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ND OF THE | NVENTI ON Various nethods are known for the production
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I nant DNA whi ch cont ains a DNA fragnent carrying the genetic

i nf or fat i omsiglge wlldirdordaid smet hesis of FMN or FAD as derived froma
m crogrgani sm belonging to the genus Corynebacterium or Brevibacterium
(the ferm "JP-A" FMN and FAD, which are coenzyme forms of vitamin B,,
are not only useful as raw materials for preparing nutrient
compositidns or producing various drugs but also important as
reagents to be used in biochemistry. They are used in various
fields of bioindustry.
* BACKGROUND OF THE INVENTION

Various methods are known for the production of flavine
nucleotides. Thus, mention may be made.of, for instance, the
method disclosed in JP-A-132892/84 which uses a microorganism
belonging to the genus Corynebacterium or Brevibacterium and
capable of forming adenosine-5’-triphosphate (ATP) from an ATP

precursor, a phosphate donor and an enerqgy donor and further

capable of forming FAD from FMN and ATP, and the method

disclosed in JP-A-138988/90 which uses a microorganism

belonging to the genus Corynebacterium or Brevibacterium and
harboring a recombinant DNA which contains a DNA fragment
carrying the genetic information relevant to the synthesis of

FMN or FAD as derived from a microorganism belonging to the

genus Corynebacterium or Brevibacterium (the term "JP-A" used
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used he’ein means an unexam ned published Japanese patent applicaton).
Furtherf it is known that, in mcroorgani sns bel onging to the genus

Brevi bggterium the flavokinase (FK) activity for the formation of FMN from
ri bofl gvine (FR) and ATP and the flavine adeni ne di nucl eoti de synt het ase
(FADS) jactivity for the formation of FAD from FMN and ATP occur on one and
the sa protein [Journal of Biological Chem stry, 261, 16169-16173

(1986) §. However, no methods are known for us[ng m croorgan - isSns

bel onging heredr gBRARSEscHRr i ymexaminesk obpebléshedr Fapangfmaspatent

har bor fng a reconbj nant DNA whi ch 2
contaihs & ??%kﬁ%ht carrylng t he genetlc |nfornat|on rel evant to the

synt hepi s of FMWN Y. OF THE | NVENT| ON
LT or The Imvairdier % s dmpmn thaty rAnNLFEOO GARAEES RRICRILAG
i tlant | f

or epar ?ﬂg €5 i e U S 2 BV |BRTRRELY L
ot her §, ﬁagéaﬂaﬂ% U oy RIS NI B andSHl 3R e

i nven |on provi des a process for prodUC|ng I"avi n o6t i I ch
conmpr J S€s fﬁ@&iﬁé‘%&ér{n@’ Fl&?mc'i%‘t‘iﬁfe' Phetds Ogr ';' £J€1¢ftﬁ]&%ﬁ%us
mediumin the presence o I's or ture o m cf oor gani S ar bori ng

a recpbi nggkmdPonhbehradNit2ohs MM Nh ' #9PEBcude/dry 8hd ' #Rd athe same
m cr gor gani sm bel onging to the genus Escherichia, Enterobactor or

Efset; ormnzgs retSlig a Upuigalheof gBieliogiicallor oRéANstelovagdl | 016h@9syBiLhgsi s
(1986)].

However, no methods are known for using microorganisms
belonging to the genus Escherichia, Enterobacter or Pseudomonas
and harboring a recombinant DNA which contains a DNA fragment
carrying the genetic information relevant to the synthesis of
FMN and/or FAD.

SUMMARY OF THE INVENTION

An object of the invention is to produce flavine
nucleotides, which are important as ingredients of nutrient
compositions, raw materials for preparing various drugs and
reagents for biochemical research, among others, in high yields
and in an inexpensive manner. |

The present invention provides a process for producing
flavine nucleotidés which comprises reacting a flavine

nucleotide precursor with ATP in an aqueous medium in the

presence of cells or a culture of a microorganism harboring a
recombinant DNA which contains a DNA fragment derived from a

microorganism belonging to the genus Escherichia, Enterobactor
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.treated cells or a treated culture of the mcroorgan- iam until a

recovegabl e anmobunt of the flavine nucleotide is accunulated in the aqueous
medi umgand recovering the thus-forned flavine nucleotide fromthe aqueous

DETAI LED DESCRI PTI ON OF THE

I np nmononucl eoti de. Fl avi ne nucl eotides to be pro- duced incl ude

i Nt nononucl eoti de and_ fl avi ne adeni ne dlnuclegtlde As iaid DNA '
| o BseudemORas ARA | GARRY RS BRIRSHE 2 PE!“ﬁFﬁant FelSkaPE t a

o RS PR, BB

f !
o o %EQ%'C{’?S%’ Foat i " TR AT bl éﬁbiﬁﬁ W%RZ%
Ce eflawﬁegwcmu& fpg aeehﬁhma%ean% h@néeeaﬁa@uammaaﬁﬁd dand

ce are shown in SEQ ID No:12. An exanple of theforner is a

nt ceRbeeRing the vhakersimadPALhvehet Hﬁcgéaﬁlﬁédff‘gmf@ﬁepécﬂl@d)@sx

al of Biological Chem stry, 260, 5616-5620 (1985)]. An exanple of the
| SmedPN.fragnent containing the whole or a part of the gene coding
am no aci d sequence of protein X in which the 23rd gl yci ne residue

is sybstituted with aDEINTIENOCESQRIPIIONAOF THE INVENTION

3 gl ycine. As the substituent amno acid, arginine, alanine, aspartic acid
and the |ike are Uppbdpri ad®. a Thlavineor gantlsvtideer preanxaosour aee of
t he PNA

riboflavine and flavine mononucleotide. Flavine nucleotides to
be produced include flavine nononucleotide and flavine adenine
dinucleotide.

As said DNA fragment, there may be mentioned a DNA
fragment containing the whole or a part of the gene coding for
a protein having the FK.activity and FADS activity or a DNA
fragment containing the whole or a part of the gene coding for
a modified protein of the above-mentioned protein, which
retains the FK activity but has no or reduced FADS activity.
An example of the former is a DNA fragment containing the whole
or a part of the gene coding for protein X ([Journal of

Biological Chemistry, 260, 5616-5620 (1985)]. An example of

the latter is a DNA frégment containing the whole or a part of
the gene coding for an amino acid sequence of protein X in
which the 23rd glycine residue.is substituted with an amino
acid other than glycine. As the substitﬁent amino acid,

arginine, alanine, aspartic acid and the like are appropriate.
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ht may be any of mnicroorgani sns bel onging to the genus Escherichi a,
acter, Pseudononas or the like provided that it has both the FK

y and FADS activity, it has the FK activity and has no or reduced
ctivity or it contains the whole or a part of the gene coding for

n X Specific exanples of the m croorgani smhaving both the FK and
ctivities include Escherichia coli Kl12-and a nutant thereof,

Escheji chia coli C600 [A?Fgge- léjg?rd; R K, Genetics, 39, 440 (1954)]. Wile
it unknown WEBEHSPLEFRARFATELSN vitOy SPEVEADS Rt SAUSFS rPhi ERGorPWhi sns
ing to th ens ,Escheri cgi a,occur _on,one 31%;1 th(?L sar{% qﬁrjgtei nor on
entIAOTEStJaY RF 476 P LT SHBEGRBHE En RSFONI Y (1% VIS NS genes
fromfa m_croargani.sm | th her J. chj Y

| nverf or EoeBerihua. ErEEEbiEier 6 dtidhanas v CPhE MU PRI,
Br evigbacteri u h | ¥l L ES: gecUr a : a |
(profei ntf‘i)ata% ?}%tgr gtogrﬁeegédgﬁméﬁé%gSE?hSBEAggsgctggeli?$t?r']nﬁﬁgﬁ ‘f\)% tet:'akgbm nal
portfon Q,vlvylgp I phie chbyi a alti G PLN8L POrdd¥hainddi s

i ndi gat eﬁﬁg:tt, ™ ea%acrh%%r ggﬁgn%éﬁg%éﬁg?ﬁggt %g{'%eigknus Br evi baclt' erium

m cr por gacwesngli@ e&ga%w SHLHIEHEh FTRETME Hor Paveean ACtigpdyifos the

fornpation of D from and ATP vi'a FMN. The use Of such m croorgani snms
ﬂak%S it ARl 60 U NRicHBbYgIRi oMt HivihdMbeR e SFkStandt eFARSd i S

effgctive inthe production of FWMN and FAD from FR and in the production of
FAD |f r omalcveix i |indludes Bsrheerindticrd doliVRI2 afditathetambeshered, used

I n dgccordance with the present invention are clearly different fromthe
gengs demsoikdirdmbar cobpr §a00s nFArpleyardg Ro the, géenetBreayi @t e44tm
singe Escherichia coli strains have no genes hybridizable with the genes
der{ved f(i®%4ilr o¥hgdmi &tewae | wiknown twhethey&he Al agtdydtyr aash FADR gene
codfng for a nodified protein X which retains the FK activity but has no or
rediced RAbSVEGY in yICGHPPIAERET REINNFEMT a&P nEhe hgepas ok

resi due glycine fromthe N terni nal of ﬁ'rﬁotein X V\ACEI’}; ﬁn am no_aci d ot her
thgn gl yOGedihPReqRe §Rdsithe 3R (REORELAgOFed™ AF TGt REORKPE

(Tgeara a0k 0 ool oRtobR o3 /8% he' Ze18baiCLEABS BN, 2! one

wi fThout

microorganism belonging to the genus Escherichia by the present
inventors has revealed that, as in microorganisms belonging to
the genus Brevibacterium, both the activities occur on one and

the same protein (protein X) and there are a domain for the

FADS activity in the N terminal portion and a domain for the FK

activity at the C terminal portion. This indicates that, like

microorganisms belonging to the genus Brevibacterium,

microorganisms belonging to the genus Escherichia have an

activity for the formation of FAD from FR and ATP via FMN. The

use of such microorganisms makes it possible to use not only FR
but also FMN as the substrate, and is effective in the produc-
tion of FMN and FAD from FR and in the production of FAD from

FMN as well. It is to be noted however, that the genes to be
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The ho m croorganismto be used in the practice of the invention may be
any of pild strains, drug-resistant and/or auxotrophic nutants and ot her
strai ng bel onging to the genus 4

Escherifchi a. Ent erobacter or Pseudononas provided that the mcroorganismis

of incorporating DNA. A pre- ferred exanple is Escherichia col

DH5[ er §] [ Bet hesda Research Laboratories, Focus, 8, 9 (1986)]. The vector

"ot ' B MREMAR b Bnl WL BBt i Va0E S88! Spodry

pl asm
PeeuddonSa £ S £2 mé’%%?s%%?ée%%&%@éff%g 1ERbEEGRREREE Mlonat, s
cxanpile. &P LRY é%ﬁé%%%*%ﬁnﬁ?%‘?@ﬁﬁ%ﬁhﬁ%%@%ﬁ%e?
A rec

nbi haRle HA JeHb Py id inach fd Q&mﬁm&}ﬁ@%&xeée&éﬂm £ i Berent
e synthesis of FMN and/ or

ng the genetiic information relevant to t

FAD ahd t lbg-geedisis PAorgigrf ks thd lyemid @iev tisaebénam. hybrids, by
cleavk ing both DNAs in vitro with a restriction enzyne or enzynes to give
fittijng cl eavage endgersndcddiang cfior yangoduif ieke groogadiiroK réaiocth oretsimg a
DNA ljJi gase. . The thus-obtained reconbinant hybrid m xture or ligation

m xt yre i chesefKt actiwftiolbmta kst nai oroarefudedn EADEcaetivitm caronbe

organi sns  bel onging to the genus Escherichia, Enterobacter or
onon@¥epaneds by arepbrcingnthrarBsdi Aginee aqigt gras iR plyckne of

I ni ng e NG W%ﬁm@h Gy RS Ph%eQ '1?—1 '1C eh'&f Wf”ﬁ%%lglhek?vam to
>ynthe5|s of FMN and/or, FAD Is se
with an amino acid other than glyc1ne by means of

site-directed mutagenesis using Mutant-X kit (Takara Shuzd).
This modified protein is useful for production of FMN alone
without coproduction of FAD.

The host microofganism to be used in the practice of
the invention may be any of wild strains, drug-resistant and/or
auxotrophic mutants and ofher strains belonging to the genus
Escherichia, Enterobacter or Pseudomonas provided that the

microorganism is capable of incorporating DNA. A preferred

example is [Escherichia c¢oli ' DHSa [Bethesda Research
Laboratories, Focus, 8, 9 (1986)].

The vector to be used in the practice of the invention
may be a phage vector, a plasmid vector or the like provided
that it is capable of autonomous repl;cation in strains of the
genus Escherichia, Enterobacter or Pseudomonas. Preferred
examples are pBR322 [Gene, 2, 95 (1977)] and pUCl9 [Gene, 33,

103 (1985)]. Host-vector systems of other microorganisms, for
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bi nant asm d containing said DNA can be obtained by plasmd isol ation
fromsaifd strain. The transformation can be carried out by the nethod of
Cohen e§ al. [Proc. Natl. Acad. Sci USA, 69, 2110 (1972)].  For selecting

carrying the genetic information relevant to the synthesis of FW
AD when the whole or a part of the am no acid sequence

" SU BN b olBOBvIBEHS IRHC o O AN oy

sequende gggge ondidyg to sald an1no acid sequence and utilizing, as a
probe, fthe ability to hybridize with this DNA Then, said DNA fragnent is

exci sefl from the hecogbbmbiaRht PRGN EaADR NBBLaEnERS oFidipd tAROVE HYe EANS
of an pppropriate restriction enzyne or enzynes. This DNA frag- nent is

insertpd gekerdbeact QJmDNAf t2 amdtifiaipNotite I efdrietid ONin fokmer Host

m croof ganismto give a rec I nant plasm d containing said DNA. The
recontji nagielevant toi shessylntnesiansf @EMN taml fvas FAD andothenvestdy Dk,

met hoq of Cohen et al. to give a desired transformnt. The

t hus- @bt aitoge theansfttimanariaust r@icombinanti ghybeidd, byprdssivaimgfbdth FADS
or FK] can be cultivated by a conventional nethod of bacterial cultivation
in anfor dDNasy imyumibeo ovidth et geatriretiiom eowyaieniony earyoessdwr cpies,

and/ or
corres

nitropen source(s), inorganic substance(s), amno acid(s), _vitamn(s) and
so fofth EAd&dinger sbeavagadi endms ans | shehe carrpingt oo aﬁbepl-l%gmtmlher
condiftions are suitably

reaction usirig a DNA ligase.
The thus-obtained recombinaht hybrid mixture or

ligation mixture is used to transform a host microorganism

selected from among microorganisms belonging to the genus
Escherichia, Enterobacter or Pseudomonas, and a transformant
harboring the recombinant plasmid containing the DNA fragment
carrying the genetic information relevant to the synthesis of
FMN and/or FAD is selected. The recombinant plasmid containing

said DNA can be obtained by plasmid isolation from said strain.

The transformation can be carried out by the method of

Cohen et al. [Proc. Natl. Acad. Sci. USA, 69, 2110 (1972)7].
. For selecting a transformant harboring the recombinant
plasmid containing the DNA fragment carrying the genetic
information relevant to the synthesis of FMN and/or FAD when

the whole or a part of the amino acid sequence corresponding to

said DNA is known, use is made of, for instance, the selection

method comprising synthesizing a DNA oligomer having a base
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adjiusted.} The hi gh-density cultivation nethod [Biotechnol- ogy and

bi oengi ngering, 17, 227-239 (1975)] is particularly preferred. The
carbon squrces to be used in the nmediuminclude . carbohydrates, such as

gl ucose, Jfructose, sucrose, nolasses, waste nolasses and starch

hydrol yzptes, al cohols, such as ethanol, glycerol and sorbitol, organic
aci ds, spch as pyruvic acid, lactic acid and acetic acid, am no acids,
such as | glafidifte dodHdipordliHA S satiyd amidlcrapak! ’sé$ﬁ§hée and Stieiz-
organi c fmateri als assim [able by said m croorganism - These are used

desi r ablly iing ,2 a0 @Yok, ahefaBibity ©9%ybridbadlwith thbs mMNAOgen
sourcesf{are ammoni a, various inorganic and organi ¢c anmonium salts, such as
i um chl ori de Themyosaddh BNAf Atagmentuis wraiisedatferomarhenreconial faneat e,
acetate and anmoni um phosphate, nitrogen-containing organic

s plaspiidaobtadmedres- desoaibdd above, byemeapst pdcan appsopeia@tact,
corn stjeep liquor, casein hydrolyzates, fish neal and di gestion products

t mesdmighiona EnaEne M EReyRs - s U 3sDNA yEragment $ uinsextedi d,
and sofforth. They are used suitably in a concentration of 0.1 to 10%
Usabl ef as inf® pn¥PgEArcDNARIRARES of Autanongikt £eRd 1gsdisssilonthe host

di hydrpgenphosphat e, di pot assi um hydrogen- phosphate, nmagnesium sulfate,
nmagnes)i UMBIFFIFEaR L st ngd kP03 d’é?c?@J‘%‘g%tngPéﬁ%fi r%\'tfédé’&‘élgsbﬁ?’a‘? e,
zinc qulfate and 1(%al ci um car bonat e.lé\%hrﬁ:ge I he m'gr?ror anismpused . requires a
speci fli ¢ A&+ enf®t GRCERRAPRE /P ats duS8%n &0 HREES T brehe Heshi n,

for ifs grawh & riate o) nutrient,_su nce,shoul d be
added| t o tHE rr%?(ﬁ%rﬂl%%%%% t?lﬁ tn?é\/@f&%ﬂo% s&l(’:&gér}}i ed %ﬁf E%dgj?&%e%o%? J.re&l
conditi ons..fUefSAHY € W th shaking or with aeration and agitation A
cultivati?):rfatngr?fperatur'e of 28[err] to 42[err] Cis generally best suited.

The ¢ultivation withe DenGOUBhEASnER lifnfoliRane. (@eNsEahiy, WiHnOThide

medi yim shoul d desirably be maintained wthin a substantially neutral Fange
usi nj amMmRivd ]l UeLPreS§U6AUD S OFKUFADY dioiXi FR) Ocanhebé | kBltivated by a

conventional method of bacterial cultivation in an ordinary
synthetic or natural medium containing carbon source(s),
nitrogen source(s), inorganié substance(s), amino acid(s),
vitamin(s) and so forth under aerobic conditions while the
temperature and pH and other co'nditions are suitably adjusted.
The high-density cultivation method [Biotechnology and
bioengineering, 17, 227-239 (1975)] is particularly preferred.

The carbon sources to be used in the medium include
carbohydrates, such as glucose, fructose, sucrose, molasses,

waste molasses and starch hydrolyzates, alcdhols, such as

ethanol, glycerol and sorbitol, organic acids, such as pyruvic
acid, lactic acid and acetic acid, amino acids, such as

glycine, alanine, glutamic acid and aspartic acid, and other
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6 . VWit the thus-obtained culture of the transformant may be used as
such i n Fhe subsequent reaction step, it is possible to use treated cells
or treatgd culture of the transformant in any of various ways. Such
treated gells or a treated culture includes, anong others, culture broth
concentffates, dried culture broth, surfactant-treated culture broth,
bacteri gl ytic enzynme-treated culture broth, cells obtained by centrifuga-

tion of fthe cul ture, dried cells, acetone-treated cells, surfac-
tant - t r fat OFIEPLCsTMABETERLSoRFE IR babl oY Sk PLCHOCTIRAG STMOBRPFS cRfc e

cells. The react.ion.can be carried out, in a ueo medi um

Pref er bl yusER GPSERRBIYY 1RrE. SoncentFaLiqn tqggqgrt%?% 'a surfactant
and/ or jn organic §O|éﬁ@:’ arg addeg si_mul t a- neouslﬁein theinicQQbiaI _
culturd broth or, SPEEMSHDI ERPoRISFOIRE JRUTCRT i 8RS ARTOPIRWN WG AP i ¢

co1 APEORRIC bl B i G LR %C%‘fﬁ*atvee% o B
' . ' . 2 . 72 .
C;' ?Fllb%lﬁ%r,“ | ane @h Qhﬁﬁkﬁgfe?ﬁé{z uf T Ahtlak@ AHHE P um

avi ne nuc e IS accunu e culture bfoth or

reactipn meybibfatd) EAfondtHAHRatlhand aﬂmﬂﬂuﬁigﬁw@&m&p ok s el t 0
6 to and the oxidation reduction potential to -250 to -400 nV. The

subst rfat e eontaihing oiganic kempouhdse BREhUEEOUré&aCHePtons XtNZ cariite,
generglly as follows: FR 0.1 to 20 g/liter, FWN 0.1 to 40 g/liter and ATP
0.1 t¢ 100meali t extract,he yemsr ofextxamt t hecamt | stfedemnsiiscyumant s)casein
treated cells which can exert high FK and/or FADS activities, the cel

conceft r at hydrodyzades,l t ufishediead orandacdigestiionur prdasdystst erdegtived
adjusged to 5 to 200 g/liter (wet cells). Although FRis sparingly sol uble
in er, therefxiomsd wasians amine acidsyeguch assigiveine @ndghtamic
undi §sol ved but suspended in water As for the ATP source, not only highly
purifli ed pﬁgéépaand so forth. They are used suitably in a concentration

of 0.1 to 10%.

Usable as the inorganic substances are, for instance,
potassium dihydrogenphosphate, dipotassium hydrogenphosphate,
magnesium sulfate, magnesium phosphate, sodium chloride,

ferrous sulfate, manganese sulfate, zinc sulfate and calcium

carbonate. Where the microorganism used requires a specifi;
} nutrient, for example an amino acid, a nucleic acid or a
vitamin, for its growth, an appropriate amount of such nutrient
substance should be added to the medium.

The cultivation is carried out under aerobic

conditions, for example with shaking or with aeration and

agitation. A cultivation temperature of 28 to 42°C is
generally best suited. The cultivation will be complete in 1

to 24 hours. Generally, pH of the medium should desirably be
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tions t al so ATP-containing sol utions obtained by contact- ing adenine
with nmifcrobial cells in the presence of an energy donor (cf.

JP-A-53799/81), filtrates derived therefromby renoving cells or
concen§rates thereof can be used. It is also possible to synthesize and
suppl y}ATP from gl ucose: and i norgani ¢ phosphate by adding a m croorgani sm
havi ngf ATP-regenerating activity (cf. JP-A-74595/86) to the reac- tion
systen In t r [ fiagan ATP
y &f%}ﬁ% 33 Swithfn faﬁﬁ%ﬁélagf‘%%rﬁé{lﬂ% 1 ' Fhddee J¥GRF AathoRiad

precur>or regenerating energy osphat e group donor and a

m cr ogr gan hgyha dium hydroxide or the like. 7 ATP
bi osyr hes*é#%gg%ct€3Ft§ooécurrgd In the reaction mx- ture in |lieu of ATP.

As thg microbial ghidéntheWHiG -ASbtairRee reNaudg odcthei tyan of diemarste thayn
this ¢ase, there nmay be nentioned, for exanple Brevibacterium anmoni agenes

[ curr ¢nt | e Gosadelmahnti Um akensubgeqeentckeatnionnstep obtlis) qossdlblsf
Systejmtic Bacteriology, 34 (4), 442 (1987); hereinafter referred to as

Cor ynpbacterhse ereatedi agbhe sr At ad 76n bereseh drhe Hizansiormerar im 303,
The cpultivation for obtaining mcrobial cells having ATP- regeneratlng
acti ity asycafrvedious wayshe Suchodreaded ised s, oxpan traprigFultude g, d
surfgctant, there may be nentioned, fqor instance, cationic surfactants

such |as pmh?b%?éﬁhyl@m@ngté%ﬁfhﬁ%ﬁn neulEuge \PrPEB S‘:%@enBF%Hﬁﬁt I3§%pon
Ol & Fats ), cetgltrlneth Iannnnlun1 ro&lde a y2¥¥r|dum%%ﬁ
chl ofi de, CHAFEﬁPcb§9 hactarRfac t%ﬁEhtEEaEG i G F%ﬁ?;b Tfin
ol eyfam dosul fate, noni.oni surf pts e n
nDn0>tear§FéYP§' reﬂgﬁpoﬁugﬁgff %ﬁ, Ceff obta R Xogy'é£ﬁ@f¥¥ﬁﬁHéEéﬁi
of the culture, dried cells, acetone-treated cells, surfactant-
treated cells, bacteriolytic enzyme-treated cells and
immobilized cells.

The reaction can be carried out in any aqueous medium.
Preferably, FR or FMN and ATP, if necessary together with a

surfactant and/or an organic solvent, are added simultaneously

in the microbial culture broth or, after completion of the

cultivation, FR or FMN and ATP, if necessary together with a
surfactant and/or an organic solvent, are added to the culture
or culture cells or treated cells or a treated culture and the_
reaction is carried out at 20 to 50°C for 1 to 72 hours,
whereby a flavine nucleotide is accumulated in the culture
broth or reaction mixture. On that occasion, the pH should
desirably be adjusted to 6 to 9 and the oxidation reduction
potential to -250 to -400 mV. The substrate concentrations in
the culture medium or reaction mixture are generally as

follows: FR 0.1 to 20 g/liter, FMN 0.1 to 40 g/liter and ATP
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pr oduct Ni ppon G| & Fats Co.), and anphoteric surfac- tants, such as
| auryl betgi ne (eg. Anon BF, product of N ppon Ol & Fats Co.). These are
used gengrally in a concentration of 0.1 to 50 g/liter, preferably 1 to 20
g/liter The organic solvent is, for exanple, toluene, xylene, acetone, an
al i phati ¢ al cohol or ethyl acetate. It is used generally in an amount of
0.1to 59 m/liter, preferably 1 to 20 m/liter. The fl avi ne nucl eodde
accunul af e®- i1n Fﬁe hBQ. ugf BiteBact i ofN nither cas® RE 1 g edhigy gells

conventipnal od u3| n activated carbon, _.an i on exchange resi:-n, or t he

like. frhd tFéPP nﬁFeEr%ﬁTeeq‘ Fals whiqhCaR PERTHS w?é %m 9,
I Rt et R

S5t S g 1 rﬂf‘&%ﬁix@ﬂwaﬁdg&ﬁ% 0 L ear,
ot L URe e“%&;ﬁgﬂ LRSI e
v ocl o boll Sipaded, By goRdiemnel el s un wntcn kn s

(produg¢t ohna&%%ﬁeat Rt sWzpendeeadndi@Berster 0.1 mm. The disruption
m xturg was centrifuged to give about 90 m of a supernatant. Protam ne

sulfatp was added as for the ATP source, not only highly purified

preparations but also A'r?-coni:aining solutions obtained by
contacting adenine with microbial cells'in the presence of an
energy donox (cf. JP~A-51799/81), filtrates derived therefrom
by removing cells or concentrates thereof can be used. It is
also possible to synthesize and supply ATP from glucose and
inorganic phosphate by adding a microorganism having ATP-

regenerating activity (cf. JP-A-74595/86) to the reaction

system. In this case, the reaction is carried out in the
presaence of an A’I'P brecursoz, an ATP-regenerating enexgy donor,
a phosphate gr0u§ donor and a microorganism having ATP
biosynthesizing activity occurred in the reaction mixture in
lieu of ATP. As the microbial strain having AT?-regenerati.ng
activity to be used in this case, there may be mentioned, for
example Brevibacterium ammoniagenes [currently Corynebacterium
ammoni nes, c¢f, International Journal of Systematic
Bacteriology, 34 (4), 442 (1987); hereinafter referred to as

Coxynebactegium gmon'iaggnes] ATCC 21170 and Eschexichia coll
ATCC 11303. The cultivation for obtaining microbial cells
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to the su
m xture
conponent
puri fi cat;
active fr
col um (
t he desi

ernatant to a final concentration of 0.4% and the resulting
s centrifuged for removing macrono- | ecular nucleic acid

as a sedinment. The super- natant obtained was dial yzed agai nst
on buffer (1) through a cellul ose nenbrane to give a desalted
ction (about 11 m). This fraction was applied to a CM Sepharose
armaci a) previously equilibrated with purification buffer (I) and
e a0l AYTRATERS egleneed tWnigh a2@Q viThe yOfi P Wa it icut By e (ddtidd h a
| i near Cl concentration gradient of OMto 1M From anong the active
fracti onp desterdided dnlIP+A-JaSYISYB6naxi mal in enzynme activity was taken.
This actjve fraction was applied to a Sephacryl S-300 col um (Pharnmacia),
and el utf on was cadsi edaddt smrhaptanticathenebuhdypr ¥e¢) mdntstomed, for
filtratijon gave 5 m of an active fraction. This fraction was applied to an
ATP- agarjosénsteaee pr caitdoniiy eguirfiaigtands wi tsugiur ias f ipkyanyehnykeng4 )
El utionjwas carried out using 100 ml of purification buffer (1) wth a

| i near NaCPteaxydamiaei d@ -gradivaineoS-GWt-0 BRAdRE £f iNiPRIM @i brks Tk
collectpd. Finally, there was obtained 3.5 m of a purified enzyne fraction
with a prof8in rcoReil timgEhy hammaniyg = poomide| oangd, AL RIEFNE Yone
The purji fied.enzyne obt.ai ned as gdescribed above was bj ected t.0 L

S8 bollyacF DREFEHE -clBH R AU SEEARTT 6By B SERLHE RUFY PUpHate

ot of nj o PEA. Skt ol RAT afRhaR L RERS " RehticTR BhafibeRngR | RN

' (PRGTERySehy ISR ER R Cnlhd €0 ) Teday BRI S, STEES

[ Kami _ !

a 5'-gnd ppi-BRLCESE? WP éh%%@t&@@d)g)faﬁ@far&p‘-iﬁﬁéﬂé\lguﬁﬁaa\%&:s,
desigged for PCR (polynerase chain reaction). These were synthesized by the
phosp

oam gdiche agety WetOlrddl g‘lﬁ?.e AN6hNBPl, S pBaaeeadF NMipdon &dills .
edron Letters, 22, 1859 (1985)] using an Applied Biosystens nodel

ut onrheg BBA)SYyNThesézere UH6d P§&hepallfrihed odhceist gt fofed AL DNA
ication reagent kit (Takara Shuzo). The chronpsomal DNA of Eschenchi a

C600 wasS50seu litetrhe preferabdy 11 ao @mygrtlitferd. ng/ 100 [err]l, the
syntetic The organic solvent is, for example, toluene, xylene,
acetone, an aliphatic alcohol or ethyl acetate. It is used
generally in an amount of 0.1 to 50 ml/liter, preferably 1 to
20 ml/liter. | |

The flavine nucleotide accumulated in the medium or
reaction mixture can be recovered by a conventional method
using activated carbon, an ion exchange resin, or the like.

The following examples are further illustrative of the

invention, but are not to be construed ‘to limit the scope of

the invention.

Example 1

Preparation of a microorganism capable of

e
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s were used each in a concentration of 1.0 [err]M dATP, dCTP,

DNA: pri

dGTP and TP were used each in a concen-

9 trati ol of 200 [err] M and Tag DNA pol ynerase (Takara Shuzo) was used in
an anmoung of 2.5 units/ 100 [err]|l Each reaction cycle consisted of 92[err]

C. x1 mnigte, 37[err] C x2 mnutes and 70[err] C x3 mnutes. After 25
cycles, ghe desired DNA frag- nent coding for protein X was obtained. (3)

ernio d TR SRR of Mol S 3 1Mubtedrdth bh OB bRBNE BhOl |

and EcoHl, and digestion was I e teky, Hn- dill and EcoRl
Sl s SRR A

were adged to 20 [err]l of a alning 1 [err]g of the vector

PUCLY apd G ygessy O Mest £l réﬁcg-@_qsws'l'he t hus-di gested DNA fragnent and
vect or were purified by phenol extraction and ethanol precipitation.

The purffied DNA @pH)@sk@brakthilaheollr €606k yEeifé B 3R NGLbYRERed to

suspended in a solution containing 66 nM Tris-hydrochlo- ride buffer (pH
7.6), 46 rddrnmgRsidation |ty igdere 30 gbDWettrsb 1l sl. niWhabe weeususpended4

| i gase jwas added, and the ligation reaction for joining both DNAs to each
ot her Yas igarklitechloof purifiCatfion b@flfewr ¢ Ifjo[§OoveMaTrisehpdnachloiide( 4)
Prepar pti on of an Eschenchia coli strain harboring the reconbi nant DNA
Escherj chi(@®o8), DPsLem¥ efhylenedianinetetvaszcericofcid |(RRTA) nmelli m¥h (1%
Bact o-ftrypt one, 0.5% Bacto-yeast extract, 1% sodium chloride (pH 75)] and
cul turled &itdyethgeitokbrand bisrxuptad |esiRg ca corregeryzey (preductigafi on

at 3,000 revolutions per mnute (rpm _ for 7 mnputes and suspended in,
Brown Biotech; glass bead diameter 0.1 mm). The disruption

mixture was centrifuged to give about 90 ml of a supernatant.

Protamine sulfate was &dded to the supernatant to a final

concentration of 0.4%, and the resulting mixture was
centrifuged for removing macromolecular nucleic acid components
as a sediment. The supernatant obtained was dialyzed against

purification buffer (I) through a cellulose membrane to give a

‘desalted active fraction (about 11 ml). This fraction was
applied to a CM-Sepharose column (Pharmacia) previously
"‘ equilibrated with purification buffer (I) and the desired
enzyme was eluted with 300 ml of Purifiéation buffer (I) with
a linear NaCl concentration gradient of 0 M to 1 M. From among
the active fractions obtained, a 12-ml portion maximal in

enzyme activity was taken. This active fraction was applied to

a Sephacryl S-300 column (Pharmacia), and elution was carried
out with purification buffer (I). This gel filtration gave 5
ml of an active fraction. This fraction was applied to an ATP-

agarose column previously equilibrated with purification buffer
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20 M o
at O[er
centrif

cal ci um

anpi ci |
gal acto

48 hour$
i ncubat
white ¢
each cd
t ransf g
nmet hod

O mM cal ciumchloride solution maintained at 0 C. After sta
C. for 20 mnutes, the cells were collected by the sane
ation procedure as nentioned above and suspended in 40 m of
hl ori de solution maintained at O[err] C This suspensi on was
reconbi nant DNA- cont ai ni ng sol uti on obtained as described in
e 1, and the m xture was allowed to stand at 0'C. for 10 mn

f B
(
u

(LB l'iquid nedium+l. 5% a contai-ning 50 [err]g/m of
iy rb@@ﬂeﬁosf)%rwiﬂ{ 13 Nam- %&M&{&&x&ﬁ@ﬁddﬂe@rﬁh oM

| de ( Xgal This plate nedi umwas i ncubated at 37[err] C for

| ony, wet 10 cells of a
r megenbent @bt k6 nedig/Mmk. cel s obtained were disrupted by the
described in (1) of Exanple 1 and a supernatant was coll ected.

supern
acti vi
Chem

resul tf,

tines strcﬁf&éle?ﬂe FEBSSRErPelEpcRad :
PSS Tt ef | sl oD e ol Al B

bi nan

desi ghat e

y by the nethod of D. J. Manstein et al. [Journal of _Biologic

ndi ng

50 nmv

m xed
(3)

ut es,

:{]fnfat ed13fe i3] Skdd Eaireieaoé@g?qygﬁ n@oaprnaadopvsﬁrﬁhlcﬁta%r

to
24 to

15 &fdl atit@veofracbildneoticle fayl HetDS Fiddlby,t BRegbovas
on, col oni es appeared on the plate medium Anmong the col oni es,
Ol cobesined e3chl mlir of aapurifdied drstime i frdadtiomuwilthed protiedn

Thi s

t ant2 hasIsebgbiaedofisam ERtRRDENgeRE and subjected to the assay of

al -

ry, 261, 1650®- pené&eégm.%tme@r ansmeﬁrtlme%uaéwat @asps g

a strain about 325 tines stronger in FK activity an bout 2

S RAcHRRIPTSS | Eo11ovRd

N-terminal amino acid sequence determination. Fourteen

40

Pé’com

N-

terminal amino acids were found_identical with those of protein '
X. Therefore, based on the protein X nucleotide sequence
[Kamio, Y. et al., Journal of Biological Chemistry, 220, 5616-
5620 (1985)], a 5’'-end primer (SEQ ID NO: 1) and a 3’-end
primer (SEQ ID NO: 2) were designed for PCR (polymerase chain
reaction). These were synthesized by the phosphoamidite method
for solid phase synthesis [Beaucage, S. L. et al., Tetrahedron
Letters, 22, 1859 (1985)] using an Applied Biosystems model
380A automated DNA synthesizer. The PCR was carried out using
a GeneAmp DNA amplification reagent kit (Takara Shuzo). The

chromosomal DNA of Escherichia coli C600 was used as the

template in an amount of 1 ng/100 ﬁl, the synthetic DNA primers
were used each in a concentration of 1.0 uM, dATP, dCTP, dGTP
and dTTP were used each in a concentration of 200 puM and Taq
DNA polymerase (Takara Shuzo) was used in an amount of 2.5

units/100 ul. Each reaction cycle consisted of 92°C x 1

e
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P Said strain has been deposited since Nov. 7, 1991 with the
‘on Research Institute, Agency of Industrial Sci- ence and

under the Budapest Treaty. The acces- sion nunber is FERM
(6) Confirmation of the position of FK and FADS domai ns
nt plasm ds carrying the FK-FADS gene in which the region encodi ng
m nal region was del eted were constructed for confirmng the
qéifd%@,ndslif&@s ¥ opRinihdtes’ Nend K70ABS £ Ngodiithede OMidiedasn

5). The PCR was carried out using a 5 -end prinmer (SEQ ID NO

S)eydles ; eHePrddBI rd SEONAN@ ragmetttIpEE@ANGS fo eppbabeni IX thgssame
S J@scribed in Exanple 1-(2) and (3). The thus-obtained

BP- 3643.
Reconbi
the Nt
positio
t he abo
3,4 and
manner

Hi ndl | | § BagBtaiigdents were each inserted into an ATG expressi on vector
pTrS33 §JP- A-227075/90) to give reconbi nant plasm ds pND12, pND18 and
pPND30. {Thegs3) r exoeygm retdomp| @f na dsecamit nant BNAK- FADS gene which | acked the
region jcoding for 12, 18 or 30 am no acid residues fromthe N term nal.
Sepa- rfately, the 4 nd0ll x1Bawfl af rseginadriton whonhaiming RCRu@r efucther BRAr ed
by usimg a 5 -end prinmer (SEQID NGO 1), a 3 -end prinmer (SEQID NO 7) and

PFK5A fs af tagmentt eobhaihedsase defaribes akevei Wede mddethpindIiD)andd
(3), s inserted into pUCL9 to obtain a reconbinant pl.asm d pCD20. This
pl asnmjd cEeeRhs antk dHgesibon @t carirded suked SRParagedy  cHADAEIfoangdo
am no jacid residues fromthe C termnal. The reconbi nant plasm ds thus

obt ai jed WESQRBHNIFRRAAAD 42 A idr HEESCROINERPR Contapdndms: d] Hohefckhge
Sty e TR NN L T R TNy
are spown 6ﬁh1%¥§éhént and vector DNA were purified by phenol extraction
and ethanol precipitation. The purified DNA (100'ng) and the
purified vector DNA (20 ng) were suspended in a solution
containing 66 mM Tris-hydrochloride buffer (pH 7.6), 66 mM
magnesium chloride, 10 mM DTT and 0.1 mM ATP, 10 units of T4
" ligase was added, and the ligation reaction for joining both
DNAs to each other was carried out at 14°C for 16 hours to give
a recombinant DNA.
(4) Preparation of an Escherichia coli strain harboring the
recombinant DNA
" Escherichia coli DHS5a was inoculated into 50 ml of LB
liquid medium [1% Bacto-tryptone, 0.5% Bacto-yeast extract, 1%
sodium chloride (pH 7.5)] and cultured at 37°C for 4 hours.

Cells were collected by centrifugation at 3,000 revolutions per

minute (rpm) for 7 minutes and suspended in 20 ml of 50 mM

calcium chloride solution maintained at 0°C. After standing at

0°C for 20 minutes, the cells were collected by the same
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The re ts suggest that an FADS domain exists in the N termnal region of

protei ri@X (FK-FADS) since the FADS activity is remarkably reduced when at-
| east B amino acid residues fromthe Nternmnal are deleted and that an
FK dofmin exists in the Ctermnal region of the protein. The crude
extract® obtained fromthe culture supernatant of the deletion

ontaining cells shovved | ower activity than that of the

7o o orpkebeBr R A Bl st Ve RO RERER AR B 101V

gﬁcgg%ﬂt o uh %%éi@?ﬁm chloride solution malntal?%é‘s%g bec. This, . ty
E)Hg'[ te/ r]suspengtf&r{‘ was m:.zced witR' Oiﬁén)r?comblngﬂtpm_@?erﬁr} aining

27.6 §3ZP1ution 3131:51168&555 descr%éherlrﬂlpwlgf ExamFQegq (&Ha the 8.13

0.17 (2) 1.07 (7) *Parenthetic values are a ratio of the actvity to
t hat jobttatested EAM420C- forafsfosemitis did sprdad aveDdn] EBr Agé¥)plate
Preparation of a m croorgani sm having reduced FADS activity Using priners
each| spensdiv (I8 sEi;qmm N@ed Bum 9+ aid 530 ageey)p exsin tee rigd il nagmpl a€ni ds
wer ei prepared accor di to the Kunkel met hod [ Met hods in Enzynol o 154,
364 j( 198maiciiidpriand s 2pengimld iaf séybmm-s-clglm-aelmbygeﬁrgned
SO that the 23rd IyC| ne. of protein_X should be replaced with arginine,

al ani ne IS¢ ¢ c(Xgal) - r Thie-Plpbel Pedimmm p@as -imrRatedighend?66t ai ned

throughfgch usi ‘&{lmars specified in SEQ 1D NO 2 and 11 was inserted into
pl asm d 1"[Cgr 1M Hhyi neering. 1, 67 (1986)] to

(5) Isolation of a DNA coding for FK-FADS

After the above incubation, colonies appeared on the
plate medium. Among the colonies, white colonies were cultured
éach individually in LB liquid medium. For each colony, wet
cells of a transformant were obﬁained. The cells obtained were
disrupted by the method described in (1) of Example 1 and a
supernatant was collected. This supernatant was regarded as a
Y crude enzyme and subjected to the assay of activity by the
method of D. J. Manstein et al. [Journal of Biological
Chemistry, 261, 16169-16173 (1986)] using FR or FMN as the
substrate. As a result, a strain about 325 times stronger in
FK activity and about 240 times stronger in FADS activity was
found, as shown in Table 1. The recombinant plasmid harbored

in said strain was named pFKSA and this strain was designated

as Escherichia coli DH5a/pFKSA.
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:__asrri d harboring the wild FK- FADS gene to be used as a tenpl ate.
s confirmed by anal yzing the reconbi nant plasmd isolated from
ormant with an automati c DNA sequencer. Plasm ds on which the

obt ai n q?
Mut at i on §
the trans

nut ati on as conferred for substitution of the 23rd glycine codon of

12 protgin X with the arginine codon, alanine codon or aspartic acid
cadon weige naned plasm ds pKK11, pKK12 and pKK13 respectively Each
nmut at ed

.transforﬁf? " DA Tria R BPER T FRRRL 55 %l%i%q uPrpRERRLT Higl"
he” samd s g .éﬁ%?w it F{%‘*—J’%‘?rﬁ?{%ﬂ HHee gty AT '@‘*s?-‘f”%-‘-'”

From t hef r&sil ﬁg&gﬁ ot [ t heqg

gl yci ne gwas rer?o aceorl Wi t%éhrgl n ¥|e %% neﬁ{oér1 ;égpa |éc£ ac@lfg}?al ne the
FK act'vﬁgdbgggl@ﬁn@@ﬁbégsistggRﬁAgﬁ_ggQBV|ty Eschenchi a coli

DH5[err [ pKK11, DH5[err]/pKKl2 and DH5[ err]/ pKK1l3 have been deposited .
since QFt.(gp, 19%on¢{hmdtifofrebFenitd | gsifesfabgh FKIShh§UtFapsAgency of

InduStr’aI ci ence and Tech- nol ogy under the accession Nos. FERM BP-4031,

FERM HP-4032 and ddadM@#- 4033, respectively, in accordance wth the
Budapegt Treaty. TABLE 2 .

FK actjvity FADRS@mbinant plasmids carrying the FKRFADSUgene tiinviwhych
(unit/ Strain pr ot ei n) ng protein)

the region encoding the N terminal region was deleted were
constructed for confirming the position of FK and FADS domains
in the FK-FADS encoding gene obtained in the above (5).

The PCR was carried out using a 5’-end primer (SEQ ID
NO: 3, 4 and 5), a 3’'-end primer (SEQ ID NO: 6) and pFKSA as a
template in the same manner as described in Example 1-(2) and
(3). The _thus-obtai.r.led HindIII-BamHI fragments were each
inserted into an ATG expression vector pTrS33 (JP-A-227075/90)
to give recombinant plasmids pND12, pNDlB and pND30. These
recombinant plasmids contain the FK-FADS gene which lacked the
region coding for 12,J18 or 30 amino acid residues from the N
terminal. Separately, the g;gﬁlII—ggmﬁi fragment, which was -a
PCR product prepared by using a 5’'~end primer (SEQ ID NO: 1),
a 3'-end primer (SEQ ID NO: 7) and pFK5A as a template in the
same manner as described in Example 1-(2) and (3); was inserted
into pUCl19 to obtain a recombinant plasmid pCD20. This plasmid
contains the FK-FADS gene which lacked the region coding for 20

amino acid residues from the C terminal.
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DHS5Lerr],; 0.09 (1)* 0.15 (1) DH5[ err]/ pFK5A 285
(325) 36. 2 (240) DH5[ err] / pKK11. 173 (200) 1.18 (8)
DH5[ er r ] /KKl 2 18.2 (210) 0.74 (5) DH5[ err]/ pKK13

21.9 (255 0.89 (6) *Parenthetic values are a ratio of the activity to
that obt §ined fromnon- transforned cells of E coli DH5[err]

EXAVPLE A reaction mxture containing 100 g/liter of cells of

Eschericpia coli Diplef ifeldami/{aints Iglla'lsmrﬁi thué hebta Dhed dR@sét ¥ach used
cul tivatg on nethod, 10 g/liter of FR, 15 g/liter of ATP, 10 m/liter of

xyl ene gnd 4 Wb efo t}uehe.eiéhZAS _bg%, mHERd | The arhuile)cestEfet ewbriube
(21 mm i§n inner dianeter), and incubated at 46[err] C for 30 hours with

occasi o aIpayy@ﬁaat(zgdﬂﬂlBHefﬂxhdﬁﬁﬁdﬁmdﬁtﬁf R8I saubaledt heopH ¥AZyme
adjustefl to 7.0 to 7.2 with 0.2N potassi um hydroxi de. The anmounts of

FWN. Na[fr r lacuidrirAledNafrer the t Samef nammedrane stanerxibved ain eEdamghe teg8l)ts
obt ai ngd by using Escherichia coli DH5[err], DH5[err]/pKKII, DH5[err]/pKKl2
[ er MhepldekRi litrs |dxm sifown in Table 1. 13
Escherjchia coli DH5[err]/pFK5A in the same procedure as described above .

o shown in The eeBults suggest that an FADSTASNELR @xigks in the

FMN. Najerr] (g/liter FAD. Na[err] (g/liter) DH5[ errL . 0. 04
0.1 %[er,q/ppp(gp\na regz.cul @f protein X (FK3FADS) since the FADS

activity is remarkably reduced when at least 18 amino acid

! residues from the N terminal axe deleted and that an FX domain
; exists in the C terminal region of the protein. The cxude
extract obtained from the culture supernatant of the deletion
mutant-containing cells showed lower activity than that of the

: pFKSA-containing cells. It is.considered that the decrease in
| activity was caused by formation of inclusion bodies during

{ cultivation, which decreased soluble enzymes.

; FK acti#ity - FADS activity
v . train nit rot nit/mg protei
bHSa 0.08 (1)* 0.15 (1)
DHS5a/pFKSA  27.6 (329) 37.6 (245)
DHS5a/pND12 §.96 (83) 8.13 (53)
DHSc/pND18 3.61 (43) 0.31 (2)
DHSe/pND30 4.53 (54) 0.31 (2)
DHSa/pND20 0.17 (2) . 1.07 (7)

* Parenthetic values are a ratio of the activity to
that obtained from non-transfoxmed cells of E. goli

DH5c.
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DH5[ err KK11 1.4 0.1 DH5[err]/ pKK12

1.5 0.1 DH5[ err]/ pKK13 - 13 0.1
EXAVPLE A 10-m portion of a reaction m xture containing 100 g/liter of
cul turedgcel | s of Escherichia coli DH5a/pFK5A as cultured by the

hi gh-dergity cultivation method, 20 g/liter of FM\, 25 g/liter of ATP, 10
m liteg of xylene and 4 g/liter of Nym ne S-215 was poured in a | arge-size
test tul din 6oL af QE o}}@gr | s e haking to
b bi t Eh et Brgbsfation Sof 2 ﬂ?ﬁg%pH St g%jvgg%g?to %D 1o 7.2 with

0. 2N pofassi um hygii s i J€yamount of FAD. Na[err] thus fornmed is shown
in Tablg 4. The sane procedure was carried out using Escherichia coli

[e in |ieu wdifksPeiners tedch isgdd £1dd /ipF ISR IBUNDRE8, Ysimy 1200
g/literf of ATCC 21170/ pKH43 (JP- A-138988/ 90) which is a Corynebacterium

i dgepespettiva reconbigant pphssmildbaveng pihepdted AR guhingldrd e from
Corynelbpact eri um amoni genes, the sanme procedure was carried out except that
chmkel rmetbad [Methodsg/in tBnzynokogWP Lhheedb4t (40830 lwas The
g/litef, the reaction tenperature was 37 errg]T C and the reaction period
was 20 hoprimereseppedfied drme $HQoIBhYA 8 d so

and Y0 were designe
4 DH5§ edtr] i in X lo' 3 ced wi

DH5[ erfr ] / PG Athe 23xd glycine of; goxptein Areuls b9, 5&;&3 th
argininé, alanine and aspartic acid, respectively. The Pstl-
EcoRI fragment obtained through RCR using primers specified in
SEQ ID NO:2 and 11 was inserted into plasmid pT2Z19R ([Protein
Engineering, 1, 67 (1986)] to obtain a plasmid harboring the

- wild FK-FADS gene to be used as a template. Mutation was
confirmed by analyziﬁg the recombinant plasmid isolated from

) the transformant with an automatic DNA sequencer. Plasmids on
/'I which the mutation was conferred for substitution of the 23rd
! glycine codon of protein X with the arginine codon, alanine
i codon or aspartic acid codon were named plasmids pKK1ll, pKK12
¥ and pKK1l3, respectively. Each mutated plasmid was used to
transform Escherichia <¢oli DHS5a« to give transformants,
DHSc/pKK11l, DH5a/pKK12 and DHSa/pKK1l3. The enzyme activity was
measured using the crude extract of these strains in the same

manner as in Example 1-(5). The results are shown in Tablé 2.

From the results, it can be seen that protein X mutein in which

the 23rd glycine was replaced with arginine alanine or aspartic

acid retained the FK' activity but almost 1lost the FADS

activity. Escherichia coli DH5a/pKKll, DH5a/pKK12 and
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.““M. .

14 ] EXAMPLE 4 A 10-m portion of a reaction m xture
containingd 100 g/liter of cultured cells of Escherichia coli DH5[err]/pFK5A
as cultur@d by the high-density cultivation nmethod, 1 g/liter of FR, 10
m/liter gf xylene and 4 g/liter of Nym ne S-215 was poured in a |arge-size
test tubefand incubated at 46[err] C. for 48 hours with occasional shaking
to inhibif mest,/SRKEY i Ravebedtl Idepddit i digicw rtidkdred 31,01599 &9tK. €haith
0. 2N pot &- sium hydroxi de. The anmounts of FMN. Naferr]. and FADNa[ err] thus
formed afle pdementatloR! Refoaddle Institatept AgeRdybfUThadsEBLAE §60bACE0!
DHS[err] § DHS[err]/pKK11l, DH5[err]/ pKK12 and DHSferr]/pKKlS in lieu of
Escheri cji aamd|TediindBsgy vpidhd the talveesvion Noad PERMABPA493NI, bpgrybppe
are al saf shown in Table 5. TABLE 5 Strain

FMN. Na[ dr r ]4Q32 i a&nd) FERMABIN 33 | (D@$Dectively, D eradordance with thé. 01
0 [ err]/ pK5A 0.53 0.33 DH5[ err] / pKK1l

0. 41 Budapest gTxeaty5[ err]/ pKK12 0. 60 0

DH5[ errj/ pK13 0.51

EXAVMPLE 5 A 500-m portion of a reacliEJaQ.n&xture containing 20 g/liter of
cultured cells of Escherichia coli D5 err]/,pFK5A as cuI tured by the

hi gh-dénsity cul tivatio t‘tié"r’-*é‘f AD Ialcstlﬂflty
Corynebacterl um arfeRy e

descri bed in JP-A- 6 74595, 100 / j, gI ucose, /I r of FR
20 g/I*lter of KH[er%t?%err] 3 glllteéJ 6% {\bgl[err]YH[eré]bg 1()£ /[liter

ol 26" fermentor ana PREGCAPGND, "6 St BB < T B (2 1AR0L "800+ p

-'.. = A
C}

whi | e!,:jthe OX'-dat'Orbéﬁg%Pf potentiﬂ3 (200) 1.18 (8)
I
/ DH5¢./pKK12 18.2 (210) 0.74 (5)
l. DH5a./pKK13 21.9 (253) 0.89 (6)

* Parenthetic values are a ratio of the activity to

f that obtained from non-transformed cells of E. colj
] DHS5e.

!" '

: Example 2

A reaction mixture containing 100 g/liter of cells of
i Escherichia coli DHSw/pFKSA as cultured by the high-density
cultivation-method, 10 g/liter of FR, 15 g/liter of ATP, 10
ml/liter of xylene and 4 g/liter of Nymine S$-215 was poured
into a larxge-size test tube (21 mm in inner diameter), and
incubated at 46°C for 30 hoﬁrs with occasional shaking to

inhibit sedimentation of cells while the pH was adjusted to 7.0

to 7.2 with 0.2 N potassium hydroxide. The amounts of FMNe«Na,
and FADeNa, thus formed are shown in Table 3. The results
obtained by using Eschexichia coli DHSa, DHSa/pKK1ll, DHSe/pKK12

- 19 - —~
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was 'mai nfai ned at -350 to -400 nV and the pH was adjusted to 7.0 with 5N

' hydr oxi de. The anmounts of FMN. Na[err] and FAD.Na[err] thus forned
in Table 6. The results obtai ned by using Escherchia col

DH5[ err]§-and DH5[err]/pKK12 in lieu of Escherichia coli DH5[err]/pFK5A in

t he sa procedure as descri bed above are al'so shown in Table 6.

Further § using ATCC 21170/ pKHA3 (JP-A-2-138988) which is a Corynebacterium
anmoni ageaad PESA)Y IR Y 1w Bidhass dshakir-aghtiRe i FARS PR Ieriny eghd rom
Cor yne-{ bact eri um ammoni agenes and the sane proceédure was repeated except

t hat t sane! procednreibs désewlibed ABukengre aQ8onkhpwnt iAnTabla Beaction
m xturg containing 160 g/liter of cultured cells, 100 g/liter of glucose, 8
g/lited of FR, 20 g/liter of KHerr] MHbdre¢s]3 5 g/liter of

MySO efr]. 7H err]0, 10 g/liter of zZnSO[err], 40 g/liter of sodium
pyrophfpsphat e, 10S@§idaiimer of FMed@:ahg/digelri)t er FADNNALnegLlRUEr)nto a
2-litef small-size fernentor and jincubating the reaction mxture at 38[err]
55 hours with agitation at 600 rpm whil e maintaining the oxidation
on potenti ®H56f -300 to -400%mP4 the pH of 7.8 witH 5N potassium
hydroXi de and the _soluble KH err]PQ err] concentration of_about 30 g/liter
with gptionally a@@%ﬁjﬂﬁﬁiﬁr]F&IerﬂTﬁ The results are al so*%hown in Table

6. TABLE 6 Sty ain
FMN. Na[err] (g/1it 8P/ BER A err] (di1dter) DHB[err] 0.1
0.1 DHSo/ pKK12 1.5 0.1
DHSc/pKK13 1.3 0.1
Example 3

A 10-ml portion:of a reaction mixture containing 100

g/liter of cultured cells of Escherichia coli DHS5a/pFKSA as

cultured by the high-density cultivation method, 20 g/liter of

" FMN, 25 g/liter of ATP, 10 ml liter of xylene and 4 g/liter of

Nymine S$-215 was poured in a large-size test tube and incubated

at 46°C for 24 hours with occasional shaking to inhibit sedi-
mentation of cells, the pH being adjusted to 7.0 to 7.2 with
0.2 N potassium hydroxide. The amount of FADeNa, thus formed
is shown in Table 4. The same procedure was carried out using

Escherichia coli DHSa in lieu of Escherichia coli DHS5a/pFKSA.

Further, using 200 g/liter of ATCC 21170/pKH43 (JP-A-138988/90)
which is a Corynebacterium ammoniagenes strain carrying a
plasmid having the FK-FADS gene derived from Corynebacterium

ammoniagenes, the same procedure was carried out except that

-~ 20 -~ :
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15.1 1.2 DH5[err]/ pKK12
3 0.05 ATCC 21170/ pKH43 5.1 1 In
ohce with the present invention, flavine nucle- otides, which are

oA

inportflt as ingredients of nutrient com positions, raw materials for
vari ou pharmaceuticals, bio- chem cal research reagents and so forth, can
be profjuced in high yields and at | ow cost VWil e the invention has been

descr|we

Do he PRl A8 A B o BRSO

a5|40

T2 T B AR R AR iy Bhdzisand

(o bebMEERGF 28EURNGES: mhige resuits e 422) shARCRATHANER SEQ

|ENGTH: 26 base pairs . Table 4 (B) TYPE: nuclcic
. (C ) STRANDEDNESS: single :
TOPOLOGY: | keedin (11 JradaGey1T¥BE) CDNA
DHSa 0.3
DH5a/pFK5A 18.5
ATCC 21170/pKH43 10.7
Example 4

A 10-ml portion of a reaction mixture containing 100
g/liter of cultured cells of Escherichia coli DHS«/pFK5A .as
cultured by the high-density cultivation method, 1 g/liter of
FR, 10 ml/liter of xylene and 4 g/liter of Nymine S-215 was
poured in a large-size test tube and incubated at 46°C for 48
hours with occasional shaking to inhibit sedimentation of
cells, the pH being adjusted to 7.0 to 7.2 with 0.2 N potassium
hydroxide. The amounts of FMNeNa, and FADeNa, thus formed are
shown in Table 5. The results obtained by using Escherichia
coli DHSa, DHS5a/pKKll, DHSa/pKK12 and DHS5a/pKK13 in lieu of

Escherichia coli DHSa/pFKSA in the same procedure as described

above are also shown in Table 5.

e

Sheet Has Been Replaced

N



'@YPOTHETI CAL: N (x i ) SEQUENCE DESCRIPTION: SEQ ID NO 1:

TTGACCGCTO TACAAG (2 ) INFORVATION FOR SEQ I D NO. 2: (1
) SEQUEN@E CHARACTERI STI CS: (A) LENGTH 25 base pairs
( © STRRNDEDNESS: single (D) TOPOLOGY: linear (i)
MOLECULE§ TYPE: cDNA (iii ) HYPOTHETI CAL: N (xi ) SEQUENCE
DESCRI PT§ ON:  SEQ I D NO 2: CCCTGITTCC GGCGAATTCA GGGTT (2 )
| NFORMAH ON FOR SEQ ID NO 3:  (A) LEI\P’ 5 base pairs (B ) TYPE:
nucl ci c Jacid (C) STRANDEDNESS: si ngl ej}%—%DO_OGY i near (i)
MOLECULRE TYPE: c . (it
DESCRI PfI ON:  SEQ D NG 3: %@Mﬂrgﬁ@mm GGGTGTGT
GCTGACTATT
' DH5c 0.01 0
f DH5a/pFK5A 0.53 0.33
] DH5a/pKK11 0.41 0
| DHS5c/pKK12 0.60 0
DH5c./pKK13 0.51 o
Example 5

A 500-ml portion of a reaction mixture containing 20
g/liter of cultured cells of Escherichia coli DHS5a/pFK5A as
cultured by the high-density cultivation method, 160 g/liter of
cultured cells of Corynebacterium aﬁméniagenes ATCC 21170 as
cultured by the method described in JP-A-Sho-61-74595, 100
g/liter of glucose, 16 g/liter of FR, 20 g/liter of KH,PO,, 3
g/liter of MgCl,7H,0, 10 ml/liter of xylene and 4 g/liter of
NYmine §-215 was poured into a 2-liter small-size fermentor and
incubated at 46°C for 48 hours with agitation at 600 rpm while
the oxidation reduction potential was maintained at -350 to -
400 mV and the pH was adjusted to 7.0 with 5 N potassium
hydroxide. The amounts of FMNeNa, and FADeNa, thus formed are
shown in Table 6. The results obtained by using Escherichia
‘coli DH5a« and DH5a/pKK12 in lieu of Escherichia coli DHS5a/pFKS5A
in the same procedure as described above. are alsc shown in

Table 6.
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(2 ) INF
LENGTH:

HYPOTHET,
ATCGTAT
FOR SEQ
nucl ci ¢
| i near

i

TION FOR SEQ ID N0 4: (1) SEQUENCE CHARACTERI STICS: (A)

4O base pairs (B) TYPE: nuclcic acid (C) STRANDEDNESS: single
(D) T

OLOGY: |i near (1) MOLECULE TYPE: cDNA (iii)
CAL: N ( x i) SEQUENCE DESCRI PTI ON: SEQ | D NQ 4:
TAAGCTTATG GIGCTGACTA TTGGTAATTT CGACGGCGTG (2 ) | NFORVATI ON

D l(;lo 5: (1) SEQUENCE CHARACTER! STI CS: ( B) TYPE:
"¢ yitsle AR R el R

ammoniagenes stain carrying a plasmid

is a Co ebacterium

having the FK-FADS gene derived from Corynebacterium

ammoniagenes and the same procedure was repeated except that
the reaction was carried out by pouring a 500-ml portion of a
reaction mixture containiﬁg 160 g/liter of cultured cells, 100
g/liter of glucose, 8 g/liter of FR, 20 g/liter of KH,PO,, 5
g/liter of MgS0,+7H,0, 10 g/liter of 2nSO,, 40 g/liter of sodium
pyrophosphate, 10 g/liter of xylene and 4 g/liter of Nymine S~
215 into a 2-liter small-size fermentor and incubating the
reaction mixture at 38°C for 55 hours with agitation at 600 rpm
while maintaining the oxidation reduction potential of -300 to
-400 mVv, .the pH of 7.8 with 5 N potassium hydroxide and the
soluble KH,PO, éoncentration_ of about 30 g/liter with optionally

adding KH,PO;. The results are also shown in Table 6.

Table 6
Strain FMNeNa,(g/liter) FADeNa,(g/liter)
DHS5q 0.1 | 0
DH5a/pFKSA 15.1 1.2
DHS5a/pKK12 10.1 0.05
ATCC 21170/pKH43 5.1 1

In accordance with the present invention, flavine
nucleotides, which are important as ingredients of nutrient

compositions, raw materials for various pharmaceuticals,
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17 : ( x i) SEQUENCE DESCRI TPION: SEQ ID NO 5: ATCGTATCGA
TAAGCTTATG GGTCATCGCO CGCTGTTACA GGGCTTGCAG 50 (2) | NFORVATI ON FOR
SEQ | D NO 6: ( 1) SEQUENCE CHARACTERI STI Cs: (A
LENGTH: J41 base pairs (B) TYPE: nuclcic acid

( C) STRANDEDNESS: single (D) TOPOLOGY: |inear (i
i ) MOLECULE TYPE: cDNA (iii ) HYPOTHETICAL N (x i) SEQUENCE
DESCRI PjT D TTTATAGG CAT ATTCTCGGAT CCGTATTTCG G
41 (2 )%IR%E%HF FeﬁeSE | EPREEHLS an QFTh - gRYRgProduced in
CHARACTERI A) LENGTH: 53 base pairs (
B ) TYPH: ﬁ gs vieldsjand at low okt (C) STRANDEDNESS: singl e

(D) TCPCLCEN l'ﬁﬁ%ie the anénﬂlodwﬁéglgéggwggscgE%@d in detail and

with reference to specific embodiments thereof, it will be

1
i

i

-} apparent to one skilled in the art that wvarious changes and
|
! modifications can be made therein without departing from the
i

spirit and scope of the invention.

e e ARGt ST R

g

-
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) “@HYPOTHETI CAL: N (x i ) SEQUENCE DESCRI PTION: SEQ ID NO 7:
CGATGATA; C GGATCCCCTC TTATTTCAGT TCGICCAGCG ACGCAAATCG CTG 53 ( 2)
FON FOR SEQ | D NO 3: (A ) LENCHT: 33 base pairs

# nuclcic acid (C) STRANDEDNESS: single
fOGY: i near (ii ) MOLECULE TYPE: cDNA Ciii )
HYPOTHET§ CAL: N ( x i ) SEQUENCE DESCRIPTION. SEQ ID NQO 8:

§A TTCGTAATTT crwmxxxxﬂt:§%§ ence Listin
) | NFORMATI ON FOR SEQ | D R 901 ) SEQUENCE

ThCS: ( A) LENGTH 33 base pairs
§ Fﬁ PCIC aC|d (C ) STRANDEDNESS: single

? O§§ngw&%a&YpE: nucldid akidMOLECULE TYPE: cDNA

j SEQUENCE LENGTH: 26 bases

f STRANDEDNESS: single

| TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA

CCGGTTAAGC TTGACCGCTG TACAAG - 26

SEQ ID NO: 2

SEQUENCE TYPE: nucleic acid

SEQUENCE LENGTH: 25 bases

STRANDEDNESS: single

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA

CCCTGTTTCC GGCGAATTCA GGGTT 25

4 SEQ ID NO:3

SEQUENCE TYPE: nucleic acid

SEQUENCE LENGTH: 50 bases

STRANDEDNESS: single

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA

ATCGTATCGA TAAGCTTATG GCCCCGCAAG AAGGGTGTGT GCTGACTATT 50

-This Sheet. Has Been Replaced

- 28 - {MAHRERLA




(iii ) WYPOTHETI CAL: N ( x.i ) SEQUENCE  DESCRIPTION: SEQ I D NO 9:

GTGCTGACJA TTGCTAATTT CGACOGCGTC CAT
33 (%) | NFORVATI ON FOR SEQ I D NG 10: ( 1) SEQUENCE CHARACTERI STI CS:
(A) LENGIH: 33 base pairs (B) TYPE nuclcic acid (C) STRANDEDNESS: single

SEQ ID NO:4

f SEQUENCE TYPE: nucleic acid

SEQUENCE LENGTH: 50 bases

e,

|  STRANDEDNESS: single

TOPOLOGY: linear

i

MOLECULE TYPE: other nucleic acid, synthetic DNA
ATCGTATCGA TAAGCTTATG GTGCTGACTA TTGGTAATTT CGACGGCGTG 50

SEQ ID NO:5

SEQUENCE TYPE: nucleic acid
SEQUENCE LENGTH: 50 bases
STRANDEDNESS: single

TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA
ATCGTATCGA TAAGCTTATG GGTCATCGCG CGCTGTTACA GGGCTTGCAG 50

SEQ ID NO:6

SEQUENCE TYPE: nucleic acid
SEQUENCE LENGTH: 41 bases
STRANDEDNESS: single

TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA

GATTTATAGG CATGCATCAG ATTCTCGGAT CCGTATTTCG G 41

Thls Sheet Has Been Replaced
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3 | i near (ii ) MOLECULE TYPE: cDNA ( iii) HYPOTHETI CAL: N
JQUENCE DESCRI PTION: SEQ I D NO 10:  GTGCTGACTA TTGATAATTT
" 33 (2 ) | NFORMATI ON FOR

( | )SEQUENCE CHARACTERI STICS: ( A )LENGTH
(B) TYPE: nuclcic acid ( C ) STRANDEDNESS:
] (D) TOPOLOGY: | inear (ii ) MOLECULE TYPE: cDNA
ki N (xi ) SEQUENCE DESCRI PTION: SEQ I D NO 11:
] orTACO 24
( 2) INF SEQUENCE CHARACTER! STI CS:
(A) LENC@T%M&%R@QR% ac"‘%B ) TYPE: nuclcic aci d (c )
STRANDEDNESS%QM GENCTH: 53 ) lgpsg_sTopo_oev i near (i i ) MOLECULE

TYPE: cDNA (v ORI G NAL SQU (A ) ORGANISM [err] coi
STRANDEDNESS ¢ single

TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA

CGATGAATTC GGATCCGCTC TTATTTCAGT TCGTCCAGCG ACGCAAATCG CTG 53

SEQ ID NO:8

SEQUENCE TYPE: nucleic acid

SEQUENCE LENGTH: 33 bases

STRANDEDNESS: single
. TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA

GTGCTGACTA TTCGTAATTT CGACGGCGTC CAT 33

SEQ ID NO:9
SEQUENCE TYPE: nucleic acid

SEQUENCE LENGTH: 33 bases

Y
‘ﬁ.h—.%u“;-u’ L

STRANDEDNESS: single
TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA

GTGCTGACTA TTGCTAATTT CGACGGCGTC CAT 33
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ATURE: (A ) NAVE/ KEY: CDS (B) LOCATION: 1.935 (D)
ORMATI ON:  / produce-"PROTEIN X"

19 W|ATG AAG CTO ATA COC GEC ATA CAT AAT CTC AGC CAG GCC CCG CAA AA

45 Mei Igs Leu Ilo Arg Ay Ilc H's Ass Lee Ser s Als Pro GmGm 1

5 3 10 15 GGG TOT GIG CTG ACT ATT GGT
AAT TTCHEAC GGC GIO CAT COC GOT CAT 96 Ay Cys Val Leu Thr .
lle Ay #ss_Phe N%?Oé Vel H's Arg Ay His ' 20

25 § SEQ ID 0 OGC GOG CTG TTA CAG GGC TTG CAG GAA GAA GGG OOC
AAG CCCy

; 4 Arg Al Les Lcu daQ@d Les dn dn ds
Ay ArsLygEéﬁgNﬁgnTY@? nuc1e1d %ﬁds Y
45 CCG; Or
192 Proi Va
50 ;

40

@J%O T,LT CCT CAA CCA CTO GAA CTG TT1T &CT
QE@ I"@:‘t@’%u 35@%% Pre de Pro Les dn Len Phe Al n
STRANDEDNES®} single 60
TOPOLOGY: linear
MOLECULE TYPE: other nucleic acid, synthetic DNA

GTGCTGACTA TTGATAATTT CGACGGCGTC CAT 33

SEQ ID NO:11 .

SEQUENCE TYPE: nucleic acid

SEQUENCE LENGTH: 26 bases

STRANDEDNESS: single

TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid, synthetic DNA

CCGTTAATCT GCAGGCACTC GTTACG 26
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ACC ii;“‘ GCC CCG GCA AGA CTG ACC COO CTG CGG GAA AAA CTG cGr

240 Thr ] JAsp Lys Ala Pro Als Arg Leu Thr Arg Les Arg s Lys Les Arg 65
70 % 7 8 0 TAC CTS OCA GAO TGI G&C GIT

GAT TA 'GTG CTG TGC GIG CGI' TTC GAC Tyr Les Ala Au Cys Gy Val Asp Tyr Val
Leu CysjVal Arg Phe Asp 85 90
95 AGJ CGT TTC GOG GOG TTA ACC GOG CAA AAT TTC GTC AGC GAT CTT CTG

336 Argf Arg Phs Ala Als Leu Thr Als s Asn Phe Val Ser Asp Les Leu

100 ] What is claifbd is: 110 GIG AAG CAT TTG CGC GTA
AAA TTT CTT GCC GTA GGI' GAT QAT TTC CCT- 384 Val Lys His Lou
Arg Vali Lys Phe Loul Al aa\iato€kys Atpr Aspo@heiRgoflavine nutl&otides which
120 : 12S TTG GCG CTG GIC GIG AAO GCG ATT TCT TGI TAT TAC
AGA AAG CTGcditprises reacilfiglea Alfdlawne/alni&ledysddl spresuBsporCywithr
Tyr Arg Lys Leu Ala 130 135 140 TGG

AAT ACG CCTad@®aive TEA-TCLIPIBTSpIIEe AW 0T RdquEoECneghi@GE® the presenge
Trp Asn Thr Als Scr Ilc Ser Pro Val Arg Lys Leu Phe Ala A n Val 145

150 of cells oxs55a culture of ajgpiceoorgainds@mCAhachoGiNngGCA
CGG CTO CGI CAG GCC CTT GCG GAT GAC AAT 528 Ala Cys Als Ser Al's
Al's Arg Leur@egmiinany BNAcwhAChE soptadmsagn DNA fragment derivabhhnfrom a
170 175 CTG GCT CTO GCA GAG AGT,TTA CTG GG CAC. CCO TTT
GCC ATC TCcaniggporganism belonging t9 fhegemus &sgh Eatespbagtorp
Phe Ala Il e Ser 85 .

190 COT GI¥ cﬁ@&w@ﬁdGA‘A%‘T)&*MW%&‘F%‘FM%‘P%%&GW&BV&“

624 A1 g Val ol 5o Gtnf0aCdt £h2450 ATl bbis By e O UL e
g’:‘g gT'rI]' T\%@%r o%%%{i@ It ated celfg o2 AR FNuROod 9

.the microorganism, until a recoverable amount of the flavine
nucleotide is accumulated in the aqueous medium and recovering
the flavine nucleotide thus formed from the agqueous medium.
2. The process according to Claim 1, wherein said
microorganism harboring a recombinant DNA belongs to the genus
Escherichia, Enterobacter or Pseudomonas.
3. The process according to Claim 1, wherein said DNA

fragment contains the whole or a part of the gene coding for a

et
‘ﬂ‘éﬂﬂg&;; A
] ..-...:._':-,..',.;.«-.f:e-.ﬁ-.t.n'.\kif_-v,,’- -

g

protein having flavokinase activity and flavine adenine di-
ﬁucleotide synthetase activity.

4. The process according to Claim 3, whérein said.gene
codes for protein X derivable from a miéroorganism belonging to
the genus Escherichia.

5. The process according to Claim 3, wherein said DNA
fragment contains f.he whole or a part of the gene coding for a

modified form of the protein having flavokinase activity and

/

I

/
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7
210 | 215 220 GCG GTA BAA GIG CTG G&C CTC
GGTGAAAAGCGGTTACCCGGCGTGGCA 720 Ala Val dn Val Leu @y
Len Ayid@n Lys Pro Len Pro @y Val Als 225 230
235 : 240 AAC ATC GGA ACA CGC CCA ACO GIT GCC GGI ATT COC
CAGCACCTGGAA 768 Asn Ile Ay Thr Arg Pro Thr Val Als Ay Ile
Arg GL Gln Leu Qu 245 250

e Y e

240 G &dén ATA
e AAT G@ﬁél&g&er_r$ét&ét¥ but has no 4P r@@éﬁggﬁvalfﬂ%ﬁ B gﬁﬁys

Lys Ile Argifisnddsdd %Sﬁsﬂueﬂ@e Aéétﬁﬁitfﬁu 275

280 GAA CTG AAA GCG CAG ATT GOG CGTI GAT GAA TTA
ACC GGC CCC GAA §. The Q&Eeé@pa&ﬁrﬂﬁﬂgwc @1&11@! 5, WHeerdlim saig geped u
Leu Thr Ala Arg GQu 8 300 TTT
TTT GG crodeca Ioxn anc@mimp pedd sequence of proteln X derivable from 2039
Phe Phe %%ﬂdﬁfgﬂﬂldﬁ%éﬁr&uﬂd@ 3:Q>5the genus Escherlc%]l% 1n wh:.ch the

20 - What_is clainmed is: process for

mononucl ecdt3xfe IR reﬁi‘éﬂ%&%”ﬁ?@l daomydhe Nsdarmimadn et*,"@m?rfl ses the

steps of. protlelih Xead isubst itur@ld auith dnl/adfind AG18 BUHIWICLRLK | §Eycine.
wi t h adenosi ne-5' -tri phosphate in an aqueous nedi um

f 7. The process according to Claim 1, wherein said

!
{

flavine nucleotide precursors are riboflavine and/or flavine

adenine dinucleotide.

; mononucleotide.

; 8. The process according to Claim 1, wherein said
} flavine nucleotides are flavine mononucleotide and/or flavine
]

9. A recombinant DNA comprising a vector DNA and a DNA

fragment containing the whole or a part of the gene coding for

a protein having flavokinase activity and flavine adenine
dinucleotide synthetase activity, said gene being derivable from
a microorganism belonging to the genus Escherichia.

10. The recombinant DNA according to Claim 9, wherein
said gene codes fpr protein X.

11. A recombinant DNA comprising a vector DNA and a

DNA fragment containing the whole or a part of the gene coding

for a modified form of the protein derivable from a
microorganism belonging to the genus Escherichia and having

flavokinase activity and flavine adenine dinucleotide

- 30 -~
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Posence of cells of a mcroorgani sm bel ongi ng to the genus

' Ha which harbors a reconbi nant DNA contai ning a DNA fragnment

Y it ai ns a gene coding for protein X which is derived from

Esc ia coli, has flavokinase activity and flavin adeni ne

[ I de synthetase activity and has an am no acid sequence

Il lustr@ted by SEQ I D No: 12, or a culture of the m croorganism, or

treat e.CeHrﬁtHEtEQE acuwptgr QLA X ¥Ba iQls elfamtleqs%waeley sbe has

m croorga Ism unti recover abl e amount of flavin nononucl e-

otide nd/;% d aaédhc_%dramael%naaéﬁ%edemﬁc1@5@9&@Imetaselgbﬁmty

aqueou‘ medi um and (2) recovering the flavin nononucl eoti de and/ or

flavin: adeni ng2di neid eeidoidilrdise DNATeGchrdinghecaqLefslil, whepsinm

2. A process for producing flavin nmononucl eotide which conprises the steps

of : (1)seédcerng gofeBofPavan amihoageAdssmausncer pfhprphatie Xnderivabie

aqueous ”Eﬂkaﬂ‘tﬂetﬂ§c968§69ﬁ§sﬁfbEQbthBgato the”g%ﬁﬁgrﬁ %g%gacgggonglng

to t he genus 5@0 erichia whi ch harborf's a recofbi_nan ning a
fiBgweheh GRecR3EdngivRine pegdduecsarnfefofromethsi Noterminadi ¢

sequence oénd 8Bdptoedinr vt esnNsubvhiedtBaswith ahl amekbnaseaaslkhert y and

the am no gﬁld sgguence of protein X dérived from Escherichia coli and

has an ahi HoY 5el'g- sequence illustrated by SEQ ID NO 12 except

t hat gl yci ne at tgi reS|due nunber 23 js substi.- ed with an am no

acid sei ected fromthe g u&‘°r°°§ﬁﬁﬂﬁ§ﬂl %ﬂh;an&PﬁgS aFﬁlnFHE aFfnus

?ﬁgartic aﬁid! I, E nng tﬁPE&tgerﬁ?"le mcro rm or treated cgéfnof
St SHRA LS o, LA e .&%;'o%ﬁ;a ?aeaar'ves ot the
DA Compr i BEAE (UG BRY, o gretBulnagung! v&%’@% ActIVIEY. 8,

for protei f)Xvine adenine dinucleotide synthetase activity, said gene

being derivable from a microorganism belonging to the genus
Escherichia.

14, The microorganism accerding to Claim 13, wherein
said gene codes for protein X.

15. A microorganism which belongs to the genue
é&lp Escherichia and harbors a recoﬁbinant DNA comprising a vector
DNA and a DNA fragment containing the whole or a part of the
gene coding for a modified protein of the protein gerivable from

a mlcroorganlsm belonging to the genus Escherichia and having

flavokinase activity ' and flavine adenine dinucleotide
synthetase activity, which retains flavokinase activity but has
no or reduced fl;Vine adenine dinucleotide synthetase activity.

16. The microorganism according to Claim 15, wherein

said gene codes for an amino acid sequence of protein X derivable
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is derived fromEscherichia coli, has flavokinase activity and
flavin ni ne di nucl eoti de synthetase activity and has an am no acid
sequenc; | lustated by SEQ I D NO 12, or- a gene coding for the am no acid
f a nodified protein X whi ch has fl avoki nase activity and the

4 ) 4. A microorgani sm which belongs to
¥'s Eschefiom c&i@ia%@fgmm@rﬁepoﬁmbwaaﬁe Dﬁ@n@@@@ém@ﬂgcmw
fragnmeqt which contaléE aké%egf (go%i %1 for %el n ‘\_qh%g r|ved_from
Escherifchia cot?, ¥hkb ¥ st ¥eth9it ‘def?%w d ’Fﬁ“ﬁe nucl eot i de
synt hefase act |N+tqrmimlahasnarbﬂnpmt@:mcb(s:&quelmhstithtledrmeml &y SEQ ID
NG 12,1 or a geng coding. fo m no equence of a nodified protein X
whi ch %as flavo Ifunrgésieg%c%i(\g/?l{‘ aab"rf h%ﬁé?‘rfrh% acid sequence of protein X
except that glycine at the residue nunber 23-is substituted with an am no

acid selected fromthe group consisting of alanine, arginine and aspartic
aci d.
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