarhermgren e product
the range of from 307 to.1294 as wi ll, be seen fromthe .

was gkt BT EEHBIR BYIO il P O EReH B8 b EoRae . 1t vas
l; i i | .

cones B e 0 YR Dl 18, LORIBS 1 ARSI O A e

pyrro08t &psush BB akeZ IaN &y rASL lirh hg e rseedrd rieimchéanclecule.
absorption spectrophotonetric curve given in Fig. 22,

[oo6Rhe product shows two peaks at wavel engths of 372 nm
and 445 nm respectively- Furthernore, the product

Exampd® & so anal yzed by the pyrolytic GC- M techni que and

[t,. it J d th ' .
2%%(%:8&‘?.29 cellé r rrn\év?‘ez sggg{]g fc%g?% rE],’t c?%]ra ICJ?J?ﬁ pcrogg %qttra{% Qljlé/reln the

FiSes a py orpoun e pyrrole

tranSHSRM AL Q@l@p%érﬁze@ QYEE Dl e nhl Met IritehUe® intot R gene of the
nol ecul e. [0062] anple 6: Bacterial cells, nore

stra$pecddiurahégodaseha¢énﬁeﬂavagﬂantstﬁ@ﬁ3ﬁ§4mheV@ﬂhabﬂhefrom National
Bio—%%scgfqggg?%gr %él? W Sgetoygj ;Bfe(ckt)ﬂztg&%e) irrllagI mk%_,egxr‘:] l'LBn%S]r.guer% 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, 10 mg of RuCl;, 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 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
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strains (a transposon-inserted variant: JD23504,

avai | abl e from Nati onal Bi o- Resources) were subjected

to a preculture in 2 nL of LB culture nmedi um

(i ncluding Bacto-tryptone: 1% Bacto-yeast extract:

0.5% and NaC: 0.5% at a tenperature of 37C over 12

hours. The resulting cell suspension (1 nL) was added

i on@ S . ey |53$0h Whtlhe reBi AR8re eluted

o S P a iR e o
usingl t BhC &@Gitdndi hysinaten 3cdnsgseingl wEose, 2@nd at@Oomigrile-0.1%

of MJS™4, and then the bacterial cells were subjected
trifflootdrcetpriavddpaiueous tsotatiom aad thep digeeliatieeast fgpge-dried.

over 24 hours. [0063] _The culture nmedium or, cul tuyred
Thus|, j [T WegstFouREEd 8 H5edest b PEEvHh FFRET-begiontii g topg product

t he. princi pal tivation, hut t.he ' -
was pOFREeBI O o dBRe s ORe uedy e S bl e 16 s
£oundN a8 WHeUSRkukE GUheh Mass sUPA BGIestheni @ (&eatl MBthePndre, this
centrifuge to thus precipitate the bacterial cells and
prodube wakekilelvi. 8 asaperadad antranag thi theepyedlyhi o GghMa technique and
filter having a pore size of 0.22Itm Then the |
as af Fesuldt elparsspaeiddmer r Gingh the CHIOGHAT Fadkéd SATPR18fF sppyrrole
ani gn- exchan resin, the cultured materials adsorbed
compgiing |79, E&Fn tHEr BP P et RSP A AR TAPTR 1By BT i f oy Structure
in tﬁgﬂg&&k&ﬂg.of a 20% acetonitrile-0.1% trifluoroacetic
aci d aqueous solution and then the el uate was
freeze-dried. Thus, there was recovered a product
tinged with green. The resulting product was
Industbjalctredlicaktiféty CP nass spectronetric anal ysis and
as a result, it was found that the product contains a
[0064btal 1ic ruthenium (Ru). Furthernore, this product
[ i j td ;
e g R S b Lo S e veneion
may BEOEYSIidMIcBl ¥r COIEY 1i5€S Rapidtyobe flarpoundhand tHeatfields of
the pyrrole conmpound conprises a pyrrole ring
photstatuglyste and ¢dtecabl betteriepndand rindludppg | eebifiefgs of, for

0064] The tet I [ d. d ' t .
ikl o1 sbige RS, Sy TRR4no Pl SRAL S AL 0 o forians,
elec¥§éﬁf§ﬁéng£egIﬂ%kg§i§¥§3hsgﬁiégﬁaugks4(gieQEnts 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.
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phot ocat al ysts and optical butteries; and including

the fields of, for instance, optical recording

materials, information-recording naterial s,

el ectron-transfer materials, sem conductor elenents

and el ectrodes. Brief Description of the Draw ngs

[ 0065] [Fi gure 1] Fig. 1 shows the spectra as the

t r
i i R % o T R Ve oo T o, e o Rt e  prepared
in ek&fp1d Re product produced in Exanple 1. [Figure 2]

Fig. 2 shows the structural fornula of the product
[Figpredicediign 6 Btampl ghel COFFi spacgrad] okfsiegved fyoRamplee 11prepared
~ NMR spectra observed for Sanple 1 prepared in Exanple
in Examgpls gure 4] Fi g 4 shovvs the 13C NWR spectra

observed._ .for S ar ed
F9PE glir e F%]g F gs he %gﬁ s%b?é ra obser %/%dl % gy Prepared

in E§%HEP_L 11 prepared |n Exanpl e 1 [Figure 6] Fig. 6
shows the COSY spectra observed for Sanple 1 prepared

[Fighfe BYanplig. 18 shbvgune NS gpedtrshobservied £BCaspketlr prepared

. observed for Sanple 1 prepared in Exanple 1. [Figure

in E8§1m§3iegl 8 shows the I\IOESY spectra observed for Sanpl e
prepared in Exanple u J) té '1

[FlgP{I‘EE?\]’ spe8t ra SBB‘%‘,%rt\]?@dN?%Sr %‘b‘tr@ 7 %etm%gr BQF Spjple 1 prepared

Eé@ﬁtgl e 1. [Figure 10] Fig. 10 shows the 1H NI\/R
in Esp ctra observed for Sanple 2 prepared in Exanple 1.

(rightd dune . fb@hokd sBOwaMRIepddGaNiResped tfioa Dhpee\egdrepared
for Sanple 2 prepared in Exanple 1. [Figure 12] Fig.

in Ei@nslkows an enl arged NOESY spectra observed for Sanple

[Figure 11] Fig. 11 shows the >C 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
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2 prepared in Exanple 1. [Figure 13] Fig. 13 shows the
spectra illustrating the relative 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 the product prepared
I riee. Q1 a6cording to the
e & o Pl R R et he
[FiguesWols mly. tdvestanal orsl Sesofit & be qhiecdizlysps epahegrotinct prepared
Exanple 2, which is carried out according to the
in EpgmpleyRi ohEChNB t®ctisdquy. acfdEidjngetol Phe KP§. elppenppwgnalysis.
the results of the analysis of the product prepared

[FlguﬁeE%éhmFelgz ZpnPERA SHEAFPPRIRARET RO MGt aEn (O M)
obseizged I\@Drnq%s Pteuq_”t Fi?érxet [ I E thlgﬁl Sk?nﬁdfhﬂxﬁggréél cgicgr tone and

e T esu analysis o product
Whldgrggqh%guc@@ng@gghgezs mhlch Is carried out according
the M5/ M5 neasurenent. [Figure 19] Fig. 19 shows
[Flglulae asoF . an Epecyraphehondly itbe specipoiprawp@dt rophotometric
observed for the product produced in Exanple 2.
curveRikggreed 6T Fhg Produetnieh Hetirgay Y- lodr 9| ipspsnd which
of .the product prepared in Exanple 2, which is
is pES???%hlBUFX &grﬁ1ng to the XPS el emental anal ysis.
[Figure 21] Fig. 21 shows the mass spectronetric
spectrogram ( TOF- M5) observed for the cul tured
product which is tinged with green col or tone and
which is produced in Exanple 5. [Figure 22] Fig. 22 is
a graph show ng the absorption spectrophotonetric
curve observed for the product which is tinged with
green color tone and which is produced in Exanple S
25 What is clained is: 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 nedi um
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and that the resulting tetrapyrrole conpound having a
porphyrin ring structure is obtained fromthe culture
medium 2. The nmethod for the production of a
tetrapyrrol e conpound as set forth in claimil,
wherein it conprises the steps of adding, to the
culture medium a netallic elenent capable of being
WhatC9RV. Eﬁﬁ@d'f%*)i ons thereof in the culture medium or
a metallic el enent-containing conpound capabl e of
bei ng dissociated into its ions therein, as a raw
material, and then collecting or isolating the
1. I esuéthadgfortthapyraduceioo wpourigtrapy @iotenerrpRengethgracterized

3. The nethod for the production of a tetrapyrrole

in thappegheried setls of tFechenl @Hig A4l ophdch ﬁﬁ@‘%& FAPHSs the gene
_tetrapyrrole conpound.i s one i ch d r .

vesoh SR g SRR SRS CRELARR M e muaion

and a%eql?%o%%;hg?irﬁ:@é &apgfpéﬁ%séonﬁauﬁ@ Ba PP EIIhyiE AGind st ructure

e production of a tetrapyrrole conpound

is obbalmet erbathe talitiat médivgonprises the steps of
cultivating bacterial cells of Escherichia coii
2.  withe megdnd diorekipe esodndid ogerie aytﬁtga@bfggqlﬁ CHIROURE 3 get forth

~variation thereof, in |t di ' .
in ckmﬁ é@g}‘e% ig %W%ﬁ%%ﬁ%ﬁ?gég gg%({ct}?gmoggbeaBP]éturgfmedlum,
a met?é%.qg S MYE E%ﬁa_ﬂl%t% ]!36919% deeeRla i Red Do Hhd MR in the culture

edium-or “an containing conpound capabl e of being
medith$3Lh8d 1 & BY Snd S cbafsi diRglcenpoditicigiane ofdldiegtdingociated
or isolating, fromthe culture nedium the resulting
intot £ts dpys ridleeeicorpoandvhsstiargab. godphyer gorlenying or isolating
structure in which M is coordinated at the _center
the FREWEGNI 5eCIRDYETPHHFPFBPEL S%B%H&nast%%t‘“ef%f thin

3. F@%%&gﬁ%g{/ﬁﬁ% I%%Eiiggﬂ’g% 5@3 tét‘g:lalp%@’ifgﬂa EQIE[EEHJI@ 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.

5. A tetrapyrrole compound as set forth in claim 3 and represented by the
following formula:

[Ca6H360eN, * Mn (III) 1
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