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Abstract

The present invention provides a transformed cell which
is transformed by at least one gene of enzymes participating

in biosynthesis of tetrahydrobiopterin and a process for the

production of a biopterin compound using the same. In

accordance with the present invention, the biopterin compound
can be produced in large quantities in an industrial

advantageous manner from less expensive materials.




Description

PROCESS FOR PRODUCTION OF BIOPTERIN COMPOUND

Technical Field
The present invention relates to transformed cell into
which genes of one or more enzyme(s) participating in
biosynthesis of tetrahydrobiopterin are introduced and also to
a process for the production of a biopterin compound using the

same.

Background Art

In the present specification, tetrahydrobiopterin
(L-erythro-5,6,7,8-tetrahydrobiopterin; hereinafter,
referred to as THBP) , 7.8-dihydrobiopterin
(L-erythro-7,8-dihydrobiopterin; hereinafter, referred to as
DHBP) or biopterin (hereinafter, referred to as BP) or a
combination of any two or more of them is called a biopterin
compound as a whole.

THBP is a biosubstance which is widely distributed in
animals and was revealed to be a coenzyme of phenylalanine
hydroxylase in liver of rat by Kaufman in 1963. After that,
it was also revealed that THBP is a coenzyme which commonly acts
on tyrosine hydroxylase and tryptophane hydroxylase and was
revealed to play an important role participating in
biosynthesis of neurotransmitters. In recent years, its
function as a coenzyme for nitrogen monoxide (NO) synthase was
also found and has been receiving public attention as a coenzyme

for biosynthetic enzymes for various biosubstances. It has
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been Known that, in human being, defect of THBP results in a
reduction of activity of the above-mentioned amino acid
hydroxylase causing an abnormally high phenylketonuria and
abnormally high phenylalaninuria and THBP is used as a therapy
for such inborn metabolism error diseases as sapropterin
hydrochloride.

It has been known that, in animals, THBP is biosynthesized
from guanosine triphosphate (hereinafter, abbreviated as GTP)
by a three-step enzymatic reaction using GTP cyclohydrase I
(hereinafter, abbreviated as GCH), 6-pyruvoyltetrahydropterin
synthase (hereinafter, abbreviated as PTPS) and sepiapterin
reductase (hereinafter, abbreviated as SPR) as shown in Fig.
1. In the meanwhile, other than the animals, THBP has been
reported to be present in fruit fly (Weisberg, E. P. and
O‘Donnell, J. M. J. Biol. Chem. 261:1453-1458, 1996), silkworm
(Iino, T., Sawada, H., Tsusue, M. and Takikawa, S.-I. Biochim.
Biophys. Acta 1297:191-199, 1996), eukaryotic microbes such as
EFEuglena gracillis, Neurospora crassa and Pycomyces
blakesleeanus (Maier, J., Ninnemann, H. Photochamistry and
Photoblology 61:43-53, 1995) and Nocardia species which are
prokaryotic microbes (Son, J. K., Rosazza J. P. J. Bacteriol.
182:3644-3648, 2000). As such, although there are many living
things in which the presence of THBP is reported, microbes are
particularly greatly different from animals in view of
evolution and, therefore, it is believed that THBP is not a
biosubstance which is commonly available in microbes as a whole.

THBP is a compound having three asymmetric carbons in a
molecular and, accordingly, it is a compound where its chemical

synthesis is difficult and, with regard to its main synthetic
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methods, there has been known a method where
L-erythro-biopterin (BP) is synthesized using rhamnose or
deoxyarabinose as a starting material and then it is chemically
subjected to an asymmetric reduction to synthesize the product.
However, those chemically synthesizing methods have many
reaction steps and, during the reaction steps, there are
processes having 1low reaction vyields. There are also
difficulties that rhamnose and deoxyarabinose which are
starting materials are expensive and they are hardly said to
be advantageous manufacturing methods in terms of operation,
yield, cost, and so on.

Under such circumstances, Kagamiyama, et al. tried the
synthesis of THBP by an enzymatic reaction, purified each of
the three enzymes participating in the THBP synthesis and by
using the three enzymes succeeded in synthesizing the THBP in
a reactor containing GTP and nicotinamide dinucleotide
phosphate (reduced form) (hereinafter, abbreviated as NADPH)
(Japanese Patent Laid-Open No. 82,888/1992). However, in
obtaining 1 kg of THBP by this method, 3.12 kg of GTP and 92
kg of NADPH are necessary. When the facts that those materials
are very expensive and that operations including purification
of three kinds of enzymes are very troublesome are taken into
consideration, industrial production of the biopterin compound
using the said method is difficult in view of cost and
operations.

On the other hand, Shiraishi, et al. found that enzymes
of genus Candida (Candida noveiius, Candida rugosa, Candida
robsta, etc.) and several filamentous fungi of genus Mucor

(Mucor javanicus, Mucor alternns, Mucor subtilissmus, etc.)
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accumulate L-erythro-biopterin (BP) which is an oxidized

product of THBP in a medium and reported a process for the
production of BP from the culture medium utilizing the
above property (Japanese Patent Laid-Open No. 9,296/1986
and No. 33,990/1993). Since BP is able to be converted to
THBP by a chemical reduction, a method where BP is
produced by microbes and then converted to THBP does not
need expensive GTP and NADPH and, further, greatly reduces
the synthesizing steps and, accordingly, it is an
industrially advantageous manufacturing method in view of
operations. However, in any of the strains, the amount of
BP produced thereby is as low as that BP production per
liter of the culture medium is not more than 1 mg and,
therefore, it is not an industrially advantageous
manufacturing method in view of yield and cost.

Accordingly, THBP which is useful as such has been
hardly an object of study because there has been no
industrially advantageous manufacturing method and, in
addition, its usefulness has not always been sufficiently
utilized because THBP has been hardly provided as
pharmaceuticals, etc. in general. Further, although the
biopterin compound such as DHBP and BP which are oxidized
products of THBP which will be mentioned below have been
expected to exhibit the same or even better

pharmacological actions, the actions have not been fully

investigated.

Disclosure of the Invention
Described herein is a process for an industrially
advantageous production of the biopterin compound in large
quantities from less expensive starting material using a
genetic engineering means.

Also described herein is a transformed cell being
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able to participate in biosynthesis of tetrahydrobiopterin

into which gene of one or more enzyme(s) is introduced or
to provide an expression vector having gene of one or more
enzyme (s) being able to participate in biosynthesis of
tetrahydrobiopterin used for the preparation of such a
transformed cell.

Also described herein is a mutant host cell such as a
genetically recombined cell having a GTP synthetic ability
of not less than the GTP synthetic ability of cells of a
wild type or to provide a mutant host cell or a
transformed cell having a GCH activity of not less than
the GCH activity inherent to the cells of a wild type
which is advantageous for production of
tetrahydrobiopterin.

The present inventors have found that, when gene of
enzyme participating in biosynthesis of THBP is introduced
into host cell of microbe or the like which can be
cultured in large quantities, the present substance can be
biosynthesized at a low cost and in large quantities.
Thus, since GTP which is a starting material for the THBP
biosynthesis is a biosubstance commonly available in
living things, it has been found that, when genes encoding
enzymes for THBP biosynthesis in animals or other living
things are introduced into a host cell by a genetic
recombination technique, the host cell which is inherently
unable to produce THBP is now able to produce THBP
whereupon the present inventors have carried out an
intensive investigation for preparation of such
transformed cells.

On the other hand however, there is a possibility

that
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synthesis of THBP in large quantities may be harmful to the host
cell and it is forecasted that production of THBP by this method
will be difficult as well. Thus, since THBP has a similar
structure to folic acid because of the presence of a pteridine
ring therein, it may be also regarded as a kind of folic acid
analogs. Actually, there is a report where dihydrofolic acid
reductase of Escherichia coll acts on 7,8-dihydrobiopterin
(DHBP) which is an oxidized product of THBP whereby DHBP is
converted to THBP (Watanabe, et al. Seikagaku, volume 53, no.
8, p. 1008 (1981)). Folic acid is a coenzyme participating in
various carbon transition reactions in vivo and is a substance
essential for the growth of cells and, therefore, when THBP is
synthesized in significantly large amounts in cells, it is
forecasted that the enzymatic reaction in which folic acid is
participated is inhibited and that inhibition of growth of cells
and succeeding death of the cells are resulted.

There are also reported that 7,8-dihydroneopterin
produced from 7,8-dihydroneopterin triphosphate which is an
intermediate for the THBP synthesis forms a radical (Oettl. K.,
et al. Biochem. Biophys. Res. Commun. 264:262-7, 1999) and that,
when neopterin which is an oxidized product thereof i1s present
together with hydrogen peroxide or nitrous acid, cytotoxicity
of hydrogen peroxide and nitrous acid is further potentiated
(Wede, I., et al. Free Radic. Res. 1999 Nov;31(5):381-8).
Accordingly. when THBP is produced in large quantities,
7,8-dihydroneopterin triphosphate as an intermediate is
accumulated and that is converted to 7,8-dihydroneopterin by
phosphatase in the cells whereby there might be a possibility

of giving injury to the cells by radical formation or there might




be a possibility of showing a cytotoxicity due to the
coexistence of neopterin which is produced by oxidation with
hydrogen peroxide and nitrous acid which are generated in the
cells.

In addition, there is a risk of possibility that synthesis
of THBP in large quantities reduces the pooling of GTP which
is a substrate and NADPH which is a coenzyme in the cells whereby
inhibition of the growth is resulted. Further, there is a risk
of possibility that, when an enzyme which is necessary for
biosynthesis of THBP is highly expressed in the cells, that
might cause inhibition of cell growth. Furthermore, it is
absolutely ambiguous whether the highly produced THBP in the
cells surely transfers to a medium efficiently.

Taking the toxicity to the host cells as such into
consideration, the present inventors introduced the gene of the
enzyme participating in the THBP synthesis into Escherichia

coll and Saccharomyces yeast which inherently have no the said

synthesizing ability and investigated the productivity of

biopterin compound. As a result, it was found that those
transformed cells prepared as such did not cause inhibition of
growth being worried about but produced biopterin compound in
large quantities and was able to efficiently transfer the said
biopterin compound to the culture medium. As a result of
further invention, it was found that production of the biopterin
compound by transformed cells into which gene of enzyme
participating in the THBP synthesis was introduced was
possible.

The present inventors have furthermore investigated to

increase the production of the biopterin compound where
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"Escherichia coli was used as an example. To begin with, since

the starting substance for the THBP synthesis is GTP,
preparation of host cells having a high GTP synthesizing ability
than that of the cells of a wild type (hereinafter, abbreviated
as highly GTP-synthetic host cells) was investigated.

It was found that, since GTP is a kind of purine compound,
host cells carrying mutation for enhanced GTP synthesis were
able to be obtained when mutant strain with deregulated purine
biosynthesis pathway was screened. There is a report that, in
the case of Bacillus subtilis, such a regulatory mutant strain
for the purine synthesis can be obtained from mutants having
a resistance to purine analogs such as 8-azaguanine and
decoynine (refer, for example, to Ishii and Shiio, Agric. Biol.
Chem. 36(9):1511-1522, 1972; Matsui, et al., Agric. Biol. Chem.
43(8):1739-1744, 1979) although, in the case of Escherichia
coli, it has been ambiguous whether such purine analogs are
effective for collection of highly GTP-synthetic host cells.

The present inventors succeeded in obtaining highly
GTP-synthetic cells using purine analogs such as 8-azaguanine
and decoynine even in the case of Escherichia coli. The present
jnventors further found a wonderful fact that, when such a
regulatory mutant strain for the purine synthesis where the GTP
synthetic ability is potentiated was used as a host cell,
productivity for the biopterin compound was about ten-fold as
compared with the case where a wild type was used as a host cell
and, moreover, DHBP was produced in a significant amount as
well. |

It was further investigated as a method for preparing the

highly GTP-synthesizing host cells that guaBA gene which codes
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for IMP dehydrogenase and GMP synthase converting inosinic acid
to guanylic acid is introduced into cell to increase the
activity of the said both enzymes. As a result, it was found
that, when the guaBA gene was introduced into Escherichia coli
which is the above-mentioned regulatory mutant strain for
purine synthesis and such genetically recombinant cell is used
as a host cell, production of the biopterin compound further
increased as compared with the use of the already-mentioned
regulatory mutant strain for the purine synthesis.

The present inventors furthermore carried out an
intensive investigation for increasing the productivity of the
biopterin compound and, as a result, they found that, when gene
for the enzyme participating in the THBP synthesis is introduced
into host cell for plural times to increase the expressed amount,
there was an improvement in the productivity of the biopterin
compound. It was unexpectedly found that, especially when GCH
gene which is an enzyme for catalyzing the first step reaction
for the THBP synthesis is introduced inte the host cell for
plural times to increase the expressed amount of GCH,
productivity of the biopterin compound significantly
increased.

On the basis of the above finding that productivity for
the biopterin compound significantly increases when GCH gene
is introduced into host cells for plural times, the use of GCH
gene of Bacillus subtilis (may also be called mtrA gene) was
investigated whereupon it was unexpectedly found that the
produced amount of the biopterin compound further increased.

As such, the present invention is able to provide an

industrially advantageous process for producing the biopterin
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compound such as THBP and also to provide transformed

cells and host cells which are useful for such a
production.

As a result of further investigation, the present
inventors have achieved the present invention.

Thus, the present invention relates to:

(1) A process for production of the biopterin
compound comprising: (a) transforming a host cell with
genes encoding 6-pyruvoyltetrahydropterin synthase and
sepiapterin reductase, enzymes participating in the
biosynthesis of tetrahydrobiopterin, (b) culturing the
transformed host cell to produce tetrahydrobiopterin, (c)
optionally oxidizing the resulting tetrahydrobiopterin,
and (d) collecting one or more biopterin compounds
selected from the tetrahydrobiopterin, dihydrobiopterin
and biopterin;

(2) the process for production of a biopterin

compound mentioned in the above (1), wherein the biopterin

compound in the culture broth or in a processed product
thereof is oxidized and biopterin is collected therefrom;
(3) the process for production of a biopterin

compound mentioned in the above (1) or (2), wherein the

collected dihydrobiopterin and/or biopterin are/is reduced

to produce tetrahydrobiopterin;

(4) the process for production of a biopterin
compound mentioned in the above (1) to (3), wherein the
enzymes participating in the biosynthesis of
tetrahydrobiopterin are two to three kinds of enzymes
selected from a group consisting of 6-
pyruvoyltetrahydropterin synthase and sepiapterin
reductase, and optionally GTP cyclohydrase I;

(5) the process for production of a biopterin

compound mentioned in the above (1) to (3), wherein the
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transformation is carried out by an expression vector

having a gene of 6-pyruvoyltetrahydropterin synthase and
gene of sepiapterin reductase, and optionally a gene of
GTP cyclohydrase I;

(6) the process for production of a biopterin
compound mentioned in the above (5), wherein the host cell
is a mutant cell having a GTP cyclohydrase I activity
which is not less than the GTP cyclohydrase I activity
inherent to the cell of a wild type;

(7) the process for production of a biopterin
compound mentioned in the above (4), wherein the GTP
cyclohydrase I gene to be introduced into the host cell is
mtrA gene derived from Bacillus subtilis;

(8) the process for production of a biopterin
compound mentioned in the above (1) to (7), wherein the
host cell is a prokaryotic cell;

(9) the process for production of a biopterin
compound mentioned in the above (8), wherein the
prokaryote is Escherichia coli, Bacillus subtilis or
Actinomyces;

(10) the process for production of a biopterin
compound mentioned in the above (1) to (7), wherein the
host cell is an eukaryotic cell;

(11) the process for production of a biopterin
compound mentioned in the above (10), wherein the
eukaryote is yeast or filamentous fungi;

(12) the process for production of a biopterin
compound mentioned in the above (11), wherein the yeast is
methanol assimilating yeast or fission yeast;

(13) the process for production of a biopterin
compound mentioned in the above (11), wherein the yeast is
Saccharomyces yeast;

(14) the process for production of a biopterin
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compound mentioned in the above (1) to (13), wherein the

host cell is a mutant cell having a GTP synthesizing
ability of not less than the GTP synthesizing ability of
the cell of a wild type;

(15) the process for production of a biopterin
compound mentioned in the above (14), wherein the host
cell is a mutant cell having an 8-azaguanine resistance of
not less than the 8-azaguanine resistance of the cell of a
wild type;

(16) the process for production of a biopterin
compound mentioned in the above (14) or (15), wherein the
host cell is a genetically recombinant cell where guaBA
gene coding for IMP dehydrogenase and GMP synthase is
introduced thereinto;

(17) a transformed cell used for the production of a
biopterin compound mentioned in the above (1) to (16) in
which gene of an enzyme participating in the biosynthesis
of tetrahydrobiopterin is introduced into a host cell;

(18) the transformed cell according to the above
(17), wherein the host cell is a mutant cell having a GTP
synthesizing ability of not less than the GTP synthesizing
ability of the cells of a wild type;

(19) the transformed cell according to the above
(18), wherein the host cell is a mutant cell having an 8-
azaguanine resistance of not less than the 8-azaguanine
resistance of the cells of a wild type;

(20) the transformed cells according to the above
(18) or (19), wherein the host cell is a genetically
recombinant cell where guaBA gene coding for IMP
dehydrogenase and GMP synthase is introduced thereinto;

(21) the transformed cell according to the above
(18), wherein the host cell is a mutant cell having a GTP

cyclohydrase I activity which is not less than the GTP
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cyclohydrase I activity inherent to the cell of a wild

type and gene of 6-pyruvoyltetrahydropterin synthase and
gene of sepiapterin reductase are introduced into the said
host cell;

(22) the transformed cell according to the above

(17)~(21), wherein the CTP cyclohydrase I gene to be
introduced into the host cell is mtrA gene derived from
Bacillus subtilis;

(23) the process for production of the biopterin
compound mentioned in the above (14) or (15), wherein a
transformed cell where guaBA gene coding for IMP
dehydrogenase and GMP synthase is introduced into the host
cell is used; and

(24) a transformed cell mentioned in the above (18)
or (19) where guaBA gene coding for IMP dehydrogenase and
GMP synthase is introduced into a host cell.

In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further
features in various embodiments of the invention.

It is to be understood that a reference herein to a
prior art document does not constitute an admission that
the document forms part of the common general knowledge in

the art in Australia or any other country.

Brief Description of the Drawings
Fig. 1 shows a pathway for biosynthesis of
tetrahydrobiopterin.

Fig. 2 shows a pathway for oxidation and
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Fig. 3 shows the steps for preparation of pSTV28-GCH.
PCR (P1l, P2) means a PCR using sense primer Pl and
antisense primer P2. PCR (P3, P4) and PCR (PS5, P6) have
the similar meanings as well. Ap means ampicillin-

resistant gene and Cm means
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chloramphenicol-resistant gene. trc means trc promoter and
lac means lac promoter.

Fig. 4 shows the steps for preparation of pUC18-PTPS. PCR
(P7., P8) means a PCR using sense primer P7 and antisense primer
P8. PCR (P9, P10) and PCR (P11, P12) have the similar meanings
as well. Ap means ampicillin-resistant gene. tTrc¢ means trc
promoter and lac means lac promoter.

Fig. 5 shows the steps for preparation of pUC19-SPR. PCR
(P13, P1l4) means a PCR using sense primer P13 and antisense
primer Pl4. PCR (P15, P16) and PCR (P17, P18) have the similar
meanings as well. Ap means ampicillin-resistant gene. trc
means trc promoter and lac means lac promoter.

Fig. 6 shows the steps for preparation of pYES2-FOL2. PCR
(P23, P24) means a PCR using sense primer P23 and antisense
primer P24. Ap means ampicillin-resistant gene and URA3 means
a selective marker in yeast. F‘GAL1 means GAL1 promoter and CYC1l
TT means transcription termination signal of CYC1 gene.

Fig. 7 shows the steps for preparation of pSTV28-GPS. .PCR
(P19, P20) means a PCR using sense primer P19 and antisense
primer P20. PCR (P21, P22) has the similar meaning as well.
Ap means ampicillin-resistant gene and Cm means
chloramphenicol-resistant gene. lac means lac promoter. Ori
means origin of replication.

Fig. 8 shows the steps for preparations of pYES2-PTPS and
PYES2-SPR. PCR (P25, P26) means a PCR using sense primer P25
and antisense primer P26. PCR (P27, P28) has the similar
meaning as well. Ap means ampicillin-resistant gene and URA3
means URA3 gene used as a selective marker in yeast. lac means

lac promoter, ’GAL1 means GAL1l promoter and CYCl TT means
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transcription termination signal of CYC1l gene.

Fig. 9 shows the steps for preparations of pYES2-FPS. PCR
(P29, P30) means a PCR using sense primer P29 and antisense
primer P30. PCR (P31, P32) has the similar meaning as well.
Ap means ampicillin-resistant gene and URA3 means a selective
marker in yeast. "GALl means GAL1 promoter and CYC1 TT means
transcription termination signal of CYCl1l gene.

Fig. 10 shows an amino acid sequence corresponding to a
DNA base sequence of GCH cloned on pSTV28-GCH. The underlined
part shows a sequence derived from pSTvV28 to be added to an amino
terminus of GCH.

Fig. 11 shows an amino acid sequence corresponding to a
DNA base sequence of PTPS cloned on pUC18-PTPS. The underlined
part shows a sequence derived from pUC18 to be added to an amino
terminus of PTPS.

Fig. 12 shows an amino acid sequence corresponding to a
DNA base sequence of SPR cloned on pUC19-SPR. The underlined
part shows a sequence derived from pUC19 to be added to an amino
terminus of SPR.

Fig. 13 shows the result of HPLC analysis of culture
supernatant of biopterin compound producing Escherichia coli
JM101/pSTV28-GPS by a C18 reversed column.

Fig. 14 shows growth curves of biopterin
compound-productive yeast (FPS strain).

Fig. 15 shows the result of HPLC analysis of culture
supernatant of biopterin compound producing yeast (FPS strain)
by a C18 reversed column.

Fig. 16 shows the result of TLC analysis of culture

supernatant of biopterin compound producing yeast (FPS strain).




Fig. 17 shows the result of HPLC analysis of culture

supernatant of biopterin compound producing Escherichia coli

AGl4/pSTV28-GPS by a C18 reversed column.

Fig. 18 shows the time course of BP and P production by
E. coli AGl4/ pSTV28-GPS and the time course of OD660 of culture
broth.

Fig. 19 shows the steps for preparation of pMW218-guaBA.
PCR (P33, P34) means a PCR using sense primer P33 and antisense
primer P34. Ap means ampicillin-resistant gene and km means
kanamycin-resistant gene. lac means lac promoter.

Fig. 20 shows the steps for preparation of pSTV28-MPS.
PCR (P35, P36) means a PCR using sense primer P35 and antisense
primer P36. PCR (P37, P38) has the similar meaning as well.
Ap means ampicillin-resistant gene and km means
kanamycin-resistant gene. Ori means origin of replication.

Fig. 21 shows the time course of BP production by E. coli
AGl4/(pSTV28-GPS, pMW218-guaBA) and  AGl4/(pSTV28-MPS,
PMW218-guaBA) and the time course of QOD660 of culture broth.
In the drawing, M shows changes with a lapse of time of OD660
for AG14/(pSTV28-GPS, pMW218-guaBA): ® shows changes with a
lapse of time of OD660 for AGl4/(pSTV28-MPS, pMW218-guaBA); [
shows changes with a lapse of time of produced amount of BP for
AG14/(pSTV28-GPS, pMW218-guaBA); and O shows changes with a
lapse of time of produced amount of BP for AGl4/(pSTV28-MPS,
pPMW218-guaBA).

Fig. 22 shows the steps for preparation of pUC18SD. Ap
means ampicillin-resistant gene. lac means lac promoter.

Fig. 23 shows the steps for preparation of pUC18AE. Ap

means ampicillin-resistant gene. lac means lac promoter.




Fig. 24 shows the steps for preparation of pUC18AESDmtrA.
PCR (P43, P44) means a PCR using sense primer P43 and antisense
primer P44. PCR (P45, P46) and PCR (P45, P47) have the similar
meanings as well. Ap means ampicillin-resistant gene, mtra
means mtrA gene and SD means gene containing SD sequence and
DNA sequence coding for translation initiation region. lac
means lac promoter.

Fig. 25 shows the steps for preparation of pUC18SDPTPS.
PCR (P50, P48) means a PCR using sense primer P50 and antisense
primer P48. PCR (P50, P49} has the similar meaning as well.
Ap means ampicillin-resistant gene, PTPS means PTPS gene and
SD means gene containing SD sequence and DNA sequence coding
for translation initiation region. lac means lac promoter.

Fig. 26 shows the steps for preparation of pUC18AESDSPR.
PCR (P53, P51) means a PCR using sense primer P53 and antisense
primer P51. PCR (P53, P52) has the similar meaning as well.
Ap means ampicillin-resistant gene, SPR means SPR gene and SD
means gene containing SD sequence and DNA sequence coding for
translation initiation region. lac means lac promoter.

Fig. 27 shows the steps for preparation of pSL1180PS. Ap
means ampicillin-resistant gene, PTPS means PTPS gene, SPR
means SPR gene and SD means gene containing SD sequence and DNA
sequence coding for translation initiation region. lac means
lac promoter.

Fig. 28 shows the steps for preparation of pSL1180MPS.
Ap means ampicillin-resistant gene, PTPS means PTPS gene, SPR

means SPR gene, mtrA means mtrA gene and SD means gene containing

SD sequence and DNA sequence coding for translation initiation

region. lac means lac promoter.
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Fig. 29 shows the steps for preparation of pDG1l48MPS. Km
means kanamycin-resistant gene, Ap means ampicillin-resistant
gene, PTPS means PTPS gene, SPR means SPR gene and mtrA means
mtrA gene. Pspac means spac promoter, lacO means lacO promoter
and lacI means lacI gene. Ori means origin for replication.

Fig. 30 shows the steps for preparation of pDG148MPSAI.
Km means kanamycin-resistant gene, Ap means ampicillin-resistant
gene, PTPS means PTPS gene, SPR means SPR gene and mtrA means
mtrA gene. Pspac means spac promoter, lacO means lacO promoter
and lacl means lacIl gene. Ori means origin for replication.

Fig. 31 shows amino acid sequence corresponding to DNA
base sequence of mtrA cloned on pUC18AESDmtrA. The underlined
part shows amino acid sequence derived from CcpA protein to be
added to amino terminus of mtrA (Fujita, et al., Microbiology,
140:2567-2575, 1994) and base sequence corresponding thereto.

Fig. 32 shows amino acid sequence corresponding to DNA
base sequence of PTPS cloned on pUC18SDPTPS. The underlined
part shows amino acid sequence derived from CcpA protein to be
added to amino terminus of PTPS (Fujita, et al., Microbiology,
140:2567-2575, 1994) and base sequence corresponding thereto.

Fig. 33 shows amino acid sequence corresponding to DNA
base sequence of SPR cloned on pUCL8AESDSPR. The underlined
part shows amino acid sequence derived from CcpA protein to be
added to amino terminus of SPR (Fujita, et al., Microbiology,
140:2567-2575, 1994) and base sequence corresponding thereto.

Fig. 34 shows HPLC analysis of culture supernatant of

Bacillus subtilis strains 1A1/pDG148MPS and 1A1l/pDG148MPSAI.
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Best Mode for Carrying Out the Invention

With regard to the enzyme which is able to participate
in biosynthesis of tetrahydrobiopterin, there are exemplified
enzymes such as guanosine triphosphate cyclohydrase I (GCH),
6-pyruvoyltetrahydropterin synthase (PTPS) and sepiapterin
reductase (SPR) shown in Fig. 1.

With regard to the gene to be introduced into a host cell,
anything may be used so far as it contains gene which codes for
the above-mentioned enzyme. To be more specific, not only DNA
containing GCH gene derived from Escherichia coll as shown in
Fig. 10 or GCH gene derived from Bacillus subtilis as shown in
Fig. 31, PTPS gene derived from rat as shown in Fig. 11 and Fig.
32 and SPR gene derived from rat as shown in Fig. 12 and Fig.
33 but also DNA which hybridizes with the said DNA may be used.
Examples of the DNA which is able to hybridize with the said
DNA are DNA containing a base sequence having a homology of not
less than about 80%, preferably not less than about 85%, more
preferably not less than about 90% and, most preferably, not
less than about 95% to the base sequence shown in Figs. 10~12
and Figs. 31-~33.

Hybridization may be carried out by a known method per
se or a methed similar to that such as a method mentioned in
"Molecular Cloning” 2nd edition (J. Sambrook et al., Cold Spring
Harbor Lab. Press, 1989). When commercially available cDNA
library or kit is used, a method mentioned in the instructions
attached thereto may be used. More preferably,'hybridization
may be carried out under a highly stringent condition. An

example of a highly stringent condition is a condition where
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sodium concentration is about 19 to 40 mM or, preferably, about

19 to 20 mM and temperature is about 50 to 70°C or, preferably,
about 60 to 65°C. Especially, the case where sodium
concentration is about 19 mM and temperature is about 65°C is
most preferred.

DNA upon introduction into a host cell may be any of
genomic DNA, cDNA derived from cells or tissues and synthetic
DNA. Vector which is used for introduction of gene may be any
of bacteriophage, plasmid and cosmid. Further, cDNA may be
directly amplified by a reverse transcriptase polymerase chain
reaction (hereinafter, abbreviated as RT-PCR) using total RNA
or mRNA fraction prepared from the above-mentioned cells or
tissues. Furthermore, that which is manufactured by a
synthetic method for oligonucleotide which is known per se may
be used. To be more specific, an example is a method where
chemical synthesis is carried out by a DNA synthesizer such as
model 392 (manufactured by Perkin Elmer) utilizing a
phosphoramidite method.

More specifically, DNA containing an aimed gene to be
introduced into a host cell may, for example, be prepared as
follows.

With regard to GCH which is an enzyme catalyzing the
reaction of the first step in the tetrahydrobiopterin
biosynthesis, it is present in many host cells such as
Escherichia coli, yeast cells, etc. in addition to animals as
an enzyme participating in the folic acid synthesis and,
therefore, DNA coding for GCH may be easily prepared, for
example, by (1) a method where PCR is carried out using a

synthetic DNA primer having a partial base sequence of the said
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DNA whereby DNA containing the aimed gene is amplified from a
gene library etc. or (2) a method where selection is carried
out by hybridization of an appropriate gene library with a thing
where labeled with DNA fragment or synthetic DNA coding for a
part of or whole region of GCH (probe). Such methods may be
appropriately used in the present invention and, befween the
two, the former is preferred.

A method for hybridization may, for example, be carried
out by a method mentioned in “"Molecular Cloning” 2nd edition
(J. Sambrook, et al., Cold Spring Harbor Lab. Press, 1989), etc.
When commercially available library or kit is used, a method
mentioned in the instruction attached thereto may be used. DNA
having a partial base sequence used as a probe for hybridization
may also be manufactured according to a synthetic method for
oligonucleotide which is known per se.

In the present invention, it is preferred to use GCH gene
of Escherichia coli (may also be called folE gene), GCH gene
of yeast (may also be called FOL2 gene) or GCH gene of Bacillus
subtilis {may also be called mtrA gene) as a GCH gene and it
is more preferred to use GCH gene of Bacillus subtilis.

In order to obtain the DNA coding for PTPS and SPR which
carry out the reactions of the second step and the third step
for the tetrahydrobiopterin biosynthesils, a method where mRNA
is extracted from liver of rat and then subjected to an RT-PCR
is preferred. In extracting the said mRNA, a method which is
known per se may be used. Cells are partially or completely
destroyed using a surface-active agent such as NP-40, SDS,

Triton X 100 or deoxycholic acid or using a physical means such

as homogenizer or freeze-melting and then mRNA is separated.
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In order to prevent the degradation of RNA by RNase during the
extraction, it is preferred to add an RNase inhibitor such as
heparin, polyvinyl sulfate, bentonite, macaloigd, diethyl
pyrocarbonate or vanadium complex to the extract. With regard
to the purification of mRNA containing polyA, that may be
carried out by a purifying method@ by affinity column
chromatography using poly U-Sepharose or the like where oligo
dT-cellulose or Sepharose 2B is a carrier or by a batch method
using the poly U-Sepharose or the like, fractionation by an SDG
centrifugal method or by an agarose electrophoretic method.

CDNA is synthesized from mRNA fraction containing mRNA
corresponding to PTPS and SPR obtained as such. With regard
to a method for the synthesis of cDNA, methods which are known
per se may be used and there is exemplified a method where,
firstly, a single stranded DNA complementary to mRNA is
synthesized by a reverse transcriptase in the presence of dATP,

dGTP, A4CTP and 4TTP using mRNA as a template and oligo 4T as

~a primer, then the template mRNA is digested and removed by

treating with an alkali and, after that, double stranded ¢DNA
is synthesized by a reverse transcriptase or DNA polymerase
using the said single stranded cDNA as a template.

In order to select the cDNA containing the gene of the
enzyme participating in synthesis of THBP such as GCH, PTPS or
SPR from the cDNA librarjr prepared as such, a hybridization
method where DNA fragment containing the said enzyme gene is
a probe is used. With regard to the hybridization method, there
may be used the methods known per se such as that mentioned
hereinabove. In order to check whether the selected cDNA codes

for the enzyme participating in synthesis of THBP such as GCH,
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PTPS or SPR, it may be carried out in such a manner that cDNA
is integrated, for example, into vector which is reproducible
in Escherichia coli or COS cells and the vector is introduced
into Escherichia coli or COS cells whereupon the enzyme is
expressed.

The transformed cell in accordance with the present
invention is usually such a thing that where the biopterin
compound can be producedé or productivity of the biopterin
compound 1is improved by introduction of gene of at least one
enzyme participating in the above THBP synthesis into host cell.

Accordingly, the host cell may be that which inherently
has no producing ability of the biopterin compound or has some
ability for producing the biopterin compound. Thus, among host
cells, some of them inherently have any of 1 to 3 kind(s) of
gene(s) among the enzymes participating in the above THBP
synthesis and well express the said 1 to 3 kind(s) of enzyme(s).
In that case, gene(s) of such enzyme(s) may not be introduced
into the host cell so far as such enzyme(s) is/are concerned.
Of course, it is still possible to introduce it/them for
enhancing the productivity of the biopterin compound. However,
if that is not the case or, in other words, gene{(s) of the
above-mentioned enzyme(s) is/are not present, it is usually
necessary to introduce the gene of the said enzyme and, in case
the said gene is present but the enzyme is not sufficiently
expressed, it is preferred to introduce the gene of the said
enzyme.

For example, the host cell may be prokaryotes such as
bacteria of genus Escherichia, bacteria of genus Bacillus and

bacteria of order Actinomycetales or may be eukaryotes such as
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yeast, filamentous fungi, insect cell, insect, animal cell and
plant cell.

A specific example of the bacteria of genus Escherichia
is the so-called colon bacillus and its examples are Escherichia
coli K12.DH1 [Proc. Natl. Acad. Sci. USA, volume 60, 160
(1968)]1, JM101, JM103 [Nucleic Acids Research, volume 9, 309
(1981)], JA221 [J. Mol. Biol., volume 120, 517 (1978)], HB101
[J. Mol. Biol., volume 41, 459 (1969)] and C600 [Genetics,
volume 39, 440 (1954)]. Among them, it is preferred to use
Escherichia coli JM101l in the present invention.

An example of the bacteria of the genus Bacillus is the
so-called hay bacillus and its examples are Bacillus subtilis
1Al strain (trpC2) (Fujita, et al, Microbiology, 140:2567-2575,
1994), or MI1ll4 [Gene, volume 24, 255 (1983)] and 207-21
[Journal of Biochemistry, volume 95, 87 (1984)]. 1In the present
invention, it is particularly preferred to use the former.

An example of bacteria of order Actinomycetales is the
so-called actinomyces and specific examples thereof are genus
Streptomyces, etc. Examples of the microbe belonging to genus
Streptomyces are Streptomyces lividans 3131, etc.

With regard to the yeast, it is preferred to use yeast of
genus Saccharomyces, methanol assimilating yeast or fission
yeast. An example of the methanol assimilating yeast is Pichia
pastoris and an example of the fission yeast is
Schizosaccharomyces pombe. Examples of the yeast of genus
Saccharomyces are Saccharomyces cerevisiae KA3l, Saccharomyces
cerevisiae AH22, AH22R-, NA87-11A, DKD-5D and 20B-12,
Schizosaccharomyces pombe NCYC1913 and NCYC2036 and Pichia

pastoris KM71. Among them, it is preferred to use yeast
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of genus Saccharomyces and particularly preferred to use
Saccharomyces cerevisiae KA3l in the present invention.

Examples of the filamentous fungi are species belonging
to Acremonium, Aspergillus, Fusarium, Humicola, Mucor.
Myceliophthora, Neurospora, Peniciliium, Thielavia,
Tolypocladium and Trichoderma.

Examples of the insect cell are established cell derived
from larva of Spodoptera frugiperda (Sf cell), MGl cell derived
from midgut of Trichoplusia ni, High Five TM cell derived from
egg of Trichooplusia ni, cell derived from Mamestrabrassicae
and cell derived from Estigmena acrea. Established cell
derived from silkworm (Bombyx mori N; BmN cell), etc. may also
be used. With regard to the above-mentioned Sf cell, there may
be exemplified S£9 cell (ATCC CRL 1711), Sf21 cell (for those,
cf. Vaughn, J. L., et al., in Vivo, volume 13, 213-217 (1977)),
etc.

With regard to the insect, there may be exemplified larva
of silkworm, etc. (Maeda, et al., Nature, volume 315, 592
(1985)).

With regard to the animal cell, there may be exemplified
monkey cell COS-7, Vero cell, Chinese hamster cell CHO, dhfr
gene-deficient Chinese hamster cell CHO, mouse L cell, mouse
AtT-20 cell, mouse myeloma cell, rat GH3 cell, human FL cell,
293 cell, Cl127 cell, BALB/3T3 cell and Sp-2 cell.

With regard to the plant cell, there may be exemplified
tobacco cell and carrot cell.

With regard to the host cell in accordance with the present

invention, there may be used a mutant cell having a GTP

synthesizing ability which is not less than the GTP synthetic
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ability of the wild type cell of the above-menticned host cell.
The reason is that, since GTP which is a starting substance for
the THBP synthesis is a kind of purine compound, supplying
amount of GTP which is a starting substance increases when a
regulatory mutant of purine synthesis pathway where the GTP
synthesizing ability increases is used and, as a result,
production of the biopterin compound increases as well. In
order to obtain a regulatory mutant of purine synthesis pathway,
a known method may be used. For example, a method where
incubation is carried out using a medium to which a purine analog
is added and a mutant having a resistance to the purine analog
is selected may be listed. With regard to the purine analog,
a substance which is known per se may be used where 8-azaguanine
and decoynine may be exemplified and advantageously used. To
be more specific, it 1s reported that, in the case of B. subtilis,
said mutant cell can be achieved by preparing a mutant having
a resistance to purine analogs such as 8-azaguanine and
decoynine and other antagonists such as methionine sulfoxide
(e.g., Ishii and Shiio, Agric. Biol. Chem. 36:1511-1522, 1972;
Matsui, et al., Agric. Bilol. Chem. 43:1739-1744, 1979).

As hereunder, there will be mentioned a preferred
embodiment for obtaining a mutant cell having a resistance to
8-azaguanine which is not 1less than the resistance to
8-azaguanine of the wild type cell in the case of Escherichia
coli., Thus, since Escherichia coli JM101 strain which is a host
cell has a sensitivity to not less than about 100 pg/ml of
8-azaguanine and to about 500 pg/ml of decoynine, Escherichia

coli JM101 strain which is subjected to a mutation treatment

with N-methyl-N-nitro-nitrosoguanidine using a minimum agar
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medium containing about 100 ug/ml of 8-azaguanine or about 500
ng/ml of decoynine is plated whereupon resistant strain for each
of them can be obtained.

It is possible by a genetic engineering manner to prepare
a host cell having a GTP synthesizing ability which is not less
than the GTP synthesizing ability of a wild type cell of the
above-mentioned host cell. Thus, a recombinant cell where the
gene for increasing the GTP synthesizing ability such as the
gene of enzyme of the GTP biosynthesis system is introduced into
a wild type cell or a mutant cell such as that having a highly
GTP-synthesizing ability may be used as a host cell. With
regard to the gene which improves the GTP synthesizing ability,
that which is known per se may be used. With regard to the said
gene, one type may be introduced into a wild type or mutant cell
or two or more genes may be introduced into a wild type or mutant
cell. To be more specific, with regard to a method for the
preparation of recombinant cell where the GTP synthesizing
ability 1s improved, there may be exemplified a method where
guaBA gene encoding IMP dehydrogenase and GMP synthase carrying
out a conversion of inosinic acid to guanylic acid (Tiedeman,
A. A., et al. J. Biol. Chem. 260:8676-8679, 1985 and Nucleic
Acids Res. 13:1303-1316, 1985 [GenBank M10101]) are introduced
into a wild type or mutant cell. A method for the introduction
of gene such as guaBA into a wild type or mutant cell may be
easily carried out by a method which is known per se such as
the following method.

In the present invention, gene of at least one kind of
enzyme participating in the THBP synthesis may be introduced

into the above-mentioned host cell. Thus, all genes of the
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enzymes participating in the THBP synthesis may be introduced
or only gene of a part of the said enzymes may be introduced.
To be specific, the cases where (a) genes of GCH, PTPS and SPR,
(b) two genes from GCH, PTPS and SPR and (c) gene of any of GCH,
PTPS and SPR are/is introduced may be exemplified.

It is also preferred to increase the expressed amount by
introducing the gene of the same enzyme for plural times. It
is particularly preferred that GCH gene is introduced for plural
times and origins of the GCH gene may be same or different.

A preferred example of the present invention is to
introduce the genes of PTPS and SPR because GCH is present in
many host cells such as Escherichia coli and yeast as an enzyme
participating in the synthesis of folic acid.

Another preferred embodiment is that, since the presence
of PTPS in addition to GCH is reported, for example, in
Synechocystis which 1s a photosynthetic Gram-negative
bacterium (Lee, S. W. et al., FEMS Microbiology Letter
176:169-176, 1999), gene of SPR only is introduced into such
a host cell.

It is also possible that the gene of enzyme participating
in the THBP synthesis is introduced into a cell which inherently
has a producing ability of the biopterin compound. That is
because, as a result, enzymatic activity is enhanced and
producing ability of the biopterin compound is enhanced.

In the case of production of the biopterin compound where
gene of two kinds of enzymes - PTPS and SPR - are introduced
and expressed while, with regard to GCH, that which is owned
by the host cell is used, it is preferred, as a host cell, to

use a mutant cell having an enzymatic activity of not less than




the intrinsic GTP cyclohydrase I of the wild type cell has.
With regard to a method for obtaining such mutant cell,

there are exemplified a method where mutant of promoter of GCH

gene existing in chromosome is obtained, a method where new

promoter is introduced into an upper stream of GCH gene in
chromosome and a method where specific activity is enhanced as
compared with that of the wild type cell as a result of mutation
of structural gene of GCH.

With regard to a method for the introduction of gene of
enzyme being participated in the tetrahydrobiopterin
biosynthesis into the above-mentioned host cell, methods which
are known per se may be used. Specific examples of such methods
are (a) a method where the said gene is integrated into
chromosome of the host cell and (b) a method where gene is made
present as a plasmid using vector. Among them, the method of
using vector is preferred from a viewpoint that DNA can be
efficiently introduced.

With regard to the above-mentioned method (a) according
to the present invention where the gene of the above-mentioned
enzyme is integrated into chromosome of the host cell, there
is exemplified a method where one end of a glass tube is made
narrow by pulling, DNA is placed thereinto, penetrated into cell
and is introduced either by electrophoretic means or by the
pressure caused by sending air or nitrogen gas. Another example
1s a particle gun method where very fine particles of gold or
silver are sprinkled with DNA and the particles adhered with
DNA are shot to the host cell by means of gun powder or
high-pressure gas so that DNA is introduced thereinto. Still

another example is an electroporation where host cell and DNA
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are placed in a container and voltage is applied whereby a
transient pore is resulted in the host cell and DNA is
incorporated therein [Neumann, E., et al. EMBO J. 1, B41-845
(1982)].

With regard to a method for the introduction of gene
concerning the present invention into a host cell using vector,
a method which is known per se may be used. With regard to a
vector, it is preferred to use expression vector which glves
stable mRNA in large quantities and is made so as to efficiently
translate the resulting mRNA in the host cell. When plural
genes are introduced, it is desired to use vectors having
different origin for replication both in the case of same genes
or different genes. With regard to the vector used, there are
exemplified plasmid derived from Escherichia coli (such as
PBR322, pBR325, pUC12, pUC13, pUC18, pUC19 and pSTV28) . plasmid
derived from Bacillus subtilis (such as pUB110, pTP5 and pC194},
plasmid derived from yeast (such as pSH19, pSH15 and pYES2),
bacteriophage such as A phage, animal viruses such as retrovirus,
vaccinia virus and baculovirus, pAl-11, pXT1l, pRc/CMV, pRc/RSV
and pcDNAI/Neo.

Expression vector usually contains regulatory sequence
so that the enzyme of the present invention is expressed or
expression advantageously takes place. Each regulatory
sequence may be native or foreign to the base sequence coding
for the amino acid sequence of the enzyme protein. Such a
regulatory sequence includes promoter, leader, polyadenylated
sequence, propeptide sequence, enhancer, signal sequence,
splicing signal, poly A added signal, SV40 duplicated origin

(hereinafter, may be referred to as SV40ori) and transcription
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terminator although not limited thereto. Among the above, the
preferred regulatory sequence contains at least promoter and
transcription- and translation termination signals.

With regard to promoter, anything may be used so far as
it is an appropriate promoter sequence which is a base sequence
being recognizable by the host cell. When the host cell is
bacterium of genus Escherichia, there may be exemplified trp
promoter, trc promoter, lac promoter, recA promoter, A PL
promoter, 1pp promoter and T7 promoter. Among those, preferred
ones are trc promoter and lac promoter. When the host cell is
a bacterium of genus Bacillus, there may be exemplified SPO1
promoter, SPO2 promoter and penP promoter. When the host cell
is a bacterium of order Actinomycetales, there may be
exemplified tipA which is a promoter inducing an antibiotic
thiostrepton (Murakami, T., et al. (1989) J. Bacteriol., 171,
1459), etc.

When the host cell is yeast, there may be exemplified PHOS5
promoter, PGK promoter, GAL promoter, GAP promoter, ADH
promoter and AOX1l promoter. Among them, GAL promoter is
preferred.

When the host cell is filamentous fungus, there may be
exemplified promoter obtained from gene coding for TAKA amylase
of Aspergillus oryzae, aspartic acid proteinase of Rhizomucor
miehei, neutral a-amylase of Aspergillus niger, acid-stable
a-amylase of Aspergillus niger, glucoamylase (glaA) of
Aspergillus niger or Aspergillus awamori, lipase of Rhizomucor
mienel, alkaline protease of Aspergillus oryzae, triphosphoric
acid isomerase of Aspergillus oryzae, acetamidase of

Aspergillus nidulans and trypsin-like protease of Fusarium




oxysporum (U. S. Patent No. 4,288,627 and Japanese Patent
Laid-Open No. 507102/2000).

When the host cell is animal cell, there may be exemplified
SRa prompter, 5vV40 promoter, LTR promoter, CMV
(cytomegalovirus) promoter and HSV-TK promoter.

When the host cell is insect cell, there may be exemplified
polyhedrin promoter and P10 promoter.

When the host cell is plant cell, there may be exemplified
355 promoter of cauliflower mosaic virus.

Withregardtotranscriptionterminator,anysequencemay
be used so far as it is recognized by a host cell for terminating
the transcription.

For example, when the animal cell is a host, there may
be used transcription terminator sequence of each of genes
derived from virus, various mammals and birds and, to be more
specific, there may be used SV40 terminator of simian virus.

When the host cell is yeast, there may be exemplified,
PHO5 terminator, PGK texrminator, GAL terminator, GAP terminator,

ADH terminator and A0OX1 terminator.

When the host cell is filamentous fungus, there may be

exemplified terminators obtained from the gene coding for TAKA
amylase of Aspergillus oryzae, glucoamylase of Aspergillus
niger, anthranilate synthase of Aspergillus nidulans,
a-glucosidase of Aspergillus niger and trypsin-like protease
of Fusarium oxysporum.

Expressionvectarmayincludesignalsequenceconcerning
secretion of protein.

With regard to signal sequence, a signal sequence of the

gene to be introduced may be used or a signal sequence of the
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different gene may be used.

With regard to the signal sequence of the different gene,
there may be exemplified alkaline phosphatase when the host cell
is a bacterium of genus Escherichia and, when the host cell is
a bacterium of genus Bacillus, there may be exemplified
o-amylase signal sequence and subtilisin signal sequence.

When the host cell is yeast, there may be exemplified MFa
signal sequence and SUC2 signal sequence.

When the host cell is filamentous fungus, there may be
exemplified base sequences coding for signal peptide from
Aspergillus oryzae TAKA amylase gene, Aspergillus nigerneutral
amylase gene, Rhizomucor miehei aspartic acid proteinase gene,
HUmicola1anuginosacellulosegeneandRhizomucornuehei1ipase
gene.

When the host cell is animal cell, there may be exemplified
insulin signal sequence, «-interferon signal sequence and
antibody molecule signal sequence.

Expression vector may include a selective marker. For
example, in the case of prokaryote such as Escherichia coli and
Bacillus subtilis, there may be used various drug-resistant
genes while, in the case of eukaryotic microbe such as yeast,
there may be used gene complementary to auxotrophy of the host
as a selective marker. To be more specific, there may be
exemplified dihydrofolic acid reductase gene, methotrexate
{MTX) -resistant gene, ampicillin-resistant gene,
neomycin-resistant gene (G418-resistant),
chloramphenicol-resistant gene, kanamycin-resistant gene and
URA3 gene.

Expression vector may include one or more nucleic acid
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sequence(s) coding for one or more factor(s) (such as activator
(for example, trans-acting factor), chaperone, SD sequence and
processing protease) which is/are advantageous for expression
of enzyme gene concerning the present invention.

Any factor which is functional in the selected host cell
may be used as an expression vector concerning the present
invention.

In the present invention, known expression vector may be
used as well. For example, there may be listed PIN-III-ompa,,
etc. for Escherichia coli host cell. Further examples are
pIJ702 for Actinomyces host cell and pNJ1053 for yeast host cell.
When plant cell is host cell, there may be exemplified pBIl21
(Nucleic Acids Res., 12, 8771-8721 (1984)), etc. In addition,
shuttle vector pDGl48 (Karmazyn-Campelli, et al., Cell, 52,
697-704, 1988) may be used for Escherichia coli and Bacillus
subtilis and are advantageously used in the present invention.

With regard to a method for integrating cDNA, etc.
containing the gene of enzyme participating in the above THBP
biosynthesis concerning the present invention, there may be
used a method which is known per se such as cleaving by a
restriction enzyme followed by bonding by a DNA ligase. With
regard to the above-mentioned cDNA, etc., various treatments
maybepreviouslycarriedoutsuchastreatmentwithexonuclease,
addition of chemically synthesized DNA fragment and addition
of cleavage sites for restriction enzymes by bending of linker
or by PCR so as to be easily integrated with the above vector
or G,C-chain is elongated so as to add a connectable terminus
at the terminus of vector DNA or double stranded cDNA.

When the vector containing the gene of enzyme which is
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able to participate in the THBP biosynthesis constructed as such
is introduced into a host cell, it is possible to manufacture
a transformed cell in accordance with the present invention.

With regard to a method for the transformation by
introduction of the said expression vector into the host cell,
known methods may be used. When the host cell is prokaryote
such as bacterium of genus Escherichia, the introduction may
be carried out by recovering the cells in a logarithmic growth
phase followed by subjecting to a well-known CaCl, method
(Graham,F.L.andvanderEb,A.J.E&:@lo&?.52,456-467(1973)).
When MgCl; or RbCl is made coexistent in the transformation
reaction solution, the transforming efficiency can be improved
and, therefore, that may be coexisted in the present invention.
It is also possible to carry out a transformation after
preparation of protoplast of the host cell.

When the host cell used is eukaryote, it is possible to
carry out the introduction by common methods such as a method
where DNA is infected as a calciuﬁ phosphate precipitate, a
microinjection method, a method where introduction is carried
out by including plasmid with erythrocyte cell or liposome, a
method of treating the cell with a reagent such as
lysophosphatidylcholine and a method where virus vector is used.
When the host cell is yeast, it is possible to use a lithium
acetate method. '

To be more specific, in the transformation of bacterium
of genus Escherichia, that may be carried out by the methods
described in Proc. Natl. Acad. Sci. USA, volume 69, 2110 (1972},

Gene, volume 17, 107 (1982), etc.

In the transformation of bacterium of genus Bacillus,
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that may be carried out by the methods described in Molecular
& General Genetics, volume 168, 11 (1979), etc.

In the transformation of yeast, that may be carried out
by the methods described in Methods in Enzymology, volume 194,
182-187 (1991), Proc. Natl. Acad. Sci. USA, volume 75, 1929
(1978), etc.

In the transformation of insect cell or insect, that may
be carried out by the methods described in Bio/Technology, 6,
47-55 (1988), etc.

In the transformation of animal cell, that may be carried
out by the methods described in Saibo Kogaku, Supplementary
Issue No. 8, Shin Saibo Kogaku Jikken Protocol, 263-267 (1995)
(published by Shujunsha), Virology, volume 52, 456 (1973), etc.

In the transformation of plant cell, that may be carried
out by introducing the gene in accordance with the present
invention according to an Agrobacterium tumefaciens method
(Methods in Enzymol., 118, 627-640 (1986)), a high-speed fine
particle method (Plant Molecular Biology, 11, 433-439 (1989)),
a protoplast method (Nature, 319, 791-793 (1986)), etc.

With regard to a method for a stable expression of the
enzyme of the present invention using animal cell, there is a
method where the cell in which the expression vector introduced
into the above animal cell is integrated with chromosome is
selected by means of a clone selection. To be more specific,
transformed cell 1is selected using the above-mentioned
selecting marker as an index and the transformed cell which is
obtained by the selective marker as such is repeatedly subjected
to a clone selection whereupon a stable transformed cell having

a high enzyme expressing ability according to the present
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invention is able to be obtained.

In the present invention, the above-mentioned
transformed cell is cultured usually under such a condition that
gene of enzymes participating in the THBP synthesis such as GCH,
PTPS and SPR introduced therein is able to be expressed. In
the cultivation, it is preferred that incubating temperature,
pPH of medium and dissolved oxygen level are constantly
controlled. That is because, in order to suppress a reduction
of growth of cell by, for example, lowering of pH of the medium
as much as possible, to promote the growth and also to produce
the biopterin compound more efficiently, it is preferred to make
the culture conditions constant as mentioned above.

In the culture of transformed cell where the host cell
is a bacterium of genus Escherichia, a bacterium of genus
Bacillus or a bacterium of order Actinomycetales, a liquid
medium is preferred as a medium used for the culture and the
medium in which carbon source, nitrogen source, inorganic
material and others necessary for the growth of the said
transformed cell are contained is preferred. Examples of the
carbon source are glucose, dextrin, soluble starch and sucrose;
examples of the nitrogen source are ammonium sait, nitrate, corn
steep liquor, peptone, casein, meat extract, soybean cake and
potato extract and other inorganic or organic substances; and
examples of the inorganic material are calcium chloride, sodium
dihydrogen phosphate and magnesium chloride. Yeast extract,
vitamins, growth-promoting factor, etc. may also be added to
the above medium. PH of the medium is preferably to be about

5 to 8.

With regard to the medium for the culture of a bacterium
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of genus Escherichia, its specific examples are M9 medium
containing glucose and Casamino acid (Miller, Journal of
Experiments in Molecular Genetics, 431-433, Cold Spring Harbor
Laboratory, New York, 1972), etc. and it is preferred that,
after a pre-culture using an LB medium (refer to Example 4),
a main culture is carried out using an NUCA medium (refer to
Example 4). Here, in order to have a promoter act efficiently,
a reagent such as 3f-1indolylacrylic acid or chloramphenicol may
be added thereto if necessary. When an inductive promoter is
used, it is preferred' to add a substance which causes the
induction to the medium. For example, in the case of lac
promoter, it is preferred to add isopropyl
p-thiogalactopyranoside (IPTG) and, in the case of GAL promoter,
it is preferred to add galactose. The culture is carried out
preferably at about 10 to 50°C for about 3 to 72 hours and, if
desired, aeration or stirring may be conducted.

Culture of a bacterium of genus Bacillus is usually
carried out at about 30 to 40°C for about 6 to 40 hours and,
if desired, aeration and stirring may be conducted. With regard
to the medium, known ones may be used. To be more specific,
it is preferred that, for example, a pre-culture is carried out
using an LB medium (refer to Example 4) and then a main culture
is carried out using an NU medium (refer to Example 14).

When the host cell is a bacterium of order Actinomycetales,
it is usually carried out at about 20 to 40°C for about 2 to
7 days and, if desired, aeration or stirring may be conducted.
With regard to the medium, it is possible to use known media
such as a GP medium (containing 0.4 wt% of glycerol, 0.1 wtg

of peptone, 0.4 wt% of yeast extract, 0.05 wt% of magnesium
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sulfate, 0.2 wt% of monopotassium phosphate, 0.5 wt% of disodium
phosphate and 0.1 wt% of glycine per one liter).

With regard to the medium for the culture of yeast, there
may be exemplified a Burkholder minimum medium [Bostian, K. L.,
et al. Proc. Natl. Acad. Sci. USA, volume 77, 4505 (1980)}] and
an SD medium containing 0.5% of Casamino acid [Bitter, G. A.,
et al., Proc. Natl. Acad. Sci. USA, volume 81, 5330 (1984)].
Among those, an SD-Ura medium (refer to Example 5) is preferred.
It is preferred that pH of the medium is adjusted to about 5~8.
Culture is preferably carried out at about 20~40°C for about
24~84 hours and, if desired, aeration or stirring may be
conducted.

When the host cell is a filamentous fungus, it is also
possible to culture by a method known per se.

When a transformed cell where the host cell is insect cell
or insect is cultured, examples of the medium are that where
an additive such as inactivated 10% bovine serum is
appropriately added to Grace's insect medium (Grace, T. C. C.,
Nature, 195, 788 (1962)), etc. 1t is preferred that PH of the
medium is adjusted to about 6.2 to 6.4. Culture is preferably
carried out at about 27°C for about 3 to 5 days and, if desired,
aeration or stirring may be conducted.

With regard to a medium for the culture of animal cell,
there may be used an MEM medium containing about 5 to 20% of
fetal bovine serum (Science, volume 122, 501 (1952)), a DMEM
medium (Virology, volume 8, 396 (1959)), an RPMI 1640 medium
(J. Amer. Med. Assc., volume 199, 519 (1967)), a 199 medium {Proc.
Soc. Biol. Med., volume 73, 1 (1950)), etc. It is preferred

that pH of the medium is about 6 to 8. Culture is preferably
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carried out at about 30 to 40°C for about 15 to 72 hours.

Examples of the medium for the culture of plant cell are
a Murashige and Skoog (MS) medium, a White medium, etc.

As hereunder, preferred embodiments of the manufacturing
method for biopterin compound according to the present
invention will be mentioned.

The pSTV28 is used as a vector of an Escherichia coli type
and there is prepared pSTV28-GPS which is a plasmid where cDNA
of each of GCH, PTPS and SPR 1is aligned at the downstream of
a lactose promoter. The said plasmid is an expression vector
where an induction by IPTG is possible. The expression vector
is introduced into an Escherichia coli JM 101 strain and
cultured in a medium containing 0.5 mM IPTG for about 48 hours
whereby the biopterin compound can be manufactured.

Alternatively, yeast pYES2 is used as a vector and there
is prepared pYES2-FPS which is a plasmid where cDNA of each of
GCH, PTPS and SPR is aligned at the downstream of a GAL1 promoter.
Such a plasmid is an expression vector where an expression
induction by galactose is possible. The expression vector is
introduced into Saccharomyces yeast and expression of each
enzyme gene is carried out by induction with galactose whereby
the biopterin compound can be manufactured.

There is also the following embodiment as a method for
the manufacture of the biopterin compound according to the
present invention. Thus, a shuttle vector pDG148
(Karmazyn-Campelli, et al., cell, 52, 697-704, 1988) is used
and there is prepared pDG148MPS which is a plasmid where cDNA
of each of GCH, PTPS and SPR is aligned at the downstream of

spac promoter. The said plasmid is an expression plasmid for
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Bacillus subtilis which is able to be induced by IPTG. The
expression vector is introduced into Bacillus subtilis 1Al
strain ({trpC2) to prepare a transformed cell. Such a
transformed cell is pre-culture in an LB medium containing about
5 ng/ml of kanamycin for about 3 hours and then subjected to
a shaking culture in an NU medium containing about 1 mM of IPTG
and about 5 pg/ml of kanamycin at about 37°C for about 20 hours
whereby the bilopterin compound can be manufactured.

It is also possible that, when laclI gene is deleted from
the above-mentioned shuttle vector pDG148, an expression vector
pDG148MPSAI which is able to always express GCH, PTPS and SFR
regardless of presence or absence of IPTG is prepared. Such
an expression vector may be used by the same manner as above
except that IPTG is not necessary during the main culture.

THBP 1s produced from GTP which 1s inherently present in
host cell by the enzyme which is able to participate in the THBP
synthesis such as GCH, PTPS or SPR expressed in the transformed
cell. The produced THBP is oxidized to DHBP as shown in Fig.
2 and then further oxidized to BP in the cell or after discharged
outside the cell by passing through cell membrane in a medium
such as a culture broth (Takikawa, et al., Eur. J. Biochem.
161:295-302, 1986). Thus, although an indiscriminate
conclusion cannot Be derived because of the difference due to
type of the transformed cell and extracellular environment such
as culture condition, only THBP is produced in the transformed
cell in some cases while, in other cases, a part of or all of
it is oxidized and DHBP or BP or a mixture thereof is available.

There is also another case where the THBP produced in the

transformed cell passes through a cell membrane and is
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discharged outside the cell. In that case, although an

indiscriminate conclusion cannot be derived because of the

difference due to composition of the culture media, the
discharged THBP is sometimes oxidized to DHBP or BP in the
culture media.

In the present invention, the biopterin compound in the
culture broth or in the treated substance thereof such as a
supernatant may be purified and separated by the following
method. If desired, the culture broth or the treated substance
thereof such as a supernatant is oxidized by, for example,
adding an oxidizing agent thereto and, after that, the biopterin
compound is purified and separated. Since THBP is an easily
oxidized substance among the biopterin compounds, it is
preferred that the culture broth or the treated substance
thereof such as a supernatant is oxidized so that THBP or DHBP
is oxidized to BP and, after that, chemically more stable BP
is purified and separated.

With regard to a method for the oxidation of the biopterin
compound in the culture broth or in the treated substance
thereof such as a supernatant, known method per se may be used
and a known oxidizing agent may be added to the culture broth
or to the treated substance thereof such as a supernatant.
Examples of the oxidizing agent are periodate such as potassium
iodide, potassium or sodium dichromate, potassium permanganate,
potassium nitrosodisulfonate and nitric acid and, among them,
it is preferred to use potassium iodide.

In order to separate and purify the biopterin compound

of the present invention from the above culture product, methods

which are known per se may be used.
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To be more specific, there may be appropriately used, for
example, a method where fungus body or cell is collected by a
known method after culture in extraction of the biopterin
compound of the present invention from cultured fungus body or
cell which is transformed cell and is suspended in an
appropriate buffer followed by subjecting to a treatment with
ultrasonic wave or lysozyme or to a freeze-melting and a method
where fungus body or cell is destroyed by a combination of such
a means, then transformed cell and supernatant of culture broth
are separated by a means which is known per se such as
centrifugation or filtration and the supernatant is collected
wherefrom a solution in which the biopterin compound of the
present invention is dissolved is obtained.

When THBP produced in the transformed cell is discharged
outside the cell by passing through a cell membrane, there may
be appropriately used, for example, a method where transformed
cell and supernatant are separated by a known means per se such
as centrifugation or filtration without destroying the
transformed cell and the supernatant is collected wherefrom the
solution in which the biopterin compound of the present
invention is dissolved is obtained.

Purification of the biopterin compound of the present
invention which is contained in the culture broth or the treated
product thereof such as supernatant prepared as such may be
carried out by an appropriate combination of separating and
purifying methods which are known per se.

With regard to such known methods for separation and
purification, there may be used a method where solubility is

utilized such as salting cout and solvent precipitation; a method
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as dialysis, ultrafiltration, gel filtration and
SDS-polyacrylamide gel electrophoresis; a method where
difference in charges is utilized such as lon-exchange
chromatography; a method where specific affinity is utilized
such as affinity chromatography; a method where difference in
hydrophobicity is utilized such as a reversed phase high
performance liquid chromatography; a method where difference
in isoelectric point is utilized such as isoelectric focusing:;
and the like.

When the biopterin compound of the present invention
obtained as such is obtained in a free form, it may be converted
to a salt by a known method per se or by a methed similar to
that and, conversely, when it is obtained in a form of salt,
it may be converted to a free substance or to other salt by a
known method per se or by a method similar to that.

Preferred embodiment of purification of the biopterin
compound of the present invention is a method where the culture
broth is oxidized with a potassium iodide solution under an
acidic condition to convert to BP and then pure BP is obtained
by way of precipitating operation, Dowex 1 x 8 chromatography
and Florisil chromatography.

The biopterin compound which is obtained as such is able
to be converted to THBP, if desired, using a known means. For
example, BP or DHBP can be converted to THBP by a chemical
hydrogenation reaction. In the chemical hydrogenation
reaction, a known method per se may be used and there may be
exemplified a method where the reaction is carried out with

lithium aluminum hydride, lithium boron triethyl hydride,
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sodium boron hydride, diborane, alkyl diborane, etc. and a
method where reduction is carried out using Raney nickel
catalyst. Reaction condition therefor may be in accordance
with the known methods. Under some reduction conditions, it
is also possible to obtain DHBP from BP.

As mentioned above, THBP has been known as a coenzyme for
various kinds of enzymes and is a substance expected to be a
substance having such a pharmacological action. 1In addition,
DHBP or BP is not only useful as a provider for such a THBP but
also is a useful substance having a possibility of exhibiting

a pharmacological action.

Examples
Examples of the present invention will be shown as follows.

Incidentally, the following basic operations of genetic
engineering or bilological engineering were carried out
according to the methods mentioned in “"Molecular Cloning” (Cold
Spring Harbor Laboratory, 1982); "Molecular Cloning” 2nd
edition (Cold Spring Harbor Laboratory, 1989); Methods in
Enzymol., volume 194 (1991); Jikken Igaku (Supplementary Issue),
Kobo ni yoru Idenshi Jikkenho (Methods for Genetic Experiments
Using Enzymes), Yodosha (1994);: etc. When a commercially
available kit was used, the instructions attached thereto were
followed.

[Example 1. Preparation of GCH gene, PTPS gene and SPR
gene]

1. Cloning of GCH (GTP cyclohydrase I) gene derived from

Escherichia coli

Genomic DNA was extracted from Escherichia coli (W3110
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strain) by a reported method (Seibutsu Kogaku Jikkensho
[published by Baifukan, pages 97-98]). This was used as a
template and a PCR was carried out by a conventional manner us ing
sense primer P1 (SEQ ID NO: 1) and antisense primer P2 (SEQ ID
NO: 2) to prepare GCH gene (folE) [Katzenmeier, G., et al., Bio
Chem Hoppe Seyler 372:991-997, 1991, [GenBank X63910]]. After
that, DNA containing the resulting GCH gene was used as a
template and a PCR was carried out using sense primer P3 (SEQ
ID NO: 3) and antisense primer P4 (SEQ ID NO: 4) to add cleavage
sites for restriction enzymes EcoRI and Spel to the untranslated
regions of 5'end and 3'end of GCH gene, respectively. This PCR
product was digested by EcoRI and Spel and introduced into the
EcoRI and Spel sites of vector of pProEX HTa (GIBCO BRL) to
prepare pProEX-GCH. Incidentally, PCR condition, treatment
with restriction enzyme and ligation reaction were carried out
according to conventional methods.

After that, a PCR was carried out using pProEX-GCH as a
template and using sense primer P5 (SEQ ID NO: 5) and antisense
primer P6 (SEQ ID NO: 6) for cloning the Escherichia coli GCH
gene which was cloned to pProEX-GCH to a plasmid pSTV28 (Takara
Shuzo) to prepare GCH gene having cleavage sites for the
restriction enzymes EcoRI and Sall at the termini of 5'end and
3'end, respectively. The resulting PCR product was cleaved by
restriction enzymes EcoRI and Sall and connected to EcoRI and
Sall fragments (3.0 kb}) of pSTV28 (hereinafter, may be sometimes
referred to as EcoRI-Sall fragment or EcoRI, Sall fragment; that
will be applied to others as well) to give Escherichia coli GCH
expression plasmid pSTV28-GCH (Fig. 3). The GCH gene (folE)

contained in pSTV28-GCH was transcribed by Escherichia coli
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lactose (lac) promoter and the GCH expressed hereby had an amino
acid sequence where 7 amino acids (underlined part in Fig. 10)
derived from pSTV28 were added to the amino terminus (Fig. 10).

2. Cloning of PTPS (6-pyruvoyltetrahydropterin synthase)
gene derived from rat

Liver excised from rat was treated with collagenase and
the resulting hepatic cell was treated with a TRIzol reagent
(GIBCO BRL) to extract total RNA. The total RNA from rat
hepatocyte treated with DNase was subjected to an RT-PCR using
Super Script Preamplification System (GIBCO BRL) to prepare
CDNA containing PTPS gene (Inoue, Y., et al., J. Biol. Chenmn.
266:20791-20796, 1991: [GenBank NM_017220]). Here, olige 4T
primer was wused for reverse transcription while, for
amplification of a single stranded DNA containing PTPS gene by
PCR, there were used sense primer P7 (SEQ ID NO: 7) and antisense
primer P8 (SEQ ID NO: 8). A PCR was carried out using the
resulting cDNA containing PTPS as a template and using sense
primer PS (SEQ ID NO: 9) and antisense primer P10 {(SEQ ID NO:
10) to add the cleavage sites for restriction enzymes EcoRI and
Spel to the untranslated regions at 5'end and 3'end,
respectively, of cDNA containing PTPS gene. The PCR product
was digested by EcoRI and Spel to insert into the EcoRI and Spel
sites of pProEX HTc vector (GIBCO BRL) whereupon pProEX-PTPS
was prepared (Fig. 4).

After that, a PCR was carried out using PProEX-PTPS as
a template and using sense primer P11 (SEQ ID NO: 11} and
antisense primer P12 (SEQ ID NO: 12) to give PTPS gene having

the cleavage sites for the restriction enzymes EcoRI and Sall.

The resulting PCR product was cleaved by the restriction enzymes
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EcoRI and Sall and connected to EcoRI and Sall fragment (2.7
kb) of pUC18 (Yanisch-Perron, C., Vieira, J. and Messing, J.
Gene, 33:103-119%, 1985) to give rat PTPS expression plasmid
pUC18-PTPS (Fig. 4). The PTPS gene contained in pUC18-PTPS was
transcribed by Escherichia coli lac promoter and the expressed
PTPS had an amino acid sequence where 7 amino acids (underlined
ones in Fig. 11) derived from pUC18 were added to amino terminus
(Fig. 11).

3. Cloning of SPR (sepiapterin reductase) gene derived
from rat

According to the same method as in the case of cDNA
containing PTPS gene, there was prepared cDNA containing SPR
gene (Citron, B. A., et al. Proc. Natl. Acad. Sci. USA
87:6436-6440, 1990, [GenBank M36410] with an exception that
sense primer P13 (SEQ ID NO: 13) and antisense primer P14 (SEQ
ID NO: 14) were used for amplification of single stranded DNA
containing SPR gene by means of a PCR. ' The cDNA containing SPR
gene was used as a template and a PCR was carried out using sense
primer P15 (SEQ ID NO: 15) and antisense primer P16 (SEQ ID NO:
16) to add the cleavage sites for the restriction enzymes BamHI
and Spel to the untranslated regions of 5'end and 3'end,
respectively. of cDNA containing SPR gene. The PCR product was
digested by BamHI and Spel and inserted into the BamHI and Spel
sites of pProEX HTb vector (GIBCO BRL) to prepare pProEX-SPR
(Fig. 5).

After that, a PCR was carried out for rat SPR gene using
PProEX-SPR as a template and using sense primer P17 (SEQ ID NO:
17) and antisense primer P18 (SEQ ID NO: 18) to prepare SPR gene

having the cleavage sites for a restriction enzyme HindIII at
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termini of 5'end and 3'end, respectively and the resulting PCR
product was cleaved by a restriction enzyme HindIII and
connected to HindIII fragment (2.7 kb) of pUC19 (Yanisch-Perron,
C., Vieira, J. and Messing, J. Gene, 33:103-119, 1985) to
prepare a rat SPR expression plasmid pUC19-SPR (Fig. 5). With
regard to SPR gene coded to pUC19-SPR, it was also transcribed
by Escherichia coll lac promoter and the expressed SPR had an
amino acid sequence where 8 amino acids (the underlined one in
Fig. 12) derived from pUC19 were added to amino terminus (Fig.
12).

4. Cloning of GCH gene (FOL 2) derived from yeast

FOL2 is a homolog of GCH. A PCR was carried out using
genomic DNA of yeast (Saccharomyces cerevisiae, KA31l strain)
as a template and using sense primer P23 (SEQ ID NO: 23) and
antisense primer P24 (SEQ ID NO: 24) to give DNA containing FOL2
gene (Tettelin, H., et al. Nature 387:81-84, 1997, [GenBank
NC_001139]) having the cleavage sites for restriction enzymes
BamHI and Xhol of the untranslated region at the 5'end and 3°end,
respectively. The PCR product was digested by BamHI and XhoIl
and inserted into the BamHI and Xhol sites of pYES2/CT vector
(Invitrogen) to prepare pYES2-FOL2 (Fig. 6).

[Example 2. Preparation of Plasmid pSTV28-GPS Producing
the Biopterin Compound for Escherichia colil]

pSTV28-GPS which 1s a THBP synthase expression plasmid
for Escherichia coli was prepared by the following method.
Firstly, a PCR was carried out using pUC18-PTPS mentioned in
Example 1 as a template to amplify DNA containing from lac
promoter to termination codon of PTPS gene. 1In designing the

primer for the PCR, Sall site was provided to sense primer while
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BamHI site was provided to antisense primer so as to make the
cloning thereafter easy. Those primers had sequences of sense
primer P19 (SEQ ID NO: 19) and antisense primer P20 (SEQ ID NO:
20), respectively. The resulting PCR product was subjected to
a precipitating treatment with ethanol, dissolved in a TE buffer
(10 mM Tris-HC1 (pH 8.0}, 1 mM EDTA) and cleaved by restriction
enzymes Sall and BamHI.

After that, a PCR was carried out using pUC19-SPR
mentioned in Example 1 as a template to amplify the DNA
containing from lac promoter to termination codon of SPR gene.
In the primers for the PCR, BamHI site was provided to sense
primer while Sphl site was provided to antisense primer. Those
primers had a sequence of sense primer P21 (SEQ ID NO: 21) and
that of antisense primer P22 (SEQ ID NO: 22), respectively. The
resulting PCR product was subjected to a precipitation
treatment with ethanol, dissolved in a TE buffer (10 mM Tris-HC1
(pH 8.0) and 1 mM EDTA) and cleaved by restriction enzymes BamHI
and Sphl.

The Sall-BamHI f{fragment containing PTPS gene and
BamHI-Sphl fragment containing SPR gene prepared as such were
connected to digested product (3.9 kb) of pSTV28-GCH by Xhol
and SphI to prepare pSTV28GPS (Fig. 7). The pSTV28-GPS has a
structure where each of GCH, PTPS and SPR genes (described in
Fig. 10 to Fig. 12) is transcribed by lac promoter.

[Example 3. Preparation of pYES2-FPS, a Plasmid Producing
the Biopterin Compound for Yeast])

A PCR was carried out using sense primer P25 (SEQ ID NO:

25) and antisense primer P26 (SEQ ID NO: 26) where pUC1l8-PTPS

was used as a template to add the cleavage sites for restriction
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enzymes BamHI and Xhol to the untranslated region at 5°'end and
3'end, respectively, of PTPS gene. The PCR product was digested
by BamHI and Xhol and inserted into BamHI and Xhol sites of
PYES2/CT vector to prepare pYES2-PTPS (Fig. 8).

After that, a PCR was carried out using sense primer P27
(SEQ ID NO: 27) and antisense primer P28 (SEQ ID NO: 28) where
PUC19-SPR was used as a template to prepare cDNA containing SPR
gene having the cleavage sites for restriction enzymes BamHI
and Xhol at the untranslated region at 5'end and 3'end,
respectively, of SPR gene. The PCR product was digested by
BamHI and Xhol and inserted into the BamHI and Xhol sites of
PYES2/CT vector (Invitrogen) to prepare pYES2-SPR (Fig. 8).

Then a PCR was carried out using sense primer P29 (SEQ
ID NO: 29) and antisense primer P30 (SEQ ID NO: 30) where
PYES2-PTPS was used as a template to prepare DNA fragment having
GALl promoter to which the cleavage site for Sphl was added at
upper stream of PTPS gene and CYC1l transcription termination
signal to which the cleavage site for Spel was added at
downstream. Incidentally, this DNA fragment has blunt ends
because of the property of DNA polymerase (pyrobest DNA
Pelymerase |[Takara Shuzeo]) used therefor. The said DNA
fragment where the 5'terminus was phosphorylated was inserted
into pYES2-SPR where its ends were blunted after being digested
by Spel to prepare pYES2-PS. After that, a PCR was carried out
using sense primer P31 (SEQ ID NO: 31) and antisense primer P32
(SEQ ID NO: 32) where pYES2-FOL2 was used as a template to prepare
DNA fragment having GALl promoter to which the cleavage site
for Spel was added at upper stream of FOL2 gene and CYC1

transcription termination signal to which the cleavage site for
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Spel was added at downstream. The fragment was digested by Spel
and inserted into the cleavage site for Spel of pYES2-PS to
prepare pYES2-FPS. 1In the pYES2-FPS, it had a structure where
each of GCH gene derived from S. cerevisiae, PTPS gene derived
from rat and SPR gene derived from rat is transcribed by GAL1
promoter and enzyme having the same amino acid sequence as the
enzyme of a natural type is expressed (Fig. 9).

[Example 4. Production of the Biopterin Compound by
Escherichia colil]

Escherichia coli JM10l1 strain was transformed using
pP5TV28-GPS by a calcium chloride method (Mandel and Higa, J.
Mol. Biol., 53, 159-162, 1970) and the resulting
JM101/pSTV28-GPS was cultured to investigate its ability of
production of the biopterin compound. Firstly,
JM101/pSTV28-GPS cultured for one night in an LB medium was used
as a pre-culture broth, 50 pl thereof were inoculated in 3 mL
of an NUCA medium containing 0.5 mM IPTG (isopropyl
thiogalactopyranoside) and cultured at 37°C for 48 hours.
Incidentally, the LB medium and NUCA medium comprised the
following compositions. Thus, [composition in 1 L. of the LB
medium: 10 g of tryptone, 5 g of yeast extract and 5 g of NaCl]
and [composition in 1 L of NUCA medium: 20 g of glycerol, 4 g
of yeast extract, 10 g of Casaminoc acid, 4 g of K;HPO,, 4 g of
KHPO4, 2.7 g of NaHPO,, 1.2 g of (NH4),S04, 0.2 g of NH.C1l, 2
g of Mg50,.7H,0, 40 mg of FeSO4.7H,0, 40 mg of CaCl,;.2H;0, 10 mg
of MnS0;.nH;0, 10 mg of AlCl;.6H,0, 4 mg of CoCl;.6H;0, 2 mg of
ZnS0,.7H;0, 2 mg of Na;Mo0,.2H;0, 1 mg of CuCl,.7H,0, 0.5 mg of
H;BO; and 30 mg of chloramphenicol]

The resulting THBP is easily oxidized in its aqueous
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solution to give DHBP and BP and, in order to check whether
JM101/pSTV28-GPS produced the THBP, the culture broth was
subjected to an iodine oxidization to convert to BP and the
produced amount thereby was measured. The culture broth was
centrifuged to remove the cells, one-tenth by volume of
potassium iodide solution (1N hydrochloric acid solution
containing 0.9% of I, and 1.8% of KI) was added to the culture
broth and the mixture was allowed to stand for 1 hour shielding
the light. Then this culture broth was diluted to 20-fold with
deionized water, injected to a Cl18 reversed phase column
(COSMOSIL 5C18-AR, Nakarai Tesk) of 4.6 mm x 250 mm equilibrated
with 10 mM sodium phosphate buffer at a flow rate of 0.8 mL/minute
and BP was quantified by exciting at 350 nm using a 440 nm
fluorescent detector. As a result, peaks corresponding to
standard BP specimen and standard P (pteridine) specimen were
detected in the supernatant (Fig. 13) whereby it was apparent
that JM101/pSTV28-GPS produced the biopterin compound. When
the amount of the biopterin compound was calculated from the
peak areas, the production amount per liter of the culture broth
was about 20 mg.

[Example 5. Production of biopterin compound by yeast]

5. cerevisiae KA31l strain (MATaura3 leuZ his3 trpl) was
transformed by a lithium acetate method using pYES2-FPS. The
transformed cell was selected by an SD-Ura” medium to give an
FPS strain. [Composition in 1 liter of the SD-Ura” medium: 20
g of glucose, 1.7 g of yeast nitrogen base {containing neither
amino acid nor ammonium sulfate), 5 g of ammonium sulfate, 20
mg of adenine sulfate, 20 mg of Arg, 100 mg of Asp, 100 mg of

Glu, 30 mg of Ile, 30 mg of Lys, 20 mg of Met, 50 mg of Phe,
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400 mg of Ser, 200 mg of Thr, 30 mg of Tyr, 150 mg of Val, 20
mg of His, 100 mg of Leu and 20 mg of Trp]

Similarly was prepared a transformed cell by vector
(pPYES2/CT) as a control (Mock).

The resulting transformed cell was cultured in 5 ml of
SCD-Ura medium until ODgoo nm became 0.4 and, after that, it was
substituted to the same amount of an SCGal-Ura” medium to conduct
expression induction. Incidentally, the incubating
temperature was made 30°C.

Composition in 1 liter of the SCD-Ura™ medium: 1.7 g of
Yeast nitrogen base (containing neither amino acid nor ammonium
sulfate), 5 g of ammonium sulfate, 5 g of Casamino acid, 20 g
of glucose, 20 mg of adenine sulfate and 20 mg of Trp.

Composition in 1 liter of the SCGal-Ura medium: 1.7 g
of yeast nitrogen base (containing neither amino acid nor
ammonium sulfate), 5 g of ammonium sulfate, 5 g of Casamino acid,
20 g of galactose, 20 mg of adenine sulfate and 20 mg of Trp.

After 24 hours from the expression induction, yvyellow
coloration which was specific to the pteridine compound was
noted in the culture broth of the FPS strain whereby it was noted
from the appearance that the expressed three kinds of enzymes
functioned in the cells.

Growth of the cells after the induction was good in both
FPS strain and Mock strain (Fig. 14). 1In order to confirm the
production of THBP or its oxidized product, the culture
supernatant after 72 hours from the induction Qas oxidized as
same as in Example 4 and subjected to HPLC analysis and TLC

analysis.

Incidentally, the HPLC analysis was carried out by the
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same method as in Example 4. 1In the TLC analysis, a thin layer
plate of silica gel for thin layer chromatography (silica gel
60 Fis4; layer thickness: 0.25 mm: 10 cm x 20 cm) was used and,
as to a developing solvent, a mixture of chloroform, methanol,
acetic acid and water (45:10:5:2) was used. The sample (20 ul)
and each 100 ng of standard BP and P specimens were spotted onto
the thin layer plate, dried with air and developed by an inclined
ascending method. When the developed distance became about 12
cm, development was finished, the thin layer plate was dried
with air and irradiated with ultraviolet ray (main wavelength:
254 nm} and the absorption spot was detected.

Result of the HPLC analysis is shown in Fig. 15. Only
in the FPS strain, the peak corresponding to BP was noted and,
from the area ratio of peak areas, it was found that the FPS
strain produced the biopterin compound corresponding to 0.76
ug/ml of BP by induction for 72 hours in the culture supernatant.

Fig. 16 shows the result of the TLC analysis of the culture
supernatant. In the culture supernatant of the FPS strain, a
spot showing the same mobility as the standard BP specimen was
confirmed. 1In the TLC analysis, it was found that, when 20 nl
of the culture supernatant oxidized with potassium iodide as
mentioned in Example 5 were analyzed, 1.37 pg of BP were produced
per 20 pl of the culture supernatant upon calculation from the
ultraviolet absorption intensity of the spot of BP and that
value is identical with the value calculated from the result
of the HPLC analysis which was 0.76 ug per ml of the culture
supernatant.

[Example 6. Preparation of Escherichia colid Producing the

Biopterin Compound]
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In order to prepare a host bacterium being able to produce
GTP which is a precursor of THBP in more quantities than the
wild type, a regulatory mutant for synthesis of purine was
prepared as follows.

Firstly, in an M9 minimum agar medium containing 20, 50,
100 and 500 pg/ml of 8-azaguanine and decoynine, sensitivity
of those substances to Escherichia coli JM101l was tested and
it became clear that the sensitivity was available to 100 ug/ml
or more 8-azaguanine and to 500 ug/ml or more decoynine.

Composition of the M9 minimum agar medium: 2 g/L of glucose,
6 g/L of Na,HPO,, 3 g/L of KH,PO,, 0.5 g/L of NaCl, 1 g/L of NH,C1,
2 mM of MgSO,, 0.1 mM of CaCl; and 15 g/L of agar; pH 7.4.

Then, Escherichia coli JM101 which was mutated by
N-methyl-N-nitro—nitrosoguanidine (Miller, 1972, Experiments
in Molecular Genetics, Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York) was sowed on a plate of the M9 minimum
agar medium containing 100 pg/ml of 8-azaguanine or 500 pg/ml
of decoynine and incubated at 37°C to give a resistant mutant.
From each of the resistant mutant strains, 50 strains each were
selected and expression plasmid pSTV28-GPS was introduced
thereinto by a calcium chloride method. The strain prepared
as such was cultured for 48 hours in the above-mentioned NUCA
medium and the amount of the biopterin compound produced by each
strain was compared.

As a result, among the 8-azaguanine-resistant strains,
there was obtained an AGl4/pSTV28-GPS strain having a
productivity of the biopterin compound of about 10-fold as
compared with the parent strain (JM101/pSTV28-GPS). Thus, it

became clear that, when 8-azaguanine resistance is given to
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Escherichia coli, a strain where the productivity of the
biopterin compound increased was able to be prepared (Table 1).
Incidentally, it became clear that, with regard to this strain,
DHBP was detected in the culture broth in addition to BP and
that a part of the produced THBP was naturally oxidized being
present as DHBP or BP (Fig. 17).

[Example 7. Culture of Escherichia coli Producing the
Biopterin Compound Using a Jar Fermenter and Purification of
BP}

A bacterium AG14/pSTV28-GPS strain being able to produce
the biopterin compound was cultured using a 3-liter jar
fermenter. As a medium for the jar fermenter, the
above-mentioned NUCA medium containing 0.5 mM of IPTG was used.
Firstly, the AG14/pSTV28-GPS strain was cultured in an LB medium
for one night, 10 ml thereof were inoculated on 2 L of the NUCA
medium containing 0.5 mM of IPTG and cultured at 37°C while the
level of dissolved oxygen was kept at 30%. After 2% of glycerol
added in the initial stage of the culture was consumed, 80%
glycerol was added successively and the cultivation was carried
out for 48 hours.

An HPLC analysis was carried out for a part of the culture
broth. Thus, the produced THBP was converted by oxidizing with
potassium iodide solution as same as in Example 4 and analysis
was conducted by means of fluorescent analysis using an HPLC.
The HPLC was carried out as same as in Example 5. The result
was that, when determined from the produced amount of BP
calculated from the peak area, it was found that 350 mg/L of
THBP was produced by the culture for 48 hours.

In order to obtain the BP from the resulting culture broth,
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200 ml of the above culture broth were centrifuged to remove
the cells and one-tenth of potassium iodide solution (1N
hydrochloric acid solution containing 0.9% of I, and 1.8% of
KI) was added to the supernatant so as to oxidize to BP. After
that, the mixture was allowed to stand for 1 hour shielding the
light and adjusted to pH 7.0 by adding 5M aqueous solution of
sodium hydroxide thereto. Then the solution was cooled with
ice so that BP was separated out and precipitated, the resulting
precipitate was recovered by centrifugation, pure water was
added thereto and the mixture was adjusted to pH 2 with
hydrochloric acid whereby the precipitate was dissolved. This
solution was charged to a column of Dowex 1 x 8 (10 mm x 100
mm), washed with 20 ml of pure water and eluted with 0.5 M NaCl
at a flowrate of 1 ml/minute. Every 2 ml of the resulting eluate
were collected and the 8th to the 16th fractions were pooled.
One half of the pooled fractions was charged to a column (10
mm x 100 mm) of Florisil equilibrated with 0.5 M formic acid,
washed with 20 ml of 0.5 M formic acid and eluted with 2N HC1.
Every 1.8 ml of the resulting eluate were collected and the 4th
to the 16th fractions were pooled whereby 2 mg of BP of 98% purity
were obtained.

[Example 8. Optimization of Culture Condition and
Increase in the Producing Amount of the Biopterin Compound]

In the culture using the three-liter jar fermenter
mentioned in Example 17, culture was carried out where
incubating temperature, pH of medium and level of dissolved
oxygen were controlled to predetermined ones. Those

conditions were as follows.

(1) Cultivation temperature is 37°C.
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(2) ph value is 6.5.
(3) Dissolved oxygen level is 30%.

pPH of the medium was controlled by addition of 28% aqueous
ammonia, while dissolved oxygen level was controlled by an
increase of revolution upon stirring. With regard to glycerol
which is a carbon source, 2% were added at the start of the
culture and, after consumption, 80% glycerol were continuously
added at the flow rate of 10 ml/hour. As a result, it was found
that 2 g/L of THBP were produced upon culture for 48 hours when
determined from the produced amount of BP calculated from the
peak area of the HPLC analysis (Fig.18).

[Example 9. Increase in the Produced Amount of the
Biopterin Compound by Increased Expression of guaBA Gene]

Cloning of guaBA gene (Tiedeman, A. A., et al., J. Biol.
Chem. 260:8676-8679, 1985 and Nucleic Acids Res. 13- 1303-131s6,
1985 [GenBank M10101]) was carried out from Escherichia coli
(W 3110 strain) genomic DNA by a PCR. Escherichia coli (W 3110
strain) genomic DNA was prepared by a reported method {Seibutsu
Kogaku Jikkensho [published by Baifukan, p. 97-98]1). A PCR was
carried by a conventional manner using sense primer P 33 {SEQ
ID NO: 33) and antisense primer P 34 (SEQ ID NO: 34) to prepare
DNA containing Escherichia coli guaBA gene. Then the resulting
guaBA gene was subcloned to vector pCR2.1 (Invitrogen) to
prepare pCR2.1-guaBA. After that, pCR2.1-guaBA was cleaved by
BamHI and Xhol and a fragment of 3 kb containing guaBA gene was
inserted into BamHI and Xhol fragments (3.9 kb) of pMw21s
(Nippon Gene) to prepare pMW218-guaBA (Fig. 19). This plasmid
was introduced into AG14/pSTV28-GPS strain by a calcium

chloride method to prepare AGl4/(pSTV28-GPS, PMWZ218-guaBA).
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Selection and culture of the transformed strain were carried
out in a medium containing kanamycin (25 pug/ml) and
chloramphenicol (25 ul/ml). The prepared strain was cultured
by a method mentioned in Example 4 and the produced amount was
measured from the peak area by an HPLC analysis whereupon 580
mg/L of BP were found to be produced (Table 1).

[Example 10. Increase 1in Produced Amount of the
Biopterin Compound due to Increase in Expressed Amount of GCH]

pSTV28-GCH and pUCl8-PTPS were treated with EcoRI and
Sall to 1solate folE gene and rat PTPS gene and each of them
was 1inserted into EcoRI and Sall sites existing in a
multi-cloning sites of pTWV228 (Takara Shuzo) to prepare
pTWV228-GCH and pTWV228-PTPS. Similarly, pUC19-SPR was
treated with HindIII to isolate rat SPR gene and inserted into
HindIlI existing in a multi-cloning site of pTWV229 (Takara
Shuzo) to prepare pTWV229-SPR. Each of the three plasmids
prepared as such was introduced into AGl14/(pSTV28-GPS,
PMW218-guaBA) strain and produced amount of the biopterin
compound was measured by the method mentioned in Example 4.
Selection and culture of the transformed strain were carried
out in a medium containing ampicilliin (25 pg/ml), kanamycin {25
ug/ml) and chloramphenicol (25 pug/ml).

Froduced amounts of the prepared bacteria were 524 mg/L
for AG14/(pSTV28-GPS, pMW218-guaBA, pTWV228-GCH), 337 mg/L for
AG14/(pSTV28-GPS, pMW218-guaBA, pTWV228-PTPS) and 465 mg/L for
AGl4/(pSTV28-GPS, pMW218-guaBA, pTWV229-SPR). As a result
that the plasmid was newly introduced, an increase in the
expressed amount of each enzyme was confirmed upon analysis by

SDS-PAGE.
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From the above result, it was found that, with regard to
the three kinds of enzymatic genes participating in the THBP
production, produced amount of the biopterin compound was able
to be improved when its expressed amount was increased and that,
particularly when the expressed amount of GCH gene was increased,
produced amount of biopterin compound was able to be further
improved.

[Example 11. Increase in Production of the Biopterin
Compound by Utilization of Bacillus subtilis GCH Gene (mtrA)]

Cloning of mtrA (Gollnick, P., et al. Proc. Natl. Acad.
Sci. U. S. A, 87:8726-8730, 1990, [GenBank M37320]) which was
a Bacillus subtilis GCH gene was carried out from Bacillus
subtilis 1Al strain by a PCR. The Bacillus subtilis genomic
DNA was prepared by a reported method (Idenshi Hatsugen Jikken
Manual [Kodansha Scientific, p. 31-33]). A PCR was carried out
by a conventional method using sense primer P35 (SEQ ID NO: 35)
and antisense primer P 36 (SEQ ID NO: 36) to prepare the DNA
containing Bacillus subtilis mtrA gene. After that, the
resulting PCR product was used as a template and a PCR was carried
out once again using sense primer P37 (SEQ ID NO: 37) and
antisense primer P 38 (SEQ ID NO: 38) and the product was cleaved
by EcoRI and Xbal and connected to a digested product of pucils
by EcoRI-Xbal tc prepare pUCl8-mtrA.

After that, mtrA gene was excised from pUC18-mtrA by EcoRI
and Xbal and they were connected to a fragment made by digestion
of pSTV28-GPS with EcoRI and Sphl (3.0 kb) and a fragment made
by digestion of pSTV28-GPS with Xbal and SphI (1.4 kb) to prepare
DSTV28-MPS (Fig. 20). Then AGl4/pMW218-guaBA strain was

transformed by the resulting pPSTV28-MPS to Prepare
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AGl4/(pSTV28-MPS, pMW218-guaBA) and the produced amount of THBP
was measured by the method mentioned in Example 4. Cultivation
was carried out in a medium containing kanamycin (25 pug/ml) and
chloramphenicol (25 pg/ml). As a result, the strain
5 [AGl4/(pSTV28-MPS, pMW218-guaBA)] having the GCH gene of
Bacillus subtilis showed high produced amount of THBP (770 mg/L)
and it was found that, when the GCH gene (mtrA) of Bacillus
subtilis was used, produced amount of the biopterin compound

further increased (Table 1).

10
Table 1
Strain THBP Production [Detected as BP]
JM101 /pSTV28-GPS 23 mg/L
AG14/pSTV28-GPS 250 mg/L
AG14/{pSTV28-GPS,pMW218-guaBA) 580 mg/L
AGl4/(pSTV28-MPS,pMW218-guaBa) 770 mg/L

[Example 12. Culture of Strain with increased guaBA
expression and Strain carrying GCH homologue gene derived from

15 Bacillus subtilis by Jar Fermenter]
AGl4/(pSTV28-GPS,pMW218-guaBA) which was a strain with
increased guaBA expression and AG14/(pSTV28-MPS,pMW218-guaBa),
in which GCH gene from Bacillus subtilis was introduced, were
subjected to a two-liter scale cultivation according to a method
20 mentioned in Examples 7 and 8. As a result, BP calculated from
the peak area in the HPLC analysis was produced in an amount
of 2.4 g/L in the case of AGl4/(pSTV28-GPS,pMW218-guaBA) and

in an amount of 4 g/L in the case of

AGl4/(pSTV28-MPS,pMW218-guaBA) by a culture for 42 hours (Fig.
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{Example 13. Preparation of Expression Vectors pDG1l48MPS
and pDG148MPSAI for Bacillus subtilis]

Expression vectors pDG148MPS and pDG148MPSAI for Bacillus
subtilis were prepared as follows.

(1) Preparation of pUC18SD (refer to Fig. 22)

Oligonucleotides P39 (SEQ ID NO: 39) and P40 (SEQ ID NO:
40) having complementary sequences were mixed and, on the other
hand, P41 (SDEQ ID NO: 41) and P42 (SEQ ID NO: 42) having the
complementary sequences were mixed to prepare two double
stranded DNA fragments. Each fragment was subjected to a
reaction of adding a phosphate group to each 5'terminus by T4
polynucleotide kinase and cloned to the site of HindIII-EcoRI of
puUC18.

The sequence of about 45 bp between HindIII and EcoRI of
the resulting plasmid pUC18SD contained a DNA sequence coding
for the translation initiation region starting from SD sequence
(Shine-Dalgarno sequence) suitable for gene expression of
Bacillus subtilis and amino acid sequence of MSNITNS
(methionine-serine-asparagine-isoleucine-threonine-asparagine-
serine) (Fujita, et al., Microbiology, 140:2567-2575, 1994).

(2) Preparation of pUC1B8AE (refer to Fig. 23)

pUC18 was completely digested by EcoRI, Mung Bean
Nuclease was further added thereto, the mixture was incubated at
37°C for 15 minutes, purification with ethanol was conducted and
a ligation reaction was carried out to prepare pUC18AE. The
resulting plasmid was confirmed not to be cleaved by EcoRI. By
a DNA sequencing, it was confirmed that the recognition sequence

5'-GAATTC-3' of EcoRI was changed to 5'-GATT-3'.
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(3) Preparation of pUC18AESDmtrA (refer to Fig. 24)

For cloning of the mtrA gene, a PCR was carried out using
Bacillus subtilis genomic DNA as a template and using P43 (SEQ
ID NO: 43) and P44 (SEQ ID NO: 44), then a PCR was carried out
using the amplified DNA as a template and using P45 (SEQ ID NO:
45) and P46 (SEQ ID NO: 46), P45 (SEQ ID NO: 45) and P47 (SEQ ID
NO: 47) to introduce cleavage sites for restriction enzymes.
Termini of the resulting DNA fragments were digested by EcoRI
and Pstl and connected to HindIII-EcoRI DNA fragment (SD
sequence) prepared from pUC18SD and 2.6 kb HindIII-PstI DNA
fragment derived from pUC18AE to prepare pUC18AESDmtrA. Fig. 31
shows an amino acid sequence corresponding to a DNA base
sequence of mtrA cloned on pUC18AESDmtrA. Incidentally, the
underlined part shows an amino acid sequence derived from CcpA
protein to be added to amino terminus of mtrA (Fujita, et al.,
Microbiology, 140:2567-2575, 1994).

' (4) Preparation of pUC18SDPTPS (refer to Fig. 25)

A PCR was carried out using pUCl1BSD as a template and
using primers P50 (SEQ ID NO: 50) and P48 (SEQ ID NO: 48) and
termini of the resulting DNA fragment were digested by Xbal and
EcoRI to prepare a DNA fragment containing SD sequence.
Similarly, pUC18-PTPS prepared in the step of Example 1 as shown
by Fig. 4 was used as a template and primers P50 (SEQ ID NO: 50)
and P49 (SEQ ID NO: 49) were used to prepare a 0.45 kb EcoRI-
Sall fragment containing PTPS gene. They were connected to a
2.6 kb XbaI-Sall DNA fragment derived from pCUl8 to prepare
pUC18SDPTPS. Fig. 32 shows an amino acid sequence corresponding
to a DNA base sequence of PTPS cloned on pUCl18SDPTPS.

Incidentally, the underlined part shows an amino
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acid sequence derived from CcpA protein to be added to amino
terminus of PTPS (Fujita, et al., Microbiology, 140:2567-2575,
1994) .

(5) Preparation of pUC18AESDSPR (refer to Fig. 26)

A PCR was carried out using pUC18SD as a template and
using primers P51 (SEQ ID NO: 51) and P53 (SEQ ID NO: 53) and
termini of the resulting DNA fragment were digested by Sall and
EcoRI to prepare a DNA fragment containing SD sequence.
Similarly, pUC19-SPR prepared in the step of Example 1 as shown
by Fig. 5 was used as a template and primers P52 (SEQ ID NO: 52)
and P53 (SEQ ID NO: 53) were used to prepare a 0.8 kb EcoRI-Sphl
fragment containing SPR gene. They were connected to a 2.6 kb
Sall-Sphl DNA fragment derived from pUCL8AE to prepare
PUC18AESDSPR. Fig. 33 shows an émino acid sequence
corresponding to a DNA base sequence of SPR cloned on
pUClSAESDSPR. Incidentally, the underlined part shows an amino
acid sequence derived from CcpA protein to be added to amino
terminus of SPR (Fujita, et al., Microbiology, 140:2567-2575,
1994) .

(6) Preparation of pSL1180PS (refer to Fig. 27)

PUC18SDPTPS prepared by the step shown in Fig. 25 as
above was digested by XbaI and Sall to prepare a fragment (SD
sequence + PTPS) of 0.5 kb. After that, pUC1B8AESDSPR prepared
by the step shown in Fig. 6 as above was digested by Sall and
Sphl to purify a fragment (SD sequence + SPR) of 0.85 kb. Those
fragments were connected to XbaI- and Sphl-digested product (3.4
kb) of pSL1180 to prepare pSL1180PS.

(7) Preparation of pSL1180MPS (refer to Fig. 28)

PUC18AESDmtrA prepared by the step shown in Fig. 24 as
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above was digested by HindIII and Xbal to prepare a 0.63 kb
fragment and that was connected to a 4.7 kb fragment obtained
by digestion of pSL1180PS by HindIII and Xbal to pPrepare
pSL1180MPS.

(8) Preparation of pDG148MPS, expression vector for
Bacillus subtilis (refer to Fig. 29)

PSL1180MPS prepared by the step shown in Fig. 28 as above
was digested by HindIII and SphI to prepare a DNA fragment of
2.0 kb where mtrA, PTPS and SPR genes were aligned successively.
On the other hand, a shuttle vector pDG1l48 which was able to
be used for Escherichia «coli and Bacillus subtilis
(Karmazyn-Campelli, et al., Cell, 52, 697-704, 1988) was
digested by HindIII and SphI to prepare a DNA fragment of 8.2
kb and that was connected to the previously prepared DNA
fragment of 2.0 kb to prepare pDG148MPS, an expression vector
for Bacillus subtilis. Incidentally, in Fig. 29, Pspac is spac
promoter, lacl is lacl gene, l1acO is expression regulatory
region by lacl protein, Km is kanamycin-resistant gene, Ap is
ampicillin-resistant gene and ori is origin of replication of
plasmid.

In this expression vector pDG148MPS, a lacO sequence is
coded at the downstream of spac promoter {(Pspac) and lacI gene
which induces the expression in Bacillus subtilis is coded at
the downstream of multi-cloning site. Accordingly, in
Bacillus subtilis, transcription by spacpromoter is suppressed
by lacl protein. However, when IPTG which is an inducing
substance 1s added to the medium, transcription by spac promoter
is activated and expression of gene at the downstream is induced.

At the upper streamof mtra, PTPS and SPR genes, there are aligned




SD sequence each being suitable for gene expression of Bacillus
subtilis and DNA sequence coding for the translation initiation
region starting from an amino acid sequence of MSNITNS

(methionine-serine-asparagine-isoleucine-threonine-

asparagine-serine). Transcription of fhose three genes

aligned in a form of operon is induced by spac promoter.

(9) Preparation of pDG148MPSAI, expression vector for
Bacillus subtilis (refer to Fig. 30)

The pSL1180MPS prepared by the step shown in Fig. 28 as
above was digested by HindIII and BamHI which were restriction
enzymes to prepare a DNA fragment of 2.0 kb where mtraA, PTPS
and SPR genes were aligned successively. This was connected
to the above digested product (6.9 kb) of pDG148 by HindIII and
BamHI to prepare pDG148MPSAI, an expression vector for Bacillus
subtilis. Incidentally, in Fig. 30, Pspac is spac promoter,
lacO is expression regulatory region by lacl protein, Km is
kanamycin-resistant gene, Ap is ampicillin-resistant gene and
ori is origin of replication of plasmid.

In this expression vector pDG148MPSAI, a lacO sequence
is available at the downstream of spac promoter {Pspac) but,
since lacl gene part is deficient from pDG148, no suppression
to spac promoter is resulted in Bacillus subtilis. Accordingly,
expression of gene at downstream is constantly induced. At the
upper stream of mtrA, PTPS and SPR genes, there are aligned SD
sequence each being suitable for gene expression of Bacillus
subtilis and DNA sequence coding for the translation initiation
region starting from an amino acid sequence of MSNITNS.
Transcription of those three genes aligned in a form of operon

is induced by spac promoter.
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[Example 14. Production of the Biopterin Compound by
Bacillus subtilis]

Bacillus subtilis 1Al strain (trpC2) (Fujita, et al.,
Microbiology, 140:2567-2575, 1994) was transformed by pDG148MPS
or pDG148MPSAI according to the following method. Thus, each of
the plasmids of pDG148MPS and pDG148MPSAI used for the
transformation was a vector derived from a shuttle vector pDG148
(Karmazyn-Campelli, et al., Cell, 52, 697-704, 1988) which was
transformable for both Escherichia coli and Bacillus subtilis
and, in the case of Escherichia coli, resistance to ampicillin
was able to be used as a selective marker while, in the case of
Bacillus subtilis, resistance to kanamycin was able to be used
as a selective marker.

Bacillus subtilis 1Al strain was streaked on a TBABG
plate and a pre-incubation was carried out for 12 hours.
[Composition in 1L of the TBABG plate: 10 g of tryptone, 3 g of
beef extract, 5 g of NaCl, 15 g of agar powder and 1.8 g of
glucose] '

Cells were scraped off from the plate and suspended in 2
ml of a CI medium. [Composition of the CI medium: 0.2% of
(NH,) SOy, 1.4% of K,HPO,, 0.6% of KH,PO,, 0.1% of Na,
citrate.2H,0, 5 mM of MgsSO,, 0.5% of glucose, 0.02% of Casamino
acid and 50 pg/ml of tryptophane (trp)]

The resulting suspension was diluted with the CI medium
to as to make ODgyo mn = 0.08 and subjected to a shaking culture
at 37°C. During the cultivation, values of ODgy nn Were
appropriately measured to confirm that the growth entered the
stationary phase.

The culture broth (2.5 ml) was centrifuged (at 2500 rpm

and room temperature (RT) for 10 minutes) and the collected
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cells were suspended in 5 ml of a CII medium and subjected to
a shaking culture for about 30 minutes to give competent cells.
[Composition of the CII medium: 0.2% of (NH,),SO;, 1.4% of K HPO,,
0.6% of KH,PO,;, 0.1% of Na; citrate.2H,0, 5 mM of MgS0,, 0.5%
of glucose, 0.01% of Casamino acid and 5 pg/ml of tryptophane
(trp)]

The competent cell (1 ml) was mixed with 1 ug of pDG148MPS
or pDG148MPSAI prepared from Escherichia colil JM101 strain
which was a recA' strain and subjected to a shaking culture
gently at 37°C for 2 hours. After that, the culture broth was
streaked to a TBABG plate containing 5 pug/ml of kanamycin and
incubated at 37°C for about 12 hours to give each of the
transformants 1A1/pDG148MPS and 1A1/pDG148MPSATI.

Colony of each of the resulting transformants was
pre-cultured in 3 ml of an LB medium containing 5 ug/ml of
kanamycin (Km) for about 3 hours. After that, it was inoculated
on an NU medium (3.5 ml) containing 2% of glucose, 1 mM of IPTG
and 5 pg/ml of Km and subjected to a shaking culture at 37°C
for 20 hours. Similar cultivation was carried out in a medium
containing no kanamycin for Bacillus subtilis as a control for
each strain as well. [Composition of the NU medium (per 1L}:
4 g of yeast extract, 4 g of KH,PO,, 4 g of K,HPO,, 2.8 g of Na,HPO,,
0.2 g of NH,C1, 2 g of MgS50,.7H;0, 0.04 g of FeSO,, 0.04 g of
CaCl,.2H;0, 0.01 g of MnS0O,.5H;0, 0.01 g of AlCl;.6H,0, 0.004 g
of CoCl,.6H;0, 0.002 g of %nS0,.7H,0, 0.002 g of Na;Mo00,.2H.0,
0.001 g of CuCl;.2H;,0 and 0.0005g of H;BO;]

The result was that, in all strains including the control
strain, values of ODgoo nn Were 10 to 12. Growth of the cells

was good and any changes by transformation or gene expression




induced by IPTG were not observed. The supernatant of culture

broth after 20 hours from the start of the culture was oxidized

by a method mentioned in Example 4 and subjected to an HPLC

analysis.

Result of the HPLC analysis is shown in Fig. 34. 1In the
1Al strain (right end) where no plasmid was introduced, no peak
was noted at the eluted position of the standard BP specimen
while, inother two strains (1A1/pDG148MPS and 1A1/pDG148MPSAI),
peaks were noted at the eluting position of the standard BP
specimen whereby it became clear that the prepared Bacillus
subtilis had a BP-producing ability. Upon calculation from the

area ratio of the peak areas, amount of the produced BP was about

0.45 pg/ml in all cases.

Industrial Applicability

The present invention achieves an advantage that the
biopterin compounds being expected to have pharmacological
effect can be produced in large quantities in an industrial
scale starting from less expensive medium materials. As a
result, studies for the biopterin compounds, particularly for
pharmacological action thereof, are now able to be easily
carried out and development of new pharmaceuticals is able to
be promoted.

The present invention also achieves an advantage that
production of DHBP and BP which are oxidized products of THBP
becomes possible. As a result, studies for metabolism of

biopterin compounds are now able to be easily carried out.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for production of a biopterin compound
comprising:
(a) transforming a host cell with genes encoding 6-
pyruvoyltetrahydropterin synthase and sepiapterin reductase, and
optionally GTP cyclohydrase I, which are enzymes participating
in the biosynthesis of tetrahydrobiopterin,
(b) culturing the transformed host cell to produce
tetrahydrobiopterin,
(c) optionally oxidizing the resulting tetrahydrobiopterin, and
(d) collecting one or more biopterin compounds selected from the

tetrahydrobiopterin, dihydrobiopterin and biopterin.

2. The process for production of a biopterin compound
according to claim 1, wherein the biopterin compound in the
culture broth or in a processed product thereof is oxidized and

biopterin is collected therefrom.

3. The process for production of a biopterin compound
according to claim 1 or 2, wherein the collected
dihydrobiopterin and/or biopterin are/is reduced to produce

tetrahydrobiopterin.

4. The process for production of a biopterin compound
according to claims 1 to 3, wherein the enzymes participating in

the biosynthesis of tetrahydrobiopterin are two to three kinds

of enzymes selected from 6-pyruvoyltetrahydropterin synthase and

sepiapterin reductase, and optionally GTP cyclohydrase I.

5. The process for production of a biopterin compound
according to claims 1 to 3, wherein the transformation is
carried out by an expression vector having a gene of 6-
pyruvoyltetrahydropterin synthase and a gene of sepiapterin

reductase, and optionally a gene of GTP cyclohydrase 1I.

6. The process for production of a biopterin compound

according to claim 5, wherein the host cell is a mutant cell
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having a GTP cyclohydrase I activity which is not less than the
GTP cyclohydrase I activity inherent to the cell of a wild type.

7. The process for production of a biopterin compound
according to claim 4, wherein the GTP cyclohydrase I gene to be

introduced into the host cell is mtra gene derived from Bacillus
subtilis.

8. The process for production of a biopterin compound
according to claims 1 to 7, wherein the host cell is a

prokaryotic cell.

9. The process for production of a biopterin compound
according to claim 8, wherein the prokaryote is Escherichia

coli, Bacillus subtilis or Actinomyces.

10. The process for production of a biopterin compound
according to claims 1 to 7, wherein the host cell is a

eukaryotic cell.

11. The process for production of a biopterin compound
according to claim 10, wherein the eukaryote is yeast or

filamentous fungi.

12. The process for production of a biopterin compound
according to claim 11, wherein the yeast is methanol

assimilating yeast or fission yeast.

13. The process for production of a biopterin compound

according to claim 11, wherein the yeast is Saccharomyces yeast.

14. The process for production of a biopterin compound
according to claims 1 to 13, wherein the host cell is a mutant
cell having a GTP synthesizing ability of not less than the GTP
synthesizing ability of the cell of a wild type.

15. The process for production of a biopterin compound

according to claim 14, wherein the host cell is a mutant cell
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having an 8-azaguanine resistance of not less than the 8-

azaguanine resistance of the cell of a wild type.

16. The process for production of a biopterin compound
according to claim 14 or 15, wherein the host cell is a
genetically recombinant cell wherein guaBA gene coding for IMP

dehydrogenase and GMP synthase is introduced thereinto.

17. A transformed cell used for the production of a
biopterin compound mentioned in claims 1 to 16 in which gene of
an enzyme participating in the biosynthesis of

tetrahydrobiopterin is introduced into a host cell.

18. The transformed cell according to claim 17, wherein
the host is a mutant cell having a GTP synthesizing ability of
not less than the GTP synthesizing ability of the cell of a wild
type.

19. The transformed cell according to claim 18, wherein
the host cell is a mutant cell having an 8-azaguanine resistance
of not less than the 8-azaguanine resistance of the cell of a

wild type.

20. The transformed cell according to claim 18 to 19,
wherein the host cell is a genetically recombinant cell where
guaBA coding for IMP dehydrogenase and GMP synthase is

introduced thereinto.

21. The transformed cell according to claim 18, wherein

the host cell is a mutant cell having a GTP cyclohydrase I

activity which is not less than the GTP cyclohydrase I activity
inherent to the cell of a wild type and a gene of 6-
pyruvoyltetrahydropterin synthase and a gene of sepiapterin

reductase are introduced into the said host cell.

22. The transformed cell according to claims 17 to 21,
wherein the GTP cyclohydrase I gene to be introduced into the

host cell is mtrA gene derived from Bacillus subtilis.
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23, A process according to claim 1, substantially as

herein described, with reference to any one of the examples or

figures.

Dated this 3rd day of July 2006
DAIICHI ASUBIO PHARMA CO., LTD.

By Their Patent Attorneys
GRIFFITH HACK
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Fig. 3

Preparation of pSTV28-GCH
E. coli genome DNA

l PCR (P1.P2)

i PCR(P3. P4)

EcoRI Spe 1

folE

EcoR], Spe 1 pPProEX HTa EcoRI, Spe 1
fragment of 4.8kb

Ligation

Spe I
Tre Ecr:)RI pe

folE

pProEX-GCH
Ap

l PCR({PS5. P6)
oRI Sal 1

Eec

folE

EcoRI1, Sal 1 pSTV28 EcoRI, Sall fragment of 3.0kb
Ligation

EcoRI Sal 1

lac

folE

pSTV28-GCH

Cm
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Fig.4
Preparation of pUC18-PTPS

The whole hepatic RNA from rat

l Reverse transcription using oligo dT primer

l PCR(P7. P8)

l PCR(P9. P10)

EcoRI Spe 1
PTPS
EcoRI, Spe 1 pProEX HTc EcoRI, Spe 1
fragment of 4.8 kb
Ligation

EcoRI Spe 1

PCR(P11. P12)
EcoRI Sal 1

PTPS
EcoR1, Sal 1
¢ Ligation
EcoRI Sql ) {

pUCI18 EcoRl, SalI fragment of 2.8 kb

lac

pUCT18-PTPS
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Fig. 5
Preparation of pUC19-SPR

The whole hepatic RNA from rat

l Reverse transcription using oligo dT primer

l PCR(P13. P14)

l PCR(P15. P16)

BamH 1 Spe 1
SPR
PProEX HTb BamH 1, Spe 1
BamH]1, Spe 1 fragment of 4.8 kb
Ligation

BamH 1 Spe 1

PCR(P17. P18)
Hind 111 Hind T11

SPR

Hind 111 pUC19 Hind 111, fragment of 2.7 kb
Ligation

Hind 11X Hind 111
lag
. SPR

pUC19-SPR
A
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Fig. 6

Preparation of pYES2-FOL2

Yeast genome DNA
l PCR (P23. P24 )
BamH]1 Xho 1

FOL2

BamHI, Xho 1 pYES2/CT BamHI, Xho 1

fragment of 5.9 kb
Ligation

BamHI1 Xho1

[
GALT CYC1 71T

FOL2

pYES2-FOL2

URA3 Ap
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Fig.7

Preparation of pSTV28-GPS

P21
F19 S
PTPS SPR
pUC18-PTPS ;;J pUCI9-SPR P22
Ap Ap
lPCR (P19, P20) l PCR (P21, P22)
Sal 1 BamHI BamHI Sph 1
LI:” PIPS ot SPR =
Sall, BamHl BamHl, Sphl,
' Xhol
ac Sph 1
folE
pSTV28-GCH Xhol. Sohl,
Cm
Ligation

(Sal I/Xhol) BamH 1 Sph 1

m [ iE?L

pSTV28-GPS

@ Cm
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Preparation of pYES2-PTPS and pYES2-SPR

lac

+—
pUCIB-PTPS %

l PCR(P25. P26)

BamH 1 Xpo I
PTPS
BamH 1, Xho 1 PYES2/CT BamH I, Xho 1
m fragment of 5.9 kb
paaLy BanH 1 Xpo 1 i
PTPS
PYES2-PTPS
URA3 | Ap
P27
~—p
lac
SPR
pUC19-SPR ‘;;5
A
l PCR(P27. P28)
BamH 1 Xho I
- YES2/CT BamH 1, Xho 1
BamH 1, Xho Y |——— P amH 1, Xho
o ° Ligation fragment of 5.9 kb
BamH 1 Xko 1
" T
GAL1 SPR CYC1 TT
pYES2-SPR

URA3 I Ap
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Fig. 9

Preparation of pYES2-FPS

P29
’ BTPS CYCITT
<+
pYES2-PTPS P30
URA3 | Ap
i PCR(P29, P30) Spel
CYC1 TT
Sph 1 Spe 1 SPR
RTPS pYES2-SPR
URA3 H  Ap
Phosphorylate
5’-terminal Spe 1
Blunte its ends
v P31
I —p
Sﬁe CYCI TT
PTPS LH-E‘J} SPR FoLz  H
pYES2-PS pYES2-FOL2 P32
URA3 M Ap URA3 H  Ap

l PCR(P31. P32)

FOL2 -EHJS ¢!

Ligation

Spe 1 Spe 1

PGAL - . CYCI1TT
PTPS FOL2 SPR

pYES2-FPS
URA3 [T1  Ap




Fig. 10

atgaccatgattacgaattccatgccaatgccatcactcagtaaagaagecggeccctggtt
M T M T T N S M P M P S L S K E A A L V

catgaagcgttagttgcgcgaggactggaaacaccgctgcgcccgcccgtgcatgaaatg
HEAULV ARGULETU®PTILUZRUPUPV HEM

gataacgaaacgcgcaaaagccttattgetggtcatatgaccgaaatcatgeagetgetg
b N ETURIK S L I A GHMTETIMMGQTLL

aatctcgacctggctgatgacagtttgatggaaacgccgcatecgeatecgectaaaatgtat
N L b L. AD D S L M ETUPHU RTI A XM Y

gtcgatgaaattttctccggtetggattacgeccaatttoccecgaaaatcacectcattgaa
VD E I F S 6L D Y A NVF P K I T L I E

aacaaaatgaaggtcgatgaaatggtcaccytgegegatatcactctgaccageacetgt
N KM KV D EM YV TV R DI TTULT S TC

gaacaccattttgttaccatcgatggcaaagcgacggtggcctatatcccgaaagatteg
E HHF V TIUDGI KA ATV A Y I P KD S

gtgatcggtctgtcaaaaattaaccgcattgtgecagttetttgeecagegtecogeaggty
vVI16L S KINZERTIUVOQPFF AOQOTERUEPGQUV

caggaacgtctgacgcagcaaattcttattgegectacaaacgetgetgggcaccaataac
0 E R L T Q Q I L I A L Q@ T L L G T N N

gtggctgtctcgatcgacgcggtgcattactgcgtgaaggcgcgtggcatccgcgatgca
v A V 5 T D A V HY CV K A R G I R D A

accagtgccacgacaacgacctctcttggtggattgttcaaatccagtcagaatacgcge
T 8 AT TT T T S L G 6L F K S S @ N TR

cacgagtttctgcgcgctgtgecgtcatcacaactga

H E F L R A VvV R H H N -

Fig. 11

atgaccatgattacgaattccatgaacatgaacgcggcggttggecttcggegecgegeg
M T M T T N S M N M N A AV GL R R R A

cgattgtcgegectegtgtecttcagegegagecaceggetgecacageccatectctgagt
R L S R L V S F S A S HRUL H S P S L §

gctgaggagaacttgaaagtgtttygggaaatgcaacaatcegaatggccatgggeacaac
A E E NL K V F G K C N NP N G H G H N

tataaagttgtggtgacaattcatggagagatcgatcecggttacaggaatggttatgaat
¥ K v Vv v T I HGETIUDUPV T G MV M N

ttgactgacctcaaagaatacatggaggaggccattatgaagececttgatcacaagaac
L T DL K E Y M E E A I M K P L D H K N

ctggatctggatgtgccatactttgcagatgttgtaagcacgacagaaaatgtagctgtc
L b L DV PY F ADV V S TTEINUVD A YV

tatatctgggagaacctgcagagacttcttccagtgggagctctctataaagtaaaagtg
¥y I W E NL ©Q R L L P V G AL Y K V K V

tatgaaactgacaacaacattgtggtctacaaaggagaatag

¥ ET D NN I V V Y K G E -




Fig. 12

atgaccatgattacgccaagcttgggcéggggcaggctaggttgcgctgtctgcgtgctg
M T M I T P S L G R G R L G C A V C V L

accggggcttcccggggcttcggccgcgccctggccccgcagctggccgggttgctgtcg
T 6 A S R G F G R AL AP QL A G L L s
cccggttoggtgttgettctaagegeacgcagtgactegatygctgeggcaactgaaggag
P G § VL L L S A R S D S ML ROQTULIK E
gagctctgtacgcagcagecgggcctgcaagtggtgetggeageegecgatttgggeace
E L €T OQ QP GL Q V VL AAU ATUDTULTGT
gagtccggcgtgcaacagttgetgagegeggtgecgegagetecectaggeccgagaggetyg
E 8 GV Q 0L L S AV IR RETLUZPTZ RUPTET RL
cagcgcctectgetcatcaacaatgecaggeactettggggatgtttecaaaggettectyg
g R L L L I NN AG T UL G D V 8 K G F L
aacatcaatgacctagctgaggtgaacaactactgggccctgaacctaacctccatgctc
N I NDL A E V N N Y W AL NTILT S M L
tgcttgaccaccggcaccttgaatgccttetccaatagecctggectgagecaagactgta
C L T TG T UL NAUF S NS P G L S K T V
gttaacatctcatectctgtgtgcocctgcagectttcaagggctggggactctactgtgea
vV N I S 5L CAULQUPVFIKGWG L Y C A
gggaaggctgcccgagacatgttataccaggtectggetgttgaggaaccecagtgtgagg
G K A A RDMTILY Q VL AV EZEUP S V R
gtgctgagctatgccccaggtcccctggacaccaacatgcagcagttggcccgggaaacc
vV L s ¥ A P G P L DT NMMUOU OTULUDBT RET
tccatggacccagagttgaggagcagactgcagaagttgaattctgagggggagctggtg
S M D P EL R S R L Q KL NS E G ETUL V
gactgtgggacttcagcccagaaactgctgagettgetgecaaagggacaccttccaatct
D C 66T S A Q K L L 5L L Q R DTV F Q 8
ggagcccacgtggacttctatgacatttaa
G A H V D F Y D I -
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HPLC analysis of culture supernatant of
culture of the biopterin compound producing
Escherichia coli JM101/pSTV28-GPS

by a C18 reversed column

Supernatant y/BP
liquid of culture Fi /
R AN 1
Standard BP | §
—
Standard P
5 i N
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Fig. 16

TLC analysis of culture supernatant
of the biopterin compound producing yeast(FPS strain)

BP (100 ng)
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HPLC analysis of culture supernatant
of the biopterin compound producing
Escherichia coli AGl4/pSTV28-GPS
by a Cl8 reversed column

supernatant liquid
of culture

BP DHBP

)

Standard DHBP,
Standard BP

BP DHBP

/o Y
AN
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Fig. 18

Time course of BP and P production
by Escherichia coli AGl14/pSTV28-GPS

140 3500

120 5= 0D660 43000

100 [—©— Concentration of BP 7 2500
80 [ 1 2000
80 | —A— Concentration of P 1 1500
40 1 1000
20 1 500

0 — 0

0 4 8 12 16 20 24 28 32 36
Time (hr)

(mg/L)

Produced amounts of BP and P
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Fig. 19

Preparation of pMW218-guaBA

E. coli genome DNA
l PCR (P33, P34)

guaBA

pCR2.1 vector

Ligation

Banlz HI Xfto I
guaBA
pCR2.1-guaBA

Ap km

Bam H1, Xho 1 l

Bam HI Xho1

guaBA

pMW218 Bam HI, Sal 1

Ligation fragment of 3.9kb

Bam HI (Xho I/Sal I)
guaBA
pMW218—-guaBA

lac

Km




Fig. 20

Bacillus subtilis genome DNA
{ PCR (P35, P36)

J, PCR(P37, P38)

EcoRI Xbal
mtrA
EcoRI, Xba 1

Ligation

EcoRl, Sph 1
fragment of 0.6 kb

pUC18 EcoRI, Xba 1
fragment of 2.7 kb

EcoRI1 Xba IEcoRI

PTPS

=

Xba l, Sph 1
Ligation

EcoRl, Sph 1
fragment of 3.0kb

EcoRI X EcoRI

bal
|

PTPS

<
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Fig. 21
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Fig. 22
Preparation of pUC18SD
Mix oligonucleotides Mizx oligonucleotidcs
P39 and P40 P41 and P42
Phosphorylate 5’-terminal Phosphorylate 5’-terminal
by T4 polynucleotide kinase by T4 polynucleotide kinase

|
]«

Hind Sph 1 Sal I Xba 1 EcoR 1 lac
l | | | |
| | | I l
pUC18
Ap
4 Hind W
pUCI18 Hind Ml ,EcoR I € EeoR 1
fragment of 2.6kb
v
Hind Il LI EcoR 1 lac
pUC18SD

Ap
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Fig. 23
Preparation of pUC18_/E

HindMl Sph1 Sall Xbal EcoR1

] | | ] |
| | I { !

lac

pUC18

EcoR 1
Sph1 Sall Xbal ¢

] i ]
| { i

pUC18

Ap

4— Mung Bean Nuclease

Self - ligation

v
EcoR 1
Sphl Sall Xbal *

l ! | N
| | 1 N

pUC18AE

Ap

Defect of EcoRI site
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Fig. 24
Preparation of puci8/ESDmtra

pUC18-SD Bacillus subtilis genome DNA
PCR (P43, P44)
< Hind Il | PCR (P45, P46)
<+—FEcoR 1

PCR (P45, P47)

v
<“—FEcoR 1 ,Pst!]
M v
HindIl EcoR 1 EcoR 1 Pst 1
SD mtrA(0.58kb)

pUC18/E Hind T Pst 1

fragment of 2.6kb
Ligation
HindllEcoR 1 Pst 1
lac
SD mtrA
pUC18 AESDmtrA

Ap ——/




Fig. 25

24/3

3

Preparation of pUC18SDPTPS

pUCI18SD pUC18-PTPS
PCR (P50, P48) PCR (P50, P49)
v v
+— Xba l <+ Sall
<—FcoR 1 “4+—FEcoR I
v A 4
Xbal EcoR1 EcoR 1 Sal 1
SD PTPS(0.45kb)
pUC18 Xba I ,Sal I
fragment of 2.6kb
Ligation
Xbal EcoR1 Sal 1
lac
SD PTPS
pUC18SDPTPS

Ap
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Preparation of pucl18/ESDSPR

pUC18-SD pUC19-SPR
PCR (P53, P51) PCR (P53. P52)
v v
<+ Sal ] “4—FEcoR 1
<+—FEcoR 1 <“—Sph |
\ v
Sall EcoR1 EcoR 1 Sph 1
SD SPR(0.8kb)
pUCI8AE Sal 1 Sph 1
fragment of 2.6kb
Ligation
Sal I EcoR 1 Sph 1
lac
SD SPR
pUC18 AESDSPR

Ap




Fig. 27
Preparation of pSL1180PS

pUC18SDPTPS pUC18 AESDSPR

4— Xba I <+—Sal |

<+ Sal I <+Sph 1

v v
Xba I Sal 1 Sal 1 Sph 1

SD+ PTPS SD+ SPR
(0.5kb) (0.85kb)

pSL1180 Xba I, Sph 1
fragment of 3.4kb

Ligation

Xbal Sall Sph 1
lac

PTPS

pSL1180PS

Ap




Fig. 28
Preparation of pSL1180MPS

pUC18 AESDMtrA

<+ HindIl

4+ Xbal

\ 4
Hind It Xbal

SD+ mtrA
(0.63kb)

pSL1180PS HindIll, Xba 1
4 fragment of 4.7kb

y Ligation

HindIl Xba 1 Sal 1

/— mtrA PTPS

pSL1180MPS

Ap




Fig. 29
Preparation of pDG148MPS

Hind I Xba 1 Sal 1 Sph 1

mirA PTPS
F pSL1180MPS

Ap

lac

14— HindIl, Sph 1

Sph 1

mtrA PTPS SPR
(2.0kb)

{acO
pDG148

Ap —(ori

pDG148 Hind1L,Sph <— Hind, Sph |

< fragment of 8.2kb

Ligation
4
HindIl
Pspac

mirA PTPS

pDG148MPS

Km Ap

_
~ For B. subtilis T For E. coli -




Fig. 30
Preparation of pDG148MPSI

HindIll Xba 1 Sal I Sph I  BamH 1

mirA PTPS SPR
[— pSL1180MPS

Ap

lac

14— Hindll, BamH 1
BamH 1

mtrA PTPS —,

(2.0kb)

lacO
pDG148

BamH 1

Ap i Ap ori

pDG148 Hindlll, BamH 1
fragment of 6.9kb

’ “4— HindIl, BamH 1

<

¢ Ligation
HindIl

Pspac

mtrA PTPS

pDG148MPS A1

Km @ Ap —(ori
~
™ For B. subtilis ~~— ForE coli —




Fig. 31

ATGAGCAATATTACGAATECCATGAAAGAAGTTAATAAAGAGCAAATCGAACAAGCTGTT
M S N X T N S M K EBE V N K E QI E Q A V
CGTCAAATTTTAGAAGCGATCGGAGAAGACCCGAATAGAGAAGGGCTTCTTGATACTCCG
R ¢ I L E A I G E P P NREGTULULTUDT P
AAMAGAGTCGCAAAGATGTATGCCGAAGTATTCTCCGGCTTGAATGAAGATCCAAAAGAA
K R V A K M Y A E V F S G L NEODUPI K E
CATTTCCAGACTATCTECGGTGAAAACCATGAGGAGCTTGTTICTTGTAAAAGATATAGCG
H F Q T I F G ENUHEUZ RTILVILVYVEKTUDTI A
TTTCATTCTATGTGTGAGCATCACCTTGTTCCCTTTFATGGAAAAGCACATGETGCATAT
F H S M C EH HL V P P Y G K A HV A Y
ATCCCGCGAGGCGGAAAGGTCACAGGACTCAGCAAACTGGCACGTGCCGTTGAAGCCGTT
I P R 6 G K V T G L S KL A RAUVEA AV
GCAAAGCGCCCGCAGCTTICAGGAACGCATCACTTCTACAATTGCAGAAAGCATCGTAGAA
A K R P OL Q ERTI T S T I A EBE S I V E
ACGCTTGATCCGCATGGCGTAATGGTAGTGGTTGAAGCGGAACACATCTGCATGACGATG
T L D P H G V M V V V E A E H M CH T M
CGCGGTGTAAGAAAACCGGGTGCGAAAACTGTGACT TCAGCAGTCAGAGGCGTTTTTARA
R 6 VR K?P G A KT VT S A VU RGV P K
GATGATGCCGCTGCCCGTGCAGAAGTATTGGAACATATTAAACGCCAGGACTAA
D D A A A RAEUVLEUHTIIZ KT ERUGQD -
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Fig. 32

ATGAGCAATATTACGAATTCCATGAACGCGGCGGTTGGCCTTCGGCGCCGCGCGCGATTG 60
M S N I T N S M N A AV G6GL RUPRUERATERL
TCGCGCCTCGTGTCCTTCAGCGCGAGCCACCGGCTGCACAGCCCATCTCTGAGTGCTGAG 120
§ R L V S F 5§ A 8 HRLHS P S L S A E
GAGAACTTGAAAGTGTITGGGAMATGCAACAATCCGAATGGCCATGGGCACAACTATAAR 180
E NL KV F G K CNNUPNGUHGUHNYZK
GITPGTGGTGACAATTCATGGAGAGATCGATCCGGTTACAGGAATGGTTATGAATTTGACT 240
VvV VvV VT IHGEIUDUPV T G MV M N L T
GACCTCAAAGAATACATGGAGGAGGCCATTATGAAGCCCCTTGATCACAAGAACCTGGAT 300
D L K E Y M EEWATIMUEKT?®PILDHUEKM NILTD
CIGGATGTGCCATACTTITGCAGATGTTGTAAGCACGACAGAAAATGTAGCTGTCTATATC 360
L p VvV P Y F A DV V S TTZEWNINUVH AUV Y I
TGGGAGAACCTGCAGAGACTTCTTCCAGTGGGAGCTCTCTATAAAGTAAAAGTGTATGAA 420
W E N L Q RL L P V G A L Y K YV K V Y E
ACTGACAACAACATTGTGGTCTACAAAGGAGAATAG

T P N NI V Vv Y K G B -
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Fig. 33

ATGAGCAATATTACGAATTCCGGCAGGCTAGGTTGCGCTGTCTGCGTGCTGACCGGGGCT 60
M 5 N I T NS 66 RLGCO AUVCVYUL T G A
TCCCGGGGCTTCGGCCGCGCCCTGGCCCCGCAGCTGGCCGGGTTGCTGTCGCCCGGTTCG 120
S R G F G R AL AUPOQTULA AGTIL UL S P G S
GIGTTGCTTCTAAGCGCACGCAGTGACTCGATGCTGCGGCAACTGAAGGAGGAGCTCTGT 180
VL L L S A RS D S MHMLURGOQTIL KUEZETLC
ACGCAGCAGCCGGGCCTGCAAGTGGTGCTGGCAGCCGCCGATTTGGGCACCGAGTCCGGC 240
T ¢ 0 P G L Q V V L A AADIULTGTTE S G
GTGCAACAGTTGCTGAGCGCGGTGCGCGAGCTCCCTAGGCCCGAGAGGCTGCAGCGCCTC 300
vV 9 ¢ L L 8 A V E RETLUZPUZRUPEIZ RTILUGTRL
CPGCTCATCAACAATGCAGGCACTCTTGGGGATGTTTCCAAAGGCTTCCTGAACATCAAT 360
L LI NN NWAWSGTULGD VY S K G F L NI N
GACCTAGCTGAGGTGAACAACTACTGGGCCCTGAACCTAACCTCCATGCTCTGCTTGACC 420
D L A E V NN Y WAULW®NI LT S ML CL T
ACCGGCACCTTGAATGCCTTCTICCAATAGCCCTGGCCTGAGCAAGACTGTAGETAACATC 480
T 6 T L N A F S NS P G L S K T V V N I
TCATCTCTGTGTGCCCTGCAGCCTTTCAAGGGCTGGGGACTCTACTGTGCAGGGAAGGCT 540
8 $s L. ¢ AL QPP F KOG W GL Y COAGTK A
GCCCGAGACATGTTATACCAGGTCCTGGCTGTTGAGGAACCCAGTGTGAGGGTGCTGAGE 600
A R D ML Y Q VL AV EZEUZP SV RUVIL S
TATGCCCCAGGTCCCCTGGACACCAACATGCAGCAGTTGGCCCGGGAAACCTCCATGGAC 660
¥ AP 6 P L DTN NMUOQUOQTLM ATRIET S M D
CCAGAGTTGAGGAGCAGACTGCAGAAGTTGAATTCTGAGGGGGAGCTGCTGGACTCTGGG 720
P E L R S RL Q KL NS E G ETULUVYVYUDOCG
ACTTCAGCCCAGARACTGCTGAGCTTGCTGCARAGGGACACCTTCCAATCTGGAGCCCAC 780
T $S A Q KL L 5 L L 0 RDTUV F QS G A H
GTPGGACTTCTATGACATTTAA
vV D F ¥ D I -
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€220>

<221>

<222>
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<220>
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222>
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32
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25
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<220>
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<400>

23
DNA
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Primer P33

33
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<211>
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<213>
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222>
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34
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DNA

Artificial sequence

Primer P34
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1523
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<212>

<213>
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35
23
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23

27
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<221>

£222>
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<212> DNA
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220>

£221>

222>

<223> Primer P36
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<210> 37
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€220>
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Primer P39
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<212>
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{222>
223>
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DNA

Artificial sequence

Primer P40
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cctaaaacca ctccttttac tggatacaca

<2105
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220>
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222>
<223>

<400>

41
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DNA

Artificial sequence

Primer P41
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<2115
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221>

42
19
DNA
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19
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222>
(223> Primer P42
<400> 42

aattcgtaat attgctcat 19

<210> 43

<211> 23

<212> DNA

€213> Artificial sequence
<220>

£221>

£222>

<223> Primer P43

<400> 43
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€223> Primer P44

<400> 44
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<210> 45

<211> 30

<212> DNA

{213» Artificial sequence
<220>

221>

{222

<223> Primer P45
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30
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222>

<223> Primer P47

<400> 47
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<210> 48
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<212> DNA
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<220>

<221>

222>
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<210> 49
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<212> DNA
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30

30
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<221>
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<223> Primer P50
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<211> 30

<212> DNA

<213> Artificial sequence
220>

<221>

<222>

<223> Primer P51

<400> 51

gtgccgtcga cgtgtatcca gtaaaaggag 30




<2107
<211>
<2125
<2133
<220
£221>
222>
223>

<400>

23,23

52
30
DNA

Artificial sequence
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Artificial sequence

Primer P53
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gcaacgcaat taatgtgagt 20
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