[ Name of Docunent] SPECI FI CATI ON CATALYST FOR DEGRADI NG LI GNI N, CATALYST
FOR DEGRADI NG AROVATI C HYDROCARBON, AND PCRPHYRI N [ Technical Field] [0001]
The present invention relates to a catal yst for the deconposition of
lignin, a method for the preparation of alcohols and organic acids, a

met hod for the preparation of lignin deconposition products, a catalyst for
t he deconposition of an aromatic hydrocarbon, a nethod for the rel ease of
hydrogen ions, and a porphyrin and nore particularly to a lignin

deconposi fN L 62t B Yflen2QMBEESI A8 1BRT Phyrin, a nethod for preparing
al cohol s such as nethanol and organic acids starting fromlignin, a nethod

for preparing |ignin deconposition products, an aromatic hydrocarbon
deconposid¢amenyeat by SIECR@DPNE SL 1@ &, POAPAW I Foa pEdfadNEoarROMdG 1Ty hydr ogen
ions rele fromlignin ing a lignin deconposition catalyst conprising a
poi phyri n@gy}%AgB%%Lg}Wr iPﬁ’.%PTI%@br Art] [0002] The gl obal warm ng has
i ncreasi ngly been progressed since the beginning of the 21st century and

t he reduct. f 1t t.ed carbon di oxi de becones a key to controlling the

i ndustri a%fe\%gpﬁaagn% elldﬂ its turn, the econony of the world. In as nuch as
usi ng fos¢oil fuel s enclosed in the underground and/or the sea floor or bed
as an ene gO)? ource, it would be difficult not only to reduce the amount of
carbon di oxi d&hen phesertrosipheméiobut ralabeso edntar olcaanyyehcr 82%e Hif t he

anount t hesepbosUpdss SHIGR (Glihe UABEENGRS £ At thaCheshapedionl of NhBEEsdls

recently are al cohpls such as_ bi o-ethanol prepared fr .pl.an a hey are
full ofypﬁnéim SFAY a5 zflclfigif?’f het Ié[}%?‘ 9 sgﬂF(F:)et. %%(\e/%ar?argl% hlbs%' cg]g%%lq}r%st

of the colmwenppenaionephadgetes forcprabesti nfosuthe biecw@itesidioraldd e of
sugar or SWgakscas,&lRhkbed, Bhethél $ANthaceakdsBd iy hydrffabliemsardges
such that the resource conflict ogcurs between the mankind', ; Lg@%&nd t he
energy. ReBRRRX/TH ﬁggéﬂ%g\,%a%%ecﬁl dével opda, “ At 6Rg” Tast, ag\vance
t echni quesrber spnepar pagelayciohols mwhitasl ki myepseing 2hEYUNL 3 otitEesSuch
as cell yQ$8801Waihgh 8 C k88 sC YHAlcG O vt N ilRensour aescrafa the f oods
for the %‘é@%@l@lﬁg l£gr(1)39n decomposition products, an aromatic hydrocarbon
decomposition catalyst comprising a porphyrin, a method for making
hydrogen ions release from lignin using a lignin decomposition
catalyst comprising a porphyrin, and a porphyrin.
[Prior Art]
[0002]

The global warming has increasingly been progressed since the
beginning of the 21°° century and the reduction of emitted carbon
dioxide becomes a key to controlling tile industrial world and, in
its turn, the economy of the world. In as much as using fossil fuels
enclosed in the underground and/or the sea floor or bed as an energy
source, it would be difficult not only to reduce the amount of carbon
dioxide in the atmosphere, but also to control any increase in the
amount thereof. Under such circumstances, attracted special
interest recently are alcohols such as bio-ethanol prepared from
plants and they are full of promising as a further energy source.
However, in this case, most of the conventional techniques for
preparing such bio-ethanol make use of sugar or sugars as starting
materials and accordingly, a problem arises such that the resource
conflict occurs between the mankind’ s foods and the energy. Recently,
there have been developed, at long last, advanced techniques for

preparing alcohols while making use of carbon sources such as



The woods and the grass or weeds, which cannot be used as foodstuffs for
the humankind, in principal, consist of cellulose and lignin. If using, as
carbon sources, cellulose materials originated fromwoods which are al nost
consi dered as waste materials and unsuitable for use as construction
materials, such as scrap wood and chip-like materials as well as grass or
weeds, the anount of the carbon di oxide discharged into the environnental
at nrosphere is inhibited and thus this nmay considerably make a contri bution
to the i ndedfluilabeswrdid chndetére eoseonpofwbet ichn W@0B4the source€onf ridrey to
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t hr ough t he movenegricxgftenydr ogen i ons has becone of major interest
recently, (8g0oan energy source. Wen usi ng hydrogen gas as a hydrogen ion
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treatment of dioxins at a high temperature in the combustion step
of garbage as a source of the dioxins, but a large quantity of harmful
compounds may have already been diffused into the environmental
atmosphere. For this reason, if these harmful compounds can be
decomposed into harmless ones with the use of a harmful compound
decompos‘ition catalyst which is, by nature, present in the natural

world, while making use of the solar rays infinitely poured on the



[ 0008]

There has conventionally been known a nethod for deconposing

a |lignin-containing substance which conprises the step of bringing the

| i gni n-contai ni ng substance into close contact with functional water to

t hus deconpose the substance (see, for instance, Patent Document 1
specified below). This conventional technique discloses that the functional
wat er includes sodi um hydroxi de, but there is not any distinct or specific
di scl osure about the deconposition products and the techni que does not

di scl ose tmaftfaaiecmmahs eaanhbehdbtwuledpd hwicugie phei deconposet cosandimg
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a reaction suc he oxidation of lignin and
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a hydrogen ion source, however, most of the hydrogen gas as a source
of hydrogen ions has presently been produced from the fossil fuel.
Moreover, hydrogen gas can likewise Dbe produced through the
electrolysis of water, but an electric power should be supplied even
in this case.

[0007]

Furthermore, in the case of a solar battery in which an electric
power is generated through the use of the solar rays, a semiconductor
device should be produced and enormous amounts of natural resources
and a vast cost are required for the production of such a semiconductor
device if the recent demands for the energy should be supplied by
the use of such solar batteries. Even in the case of dye-sensitized
type solar batteries, titanium oxide of a nano size should be used
and a synthetic dyestuff is considerably expensive, which can provide
an electromotive force to a certain extent.

[0008]

There has conventionally been known a method for decomposing
a lignin-containing substance which comprises the step of bringing
the lignin-containing substance into close contact with functional
water to thus decompose the substance (see, for instance, Patent
Document 1 specified below). This conventional technique discloses
that the functional water includes sodium hydroxide, but there is
not any distinct or specific. disclosure about the decomposition
products and the technique does not disclose that alcohols can be
obtained through the decomposition. In addition, it has also been
known that porphyrins containing a plurality of Cl and F atoms are
active in a reaction such as the oxidation of lignin and the conversion
of an alkane into an alcohol (see, for instance, Patent Document 2
specified below). However, this conventional technique does not

include any disclosure concerning the use of any alkaline compound



It is an object of the present invention to provide a |ignin deconposition
catal yst conprising a porphyrin, which has never been used in the
conventional techniques; a nethod for preparing al cohols such as nethanol
and organi c acids, which nakes use of lignin as a starting material; a
met hod for preparing lignin deconposition products; a catalyst for
deconposi ng an aromati ¢ hydrocarbon, which conprises a poLphyrin; a nethod
for rel easing hydrogen ions using lignin as a starting material; and a
por phyri n.afjdVeagsphotoddmml§slcut i on of the Probl ens] [0011] The
catal yst far.;theadecs Itis@n of lignin according to the present invention
is characterized 1n that 1t conprises a porphyrin which can show its
catal ytic K499 i on through the irradiation thereof with light rays. [0012]
The |ignin desoemospbddwiercat Bl yStUapataiadi g Bxantihedpresent PoveEidadtoion S
characteri ) t, 1t .conmpry r I I.C | talytic
function izﬁ%gnhgflﬁg?i ﬁ’g aéo%ut F%%ef%[%g%%] _E)Il?éqd(ﬂed\'ll'\A%(!ra1 P]fl%ra]sll'gﬁsc gigolr[r%%s(ﬁ? i‘on
cat al yst accbfaisiy Pecutrnthrés KU Qe n5P308haltdet ATt PPPRHAEMY t
conpri ses ig paephypéN MWHCRoTaRnSHOWEdeS 4a¢at al ytic function in an al kaline
sol ution, ﬂpile irrgqﬁgt&%%et e same with |light rays. [0014] The
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| i gnin deconpositi on cata according to the present invention is

char act er | Pagbilang hErat kdepdnphpeion iis &ot épteplrrol e conpound carrying a
met hyl growpiamd an ethyl ester group or an acetate group (propionic acid
group) on the BgrPQXL{%bBng'Of the present invention to provide a lignin
decomposition catalyst comprising a porphyrin, which has never been
used in the conventional techniques; a method for preparing alcohols
such as methanol and organic acids, which makes use of lignin as a
starting material; a method for preparing lignin decomposition
products; a catalyst for decomposing an aromatic hydrocarbon, which
comprises a porphyrin; a method for releasing hydrogen ions using
lignin as a starting material; and a porphyrin.
[Means for the Solution of the Problems]
fo011]

The catalyst for the decomposition of lignin according to the
present invention is characterized in that it comprises a porphyrin
which can show its catalytic function through the irradiation thereof
with light rays.

[0012]

The lignin decomposition catalyst according to the present
invention is characterized in that it comprises a porphyrin which
can show its catalytic function in an alkaline solutiomn.

[0013]

The lignin decomposition catalyst according to the present
invention is characterized in that it comprises a porphyrin which -
can show its catalytic function in an alkaline solution, while
irradiating the same with light rays.

[0014]

The lignin decomposition catalyst according to the present
invention is characterized in that the porphyrin is a tetrapyrrole
compound carrying a methyl group and an ethyl ester group or an acetate

group (propionic acid group) on the porphyrin ring.



[ 0015] The foregoing catalyst for the deconposition of lignin is
characterized in that the porphyrin is a tetrapyrrole conpound carrying
four methyl groups and four ethyl ester groups or acetate groups (propionic

acid groups) on the porphyrin ring. [0016] The foregoing catal yst
for the deconposition of lignin is characterized in that the porphyrinis
one having, in the nolecule, a carboxyl group. [0017] The foregoi ng

catal yst for the deconposition of lignin is characterized in that the
por phyrin [c®i6he having, in the nolecule, two, four or eight carboxyl

groups, in tot f @r.egqQiRg abysitcfQr dde @M@si tion
of ligninis cﬁg?aggg%?%eég|$$%éqg%tt%g%pgpghd%?% #s 5?' | east Sﬁgﬁhenber

sel ect ed fFGHFPERBEHFSLPIR oHF st FifYy %Cfrﬁf‘riﬁﬁ@r By A e t5RBY BhB Hhy TR EiTd

copr opor phyrirring H8] methyl ghfvepboawgdicng eehpl ysttetogrduipes decargesiet i on
of lignin ar [ d t e _po apyrrol e conmpound
havi ng a 3 ﬁgr§ﬁ&%%ﬁga§tFﬁggugg%%&ﬁigﬁ Fggd%$§ﬂhééﬁb%§%%ltivating
Escherlchlﬁ@éﬁ in a culture nediumand then isolating the same fromthe
cul ture nedi unthé 0628¢going catalyst for the decomposition of lignin is

characterized in that the porphyrin is one having, in the molecule,
a carboxyl group.
[0017]

The foregoing catalyst for the decomposition of lignin is
characterized in that the porphyrin is one having, in the molecule,
two, four or eight carboxyl groups, in total.

[0018]

The foregoing catalyst for the decomposition of lignin is
characterized in that the porphyrin is at least one member selected
from the group consisting of uroporphyrin, protoporphyrin and
coproporphyrin.

[0019]

The foregoing catalyst for the decomposition of lignin is
characterized in that the porphyrin is a tetrapyrrole compound having
a porphyrin ring structure, which is obtained by cultivating
Escherichia coli in a culture medium and then isolating the same from
the culture medium.

[0020]

The foregoing catalyst for the decomposition of lignin is
characterized in that the catalyst comprises a culture medium
containing a tetrapyrrole compound having a porphyrin ring structure,
which is obtained by cultivating Escherichia coli in a culture medium.
[0021]

The foregoing catalyst for the decomposition of lignin is
characterized in that the Escherichia coli is one which cannot express
the gene ypjD (b2611) due to the variation or mutation thereof.
[0022]

The foregoing catalyst for the decomposition of lignin is
characterized in that the Escherichia coli is an insertion variant
in which the transposon for the gene ypjD (b2611) is inserted.
[0023]



The foregoing catalyst for the deconposition of lignin is characterized in
that the catal yst conprises a culture nediumcontaining a tetrapyrrole
conmpound havi ng a porphyrin ring structure, which is obtained by
cultivating Escherichia coli in a culture medium [0021] The
foregoing catal yst for the deconposition of lignin is characterized in that
the Escherichia coli is one which cannot express the gene ypjD (b2611) due
to the variation or nutation thereof. [0022] The foregoing catal yst
for the deconpasktnerhet dorgnha p&mltamaoheof zddtohnl$ haxtd tdhgyaBs cheeidshi a
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i gni n/ al Kellgnia/adhpbiirl.cqpopng.- The foregoing nethod for the
preparati oppgefsjal cohol s and organic aci ds is characterized in that the

sol ution cont aj n|n an kal I ne cQl |rra h
| i ght rays (prlg e;}%ﬁrleg 798G ?é% k}1ep]fe@ﬁalfanstalr?ceai%?qls 1'tld?l %éﬂocﬁ
sol ar rayscigisdis h‘éh‘rﬁltéhéeall@@ﬁoils thed éhgaWblfa@ndgma‘?@@éﬁarlaﬂéHnoﬁnd

i sol ated fﬂl@“atﬂkﬁl‘iﬁé UEb@ﬁb&Qﬁtﬁd rn&adlllag@anwaml 14 @eltalxla?lsl N@reeaPAINd.
[ 0025] ?hols and

g % Pod fo@v:ﬂ arat|o
organi c a@ﬁﬂ?dﬁg € é&s At hat 't e %Fg‘% S are
separ at ed tdre ﬁégbla@bfd afndowghelscﬂqudsorareommwtﬁg brgmcrﬂ-aetm‘i thematheal i ne
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26]

conpound The foregoing nethod for the preparation of
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[0026]

The foregoing method for the preparation of alcohols and organic
acids is characterized in that the alcohols and organic acids are
separated or isolated from the solution containing lignin and the
alkaline compound, after acting the aforementioned catalyst for the
decomposition of lignin on the solution containing lignin and the
alkaline compound and then further irradiating the same with light
rays (preferably irradiating it with, for instance, UV light rays
or solar rays).

[0027]

The method for the preparation of alcohols and organic acids
according to the present invention is characterized in that the
aforementioned catalyst for the decomposition of lignin is acted on
lignin and then the alcohols and organic acids released from the
lignin are separated and isolated.

[0028]
The method for the preparation of alcohols and organic acids

according to the present invention is characterized in that lignin



[ 0027] The nethod for the preparation of alcohols and organic acids
according to the present invention is characterized in that the

af orenenti oned catal yst for the deconposition of ligninis acted on lignin
and then the al cohols and organic acids released fromthe lignin are
separated and isol ated. [0028] The nethod for the preparation of

al cohol s and organic acids according to the present invention is
characterized in that lignin is irradiated with Iight rays (preferably

i rradi at edswiitrradfietedngiamcdighdv taght (pegferablgoliaradtsd anidit héivrt he
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acetic ac%%b3g?lic acid, succinic acid and pyruvic acid. [0032]

The foregoing method for the preparation of alcohols and organic
acids is characterized in that the alkaline compound is at least one
member selected from the group consisting of KOH and NaOH.

[0031]

The foregoing method for the preparation of alcohols and organic
acids is characterized in that the alcohol is methanol and the organic
acids are formic acid, acetic acid, malic acid, succinic acid and
pyruvic acid.

[0032]

The foregoing method for the preparation of alcohols and organic
acids is characterized in that the separation of the alcohols is
carried out by the distillation.

[0033]

The method for the preparation of lignin decomposition products
according to the present invention is characterized in that it
comprises the step of recovering the lignin decomposition products
(carbon-containing compounds of low molecular weight) generated
during the separation of the alcohols and organic acids according
to the aforementioned method for the preparation of alcohols and
organic acids.

[0034]

The catalyst for the decomposition of an aromatic hydrocarbon
in which an oxygen atom is linked to a carbon atom constituting a
benzene ring according to the present invention is characterized in
that the catalyst comprises a porphyrin.

[0035] ’ T

The foregoing catalyst for the decomposition of an aromatic



The foregoing nmethod for the preparation of alcohols and organic acids is
characterized in that the separation of the alcohols is carried out by the
distillation. [0033] The nethod for the preparation of lignin
deconposition products according to the present invention is characterized
inthat it conprises the step of recovering the |lignin deconposition
products (carbon-contai ni ng conpounds of | ow nol ecul ar wei ght) generated
during the separation of the alcohols and organic acids according to the
af or enent ilgradcarbbad  ehatdradpriepdriat 'thmt eheap@hgtrinanda eeganpgracidals.
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[0037]

The foregoing catalyst for the decomposition of an aromatic
hydrocarbon is characterized in that the Escherichia coli is one which
cannot express the gene ypjD (b2611) due to the variation thereof.

[0038]

The foregoing catalyst for the decomposition of an aromatic
hydrocarbon is characterized in that the Escherichia coli is an
insertion variant in which the transposon for the gene ypjD (b2611)
is inserted.

[0039]

The foregoing catalyst for the decomposition of an aromatic
hydrocarbon is characterized in that the porphyrin is a tetrapyrrole
compound carrying a methyl group and an ethyl ester group or an acetate
group (propionic acid group) on the porphyrin ring.

[0040] |

The foregoing catalyst for the decomposition of an aromatic
hydrocarbon is characterized in that the porphyrin is a tetrapyrrole
compound carrying four methyl groups and four ethyl ester groups or
acetate groups (propionic acid groups) on the porphyrin ring.
[0041]

The foregoing catalyst for the decomposition of an aromatic
hydrocarbon is characterized in that the porphyrin is at least one
member selected from the group consisting of wuroporphyrin,
protoporphyrin, coproporphyrin and ethioporphyrin.

[0042]

The foregoing catalyst for the decomposition of an aromatic

hydrocarbon is characterized in that the porphyrin is one having,

in the molecule, a carboxyl group.



[ 0037] The foregoing catalyst for the deconposition of an aromatic
hydr ocarbon is characterized in that the Escherichia coil is one which
cannot express the gene ypjD (b2611) due to the variation thereof. [0038]
The foregoing catalyst for the deconposition of an aronmatic hydrocarbon is
characterized in that the Escherichia coli is an insertion variant in which
the transposon for the gene ypjD (b2611) is inserted. [0039] The
foregoi ng catal yst for the deconposition of an aromatic hydrocarbon is
characteri@ed3in that the porphyrin is a tetrapyrrole conpound carrying a

TeLhy) Or oup ARfle ARl dingPSLEL) BLOUROrANABEEHALE: Il Be(Bh R Gl A
group) on the porphyrin ri'ng. )040] e Toregoing catalyst, for the
deconposi tiYEHOsRTRPR dFofRd FaCtfydr6earbohat ShehrPaRREriz 8 30F FHatY e

por phyri n iinS taet @bI &I, 0lc&oG OnPpa@H gl Gaghyi cgribsxfl eyl igroiges .and f our
et hyl est%%oga?ups or acetate groups (propionic acid groups) on the
porphyrin ring. [0041] - The foregoing catalyst for the deconposition
of an aronati cThydfosadiay icetehuptaciar itheddpaorpasiting ©6r pRYFTPNG S Gt

| east one RRFBEErS&h QG! BHafd OB AR A0 O UMaEOnsE: Hridtatot MFDRRERDYAS re
protoporpgﬁgkghs§oproporphyrin and et hi opor phyrin. [0042]
[0045]

The method for making hydrogen ions release according to the
present invention is characterized in that the method comprises the
steps of acting the foregoing lignin decomposition catalyst on lignin
or a solution containing lignin and an alkaline compound, irradiating
the solution with light rays (preferably irradiating with, for
instance, UV light rays or solar light rays) and then separating or
isolating hydrogen ions released from the reaction system.

[0046]

The porphyrin according to the present invention 1is
characterized in that it has a catalytic function of converting lignin
into alcohols and organic acids.

[0047]

The porphyrin according to the present invention is
characterized in that it has a catalytic function of decomposing a
compound containing an aromatic hydrocarbon in which an oxygen atom
is linked to a carbon atom constituting the benzene ring thereof.
[0048]

The porphyrin according to the present invention is
characterized in that it is obtained by cultivating the Escherichia
coli which cannot express the gene ypjD (b2611) due to the variation
thereof.

[0049]

The catalyst for the decomposition of lignin according to the
present invention is characterized in that it comprises the porphyrin
obtained by cultivating the Escherichia coli which cannot express
the gene ypjD (b2611) due to the variation thereof.

[Effects of the Invention]
[0050]
According to the present invention, porphyrin such as a



The foregoing catalyst for the deconposition of an aromatic hydrocarbon is
characterized in that the porphyrin is one having, in the nolecule, a

car boxyl group. [0043] The foregoing catal yst for the deconposition
of an aromatic hydrocarbon is characterized in that the porphyrin is one
carrying, in the nolecule, two, four or eight carboxyl group in total.

[ 0044] The foregoing catalyst for the deconposition of an aromatic
hydrocarbon is characterized in that the aromatic hydrocarbons are dioxins.
[ 0045] tetrBpgrreldodofesurtakd g yiydr @geripbgsinelseasetaox,orwiing: tic t he
present 1 nyentl,9n,} » Cgéﬁé‘ﬁeec{'é&‘?'n NeLoad 06 Aeidvad compri segnthe: St eps
of acting the @b(ego n gnin deconposition catalyst on ligninh or a

sol uti on COHIPAYELAFIT JRFAicrafharkaprhéscmBohRETIYS F&&ﬁgﬁwoefh@e

sol uti on vdddonpoghtismyss (prighenabng iader adi aéf fgetiivieh, cdtarlyisnstanc eshdV
light rays.or saolar.li rays d. th ting or isolating hydrogen

i ons releéggﬁmPPSﬁg%%%qgigb %5%m§§§?éﬁgﬂfﬁggg%g' The porphyrin
accor di ng t@31He present invention is characterized in that it has a

catal ytic funchiceBr@ing aventipgedd@niiAvent Lo ¢eROLScansh Diagdnbegati ds.

[ 0047] . .The poyphyrin accordi to the . present invention is. ...
char act er i ¥8¢S ﬁaghé$ RS 28 tgﬁﬁtféyfqﬂ%gfﬁgﬁro eﬂ%@bﬁ%ﬁ%ﬁﬁéséﬁﬁ%%pound
cont ai ni nprmduatenedn ¢ ihpdieedrdooreparehiasld Anrohgydydzeentions ARRPE 0 a

carbon at ayaeeRsthtdlt i 8G1 ddes besranenihNdt Aef 80, oh0048lin, an alkaline
compound, the irradiation with light rays and/or the foregoing lignin
decomposition catalyst, which may be used alone or in any combination.
[Brief Description of the Drawings]
[0052]
[Figure 1] Fig. 1 shows the structural formula of the product
produced in Preparation Example 1.
[Figure 2] Fig. 2 shows the spectral diagram as the results of the
spectroscopic analysis (absorbance) observed for the product
produced in Preparation Example 1.
[Figure 3] Fig. 3 shows the 'H NMR spectra observed for Sample 1
prepared in Preparation Example 1.
[Figure 4] Fig. 4 shows the '*C NMR spectra observed for Sample 1
prepared in Preparation Example 1.
[Figure 5] Fig. 5 shows the HSQC spectra observed for Sample 1
prepared in Preparation Example 1.
[Figure 6] Fig. 6 shows the COSY spectra observed for Sample 1
prepared in Preparation Example 1.
[Figure 7] Fig. 7 shows the HMBC spectra observed for Sample 1
prepared in Preparation Example 1.
[Figure 8] Fig. 8 shows the NOESY spectra observed for Sample 1
prepared in Preparation Example 1.
[Figure 9] Fig. 9 shows the NOESY spectra observed for Sample 1
prepared in Preparation Example 1.
[Figure 10] Fig. 10 shows the 'H NMR spectra observed for Sample
2 prepared in Preparation Example 1.
[Figure 11] Fig. 11 shows the *C NMR spectra observed for Sample
2 prepared in Preparation Example 1.
[Figure 12] Fig. 12 shows an enlarged NOESY spectra observed for
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The porphyrin according to the present invention is characterized in that
it is obtained by cultivating the Escherichia coli which cannot express the
gene ypj D (b2611) due to the variation thereof. [0049] The cat al yst
for the deconposition of lignin according to the present invention is
characterized in that it conprises the potphyrin obtained by cultivating
the Escherichia coli which cannot express the gene ypjD (b2611) due to the
variation thereof. [Effects of the Invention] [0050] According to the
present i rsegiptlieon, ppasated iin Buehns imn ERbém@pyrr.ol e conpound carrying a
porphyrin shiguebuisy whigh 4 MALOBhEARLepRl S UG BAhalI AR col T,
and a syntheti c porphyrin can acconplish the effect as an effective
catal yst fUNORBCERARFYSAL £ON SERPLE ghPFeRABC A RTEPRERY I RPe EXAFRES St for
t he deconpasigurengf amidqr arathevdrdeocadlar. of OElhnalysis Aeeotddnmtt o t he
present inventi.on hgjglgggghg and organi c acids can be prepared and the
ec |

t
Iom#nnlecﬁ¥5¥¥ﬂépgh?o ebnp03| on products can |ikew se be prepared and

further hydiioyes i5dns Rish besbepatheatsor tesd] Beednpivei$ Pt PEAUS i ng,
on i gni n,p2pagkkal h N8--parRousd, extdi@ikr 1 adiratdon sweiArddgliutr aysoamidior t he

foregoing |ignin dec osi Ll catal yst, which nmay be used al one or in any
conbinati5ﬁf%ﬁﬁrpg¥oﬁg¥%?F%Tﬁgn of the Drawings] [0052]

[Mode for Carrying Out the Invention]
{0053]

The mode of carrying out the present invention will now be
described below in detail.
[0054]

According to an embodiment of the lignin decomposition catalyst °
and the catalyst for the decomposition of an aromatic hydrocarbon
in which an oxygen atom is linked to a carbon atom constituting the
benzene ring thereof, according to the present invention, these
catalysts each comprise a porphyrin which can show its catalytic
function through the irradiation with 1ight rays and/or inan alkaline
agqueous solution. The porphyrin is preferably a tetrapyrrole
compound, which has a porphyrin ring structure and is prepared by
cultivating Escherichia coli in a culture medium and then isolating
the porphyrin secreted in the medium, or a synthetic porphyrin. For
instance, these catalysts may be a culture medium containing a
tetrapyrrole compound having a porphyrin ring structure and obtained
by the cultivation of Escherichia coli in a culture medium or
porphyrin per se recovered from cultivated cells or the extract from
proliferated and cultivated cells.

[0055] |

The foregoing Escherichia coli is preferably one whose gene
expression has been changed such as one which cannot express the gene
ypiD (b2611) due to the variation or mutation thereof, or an insertion
variant strain or a variant thereof, wherein the transposon for the
gene ypjD (b2611) is inserted into the gene of the bacteria. The
foregoing porphyrin is more preferably a tetrapyrrole compound
carrying a methyl group (for instance, four methyl groups) and an
ethyl ester group or an acetate group (propionic acid group) (for

instance, four ethyl ester groups or acetate groups) on the porphyrin
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[Figure 1]Fig. 1 shows the structural formula of the product produced in
Preparation Exanple 1. [Figure 2] Fig. 2 shows the spectral diagramas the
results of the spectroscopic anal ysis (absorbance) observed for the product
produced in Preparation Exanple 1. [Figure 3] Fig. 3 shows the 1H NWR
spectra observed for Sanple 1 prepared in Preparation Exanple 1. [Figure
4] Fig. 4 shows the 13C NMR spectra observed for Sanple 1 prepared in
Preparation Exanple 1. [Figure 5]Fig. 5 shows the HSQC spectra observed for
Sanpl e 1 priepared in Preparation Exanple 1. [Figure 6]Fig. 6 shows the COSY
spectra ohggsyed for Sanple 1 prepared in Preparation Exanple 1. [Figure 7]
Fig. 7 shows the HVBC spectra observed for |l e 1 prepared in Preparation
Exanpl e 1. [Fi §o¢ eESBHheFFﬁhl%C%bV\%elﬂY@dNbEE‘FI’S RS et ved 3 e fpl e 1
prepared ihydPbepabat i dacbwpsgieich catalysts according to the present

invention can be prepared according to, for instance, the method
detailed below:
[0057]

The culture medium used for the production of the foregoing

catalyst is not restricted to any particular one inasmuch as it can
cultivate Escherichia coli. Escherichia coli can be cultivated in
an oligotrophic or eutrophic culture medium, and then isolating and
recovering the intended tetrapyrrole compound from the culture medium
to thus give the tetrapyrrole compound having a porphyrin ring
structure, which can constitute the lignin decomposition catalyst
and the catalyst for the decomposition of an aromatic hydrocarbon.
Thus, 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. 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, it is preferred to use an oligotrophic culture
medium, but the present invention is not restricted to the use thereof.
Preferably used as such oligotrophic culture mediums include, for
instance, culture mediums each containing glucose or lactose, but
the present invention is not restricted to the use thereof.
[0058]

The Escherichia coli used in the production of the lignin
decomposition catalyst and the aromatic hydrocarbon decomposition
catalyst is preferably one which cannot express the gene ypjD (b2611)
due to the variation thereof. Specific examples thereof include
Escherichia coli cells derived from K12 strains and BL21 strains.
For instance, preferably used herein are Escherichia coli cells
derived from K12 strains, which cannot express the gene ypjD (b2611)
due to the variation thereof. Examples of Escherichia coli strains
which cannot express the gene ypjD (b2611) through the mutation
include Escherichia coli strains wherein the transposon for the gene

ypijD (b2611) is inserted into the gene of the strains. Such mutant
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[Figure 9] Fig. 9 shows the NOESY spectra observed for Sanple 1 prepared in
Preparation Exanple 1. [Figure 10] Fig. 10 shows the 111 NWR spectra
observed for Sanple 2 prepared in Preparation Exanple 1. [Figure 11] Fig.
11 shows the 130 NWVR spectra observed for Sanple 2 prepared in Preparation
Exanple 1. [Figure 12] Fig. 12 shows an enl arged NOESY spectra observed for
Sanple 2 prepared in Preparation Exanple 1. [Figure 13] Fig. 13 shows the
spectra illustrating the relative abundance observed for Sanple 2 prepared
I n Prepar attirainExaml & kuchFa gurelitd dbnFtigat hesfanstide thesebf sfaf thee

anal ysi s & rri Eg&lﬁgf {0 é:H :{ (ﬂ@éall Sié B@rtiifli}gblf @o%}éie@lgr dél%ééaQWS
the results of_the ang%§s§56%gblﬁe product “prepared 1n Preparation Exanple
1, which & ERiPikaPRAR  ablRAdRnHE¥BL S ByR At eCEE R, fPRbHRes Fagtee -
Carryi ng QuttivhellmventdulcEd053]ile the BIhesuradasoir<earviyilagle@utrdmhe
present i r}f\éq:nlt.ljls%nanvgel,l TMAng(Si.eSﬁlggfggxgexb,ek:Rgvx}.a@iQEEasitlrains wherein the
transposon for the gene ypjD (b2611) is inserted into the gene thereof
include, for instance, JD23504 strains available from National
Bio-Resources.
[0059]

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.
In addition, it may also be possible to use a eutrophic culture medium
and synthesized cultivation liquid in addition to the oligotrophic
culture medium. For instance, it may be a synthesized cultivation
liquid, in the form of an aqueous solution, prepared by adding, for
instance, KH,PO,, K,HPO,, (NH,),S0,, citric acid dihydrate, glucose
and MgSO, to deionized water. In any case, the culture medium to be
used is not restricted to any specific one insofar as it can be used
for growing or proliferating Escherichia coli strains.

[o0060]

The conditions for growing Escherichia coli are not limited to
any particular ones and the strains thereof can be cultivated under
those currently used for the proliferation thereof. The same would
be true for the following case, i.e., when Escherichia coli strains
are first pre-cultured and then the principal cultivation thereof
is carried out while replacing the culture medium with another one.
For instance, the bacterial cells are pre-cultured in LB culture
medium, at a temperature ranging from 15 to 40°C for 6 to 24 hours
and then the resulting cell suspension is subjected to the principal
cultivation in an oligotrophic culture medium at a temperature
ranging from 20 to 40°C for 12 to 96 hours. Thus, the bacterial cells
proliferate or grow in the culture medium and as a result, a culture

(cultivated product) can be obtained, which has a color tone peculiar
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[ 0054] According to an enbodi nent of the Iignin deconposition

catal yst and the catalyst for the deconposition of an aromatic hydrocarbon
in which an oxygen atomis linked to a carbon atom constituting the benzene
ring thereof, according to the present invention, these catal ysts each
conprise a porphyrin which can show its catalytic function through the
irradiation with light rays and/or in an al kaline agueous sol ution. The
porphyrin is preferably a tetrapyrrol e conpound, which has a porphyrin ring
st ruct ur e tandthesiprepirdedebyaputtolatdomgotsdéheri chia coli in a culture

medi um and (hen i sol ating the porphyrin secreted in the medium or a

synt hetic porphyrin. For instance, these catalysts may be a culture nmedium
contai ning a t@%?’épﬁ@o%t%%‘?ﬁfb&ﬁarﬁ%}ﬁ%eacﬁ%ﬁ’%w iS37r Phdsetrbed dr€Tand
obt ai ned ket Beregidbirigy atul ahvetedsaantehh@cqa@ing poatiod lretthed ndtiaihedr
porphyrin,per se recovered fromcultivated cells or the extract from
proliferated and cultivated cells. [0055] The foregoi ng Escherichia
coli is pri@®Pérably one whose gene expression has been changed such as one
V\ﬂi ch ]gannot eMprespethei geney yRhO (h26kdh it i@%e‘ﬁlﬁfiﬁ%gjéﬁi’lt@rgimﬂ ath i on
t hereof, qr an insertio riant _strain.or._a.vari re rein the
transposor‘]’l for the %%%eg?/%?ﬂe(%%lf)h% s r%grt%ela ?ﬁ%’%é?ﬁ’e <—’(lg%(afifnet\?{f(%z ?ﬁle%

bact eri a. tEisappregi ngopoPphyrils | sSimtedpr Efer alflhg af 1 ie&py ritpicaigh
compound GakbYhBgoR uBBhYY £ BT Dbkt Arfcer, 4 Bslane ®ackedrwit iyhiogr epsngand an
et hyl ester groulp or an acdetﬁte r uB (pr%pi oni c r?.Ci dtﬁ(reoct{ﬂ)wg(faor{ed.nstance,
four ethyFeE3Pe?" §r bUPE B1° REBTACE §rBupd ot HE Bor phyrin - Frng. 1 0056)
The Eschepbthinedgifledertievedl tiptilondel ohpdsicttiegnadmtldsormeeet Ffhassar bon
deconposi tiOfhiEAhaky the BEahdibngd1a st heiiRfasent pk-B¥ept i €3RnEE Jarepar ed
according to, for instance, ithe net q%d det(t%higgﬁg The

| ow. .[ 0057]
cul ture mEdiTREGEREP br CORE PO G5 ?igeifﬂ%h[‘%@t-a| ySETi ot
restrict eduperaayaparti Cilltaredngiongbrauéhlasr hevéan xnredetgraiBsdmatechi a
coi | . Eschepbcfcr £oidarzd) P&ttt e kReaR Ricgaranki-a o selldqhi ¢
culture nediu nd then isoplati r;% aad recovering the intended tetrapyrrole
conpound PPof't hEP AT ¢Fe SRedTn AL hUJsSbia\PelPﬁéef‘é]P?%%/ffFSilg “onpbitthd
having a pdsphyrtbe intrendsicor pooduas whitbh winconBtetanie erhechle gl pured
deCOW{)_OS' 'rgaueétf_;é )é&h%ﬁadfﬁc{&ﬁtﬁtétfw%&chgflgé meeﬁt%pqg@ﬁ@; tﬂg@”i@étaﬁfbed ]
aromatic rocar bon. Thus, e rapyrrol e coppound can be_pr.epar y
meki ng Es@ﬁér FEﬁF%%ﬁHleﬁPo&ﬁcEr{ﬁ&%p eaﬁf"i?@lﬁ%r@oﬁﬁt&@é‘sgn?&h%) et‘%le
cul tivati orsahdipy ellifiee disi pyrpifilibedbdet Erisarespddts, ahd ssalsseppssitdhe

recoveringgt ﬂgetz%{ r&]&)ﬁ%@' §oﬁ9£ERQPBQe§§Pé@tkﬁﬂ adhih ea&%c}dé%ﬁs”@é’i&ﬁﬂon'ro_
pr event ané i nfl yuence of “conponents such as_natur.al substances %){ esent in
P ¥y g

the cul t uPé FHeaFEMOTWEE 8 ARSI QEPEY TR RS 6P RTI BTt -t HE™
t et rapyrr skepcompowndingt té sciprseaboéitndo: usmeaprobt ghtagphive kinduures

medi um bukLhe, PrEseatn ) AMRIRL 4 QNoh Ss 1a 4:8L &I St ednt 01 ihRndsSS dhaseaf .
hi¢c culture nmediuns include, for instance,

Preferably used as such aoligotro d
culture néﬁfluﬁtl%]a%”??“l?oﬁ?a?%ﬁ’i"é’ygfrﬂ&%s‘é’"@roupgét%%ré,beoﬁlf’t?i}‘féedp%?ént or
i nvent i oninstaote r egtomicoédthe ¢did uswptheieonf . [ 0058]

[0063]

The product isolated according to the foregoing procedures can
be analyzed by, for instance, the NMR (Nuclear Magnetic Resonance)
spectroscopic measurement to thus confirm whether or not the
tetrapyrrole compounds are present in the product. Inaddition, when
analyzing the product according to the spectrophotometric
measurement, it would be found that the compounds are ones having
an absorption peak within a wavelength region peculiar to the
dyestuffs. In most of cases, those compounds are dyestuff compounds
each showing a bilateral peak similar to those  observed for

chlorophyll, heme or phthalocyanine. Such dyestuff compounds are
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The Escherichia coli used in the production of the |lignin deconposition
catal yst and the aromatic hydrocarbon deconposition catalyst is preferably
one whi ch cannot express the gene ypj D (b2611) due to the variation

t hereof. Specific exanples thereof include Escherichia coil cells derived
from 1Cl2 strains and BL21 strains. For instance, preferably used herein
are Escherichia coil cells derived from1(12 strains, which cannot express
t he gene ypj D (b2611) due to the variation thereof. Exanples of Escherichia
coil strainsfui ey cotidticadeiess tote gene rppj Drib2fd) mbtwougs tiiese
rrutationl rJ Ghi t.ral f the
Gene. ypj D TBSSTTR P At (g ie DMIZEeLR cHiFebt MEALIGR: el
strains arlvé?ﬁeﬁ"’@ﬁcht]aeboﬁﬁﬁt Lerot vd %Ihetlﬁ%né%‘ﬂwlt%’etoé‘éfia?b?ntH’eedox

expr essi orre@fcttlbﬁ genen Wl ouR26d1)tich par t:habhgh Olfhé:Qf&]JlEtneMyradfel efred. I n

this respect %12 st ra s, aneg,aval | .ance, . Natj onal
lééf 1
Bi o- ResourcedsOrd slf’ra}?er%éfeg‘re%a%\l/a:tl I a P’ecsfL i nsr% ance,

TAYARABI O.invisr eever.:;yx he varl ant strains wherein the transposon for the
gene ypj D (da@31) is inserted into the gene t her eof i nclude, for instance,
JD23504 strain vai | abl e .from Nat i onal In

t hi s enbodi ment*® CJR%?? SHicgUesPt 3&rsi s dSF%lfi r§ %Yh%a R

ol i got r opHiar dumistanee nepbhrwhydimst lsishr espeetrhine jandpmekphyeths van tiee

Escheri Ch';?ro%l:ledsﬁéﬁ&g“%ﬁh"ezﬁrcﬁlg%éw 86l RhaPe APRE OHH it ReEhbd WS g¥edi um
other than the oli ic culture nedi such as LB ture

ot rop nd
e bR | B SRD, of thEeo UTRHED, BhalRab LS TEH LD
subsequentdepenidog battée kinds afh tbkiigoendehcompohtdy enhict tine poodimision

carryout phReHPaleceikihy b ik clllé}m?c%q.' e sl dBH A, S&ebﬁoxﬁ(%isthetﬂ%éo use
a eutrophic culture nmedi um and synt hesi Zed cul ti vati o%&{/\ggw d | n addition

to the ol i996Er BPhiTEWHFE U MSGi UM Fof o4 HittaRte, 29905 % a syt zed
cul tivati el ilghqlyd,apprehleadbdr ntlpft anhaquesiisdsokdiveoselpr efdeeds bycheddi ng,

for insta oﬁhﬁﬁ%henfs%%@%enéNH%)A2§9élltfdntrae aCighidhbygi atee, 28h ugRse and

MySO4 to deionized water. In any case, the culture nediumto be useddos not
restrict e®HEGUARYT SPELDE (e [HRPYITRSLE SPTRLUT] SPah 25 FEEH°t BF g Hg-
prolifer attld’lg'ldESﬁh@J[ﬁeCIhe@lmwheﬁtduatli’lﬁat:[r@ﬁ.&]:herlchla ddkel ¢ormdidpamsse or

grow ng Estﬁ'p%&%ﬁbﬁ&icﬂi erfcr epdmt LEmit egk £ 05 any Rant i euha%ueaeesf and tgﬂe

strains ther can be cultivated under those current %/ used for, th '
proliferatS'Shichetedio TAFEVEIME RobP Y TPLE FEFPYHET SI9°6RFR i.e.,
when Escherdlehira poiilumséndiits iar eof inestspaiey ¢l talkekctandet smowe tfhemp:rhenci pal

cul ti vati n et e0f oLy CLLL edh ol oBNheck S01.AG Nkl GHbEUES: TRIm Wi th

anot her one. For 1nstanc acteri al II's are pre-cultured in LB
culture mediddRFEAt Nt RERRF éﬁ’tolﬂdé'r‘&f?gi“ﬁbh?@&lﬁe%”ﬁc?hﬁoﬁr?%erntﬁl?‘ée%%urs
and then tdwesr estilddqgng reethe ax&oelﬁsaanpa$t$u®}ae1ctce:d1ptoonﬁhm¢)rdlenu:ceaﬂor

cul tivati r&llgcq g'tgggt rfOBQ&ﬁegﬁi‘ngér &'@h@t e%okfegg% ﬁ%?eé@f@iﬂ@g from

20 to 40C Four's acterial rol1ferate or grow
in the cu|te&|répwemw8ﬁaoaed% aeesiﬁqordans&m e petired @&F@ﬂtwéau%atﬁy can
be obt ai nedodwbttbn has atrel arfetrapgrpetall icampotiadshe | Mhendedrapyrapha rol e

conmpound. | he_ | t f 5
i sol at ed %%g%#ds 8}13 0| ??%r tdl ?%g%g%ggﬁo%gc{ﬁg%g%oéé@nggg%%% fr'srefét]lh%g
detail ed [§é1|c§\,vas the medical care, food and electronics.

[0065]

In the foregoing, the tetrapyrrole compounds are isolated from
the culture medium or cultured products to thus give the lignin
decomposition catalyst and the aromatic hydrocarbon decomposition
catalyst. More specifically, it 1is preferred to use, as such
compounds, those recovered from the cultured product, but the
cultured product and the bacterial cells obtained through the
cultivation contain tetrapyrrole compounds and therefore, the

cultured product per se or the bacterial cells per se can likewise
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[ 0062] 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
colum. For instance, the culture nedium obtained after the cultivation of
the bacterial cells is centrifuged to thus nmake the bacterial cells

sedi ment or precipitate to thus give a supernatant containing culture

(cul tur ed yer agient )as Thren 1iwisupssduadpast tisn f chteledt tdrdugte safonaterc

havi ng a ] ( iagstance, 0.22pm and then the

resul ti ng%%lqt%%g%g&?gﬁl%gﬁgﬁ%%g? h%aqaf'alb’ggm ng colum packed with an

i on- excharl@®6bésin to thus adsorb the intended products on the resin.
Thereafter, thascutidir edgpifduddcdnpostiuied fd‘a(tﬁll’ybe i at exhbangeonagsicn

usi ng, for_ _instan 20% acetonitrile-0.1% tion
and t hen tl"ﬁ’éi rggullg?l? ﬁiﬁc%‘f‘%o ltlon ?/%‘%f?’ tl%% LLH h%gg]?%éé&et?t%g?é&dﬂ SO
possi bl e tedregrsecambe| utsited %&)I%@Y@'fh%@pﬁ@%}tﬁlnad%ﬁmgnaﬁa%‘éﬁyeéﬁsles?@ltut| on

of an aci ¢r mahnat k@électt%da@r@ﬁ\g@lﬁ'é CgMJpV%Bhsh.Qtiﬂ@? erpegebp@r@tymmn

step. Accordin 0 this enbodi east. twog

tetrapyrr & &€ 8%%%%&3?50%%@33 e %rﬁg g r%rllnl lrna%gg %l(ge\?(e)rtae
ten-mlli qmmoohgt@@ﬁamﬂmd@dc@mto@hdsetéa@pbépbmm ﬁ@gng e rEgrever
instance, £000bo0ks tihgnegal | BUSRENSH OIbwiHd0ERdmpies, tﬂf@@e RfeaduGked selsat ed

according to_the foregoing procedures can, be .an nst ance, the
NMVR (Nuclgéélrc I\%‘Q‘ﬁé’t}ﬁr& e r?&ﬁé’t?fplg}ﬁjéjcrf r5s BB ﬁbééé%r %‘Régo {:%LPSa Zonfiim

whet her orcametyitbe tetthpymnebéeubonpoimdsadioxypr ggenpsi nUrepoxptaduet I | n
addi tion, whengpal y@aag stxampe&%lgs BCGRHY AY éocsm@neg%@p@omr@en c
measurenent, 1t _would be found that the co ?&5 Q ving an
absor pt i o pEFRLG FHPHO%OWé”é’nﬁt AVRELOIT n%é%fﬂﬂ* o) ?‘H%arﬂ‘aeg? <9

| nnost  of 4casexyilhpsepsoirpobadelareldyestifthiopappiuyrdis éaicti stipdwi ﬁfgma
bi | at eral \pegk gl (Egnl]g?a%yt) thg@%% abseryad.dfAar gQQ\l}?rﬁplﬂﬁélmol}lﬁ:‘meor This

pht hal ocyani ne. Such érylestu f conpounds are "use hot og %aI%sts or

el ect r on- PRAREVELD et G1LF81 §¥5R 0e 2EVe EPPEI A éféflfje fsugh ¢

i rradi at i @entkercothavpblphyght miays.liMer goy Epregdioyg apephymﬂoia/eldtalmetdﬁe
reductiony oﬂgh'%\e(cru g%)a 59a]]s%méfat%nagf'e@y&e%qlcmboeopf through the
cel | rrenbr ane accordingly, woul d be believed that they can |Iikew se
function ili9987 E)attery [ 0064] As has been di scussed above in detail,
tetrapyrrol e cohpoundsembodinargtsancetharphyii fisr prehaasnpalgiohnds aard
porphyri ng,,can; pe, &r&dgﬁs&&ﬁ@%@ﬁgwe%@he £0bdnangh H]fi qJeoaescmecd

met hod never requires the use roducti on devices and cat ZIE cted
dcthaters

dependi ng Srlrot”hén Kek@d Lof Z‘t‘%‘@ridﬁflgnﬁ‘éd:h@oﬁﬁ%%‘?fd% IONEPkECEhé
t her eof aeeordingatddd hesrchenmpoadpasynt hesastimd hath ltimihor per abkdhiotk does
not requi ty gm%QEnHS%thlrQ-ﬁ)i 9131?@&’:?'1‘13?? Pg'arl]ﬂl Yor the 'féng%:’)’ngsiiMH y

appr ehende hat "t he d"adver se s the surroundin | ronment .
I n additi 68COMPOFELIRR CRERHBTC ¢ &’hééfﬁlanvleﬁeeﬁﬁ?’%%rfofro ST %W?Jd"r e
conpound suW@&hbasuSedriltlkewvul ini gny@ctahttiaathencul t ure medi um when
cultivati 3% Ig%g:herl chia coil (see Japanese Un-Exam ned Patent Publication
Hei 5-244 9 and further it is sufficient to recover_the tetrag rrole
conpounds secr@?é%l snecifécally urd GRMLEnTYAY 3% MESPABPL nete $8aPYOY %{ C%0l | ect
t hgl same io@onf&flenba@ﬁ@egl ahec&iﬂ#o(wsag kapades e (1N AmetradedoiRatieniing the
Publ i catign _Hei 866 r nt
nvent | onS0SE8 FoFIREidl 19 FABITe B ARG O et At dey ce
for the cone fakpbinofcopperad ealackedt Ifré%‘fd tﬂ'lﬁegF@%\fé?rySJ@ftlpﬁeofesfﬁlfl ng
tet & apyrr@b@}gﬁﬁﬁ@pum Sl azls:@@r difg| ¥hert hesseidied pershbsst hereasyand )
producti on t tetrapyrral.e _co n QY.L us
prepared & gcnt Bgegse E‘ljnl%%’ltl ngrl elnrrggﬂ‘—’lg]dn St rlré\tﬁgg#ﬁ[cgl ?tgt%gh&g E{}Qﬁ%%l cal
care, foothzndgbl eber ams@gncpmoegastlllatwm n (Eheaf Bl r@mptrﬁélng the

tet & apyrrake Q%Ep&iﬁldﬁg ﬁtf@llh§ﬁl1@t gﬁefﬂ&@gbmﬁg@@ubuﬁg s@dtugh@bneuhhmgéd
products to ive the nin deconpositjon_cataly nd _the ar tic
hydr ocar b8ft d‘gg(i‘flr%?ﬁl?‘?‘%o alﬁfsﬁadlﬁﬁng %é%l HEAHy asltk 1|.n§ pre e'?{@d to
use, as sgohtednpoyndsluthose wigdovet exhvigmtt heaysl t(@%émpbﬁa%dmft SHelt t he
cul tured product and the bacterial cells obtained through the cultivation

contain tetrapyrrole conpounds and therefore, the cultured product per se

or the bacterial cells per se can |ikew se
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be used as the lignin deconposition catalyst and the aromatic hydrocarbon
deconposition catal yst. [0066] As the I'ignin deconposition catalyst
and the aromatic hydrocarbon deconposition catal yst usable in the present
invention, there can be listed as a synthetic porphyrin, for instance, at
| east one nenber selected fromthe group consisting of protoporphyrin,

ur opor phyrin, coproporphyrin and ethi oporphyrin, in addition to the

f oregoi ng ones, provided that the ethioporphyrin anong ot hers never
deconposesulimmiielernratreatel thosengmBxearpfesn & FEreaywenétused laay sugh

por phyri nsas @N@t @P@é Rﬁﬁér Ia()alf%ﬂl%V@kbﬁbé@é'fMIébERn@éln@U&%h’)ascéédicy} ,

t he nol ecul e car Uro or i val | able fro
Conpany) cH9 ﬁigﬂﬁ/%) 85#&3;[@%1{5?15 "I”n]ga%lﬂ EE‘Eﬁ‘ &VH
(avai | abl erdy=onaALiDRI CH @oahqaamm)elcemgltw NG dyec sadobix yds ga’ccil.aps nayst hfevr a

mol ecul e; ﬁ@ie@%@l‘n@ﬁ@&p&%{é Be(:%&"Arﬁp'e‘%fﬁ[:?@hﬂ@@'s@ﬁ'a@?x@%ﬂ@ohfoﬁ@ef%m any

carboxyl dgroup in the | ecul e. porphyrinis_also free
coor di nat €d'& r]dﬁé’llfll 6?=|k?‘r3e‘tr£ Cé’E“PPH€dc%‘Pﬁ%?“HF19t ﬁ@lb'b’rcﬁhyrwlhﬁcpl H@d ]P“r’% t he
f oregoi ng jporgutipriedsviabt biqredrayy oughotidie, Euktiseante paoktieraticen of)
Escheri chi i t t

& nfehlbon [:Qt%ggnlosrlngnthe \tbﬁf& tol}eaﬁg?gg r%nlagxq{n Q%e”%%@«ggoir%

preparing al co ol's iC acids accor to t resent I nvention
will be deSBHEBHED E"t)‘éllutf\hoinn FEFLPIngc Y di-Hep e h‘éo‘?ﬂ%’é’ént 3GhiEY | B

al cohol s andepodani aigaids d@aamlb@snpﬁe:par@ia{lwsactdnng,heomﬂgngrm AlkaDine

al kal i ne ¢ v diat] Lh lig ays _and fo oj ng

|l ignin deco %%s%gtql S%Htgalltl{ﬁngl g“\}\ﬁ{;?%v: n thgse rre%%nm grt%g%eortr?gglérlenéggl%m n
can be usé&¥reslesrembped ri'—la‘ﬁyp%le’)?ﬁﬂ naffomer] ef6dyiently isqhptelngpadrehesd |y,

al Cﬁhﬁ' S m@m( 8Be mﬁ@ﬂaﬁghlﬁmr@cbﬁﬁ&mﬂaﬁ%ggld’dﬁh@ﬂ@ﬂ , tiighol f&mi ng
met hods: t isin e s of _addi n_aqueous
sol ution C(Jg)nt gﬁ%h@%tgﬁqué gong4§i %4 }L‘ﬁ(gg Sonpound’ %e)flecttéaggf r%%d?heg ‘gr oup
consi st i ngicbfllgfléfl i HRe affrreIoKo aﬁ@ewowoﬁlhéﬁn‘i%ﬂmw i 8§ altahbrs

f (r)\r Wedhan]g:dn@o&a&e%dd’itng ﬁﬂi@lfFkg@bfh@hlzighh_ﬂ%é‘&i@daﬂﬂﬂx&o&h@hmyﬁg CROtHH | o]p

t hr oug Qr__i.nst istillatiaon conpri_sing the ste o]
addi ng, to]1 I gnl nﬂg?ﬁin ocr%é)&ur?éi gafd%%ul)él%l u??ugtﬁogoﬁal nist ﬁ%det r‘inf(n%?ne
conpound, tempPadiatiag folfe 4 | phede g iultiate tbmponadiednt arm@vgitsmgutmm Wit h

ul travi ol e_tlghaylsa(mamm& @SmBouSCIbn it Ay @émtlroa;yssl@{ vt hosie: evkted from

a W ray-em such as ENF T pe ne avalla e from SPECT | CS
Conpany (gughtcasgﬁ%g{%%mgn% %cf’ ) K avg‘;ﬁ asire Rgr%n% UVE
Conpany) ®&¥¢detghrined s imgvayied vand?e e\ﬁ/évenewghh 1rsszhgélrsmcﬁi@a>§lo§él Brom ays

for a pr ed;elteemfgmﬂ 411081 iRRY b@ﬁlpaﬂﬁdeéctmfaleﬁhbysbwiﬁﬂ ngzhat:ﬁoa@hzbéézom t he
rradi

l'i gni n- alkall 0 contai nin

w o 11 ghe PR B oG Sty Ereaiottn SPF FREFORE. (550 Bl Gy O

conpri si ng tirEdepsomfrizddondhet csidmgni of eheiher thei Agregoeems lsarin i on
cont ai ni n@e@amgbgau&ecae BN BCdd N0t he phanegoing. Qé}hﬁbmtl on

catalyst gn th I| n|n | kal i ne und- contai ni ng sol ution at
bt edet or nEnRHC TRITBARG, & RoPoE: 51 S0a Vo Rab El T per PO I LAkl
ef ficient Ifyfomsblllatlrerﬁgllézll@ehm%utﬁmm\obhelhegmﬁ"ead kaki wmgumdac;bmrm ni ng

sgl ut i o]p ttla&@ugh f&f n{b%ta@a@ee dﬂé@ﬁilalt?itdrpn (604X @ew&%@qwah@%the
steps of a

n he fore ueous sol uti ni n
ool e S5sEhin i raniak e 0 e B R T i ROt Dt B kR g e bt
the i gni wralkgallltt rx@ysolrmmngjacmdamawagesgthutnmeassu@ pisesiet &r maryedfor

t enper at Uﬁeﬁ)féﬁe&ﬁ{lﬁg@tﬂn@ ?@gléé %dp@ﬁérﬁ)@’ffh[:{@x%ﬁ hgglé%g alcohols
Ilgnlnalﬁ sol.ution with ys or

n ound-contai.ni n
rays havi ng°% %edgngﬁ%ﬁé‘?f&taﬁnﬁaﬂ léiféﬁnas“’%b?}hpaﬁi%??nf blfraéﬁ&t&ﬁ’e‘f’bﬁ' i ned
ti me peri éddogbhhdray$i citertugh, i $of at nsgaratecolidlss ift amidrve dr dni) naamkehede
conpound- copbai 81 A9 3! Wtk Q,OM&Hngaéth@&é%o&%g gi ﬁ""de*&oln gRi {1y,

t hrough, for instance, distillation r|5|ng t e steps of
acting thEaFBFE@BPHdHQQdHﬁHZﬂé%@ﬁﬁB%FT%%%ﬁEéP@?&%ﬁu fEFogteymined
predeterntmmd;keﬁpara&uaaléermﬁtnéedgheﬁnt@mxhinﬂn@qmmUt@dnaﬁdhuhemlght
efficient LS : | I n i_ne ter
t he cat al EX%/% é)}eg%??%rf%ty%&g% sngf ?o?i‘%g]ng’ﬁgﬁzéﬁé’%ﬁ%ﬁ’?{e%& agbst ish gre\?%
conpr|5|né°¥hé §F€6§t%¥m}¢ﬁéuﬁ%ﬂqrﬁfq%%ﬂn%ﬂixﬁﬁ%ﬂrﬁﬁﬁjcéépﬁiYoﬁsﬂﬁ@ﬁlQﬂ/
light rays or light rays having a w de wavel ength range such as sol ar rays
for a predetermned tine period and then efficiently isolating al cohols
fromthe |lignin-containing solution, which had been irradiated wth |ight
rays, through, for instance, dlstlllatﬂﬁh or (7) a nmethod conprising the
steps of acting the foregoing lignin deconposition catalyst on lignin at a
predeterm ned tenperature for a predetermned tinme period, irradiating the
lignin-containing solution with UV |ight rays or light rays having a w de



[ 0069] Mor eover, organic acids such as formc acid, acetic acid,
mal i ¢ acid, succinic acid and pyruvic acid can be separated or isol ated
fromlignin according to the sanme nethods descri bed above in connection
with the isolation of the alcohols. [0070] As the lignin used in the
present invention is not restricted to any specific one and usable herein

i nclude, for instance, products having high purity and free of any
impurities such as a reduci ng sugar and cel |l ul ose (such as a product
avai|ableaﬂbaﬁbﬁbGN&OGOﬁn&ﬂy1U@ﬂﬁfckﬁ@aiﬁ&ﬁgoguﬁubban47Wﬁ®8hhamﬂngﬁﬁn

mol ecul ar ,uelLght, 9 7@%&9%%&8529“ Y W akle %ﬁ&%r@emld%t@%% under

t he C‘atalg\’%1e ecu ar wel ght 12, 000 %roducts
havi ng a gHRASENieE P P Lobaeei e AjeP edubiTrglistdns 1isnen W&§ idduct
av?i | a:ol e rhkem @L@%egom)@wfég@lﬂy gaercaaam?uﬁla\doatﬂaépﬁ&dnaynngua:h
nol ecul ar i ght of and products.insoluble in wat u

pr oduct a\%‘el a%f‘cétqf? rﬁoill_l%%'{? rrpanf/lgu%]ﬁ%ml% 76 "CaTar ot 0og ug é %é}b%%‘;) The
present i mi&hti ber parstrianset Hdes epar e yxarrogarsof & Jan Qﬁntailléléﬁél%xmh as
net hanol %@/eigm&o@%ds s%uctfha%s fry nb6 Fhn oSt G kg, dhkkC iad d,
succinic acid gx{ug acid v in armunw%e q? Rlquntégggntratlne anther
fromall © éaﬁgFéﬁ RG PN AOT NBPE2E58 iRt 11 HE BPaseht A Avert | on
woul d per mhattcmfe porotucin emeofetabhtchmieslsantl Drsgaal el asdds0 nainLe (wesh g

lignin as acsbarip g MRLeeLalvely,r 82Peet hygs1d he REESENCROD . bMpurde i es,
the difference in the aver age no) ‘ecul ar wei ght of the lignin used and the

d|fferenc@xVHePh%aicﬁﬁﬁmllPﬁy f et EH™ i n water. [0071] The sol ution
of an al kdlooael conpound used in the present invention is not restricted to

any particul arygpe,and Qfg?irﬁrcaglzydé’%ﬁgh% ebPnfs Qc:.&orade@%t‘:ad&%l r§a@ll‘5' ons
of KOH and/ or. NaOH each having_a congentration rangi %%ﬁ about 0025M

to about GCl65NFu@%%E§éFCl?h%m%éﬁEgﬁFFa??b%‘ﬁ?lPﬁe °5fl§ﬁﬁéﬂﬁgﬂl ne
conpound ifsomotl ilgeshr isctceddiogt he |téneel sdrad | meighatist hdlesdidedardevepeai fi ed

above, E@gﬂgbtm@rﬁeé cABseryed %}fr%fdbcmaeaf@&?ow the separation
eff|C|ency et ween al cohols and organic acid. [0072] According to an

enbodi mentl987 %1 he catal yst for deconposing an aronatlc hydr ocarbon i n which
an oxygen at onasstHd nkedit aisedcanboie atrereas mmveniien df rndierbehzirieed i ng,

the catal ygt, égébfflscaaﬁe %9&9&%%%@&& bﬁélme ths, hhgeaacéiewmé i on

catal yst whi ¢ rises the foregoi ng porphyrin and theref
detai | ed HE¥ERT S Wit g SFaePh @Y THRYE M aseSYTh f‘{sé‘dre‘? ‘f’@] Sugar
The ar omathnd dwdndeasebomsch wist & paoidaht t dves Flaikdgof ngn SaGHA yEimpany enaddy,

pelude, tAE bO2LAOGE b%%ﬂ%ognﬂa%ggogngéléaﬁaqg%a he gEO0Xb Ngoo Bxanpl es

of such di oxins 1 nc | or o- di benzop-di oxi n

(chl or o- dPBEA%EE Pﬂﬁéh?bhgéﬁﬂ)‘ LDRAFHE Eow&ﬁw@éeaft% ar%%h‘)a%o‘b%%%
conpounds hatengephabaculpat ye{dhtpbenyd , alo)orpoedjctsthaximg biKiel JACBy)Low The

aromatic Bﬁgg.ﬁg% ar mlqﬁﬁﬁnp%ﬁl 'irT%OSI ??S@l b/s%tchag(gog %‘rBauEQ é%l@%@éeﬁom

i nventi on”wou I on or conversion of_these di OXI ns
into har mSéggAEp@@égyémngcﬁmg]Catalogue No. 471038 having a molecular weigh
of 52,000) and products insoluble in water (such as a product

available from ALDRICH Company under the Catalogue No. 370967). The
present invention permits the separation or isolation of alcohols
such as methanol and organic acids such as formic acid, acetic acid,
malic acid, succinic acid and pyruvic acid, in amounts almost
identical to one another, from all the foregoing lignin. More
specifically, the present invention would permit the production of
alcohols and organic acids while using lignin as a starting material,
irrespective of the presence of impurities, the difference in the
average molecular weight of the lignin used and the difference in
the solubility thereof in water.

[0071]
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Furt hernore, according to another enbodi nent of the present invention,
there is provided a nethod for rel easing hydrogen ions fromlignin.
According to this method, hydrogen ions can be isolated fromlignin by the
addition of the lignin deconposition catalyst which conprises the porphyrin
consisting of the foregoing pyrrole conpound derived from Escherichia col

or a synthetic poiphyrin to a lignin-alkaline conpound-contai ning aqueous
solution and this in turn permts the photol ytic deconposition of |ignin.

[ 0075] ACber dogtion aoft bhl adkel e eodoolimenisesf irhetlpr gserdent

i nvention,; J.Qwe 1B} QUL & UL B LAE DR, 3100 CQNL AlRE NG LOADAUNES GaR e

recovered, which are |1 gnin-deconposition products forned in the step of
i sol at i ng AGFE 18I REhoIEOTahtS GHshi ECREF A LE KW G 6Tt IPH 6RER G "Iet hod
for the praodostdmaraafi oaucdhgdhgohwdnsabmet or ganse tacdlgdsit § 0FAG] However,The

present inyenti80eh s Nald §3 ELE! E{h&@i %h%feghogi@ﬂt&f %%?T\gg' ped ahgye and
i ncl udes various varrations thereof w tqn.out. eparting fromthe gist of the
present i MESHEILEReC THe theesevriel | ididAtPoril Wit ther sahdgRrsRee1déserd?d® i n
nor e det aid1tholibhr eéhefrence teoddiereiol damu ngi Freapaiat iian Exanpegsraditn

wor Ki ng Exammleesy oL Q00 G LPLeparall o SXanphe. Hogg  AS has been

di scussed above, al cohol's and or gani ¢ aci ds can ‘e ‘prepared by adding, to
lignin, a®87ghyrin (a pyrrole conpound) as a |lignin deconposition catalyst
and further degespasidd @6 # eawelismean dre tabt &dad Ry rbhaiddabet yid Gin
deconposi ti onﬁ]gf. IWi n aEd hydr gep ions rel eaged .fsrggnnllcé(gryonacaanrgoinkevw se
be i sol at &4 "Rt eover  FE Pﬂp%}? rore c%rhﬁéﬁﬁ'ﬁﬁg 2ach Havi ng a porp(f'uyrl n
struct ur e 3a&on sygneheeikeporphyrd feengepeeffreet i Ve matedysbyses fhog same
deconposi R@mABRsAF DAL LS P OGAT BRO SUGH rASIcl MPddi th Bnt BhBal@se, wiike

por phyrin usable her}gl n may be, for_ instance tlgrgse PI ol oglﬁ:al ééf Jprepar ed
usi ng EsclfEFPERPES c6PF. TPASPRTRY PPRPRP A bn B aiF ot ¥ie pridpalatdon of a
pyrrol e coepoundt vt [othéhdeSorindedii hihehefmkies arsidtefd-Escherichia coli.

[ 0078] [oo73ne cells of an insertion variant in which the transposon for
t he gene ypj D (p2611) origjnated from Escherichia colj had.been inserted
(JD23504 avai é%?eal? b ST BB RoTh é”é‘sl)cl“wé AP TP L of
LB cul t ur enredaam (ipadtdet rimpt onetarkds, dactiorsy endtcaporads am@leypuldd :

0.5% at JL6xiRL. 12ehaines Bier&icnasiidddad Influ@d Lde, (@sukblatde&eld-

KioPoi, 2P-H7GFRONPERD) 2B 81 St NHR SHE" ST B c Pe aeriOPR A, 3. 6
g of gl ucofediand i2@dahggots MypBHunds &ré apldenomicded biahenylandletvedasl | s
wer e subj gltiedih0r HEd NERA) . Cul trh¥al b Bl 37 nGak8ka Bl OWeSomposition
'~ catalyst according to the present invention would permit the
decomposition or conversion of these dioxins into harmless products.
[0074]

Furthermore, according to another embodiment of the present
invention, there is provided a method for releasing hydrogen ions
from lignin. According to this method, hydrogen ions can be isolated
fromlignin by the addition of the lignin decomposition catalyst which
comprises the porphyrin consisting of the foregoing pyrrole compound
derived from Escherichia coli or a synthetic porphyrin to a lignin-
alkaline compound-containing agueous solution and this in turn
permits the photolytic decomposition of lignin.

[0075] ‘

According to a still another embodiment of the present invention,
low-molecular-weight carbon atom-containing compounds can be
recovered, which are lignin-decompositionproducts formed in the step

of igsolating the alcohols and organic acids according to the foregoing
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[ 0079] The cultured liquid thus obtained was found to be colorl ess at
the begi nning of the principal cultivation, but the color thereof turned
pink color after the el apse 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
0.22pm Then the resulting filtrate was passed through a col um packed with
an ani on-exchange resin, subsequently the culture adsorbed on the resin was
el uted fromthe SanethisimgpdacO6 aft etumhi bl coreDs G prfhnbe cadelsi.c aci d
sol ution ag@igel uent and then the eluate was |yophilized. Aproduct tinged
w th pink was thus recovered. [0Q080] Thi s product was subjected to a
variety of insfPEnBRESEDanaI{RIEdOnsthiennas FRoSE YétaitedtbePBRPT %% was
confirnmed ddmatribhe pbodticindabnd ddetsr apyt ood evanigrauwng haviragt awsthraust ur e

as shown i o] ' to

t he marks C{sé arg%ygI fggﬁet?%:{%?%%%é%%dl ﬁlé% %%gﬁdﬁnglpﬂé%tnr%g pea@gé @Fs O\CIEm in
Fig. 4, tﬁéﬁ’@nltﬁo{lﬁ‘élflo]ﬂ‘?wfﬁ%frf bgess rabed dHoRATT Hethd L SHFE Rl ERTSS

Mor eover, ddhenpr educdwmas raaphyzefornBengdleg 4ed tharkiMB specdlearetry and it
was confi r hat a tetrapyrrole conpound was certainly present in the

pr oduct . rthernore, the presence of potassium (K) was detected by the ICP
(I nduct i velRrepsuptten Pxaspar Ahiss spectronetric analysis and it was thus

concl uded t hat Abheascgapﬁm%dﬁ@%eaw egil@&ldlrseah@r&r@ahhy LRl esnwd h K

or in the formof a sane. na roduct Jes
further 5%185’86‘88 o aﬁﬁ? gpec‘f Sﬁo?bmelplp dfeascoglp(rmérsl% , It

was confi mmédarhatdechupes Wakomlsasplpet andi f—‘alttét%n dpéalkpwktll@@l PPQOGM@SSor et

band peculdsarnbd thgat'!ﬁle@&ﬁhﬁé bmlota;sy@ﬂo&@cérﬁpﬁjﬁlo% of :D:Ld:rhgl ard hidesfrar e

observed two pea vv? ?g 549, Q{P respegt] vel% Thi s

clearly ind"€at& e‘["ﬁ%ﬁl ﬁ%mp gt ?%n lkoerwglgﬁl (P SAyE G car Ty 7Y Free

el ect r ons teapablerofe undepgeidy aighatryhng [ @08$rrhyrin THerucdurapyandol e

conpound preRAEEed: %ﬁ%@lywﬁs dd@@'fyggtixﬂa glsfésiﬂg;st%ow@rae%o@aapﬁ@ ah and

Sampl e 2), the resul in anpl eshwere subj ect ed o t he w% di nen onal NIVR
‘%\Tr@é%? °As THE akg

spect r omet B O£ Bt | dhed Eﬁ Fyg?]ép
resul ting @p@ée&@r@md malyeoesit fgctlusahna@atygﬁg b@blohecmmre[d(}@@'ﬂq
Regar di ng dhee$apRl £ cbril.t WREndkSsalyed i Bn GREY @nNdehbgn-daeat esuldd ng

solution was subj ected t troscopl asur erne under the
f ol | owi ng ZcBHHT 1 eoﬁgmp%ﬁj;Wéhgﬁét)el.g%ﬁgﬁ ThHareT 75 TaBFe " FtorH \Var i ant
Conpany) ; coli.

[0078]

The cells of an insertion variant in which the transposon for
the gene ypjD (b2611) originated from Escherichia coli had been
inserted (JD23504 available from National Bio-Resources) were
cultivated in 2 mL of LB culture medium (bacto-tryptone: 1%;
bacto-yeast 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 aqueous
sblution prepared by adding 9 g of KH,PO,, 21 g of K,HPO,, 2 g of (NH,) 2SO0,
1 g of citric acid dihydrate, 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.

[0079]

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
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Resonance Frequency: 499.8 Mz ('H); Standard:3.31 ppm (CD2HOD, 111 NWR)
49. 421 ppm (CD30D, nC NWR); [0083] I ntegration Nunber: 111 NWMR (16
times); nC NWVR 53428 tines); COSY (16 times); NOESY (8 tinmes); HSQC (32
times); HMVMBC (128 tines); O her Condition: The m xing tinme of NOESY was
set at a level of 400 nsec. [0084] In addition, as to the sanmple 2,
It was dissolved in a 90:10:0.1 m xed CD3CN D20/ CD3COOD sol vent and t hen
the resulting solution was subjected to the NVR spectroscopi c nmeasur enment
under t he Haolingwi pgreaidietafons22uppaheat trheUseohitNOYAGQO rivbd ela s(rpaEiddabl e

from Vari %O%Hpé"i‘%hmn packed with an anion-exchange resin, subsequently
the culture adsorbed on the resin was eluted from the same using a
20% acetonitrile-0.1%trifluoroacetic acid solution as an eluent and
then the eluate was lyophilized. A product tinged with pink was thus
recovered.
[0080]

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 to G appearing 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 (K)
was detected by the ICP (Inductively Coupled Plasma) mass
spectrometric analysis and it was thus concluded that the compound
was recovered as one ionically coupled with K or in the form of a
complex with the same. In addition, the product was further
subjected to the spectrophotometric analysis and as a result, it was
confirmed that there was observed abilateral peak including the Soret
band peculiar to the porphyrin, as shown in Fig. 2. In Fig. 2, there
are observed two peaks at wavelengths of 395 nm and 549 nm,
respectively. This clearly indicates that the product is an organic
dyestuff carrying free electrons capable of undergoing migration.
[o081]

The tetrapyrrole compound prepared above was dissolved in
different solvents (Sample 1 and Sample 2), the resulting samples
were subjected to the two-dimensional NMR spectrometry (COSY, NOESY,
HSQC, HMBC), followed by the analysis of the resulting spectra and
the structural analysis of the compound.

[0082]

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) ;
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Resonance Frequency: 599.8 MHz ('I1); [0085] Standard:1.92 ppm ( CD2HCN,
114 NWVR) 1.28 ppm (CD3CN, 13C NVR); Integration Nunber: 111 NVR (64
times); nC NVR 50000 tines); COSY (16 times); NOESY (16 tinmes); HSQC (32
times); HVBC (128 tinmes); O her Condition: The mxing tinme of NCESY was set
at a level of 400 nsec. [0086] Structural Analysis of Sanple 1: The
results of the 1H NVR spectronetric analysis are plotted on Fig. 3
(solvent: CD30D). As a result, there were observed signals at about 10.0 to
10. 5 ppm ( dResatantrd F4eduppay { f hooasawnd @BHB; ppm (g), and around 3.2 ppm

(e), which, U 0 ried: e intended conponent. The
signals' in e%%?%@irgsgﬁ%M5gﬁfgéﬁﬁk?% g% aIgut 1:2:3:2. The signals d to g

are identical to thodé-4ppePT ng 6Pt he® Midr' figures. [0087]
[0083]

- 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.

[0084]

In addition, as to the sample 2, it was dissolved ina 90:10:0.1
mixed CD,CN/D,0/CD,COO0D 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) ;
- Resonance Frequency: 599.8 MHz ('H);
[0085]
- Standard: 1.92 ppm (CD,HCN, 'H NMR)

1.28 ppm (CD;CN, *C NMR);
- Integration Number: 'H NMR (64 times); *C NMR 50000 times); COSY
(16 times); NOESY (16 times); HSQC (32 times); HMBC (128 times);
+ Other Condition: The mixing time of NOESY was set at a level of
400 msec.
[0086]

Structural Analysis of Sample 1:

The results of the 'H NMR spectrometric analysis are plotted
on Fig. 3 (solvent: CD;OD) . 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 assumed to be ascribed to
the intended component. 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.

[0087]

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.

[0088]

In this connection, the d signal observed in the 'H NMR
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The results of the 13C NWR spectronetric analysis are plotted on Fig. 4. It
was thus assuned that the conpound was an aromatic one because of the
presence of signals B and C. [0088] In this connection, the d signal
observed in the 1H NVMR spectrometric neasurenent is a characteristic
signal which is not currently observed in the [ight of the magnitude of the
chem cal shift and it was assuned to be ascribed to the porphyrin skel eton,
as a candidate, while taking into consideration the fact that the sanple
conmpound v@seciroarorht iaaeendat W la bRadescitized chei gvgl wirdehanalrysi ng

the resul téudz(rFénQﬁK ddeQvah 1PALA @fgn %etdhE thE%%' &[@&h&'ﬁﬁaﬁp%frtomi‘t ry

whi | e regar e conpoun as a yrin, e results can be anal yzed
wi t hout arfPtdrt Fadi dtswed N/Br]é%v%?rcrlé’eéo%otthﬁj PREAVIYEI D SGLGECHr E%idi | ar

to that es&aﬁmldadeanﬁiud%ptmmb antbi @nslhdesat BROLhedddt dhaOtthe ERihe
1999, Vol. 164 7973-7982 a th n h I
shift det eccfm(féj nlgowﬁe ﬁ tlcec Tone I’gl ¢ lre}lear%egréesl%%‘ibg]zi LI{gﬁ)‘scg'nms(_%gtent
with that m@mzegléckhawr@ﬁ@l%ﬁ t<Fegé SAER G dbhiglipedihy €hA Toasidnans icnwe

concl uded ﬁmtsp@ber@@émumlmasr@gmnp@th@ SdulgeRindr 8s iQQ&@hymn, thelhe

anal ysi s of t mensi ctronmetr surenme |l be
descri bed el o%sl Caae%’& F?la%%e e‘%J[ﬁkf él%ofan%'hSOMpéL@tnr ong?Fle%vearrfal ysi's
are shown davngciugd h&vinthe $#HSQCWEceiohkay yoi shath estangted aind dehidpte for
the det ectdrp@lgf Vligf bepdhecd @§Ubt%ztgf1U§h&pt ahBed, afg alls@ depi et eduon Fig.

5 oreoar g g Lo Sl aial o Sant ol | SLig s, Ag. eeciibeg o, covfon
anal ysi s dHeI@ﬁbwmmqtrﬁmgtrlc measurement is well consistent with that

disclosed in the article. Accordingly, it can reasonably be
concluded that the compound has a porphyrin structure.
[0089]

The analysis of the two-dimensional NMR spectrometric
measurement will be described below in detail.

The results of the HSQC spectrometric analysis are shown in Fig.
5. The HSQC spectrometry is an analytical technique for the detection
of J'w. The results thus obtained are also depicted on Fig. 5.
Regarding the proton signals, capital letters are ascribed to carbon
atoms directly bonded.
[o090]

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 -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.
[0091]

The results of the HMBC spectrometric analysis are shown in Fig.
7. The HMBC spectrometry is an analytical technique for the detection
of 0w (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
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6. The COSY spectronmetry is an anal ytical technique for the detection of
the spin coupling betweenAs 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 -CH2-CH2-X at a high probability in consideration of the signal
intensity ratio and the nmagnitudes of chem cal shift for F and E. In this
connection, X represents an unidentified conponent whose structure has not
yet been elucidated. [0091] The results of the HVBC spectronetric analysis
are shown (ien Ei g.(e,7B)Thées HMBC $@ped)r,oret rg) i famlandifytBlcal (£t e€hnildue f or
t he dEtec%bonI%EséngggggraéﬁgHg é%etﬂeéér’c@ﬂ@&ééﬁd%o&?cge'QH@ PLoMiARey the

het er ogeneous nucl ear renote coupling correlated speCtra. The anal ysis of
t he spect FOGHERPER edF |SPIRdBaFES- the presence of such correlations as

(Tﬁ A, (q’OfoJ (e, P, (g, B), (g, O, (f, A, (f, B, (f, c% (f, B .
ese correla S e r I as
TRQ 5%‘5 JIeVe tﬁg%@%@'egg%gr%nget% g&gg@lseqré LGNS,

shown in Fig. spectronetric
anal ysi s driess h’b\ﬁﬁldl % Fhg OBS Yapee O rofied rNCES YRS AL rigchaighe for
anal yt i calchleechdt &pte Jror ot he;uéetpﬁég&fbeof ot henspfesepsei &@f-exchange and

megnet i zatj on- exchange, and accordif q%g?&%Qg§dg@ﬁgqn9%rggéloﬁ8?ﬁ Q%agﬁ%the

|nf0rnat|on conce?hY %ﬁgoalstance ear Sspilns
t he magnetthgadigrprsis b@t\tﬁ@ poclenr 6pHRS Qnethks RBEHA Of‘n'al@e aaangsistoon he

spect r Ogr amickeard Yo gl cabes tdiepresancertef aﬁmll\éosfcmer gb@&tmaas (9,

gZJr rel at i %ﬁ?aﬁgaﬁ%}c(satd}ﬁﬁo\)']?%g)%eﬁg}’%I ?fat?%)c;rht ﬁéé %o%%;‘fné ?nnsatagd (%t et ure

as shown i(fi,Figg. 1f,[6€D93]d, £), (d, e), (d, g) correlations. These NOE
correlations clearly supported the reliability of the estimated
structure as shown in Fig. 1.
[0093]

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/CD,COOD = 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.

[0094]

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:

[0095]

* 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.

The arrangement of side chains as shown in Fig. 1 were elucidated
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Structural Analysis of Sanple 2: The results of the 114 NWR
spectronetric analysis are plotted on Fig. 10 and the results of the 13C
NVR spectronetric analysis are plotted on Fig. 11 (sol vent:
CD3CN D20/ CD3COCD = 90:10:0.1). In Fig. 10, the signals enclosed in two
squares are ascribed to inpurities. As a result of the conmparison with the
spectra observed for the foregoing sanple 1, it was assuned that the
structures of the principal conponents were identical to one another. This
was al so suppbeteasiy athéehanfhyt itdalt thewd twamatesheerade aGQPSYsNIESY,

HSQC and IWMEC spesidOAMRtwbQMHthyl groudd Gr beraboms cihecignkagaag, NOESY
spectrogran1%%§erved for the sa ere were observed the d proton

|e 2. Th
splitted i'ft GOFOLHORPEtiBE §ﬁ5egﬁﬁﬁéﬁgﬁbFofﬁﬁlﬁﬁﬁﬁﬁ?s dl to d4 were given

to these slp®oicés in the order fromthe | ow magnetic field side (in the

ascendi ng or dehzgair@ﬁqg}\'@ﬁe%%%xﬁhgfw t@kese WAL zed,@sufaldnaus: {:QQ95]

There were observed, for the and d4, the NOE correl ations with the
bot h net hy{e¥§r SUPPEREC - ERRSEER- X; mamfst dhpds (IS ivdglsf ePseed nd NeB
correl ati cippebkymatéhy - CHEXEHA1 Xregidte e rsasivabseedeth & drungh3, Thnes NGE
correl ati %%CQQE& Wt [P%Jg%' rgﬁous‘?celé% ah%@”%fe”?ﬁ%e%edsi Qnﬁnf&%;qﬂés s
showni n Fig. wer e el ucl atye on the %ams or t act that there was not
observed &RPrafsrenéheNIEaddrfcttdiibHt bet feRSRBMIFI TGEEUPS fFdc Wbt wedeh
- CH2- CH2- X cgraspsunbeAdd tepst1©ide cheregm 1y INGeroetr8hat ipeaRs to be
attributable to methyl group (g) and accordingly, the number of
repetition would be estimated to be 4.
[0097]

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.

[0098]

Then the portion corresponding to X in the group: -CH,-CH,-X was
investigated.

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

[0099]
(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 spectrograph (hereunder referred to as
“GC/MS”) as detailed below.

Name of the Device:

A device available from Agilent Technologies under the trade
name of HP5973: Type equipped with a mass-selective detector; and

HP6890 Type: Gas Chromatograph;
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[ 0096] Regardi ng the nunbering of the 13C signals and Ili signals,
they were nunbered in such a nmanner that the signals observed in an
approximately identical region were nunbered in a lunp. This is because,

t he porphyrin skeleton has a repeated structure and therefore, the detailed
attribution thereof was quite difficult. As to the nunber of repetition,
there were observed four peaks to be attributable to nethyl group (g) and
accordingly, the nunber of repetition would be estimated to be 4. [0097]
Accordi ng to thedéaregeivaglpbbeethnme FRONTIERD IS badeonfhe rreddehaame

conpound had,bhhe: St HCHULE %rﬁQékap% Bbgomﬂoé{hltd}ﬁdekrgbé of the
anal ytical results of the sanple 1_an this. res

ver, i
suf fi ci entS3MRAE FRLnBABREY ZRE- F%§B%E$¥Vb(§|5emkhé#ﬁ§'gﬁélﬁbﬁg %Bgéfﬁﬂtally
met hyl gr afpscemdo Chizy GiH2eaclgsaupse araes poured nntotalsamphe puosehddrhesf each
si de chai t e Q§¥ h 1 wn in Fig. 1 and
this is ng¥%%h@%%ﬁ%?a |é§ 8ﬁb%g§%ﬁfqggrgaglﬁb ZF§§§E%§O§%?neg t he
position tH&P8bf is not restricted to those specified in Fig. 1. [0098]
Then the pent Aﬁalp@ig a&mndjlagtf@sﬁeayn IbhezgtmmMasm—@pQHQragm

i nvesti gat ed. X m Lo ohta ccordin
procedur es was  Subfe tﬁ ﬁﬁfé?q@%b&?%%hgﬁﬁftgfsgo%éké%ﬁ% ??ggﬁg %iat|ve
Anal ysi s A@@oﬁmlﬁﬁlPB P?ﬁ@hyﬁﬁ@PéEYWBs analY?@ r 8fivhe FhA @ SERECTRIAY, the

sanpl e wasocheahedo@imMadB05ke EOFogh@pil MERSINdB rardRatredg: § e nasa,-MEhems
thermal |y dgcogggﬁgqhat 600 C and the deconposition products were separated
and analyze u3|ng € ‘gas chromat ogr aph/ mass spectrograph (hereunder
referred famgsof GliVDYvige :d@ehit evadidkbhe Rape Afplilgel Peofretems;

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 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.
[0101]

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) .

[0102]

Moreover, the foregoing product was analyzed by the pyrolytic
GC-MS technique and as a result, the main component thereof was found
to be a pyrrole compound as shown in Fig. 15. This fact could be
confirmed by comparing the mass spectral data of each component with
the data base and as a result, it could be confirmed that the product
had a pyrrole ring structure in the molecule. Inaddition, in respect
of the detailed molecular weight, it was detected as an ion formed
through the addition of a hydrogen ion to the product as shown in
Fig. 13 and thus the molecular weight thereof was found to be 654 .2682
(=655.2760 - 1.0078) . From the foregoing, it was confirmed that the
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A device avail able from Agil ent Technol ogi es under the trade nane of

HP5973: Type equi pped with a nmass-sel ective detector; and HP6890 Type: (Gas
Chr omat ogr aph; A devi ce avail abl e from FRONTI ER LAB under the trade
nane of PY-2020i D. Heating Furnace type Deconposition Device. Sanple to be
Anal yzed: A solution (0.5 nlL) obtained by adding 1 nL of AcCNto 2 ng of
each sanple was poured into a sanple cup and then AcCN was renoved by
purging the cup with nitrogen gas. [0100] (2) Analysis with El ectrospray

| oni zat i orevERIS tS[Fece pogprhphin compoundloaexairianecn hbe pdldectiaamswe gtttylof t he

conponent Sed¥e8sghbupd the &1 hehg @@&tbssag%gwﬁ% atal & 2e%us) Nehd he
El ectrospr ereunder referred tp as

ay .l oni zati on- Mass Spectr.ograph
TESI N | THEERG: 5 PBHS e Ol R ORI TP BE Oht &P S aGATI BBV ES riOH
Appl i ed Bifssiisteény; mShweltd rftorodlie edC-AELNN. 85&@ihueo usfeorenweacnas cnyt i on
(50/50) ; l\éexta!ﬁ%qt%ngrg%iglﬁ% 'tﬂe:cgﬁ%égfu%hgn%%%@&i@ln%med was directly

i ntroduced_using a oop. Mbde of Measure Positive Mde; Sol ution

to be Anal sz]é’a:] A smal | anmount of a solution obtained by adding 1 nlL of
AcCN to 2 empmpfleedch sanpl e was dispensed in a vial and then diluted to

about 100 ppm Wtk ;Ehe. J.pht O%iﬁﬁs%‘aﬂv}’a%”é i%ﬁ%ﬁ%kt rodud qa@%ﬂ%l}
obtained in the foregoin & anal'ysi s 1ndi cate th&t “car bon I ox1 de was
det ect ed ifFhelgBSIBPanH . deRfialiogHe HR- $deR0f risiifvear BRI arsEel Hitg. 14)
obt ai ned idt téwm doonegidrg &Sl aMp amphyiiiss faagnedd redsciayi eiggaa mecul ar
wei ght of &9, (4.peeks)gere, detgelsd, and agc0rdi nglyy Ll Y85 SQ0hHLrRd that
the fraynment conprised an evfahy eéster group ofr acetic acid group (a
pr opi oni c "SmE gfotipis lignin, 0.05M of KOH and 50ug/mL of the porphyrin
carrying 4 carboxyl groups in the molecule and prepared in the
foregoing Preparation Example 1 into a cylindrical tube having an
optical transmission almost similar to that of an Eppendorf tube of
polypropylene and the content of the tube was irradiated, for 12 hours,
with UV light rays emitted from an ENF Type UV lamp available from
SPECTRONICS Company. Thereafter, the tube was heated to 80°C for
60 minutes, the gas evaporated from the content of the tube was
analyzed using GC/MS QP-2010 equipped with a column DB-WAX, available
from Shimadzu Corporation and 170ug/mL of methanol was detected. At
this stage, there were further detected 140ug/mL of formic acids,
25ug/mL of malic acid, 19ug/mL of acetic acid, 5.4pg/mL of succinic
acid, and 6.2pg/mL of pyruvic acid. In this case, it was possible
to obtain 6.8% by mass of methanol and 5.6% by mass of formic acid
on the basis of the mass of the dry lignin.
[0104]
Moreover, the same procedures used above were repeated using,
as the raw lignin, a high purity product (available from Aldrich
Company, Catalogue No. 471046, having a molecular weight of 12,000)
free of any impurities such as reducing sugar and celluloses; a
product having a slightly low purity (available from Sigma Company,
Catalogue No. 471038, molecular weight: 52,000) containing reducing
sugar; and a water-insoluble product (available from Aldrich Company,
Catalogue No. 370967). As a result, with respect to the amounts of
methanol and the foregoing organic acids, almost the same results
observed above were obtained. More specifically, the present

invention permitted the production and the isolation of alcohols and
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[0102] Mor eover, the foregoing product was anal yzed by the pyrolytic
GC- M5 technique and as a result, the nmain conponent thereof was found to be
a pyrrole conpound as shown in Fig. 15. This fact could be confirned by
conparing the nass spectral data of each conponent with the data base and
.as aresult, it could be confirnmed that the product had a pyrrole ring
structure in the nolecule. In addition, in respect of the detailed

nol ecul ar weight, it was detected as an ion formed through the addition of

a hydr ogeargaﬂl&cactlaa saraactqatg a.sonsha mn ifrirgspdc sandl ot htlse phesamteodl ar
el ght t her EOf QA% es 1n t0) be 5e§flaz6othe ]a‘v%(?:gsg mézleQ:mltag

f or egoi ng. s confi r?’reldn 78 ?%ea 5?3&% Was 'a por phyrrn conpoun
carrying, W@ngl'lheO%ltﬁ@ dhanihs, ugedktand thst epluriddpy sheneet i 488 gr oups
(propioni gpaes@ groups) and 4 nethyl groups, having a nolecul ar weight of
654 and having_the foll ow ng nol ecul ar. formnul C36H3308N4 and .t hat there
was not any tr’aﬁ’é’flf‘?%}‘?rﬁetta’i% AT e CHEYEF uﬁfgtﬁ?éjvﬁovfepﬁ“uyﬁ earr%er?gex 8%03]
Exanpl e 1that the séhat highExayplwerd syhsinituged Swmsthe WVghpart £ppe v@eet
(avai I abl gpfrom 4 9B, GURARY, - fRbA Qe sNRe 441003 Méﬂ&daaﬁ&b@%&ér

wei ght of 60, 000) free of any inpurities such as._redycin % g

cel I ul 0seSPEFABER: WEEhi FRISHICED TPnEmgrE 851TRTER LRt |°r¥ §i% a’fl §5/ nL of
this |ignthpusOpBoddafd. KOH and 50pg/ mL of the porphyrin carrying 4 carboxyl
groups in togg Iecul e and prepared in the foregoing Preparation Exanple 1
into a cylindrical tube having an optical transm ssion_alnost simlar to
that of an EppRRdSFPasmR STuSFERARDBY| B Salk e bB Went &t 67 T Y Me was
i rradi at ediqhod ddaeenshy witehibvadi ghitorr aysh and tigdtfrays aasENR IR UV

| anp avai gg?%hsnu{;&f‘fﬁﬁgﬁ%}q %mggéﬁraﬂbﬂfﬁ%&%{mé k‘x?lérvpsrﬂ\?ﬁnﬁ%%t ed to

80'C fo gas evaporate he content of the tub

anal yzed & FHy Y VBT EPR ERIGYA U PHEE e h - 2R | BRH BFEWARE 19K aFPali f rom
Shi madzu Cet-peiatianwatid vl Aepg ad acdornmidhanad 1itesvidet ecébgkedbctdrdingt age,
there ver gl tid ighe elehed daégp}_gésrgqrﬁffafe%ﬁa |45, <ROPG/dHl nOhr dBUC

acid, 19pg acetic aci of “succinic acid, and pg/ nL of
pyruvi ¢ aéFld then rleﬁFEl%Ias%Ollittl%ag"’ﬁfosﬁiﬁt@Féeiloa%bf”al APBOBOBIF i
met hanol aBdebmbledwtnass mf ah@rdbse raeiddton thbef basiiorotlthed rass toifmet he

00 ot 00 Baphiadtkon s co o IREARKE I ABSATL MACRIN SR A0, RE

r epeat ed ust raw product _(avai I abl e from
Al drich C@ﬁpéﬁ? othen| sk Nﬂ?enwm%phﬁaw rtfSa aﬂslﬁécGPalllﬂB%@mm%fthfz 000)
free of amgsumpinid triiegusdChadsi hedlicicag \Sutgaruvalﬂdyseté ulrasespnaepr octhect

haVI ng a Sl I ght l tyo lmet {105.1:5%1’1(%%6% n‘}l?:l gCI&é)rg ggebm%lsgghaéw}ée No.

471038, morecut ar wei g contalning reduci ng sugar
wat er - i nsﬁh@bﬁl@?ﬁh@@ﬁétpﬁ{adﬂ/aifﬁamtéﬂf%ﬁﬁmﬁrtiocﬁ Tosay: 2eAtdateGH8d NG
370967) . Asoand @stldt aWidiutiespetie tranghleg Erount s$ood mrmuhaamasamldudeei

for ego| ng, ar ni c ac:‘tilqcal“io SRSt Qgs l}]:tnd tei'xsalél e 888?&\’&@ o%gaoiﬂﬁrwﬁn

obt ai ned. “Note speC| t he prese invention permt € production
and t he i spfdtheoHVoir @@@%P@ %ﬁﬂid bRgEeAe Bee dd 98t ar ERRETPIDhICPgTR ST

i rrespect uge tef sole Qh@seagawing n@éld&cbrﬁpcﬁﬁ.tllﬁﬂ pgoitctsedens alutad as
mat eri al, .t he, average nol ecul ar _weight of th n t
[(Eﬂ_‘lﬁf,afl% tts havll__g? t %gwég H%%Qﬁéﬂgr le hts

sol ubility ?ﬁ‘é?’%o? PR TR e sane_procedur es
used abovecweréinepeatied seicEhttrddion heckoiqe | | hntd ragslherdostbitit ut ed

for the UMyl hdd orayscriisfd aheweid7 4% ankes Jit foah®sicithen saREbasisul t s
observed a ove wer e o% 3@ gécwth r(fslpect to the amunt.s of net hanol and
d

or gam c a8 d§ hr&%s%r ompose ignin were prepa
[0107]

Example 2:

The lignin used in this Example was a high purity product
(available from Sigma Company, Catalogue No. 471003, molecular
weight: 60,000) free of any impurities such as reducing sugar and
celluloses. There was introduced 1 mL of a solution containing 2.5

mg/mL of this lignin, 0.05M of KOH and, as synthetic porphyrins,
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[ 0106] As has been di scussed above, the sanple in the formof a
reaction liquid prepared by the irradiation with UV |light rays was anal yzed
using a gel filtration columm according to the HPLC (high performance

l'i quid chromat ography) technique. The solution prior to the irradiation

with UV rays as a control was |ikew se anal yzed according to the sane
nmethod. As a result of the analysis, the lignin present in the reaction

sol ution was detected as an absorbance peak as determ ned at 310 nm and
observed fomng/he éaccbifoPreddpceghgtria 14 reveahgs Yy fronrORICE oomdms, for
the |igni tg t -4 r j.at i r n ]%ﬁi" o/phyrin

was addedr}:ta(%rriﬁélﬂl% aér% bt gi é hgl% ngﬂmt%u&‘g%\g%ﬂfgr?a%l gfo tﬁ %Vﬂroays
to thus covéditabhe Surfe Sigrs RETPRMNO Ridvérgahi 2ERIYd g5oWRs Hedhe

gl scussgd rfleRlet ke athgﬁbbaapnypﬁakzar@aamwwufa&h eatoride tofpeny)and
etected at__310nm t. a ution tinme ran m7 t was
reduced to 20% nan‘?oct r%ox%gr%mups i th ou%l 8 e adﬁ&qtrﬁ%gn%%r tgﬁ)e

por phyr i n hayvd ngran QNCWqﬂa‘GIr@MWSG@QI %M%r@é@éatrh@ Fhayhiof -aeBoppinh on

rate up t%&%‘%ﬂﬁ@y@%&%ﬂg &lrQiIQméO%bht@zﬁh W@Q!ﬂl@t&ﬂy@&%sehﬂiﬁﬁhaaﬁed

fracti ons I n Vi ower ecul ar ht s cor ding to
the gel LaL?I gﬁu %’cﬁ’ﬁn g g{) %qugt gﬁl TS r§mS%/n b}%//i&lrrg‘ o‘?\; et hanol
and about aW%lﬂybﬂraigomePrﬂ@fi‘ﬁwI@%Cdmmnx heTb@.Sq?%ft(ﬁr:ttﬁ@ neastigh }iguid
decorrpose%hus%&lﬁﬁ%va%r%e%dto EQI@HK @é%u‘%eg and the Jghee{ré élé('ffsed in

ot o1 ow e TR SP1805 Ao b b B o B 0% S o R BRT TR, such

as reduci ngtdugarcoanmon el JWaXosevaiThiele fvam iShtimadacethrparatépna Jdlam i on

cont ai ni ng.¢ eétﬁgénﬂ-hé)ffogf@!;él@ %ydéedgrgél\é@—:fr ng«'/'e@é‘g tﬁﬁsssyeﬁ@?é'v%re
por phyri ns, 8 nL each Of

ot opophyrin | X (avail fr om ALDRI CH
Conhany)  BEEPIPRY DR GO oTa TE S ACHHR Hol-SeUet i S OPBRORT A
(avai | abl ehbsenotSiegvedConpaay)learary thg Bsdardioklé dgyowpss Ph thisel yasliecul e

or CopropeisRhyrif Lafaved @l eddeom Al PR GEhfonhanyy ﬁ%rt6¥b99h§‘rﬁﬁrﬁpxy|

groups in_the nolecule_intg a cylindrical tube having an Jo?
transni ssi JI?PSFHJB}éfl%l hi 1324t PRISRCTBRY AR Egpend&r¥e t GBeC Cﬁg&ypr oA ene

and t he cetbentngfligmsntwHre fwasdita adi atrecrtedrirdt2 hbons,6 wotds by thdsght
rays emti@d, £rQman BN ﬂé!&c.e 2U¥o' @Hﬁoﬁ%%'slsa@)% & Jha® §E’E§T RANLES Lanpany.

Thereafter, the reaction |1qui hus ta| ned was heated to 80C for 60
m nut es, é’ﬁdtpﬁedﬁ%lé“aeﬁ?aﬁér EP‘élengb‘rﬁ tuﬁé content of the tube was anal yzed
usi ng oo/ NB1QR312010 equipped with a colum DR WAX, available from Shi madzu

Cor por ati on. V@Q&VQE@ 'kg?flfla% fQr 901N QRHOGRIWHES f%‘f@&o§§g(e£@£céi6fps
there were gr epar ed han or ganic acids in al nost the same anounts

as those 6B<BEVEES | FrLELERPIPOVEOTAT ﬁ@aﬁﬁé?g WhrEhR 9&r1yf‘n]d's'%atd‘Pnt I Yni n
used, in eacbrainyheocasesHRhC chihigidepdseonifarReotloporighhironkXography)
Ur opor phy iyl gRd. ConL opof g rhor'VE’é eth%o%‘r%%%ian Jit® shapiifagd ignin

was found to be’converted Tnto about % by mass_of net hanol and about
2 to 4% b¢ RREETSE a5t AilkeutFd, artﬂ’}ytzﬁél BSE‘P%deTg ttt?etﬁ?ys‘?%%é“e&ﬂ“ofihe A9 gnin
used. [0168fesult of tEa(zthanmsﬁlse el 1 egtadpleseneaehtief réaet far egbanipn
reaction |

glg'rsgiét%%t%gaté%a&rﬂ%gsc% V‘%—gr}f‘gé XESQm &‘Qt %18% did Ei’)ééf&éh

col um ac or mance hr omat o %%
t echni quefOThéh%oﬁlﬁ‘tqtéﬁnp?]i‘B}eq é tﬁetji“l‘er é&P&%P%rﬁW“’t Fi FR/ 3 Fjau, §S trol
was |ikewche anghiyizediaecos diHegutoithedisaiinetdiodheAstiaer eshnldt, oh tthe

anal ysi s n n i '

absor banceggga glgé gegé&c’% é%Iiu’i %118151?& %%@é?{}%%%or t%% ?%1%

el ut ed at PRrPhWElrARgi K Fitopnd 1tr6a91ﬁ¢hm éde Fomiphel tr §iYi Feyt |t¢<9rt1%1bg t he
U\b/-l rragl abhog:ét @netStﬁeoltr?ﬁf ih@(ﬁkﬂ)l &id bhgaﬁia@ﬁc@ast(fgechl@&cmﬂncs@&mx ,on

obt ai ne addi.ng each .of..t he, foregoing porphyrins 1o ljgnid,.a

irradiati gé the }T% 'h: tlftfultﬁb?a 5(9%1 th t mco%’als f C{ ngsa?ree’rbl n?o atf cohol
and or gankeagtion S@éuéhma§bf-ém¢@ U&GPG‘)ProttOl@@rpéﬁkllarIéa t ebpButlasl &% o t he

l'ignin Waﬁhéeﬁg&qohos&@%lmroﬁmzfe@aﬁéi@U§@bafpmlebtaariae@lo lzh%loﬁl@ 20%
Pr ot opor p% t.o abo 15% for the r on sol ution ogt a|In SI ng

Ur opor phy ﬁ%a?toloé’o% U PRFAHE }‘183311?:? |C6’ﬁr88?ﬁ?}%% bt ailfied sl ng
Copr opor phyrﬁﬁ, lit wasofterd whiedsthé tadgds ibountl & Patrphhieinadd tiioninfand
porphyrin to lignin and the irradiation of the resulting m xture with U/

| ight rays could increase the |Iignin-deconposition rate up to about 40%in
t he case of Protoporphyrin I X about 85%in the case of Uroporphyrin I, and
about 80% in the case of Copropoi phyri 9. The resulting deconposition
products were eluted as fractions contai ning conponents havi ng | ower

nol ecul ar wei ghts according to the gel filtration technique.



[ 0109] Mor eover, the sane procedures used above were repeated using,
as the raw lignin, a high purity product (available from Al drich Conpany,
Cat al ogue No. 471046, nol ecul ar weight: 12,000) free of any inpurities such
as reduci ng sugar and cel |l ul oses; a product having a slightly low purity
(avai l able from Si gma Conpany, Catal ogue No. 471038, nol ecul ar wei ght:

52, 000) containing reducing sugar; and a water-insol uble product (avail able
from Al drich Conpany, Catal ogue No. 370967). As a result, with respect to
the decomuosd tireadodtidgrifnhet rewd tagndithate alivbstivt higjhgareys esulltds were
obt ai ned eygn shen, hsin gnagedﬁg&&ﬁ%ytqoﬂolrﬂyhgné?IM& 2pedif Lhgldae the

present invention perni osition q_qm n to al nost the same
extent, i ﬁ%?ﬁ@é??@@’f&fr%nhéxpr@%@ﬁ:c85 fin fhgr Fase L NTPPYMYY Td8el: £8% raw
material, ddmcavesagaennotiesulasewedghtoptopdiptyigm nTusedriandréselting

solublllty thereot in water. [Q110 Burth t S ures
used above Sher OSlthIfecP exce[ﬁfs tﬁ‘]j etheelust(()a ar ? rTE%&tlors}l%vverg!egﬁ‘su ut ed

for the U\scqnip@mentayeausml hoove emicad ay wedghts RECABESITD U Uch‘f'atgeél nmost

t he same rﬁqqlrgs;lmr@e&mlaiu@ed [0111] Example 3: In this Exanple,
lignin use[%&%j a high purityproduct (available from Si gma Conpany,

Cat al ogue 71003, nol ecul ar wei ght: 60,000) free of any inpurities such
as reducing suglezlreemfdrcethbu$@rs@$>r0¢héweeW§edn@b@m®@@elr@ﬁ§aéﬁdau%m%t| on

g)on{ ai ni ngisl t&elrr%ém—l lE)IIhI %f |H1%H urp&:}QWc@fucKOﬂaaﬂﬂlaﬁﬂﬁglfﬂ‘bm(2)5%18dr815ch1G)

r ot opor phyrin avai l abl e from an

into g CEI(%/WFPé’aICett&l}ggﬁﬁ\ﬂ%g‘l?fno"oégt‘f‘%]aﬁ W‘ﬁé’%& ﬁ]@b{f S % 1% to
that of anrEupendesfsuakibesofeduoliygr ewdlenedan@llﬂrﬂeosﬁmt emragfucthlkatistse was
irradi ated, of 9fnd 2, RoW P%urﬂ h(aWﬂléBm frr%)ﬁss%ét&:% faﬁ m@ﬂ.aEUEug)d‘ﬂﬁ W

| anp avai l abI ¢ from S There t ub eat ed
to 80C for*603Ri rfﬂﬁ’]eesculﬁﬁewﬁh%htevéﬁgg%? d:of’ltS?rW‘ﬂ% ’f:eodr‘i’tcéﬁg %“l‘gatrr’le"’uf1 Be was
anal yzed uwsiteg-GasdBiIR 2OtOuegUiappetiainie i ramcil dimiriDEOVERGY adatdbdduwe from

Shi madzu GRJ poFdd-AN %@a%@%ﬁt vﬁkh@s@@@@ltd’%e dets @éj.Ltﬂo'ﬂ. St hegn Mo ds,

it was possible to obtain 3,.0% by mass met_hanol on gzl s of the mass
of the dryH "gfi ROVFHLEsf almost I\Ytﬂﬁeéﬁe? TEHE o FE T 8% UERd"HHbve
Wer e r epeatsdthgusiheg syashétiec rpordhygrhiing, aMhreghspemﬁJ;caprlgduChe(avewdarabl e

from Al dr '1%e9@%ﬁrkyerm%tt@'do% dékaomﬂgéptdf%n el @géﬁllﬁ{ t‘@ehgrmst %g.eOQQae free

of any inpurities such as reducing gar and cel |l ul gses; r.oduct |ng a
slightly I9WeRGri t§*SRAGY A6 8F f?f&ﬁnpe ﬁﬁﬁceo%mureafaﬁdgh lﬂBl%‘ﬂ
nol ecul ar awebghéw B2e008) , cdet avairage medeciuhgrsugbght afdtize Wdbgeini weel ubI e

product (2l kall eofnam:AldeheheCompanketat al ogue No. 570967). As a
result, wt respect to the anount of nethanol, alnost the sane results as

t hose obsei¥éd’above were obtained. More specifically, the present
i nvention pei neFtitete tiie-pr dehuscshopranetiides wsal aboonwete abpehctdearebt

organi ¢ aghds fﬁ@ggmgl am ]_lag%&e sﬁES§P¢F&€é&’?o?ftﬁé‘§vﬁ 1 §8ENGS <Ofsed

inpurities_in nin used as raw nmateri a aver age nol eCLiI ar wei ght
of the Ii @FﬁOHeLeré%aar?dr?ﬁelgoll&b‘f%% Eurf&Pabratipsiathp Same results were

obtained.
[0111]
Example 3:

In this Example, lignin used was a high purity product (available
from Sigma Company, Catalogue No. 471003, molecular weight: 60,000)
free of any impurities such as reducing sugar and celluloses. There
was introduced 1 mL of a solution containing 1.8 mg/mL of this lignin,
0.05M of KOH and 50ug/mL of Protoporphyrin IV available from Sigma
Company (Catalogue No. 258385-1G) into a cylindrical tube having an
optical transmission almost similar to that of an Eppendorf tube of
polypropylene and the content of the tube was irradiated, for 12 hours,
with UV light rays emitted from an ENF Type UV lamp available from
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[0113] Furthernore, the same procedures used above were repeated
except that the solar |ight rays were substituted for the UV |ight rays
used above and as a result, it was found that al nbst the sane results were
obtained, with respect to the anmount of nethanol fornmed. [0114] Exanple 4:
In this Exanple, lignin used was a high purityproduct (available from Sigma
Conpany, Catal ogue No. 471003, nvol ecul ar wei ght: 60,000) free of any
impurities such as reducing sugar and cel |l ul oses. There was introduced 1 niL
of a sol utémmntasrkt&goabﬁ Nghéite et Di shé i gMen wasdhfaOEMrof sKQH it 0 a

cylindricalgt Qﬁm@@v' Eﬂ 2 QPL %&!ratt'é ng éstk%‘ AR PeMEhar el that of

an Eppendor ne an content of the tube was heated

e of
to 80C foralﬁiyfﬁeﬁu%séélgq %&g %Q/le?p‘?ﬁ%ﬁpéﬁdf"?%%ﬁ@lPﬂ%é’BV\)ﬁ%Xaﬁ‘é?%ew ng
CC/ M5 QP- 26ddh egungpad corbbrar tal uma FaRg\WX, ofanathahd e wasodie tShiteddz Urn
Cor poration.,and as,a result ano R er
words, it Q%EK‘WOrd%1e wasb?oggqéﬂ}ﬁgb QE%%EE gfwﬁﬁtggﬁo g%ch o%g%?s of
t he mass oﬁthhﬁsdﬁyOfltﬂﬁrmaﬁﬁJPESPhe dry 1WEﬂé6ver t he sanme procedures used
above were[gepgated using, as the raM/Ilgnln a hlgh purity product

(available fr O AI d\';—?ﬁp&%){?%lgg% Oﬁ:egurg SN% aég\;‘e A ’re dé %rugﬁfag

12,000) free o as reducing sugar uloses and a
wat er - i nsctuldihe gawdi,ll;gm(ra,vaa |eitsihe pRF b Alhdueh céwgahayblecétramo@%rw

370967) . ASorbdr§S Lﬁa{bal‘é’gh@ NESReChad Oméf@clﬁﬂmuﬂélﬁﬁt meb hedw| £réd vBSdnyt he
same results ohserved above Wgre obt ai ned. Nbrﬁ S eC|f|ca14%&uc%h§a resent
i nvent i on PEMHAEEE THE BPoHTTLT 0P BRI MESt ST he™saHe afok] hahol

starting fa ethighghy ow prnespectaved leble Heropr 8sane avbanmp FdtEilesue N gni n
used as a 4ﬁ%3@attﬁ51@éulatrh@e§g\f§{a%§ U‘@bﬁ@grﬁﬁlﬂ@hgk%e&fmhﬁesdda&m andsed and
the sol ubi l I t r- tlplgcl;ﬁ?l];lel r;])r\cljvadag{‘: a[va]i}a%leE%an\ Alg’rlch Company, Catalogue
No. 370967). As a result, with respect to the amount of methanol,
almost the same results as those observed above were obtained. More
specifically, the present invention permitted the production and the
isolation of alcohols and organic acids starting from lignin,
irrespective of the presence of impurities in lignin used as a raw
material, the average molecular weight of the lignin used and the
solubility thereof in water.
[0113]

Furthermore, the same procedures used above were repeated except
that the solar light rays were substituted for the UV light rays used
above and as a result, it was found that almost the same results were
obtained, with respect to the amount of methanol formed.

[0114]
Example 4:

In this Example, lignin used was a high purity product (available
from Sigma Company, Catalogue No. 471003, molecular weight: 60,000)
free of any impurities such as reducing sugar and celluloses. There
was introduced 1 mL of a solution containing 7.5 mg/mL of this lignin
and 0.05M of KOH into a cylindrical tube having an optical
transmission almost similar to that of an Eppendorf tube of
polypropylene and the content of the tube was heated to 80°C for 60
minutes, the gas evaporated from the tube was analyzed using GC/MS
QP-2010 equipped with a column DB-WAX, available from Shimadzu
Corporation and as a result, 93ug/mL of methanol was detected. 1In
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In this Exanple, lignin used was a hi ghpurityproduct (available from Si gna
Conpany, Catal ogue No. 471003, nvol ecul ar wei ght: 60,000) free of any
impurities such as reducing sugar and cel |l ul oses. There was introduced 1 niL
of a solution containing 7.5 nmg/nL of this lignin and 0.05M of KOH into a
cylindrical tube having an optical transm ssion alnost simlar to that of
an Eppendorf tube of pol ypropyl ene and the content of the tube was
irradiated, for 24 hours, with UV light rays emtted froman ENF Type W

| anp avai |lcaddee #60d8 SE’EGﬂ'ﬂlﬁb@S:tm)érpmybta'herleaﬁ%ewy nbkhe cbmeehénof onhe

t ube was t f n9as evaporated fromthe tube
was anal yhﬁ% S’g#ﬁg %acl(\% %3 g eqw B élﬂ% ﬁ a colum DB-WAX, avail able
f rom Shi meld2d5Cor poration and as a result, 150pg/ nL of methanol was
detected. |In ovBetow&r dshei sat@priposanbde uts@dodatca}ewwa%bgepmssdotsm@t hanol

on the basis . of the [BSS; of t ni_n 1 \% e sane
procedures usgﬁ a%ove ST e repeggeéuum n fo&%%h@‘?%lv&alblewggaa |glh purity

product ( &raikabl Eatedaune did-ch? T anyl e Cieal W%12M@4%re%!féém ar
WE: ?hlt 12m(g>QtQ)ttté§eseéhaagl Irgauﬁttg §§u§éﬂ§haﬁ<§| e@ﬁmfcrs@asswgﬁr Aanthter-

cel l'ul oses,_an wat er - i nsol_u 0 vai e from ALdr Cqppany,
Cat al ogue N§'° §$b d%sr% V@%EF‘E{ V\#ﬁcﬁn ﬁAgLéiré'c éomg%n a%gntLg%f net hanol ,
al nost t he 79368 ) reaﬂage\ﬂele O\btt@tlrmeCIVth@thp@@tOFméeﬂﬂ pethanolor aEeant

I tnvetnt I Onfu@@ gtlntté ad shh e s PEeatd PBL8Fe aJé}%SébEéhﬁue%ﬁWﬂw@f@lé@ch‘flcE@tl@anm
starting fromli

nin, irres ectlve of the pres e of uriti in lignin
used as atrhpr?frﬁg%?tr ai‘tnveflﬁé Hv}é‘?]%{b]ettr?& SBEI R cﬁtﬂé’%dﬁfl %# méml i gfrst‘tn tised and
t he sol ubidricupttdfenedfariol swetmring Ddh8lignin, irfespelesinecd, thehprezgnse
procedur e%ﬂ%ﬁ%\é@ 1‘4@&@ ﬁ?ﬂ?%%%@daseéCrealaztméé@tlatlheck%ohaérégéhblé&n%ﬂer e
substituted for the ?’tl é‘é used abowf n]el 2’1 esg A |tte\%/as f ound
that al nosteighé g’gn‘bheréﬁt? o YRSSrR HsoFe iRt CHEF: Wit Téspect to
t he armountloafieiret hanol prepared. [0119] Exanple 6: In this Exanple,

lignin us%gjcay;@§ea5h| gh purity product (available from Sigma Corrpany,

Cat al ogue No. 471003, nol ecul_ar wei ht . 60 OOO% free of any | }r}rgu Ibtll es
such as reduci A t@&ﬁft’{aﬁ‘ﬁ&ecéﬂgﬁﬂl&é’é? “Afe? BLARSUFALY BAGERTT {oHET 1P
sol uti on dontmas hauegC2npamy,/ htalogin Hol. i 4griad3 , OndEhdfa rkKaH ¢rid QSpQﬁOn‘L of

the porphyin e%ng ‘?r%dr‘lt&@@ &E&PQQ&%@uB&RB@@%&%f—E@ﬂP&%%é nt@h@:e

cylindrical tu t,ransm sSiQn al nost sim that of

tical I
an Eppendd@f tIEfb‘”EPd(B‘FeBot f}‘br%tgﬁl IS ERE T ASRENt - oI T Oftfg'él
i rradi at ednd ov. d3M hofir KOHW itd T¥ |dyghhdraysl emubeedafviom am ENFtJTWe w

| anp avai l P I a regft GepEentpef dde
t ube was rﬁ%%gﬁt%g%%cgggg%g%gg%ey éﬂlaec Wi;e]\i%poérﬂaﬂ%;% from tbhe t ube

was anal yPedYREPRYL %Y ﬂﬁd@eme@&tﬁfp%% t\‘/bP WRX, 243 %abl e
from Shi madzt Corlpigyhat irans asnd tasdafres Wit ENF6Opod Mv dbmpethrieblaatrom

det ect ed. p%c%taﬁtcgﬂ%gﬁangﬁe \mrgggt%é]ﬁ' @ht%oqﬁteatrb@tﬁe/ot%erwasssh@tted

met hanol on the basis o mass o nin. These results cl early
i ndi cate ttieaB0 thEonddi viwH 5, éh%(ﬁaﬁh?‘f‘?}ﬁ?r&‘é'—eé brattagsyas grghezed
| i gni n- al kalingeccanp@erad-oconégi byl salkht & capoul GBpBAXT tavtdid adilgnffaucant

i ncrease %%iﬁﬁ&?@”@érﬁ%f&%&é%’JJ&”QAié“%éhmﬁﬁl%gkpg/mL of methanol was
detected. In other words, it was possible to obtain 2% by mass of
methanol on the basis of the mass of the dry lignin.

[0117]

Moreover, the same procedures used above were repeated using,
as the raw lignin, a high purity product (available from Aldrich
Company, Catalogue No. 471046, molecular weight: 12,000) free of any
impurities such as reducing sugar and celluloses and a water-
insoluble product (available from Aldrich Company, Catalogue No.
370967). As a result, with respect to the amount of methanol, almost

the same results were obtained. More specifically, the present
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Mor eover, the sanme procedures used above were repeated using, as the raw
lignin, a high purity product (available from Al drich Conpany, Catal ogue

No. 471046, nol ecular weight: 12,000) free of any inpurities such as

reduci ng sugar and cellul oses and a water-insol uble product (available from
Al drich Conpany, Catal ogue No. 370967) . As a result, with respect to the
anount of nethanol, alnost the sanme results were obtained. Mre
specifically, the present invention permtted the production of al nbst the
sane armunitnv@fntr:‘fehh@eﬁhitaiear ttiheg phrodnct i gni 6 dlnoespenti wemef ahduetpraEsence
of inpurit] li_gni ter e e I

wei ght of Z‘a}"glnﬁg%gé d&?h é&l gall I tefgfgﬁgxggef&?ng%t%@éfgfzﬁf

Furt her nornemplltrﬁélean@ éﬁeee@uﬁ@si BSed EOTatoRtE r EPRAERFATECBBLETHA t he
sol ar |i ghleil@¥soretge Sukglint ubed &0d e sUVubi gy rtayseuseth akove .and as a
result, it[\qﬁzlfound that al nost the same results were obtained, with
respect to'% anount of nethanol formed. [0122] Exanple 7: In this
Exanpl e, 1i gni Fugsheroeis athe gimppEPecyrerilieted aveld vdrerepont <5 gfrept

Company, Gatal ogtieohNgr 145%9%3;&@&@&@@%&\@@4& FoBPQHR0S) 1fgBe rafysamed
i mpurities such

reducin ugar and S her was i ntroduced 1 nL
of a sol utd (?P{ec8ﬁga?ﬁ|?1gre?%‘%%r‘rgf‘ﬁ1_w8? fc%lfrédu t%ﬁ AL TR o%glecflafnﬁd]rf?%%ﬁlcts[ ube
havi ng an dgsteirvall dbraeswess pbha appd oxilkbtwsspeequa the ameantoff aatigpEndor f
tube of pq| ﬁé%vggw ene and the content of the tube was irradiated, for 24
hours, w th light rays emtted froman ENF Type W |anp avail abI e from
SPECTRO\II ds@lé(?llrpany Thereafter, the content of the tube was heated to 80'C
for 60 m rBxaeplet e gas evaporat ed fromthe tube was anal yzed using GC/ M5

QP- 2010 equi pped t%tsfhﬁmg@leurmglaﬁn\&@éa @é’@é mghgu&ae&rb%weewvmg&reat o

and as a result of met’hanol was deteCted. |In other
possi bl e tf§°6‘b§’a‘i”?f" Gggﬁ%‘ﬁb'y CAEZSCBRE Aot hhhd] 0 3o M+ HAST ¥ Hfh: hggh%dsos) of
the dry | ifgrienof [amz2331]pur1t1es sMartreay eredutheg sae rprret eduiebosessed Bipmee wer e

repeat ed wsngnt@ém}c%e 1 AWl agebﬂuteoﬂ'cghtamﬁg/z 3 Q@KQL draviad d ablnei.f rom
Al drich Conpa 71046, nol ecul ar wei 12, 000 ree of

0
any i mpuri%: |°é§’ygﬁé‘i?Ha§n$e?&lh1@/H§ St GEE BAPREIFUPERRA Ssh P a W L 8F S HEHT ubl e
product (ataipkhabkeof r exanillcy |1ckirﬁmmar¢y,llﬁara¢m]gueﬂ:l\do ha31096a). opsierl

result, w nsﬁ\.SLBS%nt 91 k08 a@‘?LHQ&an %Ett{}?a{‘co' fa E{Dsép;le*ﬁ%lo%”ﬂ:xfb%s%ft S

observed above were obtal ned. NOFe speci |caIIy, present_invention
per ni t t ed RHYPEPBYLERS Bﬁd @eawe%t%ﬁ&beﬁrﬁﬁmr%ﬁlﬁéﬁﬂaﬁ&r 39Sy
from | i gniwith ovesjgat trues()sfmﬁdt@dplfeeermemrﬁ? Typealriv Lespiavdilgile fswd as a

;g\lNu gﬁ[ Ie{ 'séiJ CeTlgggg o\%g F[gxglr@%f E\@nghngoﬁtQﬁtldeQhQ t%%dﬂa?é’lﬁeitt@i
>::o 80 C for 60 mlnutes the gas evaporated from the tube was analyzed

using GC/MS QP-2010 equipped with a column DB-WAX, available from
Shimadzu Corporation and as a result, 160ug/mL of methanol was
detected. In other words, it was possible to obtain 6.4% by mass
of methanol on the basis of the mass of the dry lignin. These results
clearly indicate that the addition of a porphyrin as a photocatalyst
to the lignin-alkaline compound-containing solution would permit the
significant increase of methanol produced from lignin.

[0120]

Moreover, the same procedures used above were repeated using,
as the raw lignin, a high purity product (available from Aldrich
Company, Catalogue No. 471046, molecular weight: 12,000) free of any
impurities such as reducing sugar and celluloses and a water-
insoluble product (available from Aldrich Company, Catalogue No.
370967). As a result, with respect to the amount of methanol, almost

the same results were obtained. More specifically, the present
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Furthernore, the same procedures used above were repeated except that the
solar light rays were substituted for the UV light rays used above and as a
result, it was found that alnbst the same results were obtained, with

respect to the anount of nethanol. [0125] Exanple 8: In this
Exanpl e, the aromatic hydrocarbon-deconposition nethod according to the
present invention will be described belowin detail. In this respect, the

aromati c hydrocarbon is one in which an oxygen atomis bonded to the
benzene rilwehbebﬁo@erdlma] the proafhetiadsrorfmtialnmdr ebar bane duvustti oif an
oxygen atom.is b dtot enz ri heF eiyl Used rs Remasol
Brilliant mﬁltbe f%BﬁE{araE/laI} %Ole%nfr § q%r ﬁpgg\se o hﬁee aroneatl C

hydr ocar bémpwas t sepjieciednin used phot eqayft m@t@@@dnpééﬁtqwa%hm% TB/ERY s a

conpound %ﬁeﬁ‘?h@roﬁotﬂ! QXigRgnansedhamdase ¥s5edo ASi BN thedecat i wagagent with
respect t deconposi tion of dioxins. [0127] There were

i ntroduced 1of a sol ution contai ni ng 250pg/ nL. of RBBR, 0.05M of KOH, and
25pg/ . each ofuat perpingr | theps apapeoc ¢ dnascusast dyviage 7 EprfHEcorBRinpl e

1, Prot OpQ%Bt@y{ﬂ@sbi(af q&ahk a:tély% &é%&bgﬁi&&e@ﬁ@ﬁ% U\UU.Q?@% @aws'dbe'd

(avallable from$S rin avai

Al drich CERP¥RI™S ?‘ﬁé‘ §8‘Ig€]e lEs"?cF fo’:%’gé g‘@&t%c}sﬁ Ha° S T, FFuoroacetl c
aci d, 30%omethandl )witit ceapeyt i balrtilealamtoube hawe‘@aawloﬁprfa%d transm ssion
appr oxi matghy-equal to that of an Eppendorf tube of polypropyl ene and the
content of the tube was irradiated, for 2 hours, with UV light rays emtted
from an ERE2TPPE LV | anp avail abl e from SPECTRONI CS Conpany. As a result,

it was found t hatchtibeExdampils h 1¢ghon usedevesf a RBBRpdr sappeaded: i(aveshytts ve of

the kind | « | t
e e LAY B oyl o0 s i lgar] vt

Furt her nor e, % pro @glur es
used abovér®eref @é’ﬁehrﬂ%%%éépfu‘fkhéts ’E‘ﬁ%ucs‘&gaFu‘i’?ﬁﬁPdr ‘é‘?/]sl °ESsub&ti ut ed
for the UMalsi pitrdayedusead «bhavwe land cascantragatihy,2 .ist mgoul df bﬂéll(sohigr!md

t hat RBBRi\P@% A 'c§?%c§ﬁc%§.ctg§m§ﬁ§glné gi"@(%]tical transmission approximately
equal to that of an Eppendorf tube of polypropylene and the content
of the tube was irradiated, for 24 hours, with UV light rays emitted
from an ENF Type UV lamp available from SPECTRONICS Company.
Thereafter, the content of the tube was heated to 80°C for 60 minutes,
the gas evaporated from the tube was analyzed using GC/MS QP-2010
equipped with a column DB-WAX, available from Shimadzu Corporation
and as a result, 21ug/mL of methanol was detected. In other words,
it was possible to obtain 0.84% by mass of methanol on the basis of
the mass of the dry lignin.

[0123]

Moreover, the same procedures used above were repeated using,
as the raw lignin, a high purity product (available from Aldrich
Company, Catalogue No. 471046, molecular weight: 12,000) free of any
impurities such as reducing sugar and celluloses and a water-
insoluble product (available from Aldrich Company, Catalogue No.
370967). As aresult, with respect to the amount of methanol, almost
the same results observed above were obtained. More specifically,
the present invention permitted the production of almost the same
amount of methanol starting from lignin, irrespective of the presence
of impurities in lignin used as a raw material, the average molecular
weight of the lignin used and the solubility thereof in water.

[0124]
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Exanpl e 9: In this Exanple, there were used xyl ene cyano
(avai l abl e from Takara Co., Ltd.) and Bronophenol Blue (available from
Takara Co., Ltd.) as exanples of the aromatic hydrocarbon conmpounds in

whi ch an oxygen atomwas |inked to the benzene ring of the conpound and

t hese conpounds were subjected to photol ytic deconposition. [0130]

There was introduced 1 nL of a solution containing 5 ng/nL of xyl ene cyanol
and 5 ng/ nL of Bronophenol Blue, 0.05M of KOH, and 40pg/nL each of a

por phyri n prepanethemeare]i tige samd heotmdlred WhaTilosedwe re Reppreredt ¢xoreExanpl e
1, Protop YL ' f [ ; Iysda
(avai | abl S o T A A e T T P aot Py oA o
Conpany) ; 3ReyeEH 8pcr pRSYE B (L&A 4BPR fthgh ARt CSAPaTyYS Ut sS 1HE

sol vent usefaidedqacetniddsipker Ocd Iid idouat oat etdtdaaiod) , i ntoacylindri cal

t ube having)gg]optical transm ssion approxi mately equal to that of an
Eppendor f di5e’ of pol ypropyl ene and the content of the tube was irradiated,
for 2 hourBxamgleh8UV |ight rays emitted froman ENF Type W |l anp avail abl e

fr lo[n S'PEETROI\" ) t@ﬁ@pﬁfaffnpléls, hd Q%bﬂn&ti:ici: hg&@éoi&bﬁﬂd’éfiaﬁ?ééﬁﬁ:i@mhéﬁhcﬁﬂg

yel | owi sh col or,.tones_of xyl ene,cyanol an Q n i.s re

i rrespect i&fE° filf’ﬁé"ok‘f%edgr%?e%oﬁ %?/Irl'ln%n ﬁ%%a’gggn@cf% i %égﬁii%&gsgg ns%?@%%t's
used. Thi sirckbas |nesprdEcathess arhna t ky lhedeocyupot ignenBrienvphener BFY¥tan be

deconposetyt di0131bonded td¥hkhseAR e Aikg $A8BeHf OCedures used above were
r epeat ed egce\% that the solar light rays were substituted for the UV |ight

rays used and as a result, it could be confirmed that xylene cyanol
and Br onophenolrh8larmads cl hkbwicsebdec citpobédh 410 082yeedopl &s ponded to |

this Examhe pdghe Ma% desdhak ide (Rided racses 0B AN 1iQriche o essi
i nvention, far pnaki ng?lgygii%gn ions release fromlignin i ch Ki ng use of
n

the |igni ﬁv&&&a%ﬁsif |9%nepadvfy)t R rt&geerﬁroma ic hydrocarbon

subjected to the photolytic decomposition. This RBBR is a compound
similar to dioxins and has been used as an indicator reagent with
respect to the decomposition of dioxins.

[0127]

There were introduced 1mL of a solution containing 250ug/mL of
RBBR, 0.05M of KOH, and 25ug/mL each of a porphyrin prepared in the
foregoing Preparation Example 1; Protoporphyrin IX (available from
Aldrich Company) ; Uroporphyrin I (available from Sigma Company) ; and
Coproporphyrin I (available from Aldrich Company) (the solvent used :
30% acetonitrile, 0.1% trifluoroacetic acid, 30% methanol) into a
cylindrical tube having an optical transmission approximately equal
to that of an Eppendorf tube of polypropylene and the content of the '
tube was irradiated, for 2 hours, with UV light rays emitted from
an ENF Type UV lamp available from SPECTRONICS Company. As a result,
it was found that the bluish color tone of RBBR disappeared
irrespective of the kinds of porphyrins used and the solvents used.
This clearly indicates that RBBR is decomposed.

[0128]

Furthermore, the same procedures used above were repeated except
that the solar light rays were substituted for the UV light rays used
above and as a result, it could be confirmed that RBBR was likewise
decomposed.

[0129]
Example 9:
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invention. Used in this Exanple product (available from Sigma nol ecul ar
wei ght: 60, 000) sugar and cellul oses. [0133] There of this lignin and
50pg/ nL of a porphyrin prepared according to the nethod disclosed in
Preparation Exanple 1, into a cylindrical tube having an optical

transm ssion approxi mately equal to that of an Eppendorf tube of

pol ypropyl ene and the content of the tube was irradiated, for 12 hours,
with UV light rays emtted froman ENF Type UV | anp avail able from
SPECTRONI CS Corpany s Hsandle€Sthdre wbkraasddoxpteddayatdie (pMavasbiee dironhe
l'i gni n- copt ai ni re ion_so | o - : 0 IS
clearly i %8?%5?32’ 't’hggéh{/g?l ?g%ﬁ&ilo nse\ﬁ_g)riegrflg%e%g’ggﬁgg%%%&n?%#éo-legﬂ

Mor eover , Ltfie) mxﬁfﬁ@b%ﬁj@lfe%heu§é§m%%¥}%élﬁﬁépéa¥%?fé§?@ﬂo%‘?%@? Wil Ghanr aw

lignin, achighn pbnt ¥aPredues taviad babkentromgAbdrinehc Garqady anCathalsegue

No. 471046, nol ecul ar weight: 12,000 ree_of any inpurjtjies such as
reduci ng SUYET" (%sd Y& ﬁf’%%eé%tjedi t5r 8 ﬁg?fﬁ?ﬁﬁ nc%%mgﬁ%%ﬁx%/. | ow purity
(avai | abl éot3eom Si gma Conpany, Cat al ogue No. 471038, nol ecul ar wei ght:
]{521 OOXI) dC_OnthaiCig!ilé}Qa Rn%@gitﬂ?acﬁi&afl\% rﬁ.ngdfgg?@&ﬁftﬂdﬂsebﬂtﬂﬁxiﬁfgpéuﬁd/n&?wi ljabl e
rom ric any, al ogu : : a resu | n
that hydr §eR"T g%?"é']e aﬁdkévxhggénlr eclfe§§85‘°?i“8ﬂ?f\?5d‘rﬁen. %I\/{%%Me %%e%é?}fs’i gg‘ﬁl Y,
t he preseatughivkatiooipgeporpied ntdrepeekedassoriding doddene diest disqliasesanme
extent staptinghHreibhi @iidiel 1 858E5bMM i B RNESEASE: @hohMddikhes in
lignin used as a raw material, the aver age ggl ecyl ar \A@%\t o% Htlré% I)l.gnl n
used and CREPIBYubi | TIPYREVESE i A waPdAIFB1%5] From % herfbrey 'the
sanme procedpresonsadiabove wepealldeld se frepeatrddrégbeptCarpanyt he $okar

light ra it tehen WY s Aed
ig yﬁt%(gg?%%é 'tnhg%v%glggﬁ tftQﬁ WY gy ghtc&r@%)agga;rgg tgigfog%vggg : %i%ﬂ

result, it was nd | | most e sane .resy
Exanpl e 1§O%aceton1trlle,O.l%trlfluoroacetlca01d , intoacylindrical

having an optical transmission approximately equal to that of an
Eppendorf tube of polypropylene and the content of the tube was
irradiated, for 2 hours, with UV light rays emitted from an ENF Type
UV lamp available from SPECTRONICS Company. As a result, it was found
that the bluish and yellowish color tones of xylene cyanol and
Bromophenol Blue disappeared irrespective of the kinds of porphyrins
used and the kinds of solvents used. This clearly indicates that
xylene cyanol and Bromophenol Blue can be decomposed.

[0131]

Furthermore, the same procedures used above were repeated except
that the solar light rays were substituted for the UV light rays used
above and as a result, it could be confirmed that xylene cyanol and
Bromophenol Blue was likewise decomposed.

[0132]
Example 10:

In this Example, there was described the method, according to
the present invention, for making hydrogen ions release from lignin
which making use of the lignin decomposition catalyst of the present
invention. Used in this Example as such lignin was a high purity
product (available from Sigma Company, Catalogue No. 471003,
molecular weight: 60,000) free of any impurities such as reducing
sugar and celluloses.

[0133]
There was introduced 1 mL of a solution containing 2.5 mg/mL
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Used. in this Exanple as lignin was a high purity product (available from
Al drich Conpany, Catal ogue No. 471003, nol ecul ar wei ght: 60, 000) free of
any inpurities such as reducing sugar and cellul oses. There was introduced
1 nL of a solution containing 2.5 ng/niL of this lignin, 2 . 5 mM of KCH and
50pg/ nL of a porphyrin prepared according to the nethod disclosed in
Preparation Exanple 1, into a cylindrical tube having an opti cal

transm ssi on approxi mately equal to that of an Eppendorf tube of

p_oI Kpmp?/!cgﬂehﬁ@qi@ﬁgpc&ﬁ% %Pbg%L tdeE Fﬁd_#qmmaa %fé’padiedt @dcorlfd)'mglﬁo hedwar s,

wi t [ rays emtte om_an a ;

SPECTRONI t%}Sﬁpalnﬁ/cioﬁ?éi é%rr‘{ﬁega\lﬂ/%‘s:l%%a %ai“ﬁ’&%i ﬁgRg ég(Z'%}J-l?Pﬁd? 3 g%lp(r)g# ol um
accor di ng heyiFpLen (ehtrdetronapheslar qurdoshPaket v GBIy FO Rt <A @ on
pri ﬁrdt 0 Atsﬁﬁewakfr@@%@téﬁprb@ oﬁ?[‘é:ﬁ@'ax\li@stﬂé kesicsat aval yredrune thes sane
met hod. ., a _resu t he anal ysi, .lignin presen n_t on
sol ution Mé‘”a&éf”é%‘%e%oﬁslPaHO‘éf)%bF”Ejgpléépgé%lﬁg§§yaeetmér%%e%eédroa %Egg%el on
wavel engt lwvofangi §vanii arick DheesRECTFQVIOSHeonfoeayt | dve @rasedt at taras Fdangi ng
f{ﬁm 7ht 0 &:%a&}l BYL eSu '\‘;EQJE]ué he |thgnig%@%ﬂi¥or%t9ih?ﬂﬁg We(éjaldtriilﬁl: @E)D.Qﬂio@watshe

ot her hand, en a porphyrin was ed.to lignin an e latter was

i rradi at edfe\ﬁiuf:ﬁdlﬁf‘?%aﬁs,z ‘i%é'ébsé&‘ﬁt’ai %%eapl%]é/kgﬁ?lé%g%‘ﬁ &P%Ethéﬁtrggfeg The

i gnin anddetretéesedtt B340 lignand at an elution time ranging from7 to 9
M nutes wag);kgguced to 78% In other words, it was found that 22% of the
l'ignin was o][ecorrposed by the addition of a parphyrin to lignin_.and.the
UV-i rradi at i onMoRBPERerths ?a%QrPSﬁﬂ‘dr‘f%éltsefihgb%‘fﬁf VEFGe BIEARE using.

| i gni n- conrtsaithkengaw eRtdnion sohtthopumasy rechdued flavm 1l food. R1dTils
clearly 1 dhgahes dalh AYdnpoesyd AnS AbLeLRlEasetnld.0f | da) Bred QEMAy

Mor eover, t safe procedures_used above were re‘gfat ed using, as t he raw
lignin, alifPYRipLes tPr 68UeRUCARai Fatte 3ot At %&%icﬂ?&é’%}{c A5 B ue

No. 471046, smbbecly) alowwpighty (h2a008)14 rieemosigmy Jompanyt iGgadwghe d8%o.

reduci ng and ce |.o ; o] LAag; J hy QW RUERE Y

(avai | abl Z*U’%?%F’n gﬁ%lfa“u&%ﬁpgﬁ%h%atg%r_ @éﬁé Jm‘?‘.‘ﬁ%%%%*%@?é&ﬁ?ﬁ wei gqr}f:

52, 000) cd\mtéifnﬂﬁﬁﬂﬂé@tﬁ:ipﬁ@d’éﬁba‘la;"aéhﬂbéeV%Pé‘r‘?*}r‘?f?tﬂhuﬁf’répﬁ%dﬁéfzaj( flable
from Al dringh Capsany, Labalegue, Ne.wad70963W) thatAsydrogsuldns ate Wakewibemd

that the samg,Legukls,o dpgye o gghgibglfﬂg,ty e M SREChiisal |y,

ved

the present invention pﬁﬁ{uff'ed the release of drogen ions in _the sanme
ext ent obPHVEEtaddhe FEAPEFAPT PERFPIGRI IPPS LR S SAPG S DT hE T BYhce of
impuriti egrioh Lighim, use®specaivawiTaher patsendre cdvenpgei nidednl aigwe ght
of the |1 YUY %Qda trt]ﬁl %QLQP%AII ,t Béhghg\; d BolBLE ar [m%léﬁk of the lignin
Furthernore, the same procedur'es used above were 71 Kew'se repeat ed” except
t hat the s&ledr apfighite regislidiey sHpR U @d "A6F t he UV |ight rays used above
and as a reagky, it was found that alnost the same results were obtained.
[0139] . Exarrpl Eu%gﬁemo e, t-!]:pe tshalur§e fggél ’regh%{?ggv\@.%oggsWé!rgeq_lkgﬁlé@t h0d1
according to the presen]f i nvention, Tor making hydrogen ions release from
li gni n whitsPeRERERERRE Shat e iSgArA Helnpayrt Yoir SHPaFY It fORet T esent
i nventi on.gsegnt nrdh sisBxampd e andasaeha lhegnile, was wasprodid ttHay bhgost
slightly | ow purit vai | abl e om St yma Conpany, Catal ogue No. 471038,
nol ecul ar t\%@’l %ﬁf“? %%‘810%3 cont gﬁﬁ?h%e%r'educi ng sugar.

[0136]

Example 11:

Used in this Example as lignin was a high purity product
(available from Aldrich Company, Catalogue No. 471003, molecular

weight: 60,000) free of any impurities such as reducing sugar and

celluloses. There was introduced 1 mL of a solution containing 2.5
mg/mL of this lignin, 2.5 mM of KOH and 50pg/mL of a porphyrin prepared
according to the method disclosed in Preparation Example 1, into a
cylindrical tube having an optical transmission approximately equal

to that of an Eppendorf tube of polypropylene and the content of the
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[ 0140] There was introduced 1 nL of a solution containing 5 ng/nL of
this lignin and 50pg/ nL of a porphyrin prepared according to the nethod

di sclosed in Preparation Exanple 1, into a cylindrical tube having an
optical transm ssion approximtely equal to that of an Eppendorf tube of
pol ypropyl ene and the content of the tube was irradiated, for 12 hours,
wth U light rays emtted froman ENF Type UV | anp available from
SPECTRONI CS Conpany. As a result, it was found that the pH value of the

| i gni n- comtudkniag ireaal hoed Sadit Lomoass,r edticer flight 6 st emdt 8ed Trom

clearly '”?'he ! aspbhay 1Axdragen aase ar e sbebeased:d &etgﬁifégnl ne [A41L

Mor eover proce res use ove were rep eate
l'i gnin, aWﬁﬁghanqdyuﬁiﬂ@@l@cgeéanWFG{OHaQQW%IaéCPF@H‘%l%PE%nW& W2,
Cat al ogue phig £ o AfdR03, Li@lleptdrﬁrom\a@bghéphﬁﬁ OOf.hearﬁblmtpb&dlgﬁﬁoavabl ablee from

Al dri ch C%Q}p )\_l%%%ﬁt g%au(ﬁnﬁzgoi v&grlllgeo ecu a%lc}/vz\%d %tl&é%a%%omgt o'aee of

any inpuritia Ses a wat er -1 nsol ubl e
product (&eakl ablseltr@fn e rdrngt yEospahipe Cagrallfbgufésﬁét B70YBY) reay-ign

result, itsoMae;boupgs t@@t@ectt@%i SR eHYPanbs epyad @@O&@Célﬂwn@db%t a
obt ai ned Mor e _speci fi

e present inventiq m | ease of
hydr ogen CERECHHOT HEVE ﬁ’ég togn?l(gﬁ’g‘e?{}éc?bé:‘ﬁ&ygds{a ﬁ:‘%gft rcgr% elﬁlrtn%
i rrespect iareaofieheapgésenterf topuminugssi nfdrd ghienl igweid @glarr%ﬂvthe

material, M%r@é(@fo@ﬂ%nml & Was o\e’ﬁbghﬁam tvﬂl%nl h%ﬂ)l’?fﬂint k}ﬁsse@chcﬂabi ltiot y
t hereof in water. Furth

_ i % e_sane \%@edUé . sed above
were |ikedhltgBip ReEpt "fat‘?atlr{fﬁ l%‘b‘? wihoHY T3% WéFe® ﬁ%s’? Ut ed
for the Udebkgitea aysrmsedal@ltmm ahe laigreanr esdldeteictedast faoulndmt érzd a&l nost
the same rgzg:l.& &FE?mQ gﬁ%% f.{:cgn:l-4731:o ARk es s reducedldd tBks Branpl e,

t here was scri t he according to thﬁ:ﬁpr esent invention, .for
nmeki ng hyﬂ’ltﬁ‘aénwci’% FEI‘Q—’J%%JOPPGHW?@‘%%T fhi O MERPAD TR S5FOPRRSTT §Hi n
deconposi tthen acidt ai yst o6f at herphgsént tonuéghionandsetei WVt- hirsa@ergsine as

such [ gnﬁgr@mef" thfx}raBUEbﬁ d th%QUELe(ﬁ){a}all%@ Sff{ﬁnlgggﬁﬁ g@ﬁﬁ?@sﬂ‘}ﬁmg

ot ot T 00T [ e 2, T 10,200 1B, PL, S P IRYLIIS v

that hydrogen ions are released from lignin.

f0137]
Moreover, the same procedures used above were repeated using,

raw

as the raw lignin, a high purity product (available from Aldrich
Company, Catalogue No. 471046, molecular weight: 12,000) free of any
impurities such as reducing sugar and celluloses; a product having
a slightly low purity (available from Sigma Company, Catalogue No.
471038, molecular weight: 52,000) containing reducing sugar; and a
water-insoluble product (available from Aldrich Company, Catalogue
No. 370967) . As a result, it was found that the same results observed
above could be obtained. More specifically, the present invention
permitted the release of hydrogen ions in the same extent observed
above starting from lignin, irrespective of the presence of
impurities in lignin used as a raw material, the average molecular
weight of the lignin and the solubility thereof in water.

[0138]

Furthermore, the same procedures used above were likewise
repeated except that the solar light rays were substituted for the
UV light rays used above and as a result, it was found that almost
the same results were obtained.

[0139]
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There was introduced 1 nL of a solution containing 2.5 ng/nL. of this
lignin, 2.5 nM of KOH and 50pg/ nlL of a porphyrin (Protoporphyrin IV

avai l abl e from Si gma Conpany, Catal ogue No. 258385-1G), into a cylindrical
tube having an optical transm ssion approximately equal to that of an
Eppendorf tube of pol ypropyl ene and the content of the tube was irradiated,
for 12 hours, with UV light rays emtted froman ENF Type UV | anp avail abl e
from SPECTRONI CS Conpany. As a result, it was found that the pH val ue of
the |igni RyGapiai g reaction solution was reduced from10.7 to 7.4. This

clearly indi cat es .t ha ogen ions_are rel fro gni_n 14

Furt hernore, tHhg %ﬁatﬁlﬁ%‘gé TGS gﬁ&ﬁgl $etq’1 et%%def ragcgr{il%g glxcept

t hat t he gSdleapréseght 1n&«ystm,efsutmﬂqlngt1&din‘qglent hendUvel ¢apn fﬁ@?slkm@dl above
and as a rv@ﬁ%htmaﬁltngm@ée oqut% ﬁb@ﬁl@h@géﬁpégﬁcﬁﬁf{@aiﬁ%ﬂ S8f %"eepﬂiﬂeaitHEd

[0146] Exanple 14: inthis Exa urity
product (dVXPPEHPR:- f Pﬁﬁ"fiSJrrg ﬁﬁl%’f‘&&‘ﬁ}e ngF]B n&IB “gazf?iéﬁ%% | ‘%‘Inéf
wei ght: 6@, 800¢hiIea caf panity Npuailtalelse Suoh asgmaedumpangy,s@gaalagde No.

cel lul ose re [t ; 1597 00h Bogel i QN et ahdidg 2.5 o/ nL of
this Ilgn?ln ﬂ%g m%ﬁo‘%]‘%d%ggﬁg‘gmpg/& o] oa por p%;r. n pr e%aérlgjd accordi ng
to the met[ﬁ’ééoﬂil sclosed in Preparation Exanple 1, into a cylindrical tube
havi ng an opt| CThérd rv&ﬂﬁﬂhﬁﬁb&lfbéﬁ)nhﬁ]xldfafaebyl@tquﬁl cbotd hainpfs aa/mppendor f

tube of p%hﬁ%v?w Len ra : oé%?{nEOQE ept m%hty]%%f__l tIinpé{Pe% lE8dh h e fille 12

hour s, ted 701 avallable from
SPECTRONI @steeﬁpféwcloﬁ@éi SAMRYeParRESCD FPETRE 6 %vasméﬁa?ﬁe‘dnéé”ﬂﬁ@ gube
gel -filt raltak@ﬂgcah Uda@tamortdtaﬂlmmsme afBkGxt e bl | uruaTheosthatt | @h arpri or

to the UV-jrra #IO as% cintrg X@el%ljﬁ%eec%ﬁl@%}ééeggbﬁ/hé ht,eulfegr 5o

met hod. AsPRres e o on Wi results observed
sanpl e prilgragdater Gorik aéiﬂa% Uhth‘ﬁ@’%%ﬂhtt KaYFicgiithedds BB FPESB®PS n t he

sanpl e afttﬁrlat a1 d1a0f Bdnt OPECTRONINE don@lahyof A€ rabsot pttaaspiakndar ea
attributable, gh(%lhg O andndet eal £d Al Lhg, A5t eeld aRvauelengt hal 310

nm and at AR e e S M it es. The resurting decomposition
product s wedecefluirah s2ftadt BonFhdentkaanilvgiedhptirentiah AWdFgIPBwEITS

mol ecul ar wei ght saa&gorinngiaithe gel filtration techni que. The
deconposi t@ﬁgmﬁroducts derived fromlignin in the nethod of the present

i nvention | ow absorbances and therefore, they could not detected by
the use of a Jd¥PEEPYON WWagetaPRPIHOBEIBIEF HMFEdHIRRKFFETE HERGHdoPatHd o

deconposi Talsoeh@rﬁiﬂuqtlgyn@ﬁﬁseemltlghnp&ﬂe;yebubadcsa(ra)lpead@ét favadtiobne Hwsne
O i SRl g BccbinAe, aatobleind e IEGOTRRNIL A0 RIATHALS cHEbBo GOV el o

as preci pirtdl'@s-°f same” procedur es Us ove wére re eat ed
using, asd |£g1¢dnctaahﬁghalplﬁr |ﬁ1§PHp|Aéd@éFh(ﬁvlaﬁ>4l%bl €ftedRpAE diPehd G

Cat al ogue (NaecA7404% 1 4MR!l.eedl] @Fo Wekghd oflang)omplfﬂlﬁé&e@f sw@adty alsnﬁédilhéirﬁgs SUCh
as reduci ng}ﬁsugar anglél | ul oses and a wat erl- %o Ll Ulctp O_VdaL%L (l%V‘?\:%“ﬁbl e
from Al dr % IR AT T Eae 3 tigBRY KoV $70de A AR S & u

same resullsrobbetaradhrabodat pkrmicobpai h%QﬁGW%reA%ﬁeéﬁﬁPb‘al Ilyi Wﬁﬁef%ﬂ“djr tion

of a por phygin 6&% 8s£xtzé)t %@l@sy%bé&vteae zildcgzrél neslikalbe coppoOundt.candad ni ng
sol ution provi, he sanme result obser ve%taherel eapect to

with
the. phot ol PEFL GERBRYoEE PEREGT FTGHTH. o Praspcert U8 HIITHE o BEahS
i mpuritiesong lignite usede asxbenawohsgerddl above aY/@r@g@ rr%lr@?culagnwad ght

of the Ii g@r@sﬁ@@tf'\tf@ ook ybi I}éééntcaeéff(?ﬂcmﬂu'}lwaégrln LlQé‘ﬂ@]l used as a raw
Furt hernore e SanE procedur es

above, [ e |i e repea gxcept
that the SGIFEFiR}ghthPafYeRers §‘HE'§FH%"E elSt9Ptt RE lfl% Si E‘a useae above

and as a medubility thescefcdund whiedr.al nost the sane resul ts wer e obt ai ned.
[0142]
Furthermore, the same procedures used above were likewise
repeated except that the solar light rays were substituted for the
UV light rays used above and as a result, it was found that almost
the same results were obtained.
[0143]
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[ 0149] Exanple 15: Used in this Exanple as lignin was a high purity
product (avail able from Si gma Conpany, Catal ogue No. 471003, nol ecul ar

wei ght: 60, 000) free of any inpurities such as reducing sugar and

cellul oses. There was introduced 0.5 nmL of a solution containing 205ng/ nL
of this lignin, 0.05M of KOH and 50g/nmL of coproporphyrin | (available from
ALDRI CH Conpany) carrying 4 carboxyl groups in the nolecule as a synthetic
porphyrin, into a 2 nL volune cylindrical tube having an optical

transm ssimtangyler a3k mately equal to that of an Eppendorf tube of

pol ypropyl ene, while_r ining.a s or..t. i e . . t he
tube was i rradiléltlé fslf%%%ﬁ)gehgtlﬂesr,ep%gghéﬁﬁllggﬁft_ 4%3%98%1% te %rgg%?g_gno ENF
Type WV | & avaseabliavens e SPECTREN 10T Todpedar 1The Hed&efR dirc8ol 1416n t hus

obt ai ned wasi dif 8atk Bty D¥etderBANE gRk ACRAUGBSs UEEsh AL EXPEbe the PBegerdtesul t,
it was con.flrrrTlEd t hat %‘%t le .tl‘%§§§ % 0 thgﬁl |.gn|.n was d o ogredt.
[0150] TRV Igha; (ISR Bxbath HRURIESF T GUICEE TS (he SPake 19F ¢ he
air and t hemduss ctatadiabde themn ubegnweasComparti.at @atafiadneUWe . gh¥1o&yis in

the same npReH1USCHe BROVE 60AB08) M br ghym%dﬂile@%sgu&prysi ragg-1iiat not
| ess than 80% of the Jd‘g]‘r:u n was deconposed.” [ 0151] I n addition,
ni trogen g¥¥akag nfr EfSnto the space for the air and then the content

of the tubwias irradiated with UV light rays in the same nmanner used

above. As a regyble Jds WaR 0O0ELE MBG! bRt 2 800Ul 110%8hc d NG dd GNEMmyBS.
deconposed. [0152] Mor eover, the_foregoin O{?Olgghy” n- cont ai ni n

li gni n solft i bR fasigtiPoduted Mt PfanXRPpeitfor i REsthPYRP t
t hat any s@Eaceocborpbpeimi IVdadaiicibleenidiam igidiae dombenyt heatalpgue 96d.uti on

was then iyfadisatgd with, wc'%iqlarigaystm h061 54 BpepeL: YsgdsAbove,and as
aresult, 1t was recogni zed t hat any deconpositton of lignin was not
det ect ed. ﬁg@fgngately equal to that of an Eppendorf tube of polypropylene

and the content of the tube was irradiated, for 12 hours, with UV
light rays emitted from an ENF Type UV lamp available from SPECTRONICS
Company. As a result, it was found that the pH wvalue of the
lignin-containing reaction solution was reduced from 10.7 to 7.4.
This clearly indicates that hydrogen ions are released from lignin.
{01451

Furthermore, the same procedures used above were likewise
repeated except that the solar light rays were substituted for the
UV light rays used above and as a result, it was found that almost
the same results were obtained.

[0146]
Example 14:

Used in this Example, as lignin, was a high purity product
(available from Sigma Company, Catalogue No. 471003, molecular
weight: 60,000) free of any impurities such as reducing sugar and
celluloses. There was introduced 1 mL of a solution containing 2.5
mg/mL of this lignin, 0.05 mM of KOH and 50ug/mL of a porphyrin
prepared according to the method disclosed in Preparation Example
1, into a cylindrical tube having an optical transmission
approximately equal to that of an Eppendorf tube of polypropylene
and the content of the tube was irradiated, for 12 hours, with UV
light rays emitted from an ENF Type UV lamp available from SPECTRONICS
Company . The sample thus obtained was analyzed using a gel-

filtration column according to the HPLC technique. The solution
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In addition, the sane procedures used above were repeated using, as |ignin,
a high purity product (available from Al drich Conpany, Catal ogue No.
471046, nol ecul ar weight: 12,000) free of any inpurities such as reducing
sugar and cel lul oses; a product having a slightly low purity (avail able
from Si gma Conpany, Catal ogue No. 471038, nol ecul ar wei ght: 52, 000)
cont ai ni ng reduci ng sugar; and a water-insoluble product (avail able from
Al drich Conpany, Catal ogue No. 370967) and as a result, alnost the sane
resul t s ohssioredoatioy anvinerreadbbal orehswit bontespect st bikérel steeoappsed iton of

lignin. Mpnrg @Cfnétﬁ@é' y’Ast he  BELNOd, Of HRr %%ﬁBériMMﬂt@ntR@rﬁéédlﬂ;dsthe

decorrp05| tion o gnin to al nost the same extent observed gb%
i rrespect |q}%seé1*’etiifé’rpt?fé%éﬁ‘é@l%PriL%GPltthiee[y |1rFIlaF1§)ﬁFﬁ°‘?Jsga 8¢ the Lignin
mat eri al , Wdiedayvefpgedmhemd aampbd gaffh:e@ftltthVI—ngmdnaa:nGan hen sbkeubidhitt y

thereof in t-\l\l@%gr %g4l>n eatk aﬁ z%] tthe SO gbl% Q% éﬁ@q Qﬁ% gétm above

vwere |ikew sé repea exce ray wer e substltuted
for the URY itdist d?‘é%/%tltj?ééd’aéfﬁéﬁég%ihd?faélﬁ ?‘és%ﬂ atl RV H I 41 PR 2T al nost
the sane nrEsites. obsekyetkahevagWeleeoppbei tieth Widdu@spesird ccthed as

deconposi 100 of LT agip, irﬁ‘d”éérﬁ'c?" nA%p' a%al% iyl Qd3Rkuwiar weidiiSs

li gni n decompositton catal'yst &8 t6 the present rnvention 15 not an
enzyme derdageddfipgmtof drhe nmi’anéeltwfﬁl{o@ rQﬁCbélécGﬁak bd&eerdegoBABS 1119 a

gon pr ot e;ﬂ@«ﬂ%c@@@éﬁﬁ%d fP@m useneh irhh:ﬁg%tﬁid&tsbfw froesdd &nﬁéﬁtlon at
econposi tilon ni al opt | ene S ol ate
mp aﬁgﬁﬁ}% rg)&élﬁeg S ‘Efgttﬁ‘SES r Q:Ele pco&f& no Iiegtye#]t ? tﬂ.éS

and separ (hd Or gant ¢ acl
acid and tuser ef ensethydi ogeviedasgtlr orh @h@enm gniPrerera W@fh—f’émf‘@@%iiVele

il et el eomiai It s ol ampt ot o
i i iti
prggent i PRt T8RP %H%E%pm ftt‘ﬁ%sgg?blﬁa F%%POE?‘ RS CPTRYHS O1En pp?l cati ons

of |igni nweheseedeverpdsid inmecwpthattreshe natural world is quite difficult.
More speci flpsgakly, the alcohols derived fromlignin can be used in the
field of thefuel i ndustr sasubtltutefue for fossi.l fuel_sLsIgilch as

gasol i ne, the oF§aifi%e REP § TSR WPER ARSVEVET S FERTTFGRIT 1edn e d'in a
vari ety ofa hadiusturialy dricgtuds mnlh@lhﬁtroog@lﬂrmcqem%dcwmqqegh@n can

be used in;fQk, 1 RSt aBcEr flgnRat Lerb®® @re%a@fbanysg@baﬂttl@@ i.eh dss of

the electric power industri n a tlc
hydr ocar bd?‘?%&&ﬁpo%‘?gﬁronaﬁgt aqes[)g't‘éﬁléﬁﬁrcﬁnﬁjg fo "faﬁteer 8 E’%%\ltlbl nvgnnlgon can
deconpose @veriabbte lfydm@dairbohsloa@ehycazartyllngu@ﬁooﬁy@éﬁ7ata@ﬁhé!ﬁ fkeduto t he

benzene ripgJdhergns é&ﬂea%@h@tgglo\b,seW@dU%@ootv@er@fe Vet £ ey i t Mbhe
treatment of harntul |ndustr|a waste an

urification o{ cont am nat ed
soi | and tsﬁ’(?cdlféﬁﬁh Butfgcaddyhie OFrFePfBéPH}’%‘? aﬁc%&%{ﬁtﬁﬁa{;% Y#e or es%nt

lignin-alkali compound-containing solution provided almost the same
result observed above, with respect to the photolytic decomposition

of lignin, irrespective of the presence of impurities in lignin used

as a raw material, the average molecular weight of the lignin and

the solubility thereof in water.

[0148]

Furthermore, the same procedures used above were likewise
repeated except that the solar light rays were substituted for the
UV light rays used above and as a result, it was found that almost
the same results were obtained.

[0149]
Example 15:

Used in this Example as lignin was a high purity product

(available from Sigma Company, Catalogue No. 471003, molecular

weight: 60,000) free of any impurities such as reducing sugar and
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I nvention can be used in the fields of the treatnent of industrial waste
and the field of the purification of soil or the Iike. What is clained
is: 1. Acatalyst for the deconposition of lignin conprising a porphyrin
which can show its catalytic function through the irradiation thereof with
light rays. 2. A catalyst for the deconposition of lignin conprising a
por phyrin which can showits catalytic function in an al kaline sol ution.
3. A catalyst for the deconposition of lignin conprising a porphyrin which
can show idesieabakyt i ahkuacihonintrodncabikal 5 me. odl at soytiwhi kentaimdiat i ng

;geSZ?nl?or Q#?nlgklmghéf LEYS- ligzhin-ljhg. 54k 3leyedy G %&%A&CBE%%%b%pQ}BrM gnin
T (available from ALDRICH Company) carrying 4 carboxyl groups in the
molecule as a synthetic porphyrin, into a 2 mL volume cylindrical
tube having an optical transmission approximately equal to that of
an Eppendorf tube of polypropylene, while remaining a space for the
air and the content of the tube was irradiated, for 48 hours, with
UV light rays emitted from an ENF Type UV lamp available from
SPECTRONICS Company. The reaction solution thus obtained was
treated by the same procedures used in Example 2. As a result, it
was confirmed that not less than 80% of the lignin was decomposed.
[0150]

In addition, oxygen gas was introduced into the space for the
‘air and then the content of the tube was irradiated with UV light
rays in the same manner used above. As a result, it was likewise
confirmed that not less than 80% of the lignin was decomposed.
[0151]

In addition, nitrogen gas was introduced into the space for the
air and then the content of the tube was irradiated with UV light
rays in the same manner used above. As a result, it was confirmed
that about 10% of the lignin was decomposed.

[0152]

Moreover, the foregoing porphyrin-containing lignin solution
was introduced into an Eppendorf tube in such an amount that any space
for the air did not remain in the tube, the lignin solution was then
irradiated with UV light rays in the same manner used above and as
a result, it was recognized that any decomposition of lignin was not
detected.

[0153]

In addition, the same procedures used above were repeated using,
as lignin, a high purity product (available from Aldrich Company,
Catalogue No. 471046, molecular weight: 12,000) free of any
impurities such as reducing sugar and celluloses; a product having
a slightly low purity (available from Sigma Company, Catalogue No.
471038, molecular weight: 52,000) containing reducing sugar; and a
water-insoluble product (available from Aldrich Company, Catalogue
No. 370967) and as a result, almost the same results observed above

were obtained with respect to the decomposition of lignin. More
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any one of clainms 1 to 3, wherein the poLphyrin is a tetrapyrrole conpound
carrying a nethyl group and an ethyl ester group or an acetate group
(propionic acid group) on the porphyrin ring. 5. The catalyst for the
deconposition of lignin as set forth in any one of clains 1 to 3, wherein
the porphyrin is a tetrapyrrole conpound carrying four nethyl groups and
four ethyl ester groups or acetate groups (propionic acid groups) on the
porphyrin ring. 6. The catalyst for the deconposition of lignin as set
forth in apecafieceilg) aicie Imdthodl wvhergiegehbe jofepitybhn perndneeiaviieg, in

the mol ecul&enBoSRlPOXle 910HRn o afhecoplalsle Lorhheaesomogisien of

lignin as ereln the porp rin 1s one having, in the
mol ecul e, JIWSP?QHFV%rOfetbﬁthPfgﬁf‘m’(}”sltlﬁﬁ %Ibtlalgnlnsuserhé%at@wst

for the degeeResiii @heOfaddr@@en m9esalafoibightt Eaithe6,l Wteneidhd hthe
por phyrin Cﬁ-% | east, one nber selected fromthe group consisting of
ur opor phy riH ¢ sEBph i A2alfat Toproporphyrin. 9. The catalyst for the
deconposi tids46f lignin as set forth in any one of claims 1 to 3, wherein

the porphyrin k§randghdAPYred esagwmfﬁw@dn@eggngsadp%awr WwBrél mgk&pir@ct ure,
which is obtalneg by cul t] vatuﬁg ﬁic 3%&€p|%acgléere Sgbggiéu & redi um and
then i sol &5gGtE 851? ar Y

UV light rays used above and as a result, it was found that almost

the same results observed above were obtained with respect to the

decomposition of lignin.

[Industrial Applicability]

[0155]

The lignin decomposition catalyst according to the present
invention is not an enzyme derived from, for instance, white
rot-causal bacteria and it is a non-proteinous catalyst. The use
of this catalyst would permit the decomposition of lignin mainly by
the aid of optical energy to thus isolate and separate alcohols such
as methanol and organic acids such as formic acid and to release
hydrogen ions from the lignin as a non-effective natural resource
which constitutes 20 to 30% of the wood, according to a simple method.
Accordingly, the lignin decomposition catalyst of the present
invention would permit the expansion of the fields of applications
of lignin whose decomposition within the natural world is quite
difficult. More specifically, the alcohols derived from lignin can
be used in the field of the fuel industry as a substitute fuel for
fossil fuels such as gasoline, the organic acids likewise derived
from lignin can be used in a variety of industrial fields and the
hydrogen ions derived from lignin can be used in, for instance, fuel
batteries or can be used in the fields of the electric power
industries.

[0156]

In addition, the aromatic hydrocarbon-decomposition catalyst
according to the present invention can decompose aromatic
hydrocarbons each carrying an oxygen atom linked to the benzene ring
thereof and accordingly, the use thereof would permit the treatment
of harmful industrial waste and the purification of contaminated soil

and the ground surface. Thus, the catalyst according to the present
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10. The catalyst for the deconposition of lignin as set forth in any one of
clains 1 to 3, wherein the catal yst conprises a culture nedium containing a
tetrapyrrol e conpound having a porphyrin ring structure, which is obtained

by cultivating Escherichia coli in a culture medium 11. The catal yst for
t he deconposition of lignin as set forth in claim9 or 10, wherein the
Escherichia coil is one which cannot express the gene ypjD (b2611) due to

the variation thereof. 12. The catalyst for the deconposition of lignin as
set forth 1hﬂeﬁﬂ¥@ﬂ&:a@f b€ | @S 1a tBe lieldResLithd heeksadied ioEhiadeaddiails an

i nsertion va |ant Q%MGH Edth rane&j§lca£9£ t@fs%e@eo¥php (jhgQ11) is
inserted. % for e prébaratlon &ohol $° and organi ¢ aci ds
conpri si ng the steps of adding an al kal i ne conpound containing solution to
lignin and then separating and isolating al cohols and organic acids

rel eased fromthe resulting solution containing the lignin and the al kaline
conpound. 14. The nethod for the preparation of alcohols and organic acids
as set forth in claim13, wherein after the irradiation of the solution
containing lignin and the al kaline conmpound with Iight rays, the al cohols
and organic acids released fromthe solution containing the lignin and the
al kal i ne conpound are separated and isolated. 15. The nethod for the
preparation of al cohols and organic acids as set forth in claim 14, wherein
the step for the irradiation with light rays is carried out by the
irradiation with ultraviolet rays or solar rays. 16. The nethod for the
preparation of al cohols and organic acids as set forth in claim 13, wherein
the al cohols and organic acids released fromthe solution containing lignin
and the al kal i ne conpound are separated and isolated, after further acting
a catalyst for the deconposition of lignin as set forth in any one of
clainms 1 to 12 on the solution containing lignin and the al kaline conpound.
17. The method for the preparation of al cohols and organi c acids as set
forth in claim16, wherein the al cohols and organic acids released fromthe
solution containing lignin and the al kaline conpound are separated and
isolated, after acting a catalyst for the deconposition of lignin as set
forth in any one of clainms 1 to 12 on the solution containing lignin and

t he al kal i ne conpound and further irradiating the resulting m xture with
light rays. 18. The nethod for the preparation of al cohols and organic
acids as set forth in claim17, wherein the step for the irradiation with
light rays is carried out by the irradiation with ultraviolet rays or solar
rays. '
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19. The method for the preparation of al cohols and organic acids as set
forth in any one of clains 13 to 18, wherein the al kaline conpound is at

| east one menber selected fromthe group consisting of KOH and NaCH  20. A
met hod for the preparation of alcohols and organic acids conprising the
steps of acting a catalyst for the deconposition of lignin as set forth in
any one of clains 1 to 12 on lignin and then separating and isolating

al cohol s and organic acids released fromthe lignin treated with the
catalyst. 21. A nmethod for thempteparalaimedfisal cohols and organic acids
conprising the steps of irradiating lignin with light rays and then
separating and isol ating al cohols and organic acids rel eased fromthe
lignin irfadi at & eRtHvste forglither Spgompesi tkenedholl §Ri0 t HRENHEFRFat on of

al cohol s %Qrpag;g@ﬂl th@@hd-%an\/\hél%'w CQEBr igRs1vbecStRpetabni hadighi ntel i gnin
with |ight, ﬁ g r}ﬁ &E '%h g%ols and organic acids release fromthe
li ght-i rr&&lrﬁ &8 Py e Rhel B 1t 4PY&t for the deconposition of lignin
as set foeth in Angatoriesef foraithe Deconposisicarted dhonimyneNpPrisdrdt Re

Lignin isghpagiahegnd hedd oW as ant9¢RarakLAge AW 1Sodhatinegtiie
al cohol s an anic acids released fromthe lignin. 23. The method for

t he prepaf® iuBthf al cohol s and organic acids as set forth in claim2l or
22, wherein the stepdlystt o rahadidetdoopowi thon | ght 1iaysn | cormrisiiag Gut by

the i rradiatda0.-vht byt rav olighy rads He99kak EaXseior4in The aBtdwthef or
the preparation of alcohqgls and organi c acids, as Se forth in any one of

clai s 135P&Us3onywndtidien lffﬁ%d]a?tc]d}ﬂ)lmles SRBE hEHIT 1 39RE 6PY%Rni ¢ acids are
form c acikd, acwki caaxiyst aki chacdedompoedt v c&fcildgannl apyrszl tonth dn 25,

The method,, %Ogm nee r&%@ﬁ\gai'wgof waleggbelaqea@@rgﬁ A Ci AGI 8t ASpeetorieor th

in any one alnms 13 t wherein the separation and |solat|on of the
al cohol s icé’mEQPPiié’&rB-‘(j’tnﬁb? “ﬁﬁéyaﬁfﬂuplam %Thet PheS R hEFRBE OF G FHe-ate
prepar at i groap lpgopivrdecanpdsgtiwgn pmoduet sogwnprinsiriggt he st ep of
recovering the Tlh'egg ﬂ%&s%?%ﬂé ca?ea%g@g%:smg%}e&%ﬁgnd&gls@g Ebeeh in

separation of the a and organi c acl ds accord to the netho for
t he prepafa¥i 8Re Pt zfllé‘éﬁ‘él S %ﬁ]d"of”&ﬁﬁ?bna‘bl?ed§°é'§h¥§fnfjosrtahtfeﬁrwlb
cl ai s 13 cbapdbnd cikryAngatalryaetivl drivepdeaceinpost tddyloéscar g:rouaslqr

hydr ocar b0 shi:cl,an @s%ge0n Al UNied BIFES &0 G Hohgily BLOMRGRNST i Luti ng

6. The catalyst for the decomposition of lignin as set forth in
any one of claims 1 to 3, wherein the porphyrin is one having, in
the molecule, a carboxyl group.

7. The catalyst for the decomposition of lignin as set forth in
claim 6, wherein the porphyrin is one having, in the molecule, two,
four or eight carboxyl groups, in total.

8. The catalyst for the decomposition of lignin as set forth in

claim 6, wherein the porphyrin is at least one member selected from

the group consisting of uroporphyrin, protoporphyrin and
coproporphyrin.
9. The catalyst for the decomposition of lignin as set forth in

any one of claims 1 to 3, wherein the porphyrin is a tetrapyrrole
compound having a porphyrin ring structure, which is obtained by
cultivating Escherichia coli in a culture medium and then isolating
the same from the medium.

10. The catalyst for the decomposition of lignin as set forth in
any one of claims 1 to 3, wherein the catalyst comprises a culture
medium containing a tetrapyrrole compound having a porphyrin ring

structure, which is obtained by cultivating Escherichia coli in a
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benzene ring thereof, characterized in that it conprises apophyrin. 28.
The catal yst for the deconposition of an aromatic hydrocarbon as set forth
in claim27, wherein the porphyrin is a tetrapyrrole conmpound having a
porphyrin ring structure, which is obtained by cultivating Escherichia coli
in a culture mediumand then isolating the conpound fromthe nmedium 29.
The catal yst for the deconposition of an aromatic hydrocarbon as set forth
in claim27, wherein the catal yst conprises a culture nmedium containing a
tetrapyrr @hateespaedacurhavi ng a porphyrin ring structure, which is obtained
by cul tivating Esc Lchi [ L j ; st for
t he decorrglt(}s'i t irll(%lr(la ggg%ﬁ%}%‘?oﬁ% ?:Iéé hn‘y%rog‘?é’%%%o‘g&sg?bf%ﬁ%hs ;E%%C?g%% %%t or

29, wher eidlaine® e5éRemhentan dbkiEdchieghahihicohl d&riTs VMG SFNAHERFSTE ypj D
gb2611) q%%etgeh@eyﬁﬁii@hk@ﬂ)ahﬁéaﬂft§e3&ar1@€i@@hﬁk¥%bff0r t he

econposi tion an_ar ti rocarbon_as. set rth. o] .cl] ai s
28 to 30, er éifff Fﬁgagg%%efﬁrcﬁg% ceoﬁ?mppg’lgﬁo?n%geﬁtliggﬁhcaa%r%rtu P%\‘gp;vx_/nllq’lch the
t r ansposoranfyorng b€ cgenes PpiDL L bBetyin she Ramiead chi@ZolThE autBFSSI I FTor t he
gscfﬁpgi' tx)v?h(}@aﬁ_ﬁ i%?wl?s‘k@i'@ﬁ%@r@ﬂ%é&‘cﬁi ﬁ@ﬂtfltﬁé g%?lbl;fp%fd kbzellgrh}é oneefed] ai s

o] , erein e r inis atetrapyrr ompound_carryi ng.

met hyl grdup arfd %%tqﬁqqueeg{“érp@‘?‘%a[fﬁttéf’naﬁ¥a%gf§lf?calsgra(%%p °t B?%lp%{o?ﬁg%c&aci d
group) onddmgrpeiphythe siegs oB83addimg camahykdling ¢ ELoRPBSI Y161 of an
aromati ¢ hydre¢anbah 34n3at af@rden Bepl¥a 0Ny AndCk 8b1E: 4l bocdRol Wha®i N
the porphyrin is a _tetragyrrol e_conpound carryi n% |flogr met h?él . groups, and
four ethylCT@8fReF FristpLeoraaeetHE Pﬁuﬁ%sa]ﬁi']ﬁ’ﬁ RIFBEEE §OGr8tps) Y on' he
por phyri n Iiigngn add.thEhelgalahystodfmunthe deconposition of an aromatic
hydrocarbqn as g! £ehbh 4d) ¢hal BGfhraiBhebn dNSHRILPIY] iIkghfiatadRBst One

menber sel ecte romthe group consisting of uroporphyrin, Qrotoporphyrin,
copr opor piRFr s g%tké%ﬁi%ﬁb‘t“[}ﬁyrvf}’f‘?.re%?.ft%ﬁet}i:ea{"é%fg’taéf/ltcfp H edt?,%]g‘ﬁ%jgosrl}/ti on
of an ar ormhiceihydg ociayrbion aas ské dldrdlhinen cotabrm@ 7yitkhériehn tégs porghyrin
1S one ha\é.'l%gho;LQ a%eof@rﬁ%uégid rERALDOXY k- Gh AR soBh i chheorfatidlivsttieor the

deconposition of an aromatic hydrocarbon as set forth in clajm35, wherein
t he porthﬁ@ﬁlPSa@ﬁéth@ﬁ§Pﬁénei?Pmpound are separated and isolated.

15. The method for the preparation of alcohols and organic acids

as set forth in claim 14, wherein the step for the irradiation with

light rays is carried out by the irradiation with ultraviolet rays
or solar rays.

16. The method for the preparation of alcohols and organic acids
as set forth in claim 13, wherein the alcohols and organic acids
released from the solution containing lignin and the alkaline
compound are separated and isolated, after further acting a catalyst
for the decomposition of lignin as set forth in any one of claims
1 to 12 on the solution containing lignin and the alkaline compound.
17. The method for the preparation of alcohols and organic acids
as set forth in claim 16, wherein the alcohols and organic acids
released from the solution containing lignin and the alkaline
compound are separated and isolated, after acting a catalyst for the
decomposition of lignin as set forth in any one of claims 1 to 12
on the solution containing lignin and the alkaline compound and
further irradiating the resulting mixture with light rays.

18. The method for the preparation of alcohols and organic acids
as set forth in claim 17, wherein the step for the irradiation with
light rays is carried out by the irradiation with ultraviolet rays

or solar rays.
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the nol ecule, two, four or eight carboxyl group in total. 37. The catalyst
for the deconposition of an aromati c hydrocarbon as set forth in any one of
claims 27 to 36, wherein the aromati ¢ hydrocarbons are dioxins. 38. A

met hod for nmaki ng hydrogen ions rel ease conprising the steps of acting a

l'i gnin deconposition catalyst as set forth in any one of clains 1 to 11 on
lignin or a solution containing lignin and an al kali ne conpound,
irradiating the solution with light rays to thus make hydrogen ions rel ease
therefromio 39imRomphhbanﬁhamhngpfepzﬁaﬂr¢hicffaﬂuﬁho@s afid coeelitiamgidd gnin

into al 00*504 %e%ngo%ﬂamc sy of491afn95r a@y%nlgha&@&e@' 26d hicdhale it

has a cata yt I C unction o econposi ng a rrpound cont al ni ng an, ar onmat iC
hydr ocar bsiPTRRURRi £h a&nléﬁfg‘/‘@éﬁleaf‘é‘ﬁ%’?rs S&%ﬁaéadtiaf% CREDHIP R GATEHISIIS ut i ng
t he benzenss mbngahaemgaé 41 Porphyrln obtalned by cultivating the

Escheri chi con, MM' : Pa|§;%§§§at ﬁ eaXBbﬁ%ﬁ%%ﬁ%ﬂ Fg%ﬁlé éf&%

variation ther eof" eco ion O
conpri si ngFarpeigdne Hhrg ﬁt@bﬁa?fnéﬂtbygcadIcﬁlt@ét’ishgfqrhéhEs@ﬁfé?‘ﬁP@ﬁﬂél%%qu whi ch

cannot expriegsnt ie geneoyph DA B3f1dne dyweciiddhe sytat banl vatirakhanudier eof .
separating and isolating alcohols and organic acids released from
the lignin treated with the catalyst.

21. A method for the preparation of alcohols and organic acids
comprising the steps of irradiating lignin with light rays and then
separating and isolating alcohols and organic acids released from
the lignin irradiated with the light rays.

22. A method for the preparation of alcohols and organic acids,
which comprises the steps of irradiating lignin with light rays and
then making alcohols and organic acids release from the light-
irradiated lignin, wherein a catalyst for the decomposition of lignin
as set forth in any one of claims 1 to 10 is acted on lignin, then
the lignin is irradiated with light rays and separating and isolating
the alcohols and organic acids released from the lignin.

23. The method for the preparation of alcohols and organic acids
as set forth in claim 21 or 22, wherein the step for the irradiation
with light rays is carried out by the irradiation with ultraviolet
rays or solar rays.

24. The method for the preparation of alcohols and organic acids
as set forth in any one of claims 13 to 23, wherein the alcohol is
methanol; the organic acids are formic acid, acetic acid, malic acid,
succinic acid and pyruvic acid.

25. The method for the preparation of alcohols and organic acids
as set forth in any one of claims 13 to 24, wherein the separation
and isolation of the alcohols is carried out by the distillation.
26. A method for the preparation of lignin decomposition products
comprising the step of recovering the lignin decomposition products
generated during the separation of the alcohols and organic acids
according to the method for the preparation of alcohols and organic
acids as set forth in any one of claims 13 to 25.

27. A catalyst for the decomposition of an aromatic hydrocarbon

in which an oxygen atom is bonded to a carbon atom constituting the
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benzene ring thereof, characterized in that it comprises a porphyrin.
28. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in claim 27, wherein the porphyrin is a tetrapyrrole
compound having a porphyrin ring structure, which is obtained by
cultivating Escherichia coli in a culture medium and then isolating
the compound from the medium.

29. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in claim 27, wherein the catalyst comprises a culture
medium containing a tetrapyrrole compound having a porphyrin ring
structure, which is obtained by cultivating Escherichia coli in a
culture medium.

30. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in claim 28 or 29, wherein the Escherichia coli is one
which cannot express the gene ypjD (b2611) due to the variation
thereof.

31. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in any one of claims 28 to 30, wherein the Escherichia
coli is an insertion variant in which the transposon for the gene
ypiD (b2611l) is inserted.

32. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in any one of claims 27 to 31, wherein the porphyrin
is a tetrapyrrole compound carrying a methyl group and an ethyl ester
group or an acetate group (propionic acid group) on the porphyrin
ring.

33. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in any one of claims 27 to 32, wherein the porphyrin
is a tetrapyrrole compound carrying four methyl groups and four ethyl
ester groups or acetate groups (propionic acid groups) on the
porphyrin ring.

34. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in claim 27, wherein the porphyrin is at least one member
selected from the group consisting of uroporphyrin, protoporphyrin,
coproporphyrin and ethioporphyrin.

35. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in claim 27, wherein the porphyrin is one having, in
the molecule, a carboxyl group.

36. The catalyst for the decomposition of an aromatic hydrocarbon

as set forth in claim 35, wherein the porphyrin is one carrying, in
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the molecule, two, four or eight carboxyl group in total.

37. The catalyst for the decomposition of an aromatic hydrocarbon
as set forth in any one of claims 27 to 36, wherein the aromatic
hydrocarbons are dioxins.

38. A method for making hydrogen ions release comprising the steps
of acting a lignin decomposition catalyst as set forth in any one
of claims 1 to 11 on lignin or a solution containing lignin and an
alkaline compound, irradiating the solution with light rays to thus
make hydrogen ions release therefrom.

39. Porphyrinhavingexcatalyticfunctionofconvertinglignininto
alcohols and organic acids.

40. Porphyrin characterized in that it has a catalytic function
of decomposing a compound containing an aromatic hydrocarbon in which
an oxygen atom is bonded to a carbon atom constituting the benzene
ring thereof.

41. Porphyrin obtained by cultivating the Escherichia coli which
cannot express the gene ypjD (b2611) due to the variation thereof.
42. A catalyst for the decomposition of lignin comprising the
porphyrin obtained by cultivating the Escherichia coli which cannot

express the gene ypjD (b2611) due to the mutation variation thereof.
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