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Description

‘Deacetylase génes for the production of phosphinothriéin

or phosphinothricyl-alanyl-alanine, processes for their
isolation, and their use ‘

The invention relates to deacetylase genes, to processes
for their isolation, and to their use, in particular for
the production of transgenic plants using tissue-specific
promoters. In these plants, the development of certain
parts can be prevented in a targeted fashion. With the
aid of deacetylase genes, it is also possible to identify
and isolate tissue~specific promoters in transgenlc
plants. '

Phosphinothricin (PTC, 2-amino-4-methylphosphinobutyric
acid) is a glutamine synthetase .(GS) inhibitor. PTC is a
"building block" of the antibiotic phosphinothricyl-
alanyl-alanine. This tripeptide (PTT) is active against
Gram-positive and Gram-negative bacteria and also against
the fungus Botrytis cinerea. PTT is produced by' the
strain Streptomyces viridochromogenes 11494 which has
beén deposited at the -Deutsche Sammlung' fir Mikro-
organismen [German Collection of Microorganisms}, from
where it can be obtained; Deposit Nos. DSM 40736 and DSM
4112. '

' German Patent 2,717,440 discloses that PTC acts as a

total herbicide. The published application (EP-A~-
0,257,542) describes how herbicide-resistant plants are
produced with the aid of a phosphinothricin-N-acetyl-
transferase (pat) gene. The phosphinothricin-N-acetyl-
transferase encoded by the pat gene modifies the intra-
cellular PPC and detoxifies the herbicide.
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The present invention describes deacetylase genes (dgg),
whose expression products are capable of deacetylating N-

acetyl-phosphinothricin (N~Ac-PTC), or N-Ac-PTT,

intra-

cellularly, whereupon the antibiotic activity of these

compounds is restored.

An N-acetyl-phosphinothricin tripeptide deacetylase gene

viridochromogene

stream o
which has already been disclosed (EP-A-0,257,542).

10

according to the invention can be isolated from S.

s TH494. The dea gene is located down-
f the pat gene on the 4.0 kb BamHI fragment,

This

‘gene is located on a BgIII-BamHI fragment and is speci-
fied in detail by the sequence (Fig. 1 and Table 1). The

protein sequence is defined by the
éodon which is recognised in bacteri
as the translation: start codon;

sequende is emphasised by underlining.

15

DNA sequence. An ATG
a and in plants acts
the Shine-Dalgarno
This gene codes

for the last step in PTT biosynthesis, namely the deacet~

ylétion of inac

to give the active PIT.

THE
Ypomarroe—y
AGATCTGAGC
CCTCAACTGG
CCAGGAGGCC
CTCGGCGGAG
CGGTTCGTAC
GGCGGCCGEE
GGCGGCGGEG
GGGGCGGATC
GGTGCTGCGE
CGACCTGECC
CACCGAGGAC
CCIGGCCTICG
TTCCGAGGAA
CGTACCGGTC
GGTGCTCCCC
GAGGAGGGCG

Table 1:

FANS
GGAGAGCGCA

+ Ket

TGGCATLGTC

TACACCCGCA
TTCGGGCACC
TGGGTACGGC
GCCCTCGGAT
GCGGCGETGC
GAGGACGCCG
ACCITCGCCG
GACGCCGGGE
TCCCAGGGCE
CTGCTCCGCA
CCCGCCCACG
GTCCTGTACE

ACCTTCGACG

ACGGCGATGT
TGGGCCIGCC
CCGCCCAGGA.
CGCCGCAGTC
TCGCCCTGCA
TGGCGGCCTA
GTGACTCGGC
ACCCGCTGCC
CCTCGCACGT
TGGCGGLGCC
GCGATCTGAC
AGCGACGCLLG
AGTGGCCGGA

GGAGTTGGAG
GGAGCCACGC
CCCCGGCGAG
GGACGGCAGG
GCACCGCCAT
CTACCGCAGG
CCGGATGCTG
CGGCGCGCGE
GGCCGCCECG
CACCCGCAAG
CTACCTIGGCC
CGETCTGCCE
GGCGCTECAA
GATGTTCCAC

CTGGTGCGGE
CGGGTGGCCT
ACCGTCGTGA

"ACCCTGCTCT

CTGICCAGCE
CCGCLLGAGT
CGGGAGCGGG
CTCGLCGTCE
GTCTIGCATCT
GAGCGCGAGA
GGCACCGATC
CCGCTIGCTICA
CAGGCGGCGC
GTCTGGCACT

tive N—acetyl—phqsphinothricin tripeptide

AACTGATCGG
ACGACCGAGC
TCGGCGACTG
ACCTGCACGG
CGCTGGGCGC
CTCCCTTCCC
GCCTGCCGCL
CCGCCCTCCa
CGCLLTGGGE
TCCICCIGGA
CCAGGAACCC
TCCAGGICGG
TCAAGGCGGG
GGTACCACCC

GAGGGGCGTGC CGCCGTCGAG ACGGCGGGCG. TGTTCCTGLE CCGCGCCACE
AGCGGTGACC GACTGGATCC T ' '
R ] 'r. —— _"
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It is known of many enzymes that their specificity is not
limited to one substrate. For example, the phosphino-
thricin-N-acetyl transferase, which is encoded by the pat

" gene, is actually used in PTT biosynthesis for the

aé;etylation of .desmethyl—l?'l'c and can be used for the
detoxification of PTC due to its non—specificity;'Super-
expression of the dea gene (with the-aid of suitable
promoters or by cloning onto high-copy vectors) it is now
possible to use an N-acetyl-PTT-deacetylase of insuffi-
cient specificity for activating N;-acetyl-phosphino-

 thricin.

Another dea gene can be cbtained from E. coli. In fact,
it has been found that, in contrast with other bacteria
(for example rhizobia and streptomycetes), no activiﬁy
can be detected in the so-called PAT assay (Ph.D. thesis
Inge Broer, Faculty of Biology, Universitf of Bielefeld,
Expression des Phosphinthricin-N-Acetyltransferase-Gens
aus Streptomyces viridochromogenes in Nicotiana tabacum
[Expression of the phosphinothricin-N-acetyltransferase
gene from Streptomyces viridochromogenes in Nicotiana
tabacum], p. 42-43, 1989} after cloning the pat gene into
suitable expression vectors (Straunch et al., Gene, 63,
65-74, 1988; Wohlleben et al., Gene, 70, 25-37, 1988).
Moreover, a low number of copies of the pat gene in E.
coli is incapable of imparting PTT resistance since the
endogenic deacetylase compensates for the action of the
phosphinothricin-N-acetyltransferase. Finally, this
deacetylase activity can be detected directlir by the
effective inhibition of the GS activity after an addition

of N-acetyl-phosphinothricin. N-Ac-PTC is reacted by the

deacetylase to give PTC, which then inhibits the GS in

the known manner, which can be measured in the y-glutamyl

transferase assay (Bender et al., J. Bacteriol. 129,
1001-1009, 1977). This is due to an endogenic deacetylase
activity of E. coli.
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It should be assumed that this activity cannot be found

-in the argE mutant, which is known from the literature

(Baumherg, Molec. Gen. Genetics 106, 162-173, 1970).
Other E. coli deacetylase mutants can be selected easily:

. following traditional (Delié et al., Mut. Res. 9, 167~

182, 1970; Drake and Baltz, Ann. Rev. Bj.ochem. 45, 11-38,
1976) or TnS mutagenesis (Kleckner, Ann. Rev. Genet. 15,
341-404, 1981}, such mutants can be recognised on PTT-
supplemented minimal medium by the fact that they can
only grow after transformation with a pat gene cloned

into a low-copy vector.

Aceordingly, the deacetylase gene can be isolated from E.
coli by producing a gene bank, for example in the argEk
mutant of E. coli, or in a recently isolated mutant,
using conventional processes (Maniatis et al., Molecular
Cloning: a Laboratory Manual, Cold Spring Harbor Labora-
tory, Cold Spring Harbor, New York, 1982).

Methods for isclating further deacetylase genes result
from the above text: for example isolation of novel
organisms which are PTT-sensitive despite the presence of
a pat gene on a low-copy vector, followed by isolation of

a deacetyiase gene.

In a further aspect of the invention, pat genes and dea
genes can be used together with tissue-specific promoters
to prevent the development of certain plant tissues in a
targeted fashion. A specific use is, for example, the
production of male-sterile plants.

" The production of hybrid seed in plant breeding depends

on the guaranteed avoidance of selfing of the.mother
plant. In many plant species, male-sterile mutants occur
naturally, and these are used in breeding. The molecular
mechanism of cytoplasmatic male sterility {(cms) remains
insufficiently explained as yet. Moreover, no cms vari-
ants exist in a 1argé number of cultivated varieties such
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as, for example, Beta vulgaris. It is therefore of great
interest for agriculture to produce defined .cms mutants

of all important cultured varieties by way of molecular
genetics. The company PGS/Belgium has proposed such a

- method in Patent Application PCT/EP 89/00495. It is based

on the destruction of the tissue surrounding the pollen
mother cells (tapetum). To this end, an RNAase gene is
fused with a tapetum-specific promoter {(Mariani et'al.;
Nature 347, 737-741, 1990). The exclusive expression of
the gene in tapetum cells provides the selecti?e destruc-
tion of tissue and thus prevents the formation of mature

‘pollen. A plant carrying this gene should only be able to

produce seeds after cross-fertilization. An essential
shortcoming of this system is the fact that progeny of
this plant are also male-sterile and can therefore not
form seeds in the field, where they depend on selfing.

- This is only successful when the male partner of the

crops carries a gene which can compensate for the action

of the RNAase in the progeny. According to the above-

mentioned disclosed patent application, this is supposed
to be effected by the barstar gene. The fact remains that
only genetically modified, i.e. transgenic, partners can
be used in the cross.

The text hereinafter proposes methods for the production
of cms plants which allow tramsgenic mother plants to be
crossed with any partners of the same species. This is
achieved by combining a dea gene which is under the

. control of, for example, a tapetum promoter, in connec-

tion with a constitutively expressed pat gene. Applica-
tion of PTC, or PTT, results in a targeted inhibition of
the glutamine synthethase in the tapetum cells, causing
their death. An even simpler system consists in the
production of transgenic plants which contain only a
single foreign gene, namely a dea gene under the centrol
of a tissue-specific promoter, in this case a tapetum
promoter, and application of N-Ac—PTC, or N-Ac-PTT, to
the plant.
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Generally speaking, the invention accordingly comprises

the following methods for the tissue-specific inhibition
with the aid of a deacetylase gene, preferably the
abovementioned dea gene from E. coli or
S. viridochromogenes Tii 494:

1) Plants which are resistant to PTT or PTC by pat
activity (for example produced as described in EP
0,257,542) are transformed with the deacetylase gene from
streptomycetes under the controcl of a plant-tissue
specific promoter. Application of PTT or PTC leads to the
expression of the deacetylase gene for compensating for
the phosphinothricin-N-acetyltransferase activity in the
respective tissues. These are then destroyed selectively,

-while the remaining plant is resistant.

2) PTT- or PTC-resistant plants are transformed with the

‘E. coli deacetylase gene under the control of a tissue-

specific promoter. Application of PTT or PTC leads to the
expression of the deacetylase gene fpr.cdmpensating for
the phosphinothricin-N-acetyltransferase activity in the
respective tissues. These are then destroyed selectively,
while the remaining plant is resistant.

The use of N-acetyl-phosphinothricin, or N—acetyi-phos-
phinothricin tripeptide, can simplify this system. Both
substances are not active as herbicides, but are taken up
by plants, translocated and not degraded immediately.
Deacetylase activity'for'N¥acetyl-phosphinothridin.andﬁN-

-acetyl-phosphinothricin tripeptide has not been detected

in plants as yet. The above-described 2-gene syétem can’
therefore be reduced to a l-gene system and thus greatly

simplified as illustrated further below:

3) Any plants are transformed with a deacetylase gene

from streptomycetes under the control of a tissue-speci-

fic promoter. After application of N-acetyl-phosphino-
thricin or N-acetyl-phosphinothricin tripeptide, the

THIS SHEET HAS BEEN
REPLACED




i0

15

20

25

30

-
et Has Been Replaced

"Il \\\\\\\\\\\\\\\\\

' tissue-specific expression leads to the immediate death

of the respective tissue.

4) Any plants are transformed with a deacetylase gene
from E. coli under the control of a tissue-specific
promoter. After application of N-acetyl-phosphinothricin
or N-acetyl-phosphinothricin tripeptide, the tissue~-
specific expression leads to the immediate death of the

respective tissue.

Since the specificity of the deacetylase from strepto-
mycetes for N-acetyl-phosphinothricin tripeptide is
higher, it will be preferred to use N-acetyl-phosphino-
thricin tripeptide in case 3) and N-acetyl-phosphino-
thricin in case 4) if high activities are required. .
Tissue-specific promoters which can be used are all
described promoters where selective expression in certain
tissues has been detected (for example Koltunow et al.,
The Plant Cell., Vol. 2, 1201-1224, 1990). All newly-
isolated promoters with similar broperties are of course,
also suitable. Other promoters which are suitable in
addition to tissue-specific promoters are those which are
subject to a different type of requlation {for example
time—-dependent, stress-dependent, environmént-dependent)

and which is tissue-specific.

These methods furthermore allow analysis of the differen-
tiation of cell regulation and the production of plants
in which the development of certain parts was inhibited
in a targeted fashion, preferably the productlon of male-
sterile plants.

A further application is the use of a dea. gene for the
identification of selectively expressed promoters. If DNA
fragments with promoter activity are cloned upstream of
dea genes, then the selective disappearance of parts of
tissue after application of N-acetyl-phosphinothricin or
N-acetyl-phosphinothricin tripeptide indicates the
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specificity of the promoter.

Finally, the invention relates to positive selection
systems. Those cells in which the dea gene has been
inactivated can be selected either in combination with
the pat gene and PTT ({or PTC) together ‘;rlith a dea gene or
with N-acety]_.—phosphinothriéin (or N-acetyl-phosphino-
thricin tripeptide) and a dea gene alone. This allows
successful cloning (insertion inactivation), but also
rare events {for example transposition) ¢+ to be selected
directly. Other aspects of the invention are mentioned in
the examples. ‘

Exaniple 1: Fusion of the deacetylase encoding region with
eucaryotic transcription signals

The plasmid pPRI (see EP-0,257,542) was isolated from an
E. coli strain and cleaved with BamHI and BgIIX. The
digested DNA was separated on an agarose gel, and an
0.9 kb fragment was isolated from the gel. The vector
PROKI (Baulcombe et al., Nature 321, 446-449, 1986) was
also restricted with BamHI. The two batches were combined
and ligated. The ligation mixture was transformed into E.
coli S17.1 (Simon et al., Bio/Technology 1, 784-791,
1983) . Colonies growing on kanamycin-containing media
were transferred to nitrocellulose filters, incubated for
12 hours at 37°C and then lysed. The DNA of the bacteria
was fixed on the filter. The 0.9 kb fragment isolated
from the agarose gel was made single-stranded by incuba-
tion at 100°C. The missing strand was then synthesized
onto the existing strand using Klenow polymerase and
digoxigenin-labeled nucleotides. The labeled strand was
used as a sample for hybridizing with the bacterial DNA
bound to the filter. Hybridizing clones could be detected
with the aid of an antibody reaction. The DNA of the
positive clones were isolated by means of Qiagen lysis
and digested with BamHI/EcoRI as well as BamHI/EindIII.
This restriction allows the orientation of the inserted
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0.9 kb fragment to be determined. The plasmid in orienta-~
tion I was designated piBl17.1, that of orientation II as
pIBl17.2 (see Fig. 2).

Example 2: Proof of the deacetylatlon of N-acetyl-PTC and
N-acetyl~PTT- by the deacetylase gene '

It was possible to demonstrate that the eucaryotic
transcription signals cloned in vector pROKI also allow

expression in R. meliloti, A. tumefaciens and E. coli.

10

The plasmids pIBl17.1 and pIBl7.2 were therefore trans- -
ferred into Rhizobium meliloti strain 2011 by means of a
2-factorial cross. By incubation of R. meliloti wild type
strains with radiolabeled N-acetyl-P¥TC, it was possible

" to demonstrate that this strain does not deacetylate N-

15

20

25

30

acetyl-PTC. (After incubation of PIB17.l-carrying strains
with N-acetyl-PTC and K-acetyl-PTT, deacetylation can be
detected by thin-layer chromatography). It was also
possible to demonstrate that R. meliloti reacts highly
sensitively to PTC and PTT. Deacetylation can therefore
also be detected via inhibition of the R. meliloti
glutamine synthesase, by the PTC which is liberated.

Example 3: Transfer of the modlfzed deacetylase gene into
Nicotiana tabacum

The deacetylase gene modified as in Example 1 was trans-

ferred into A. tumefaciens LBA4404 by means of a 2-
factorial cross. The resulting strains LBA4404/17.1 and
1.BA4404/17.2 were used for incubating leaf discs of

Nicotiana tabacum, which were transferred after 3 days to

a kanamycin~containing shoot induction medium. Regenerat-

ing kanamycin-.res:i:'stant shoots can be tested for the

presence of the deacetylase ge;:lé by Scuthern hybridiza-

tion. After treatment with N-acétyl—PTc or N-acetyl~-PTT,

the plants are then destroyed by the PTC, or PTT, which
is liberated.
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Example 4: Construction of a vector for the transient

. expression of the modified deacetylase gene in E. coli

and tobacco protoplasts

The modified deacetylase gene from pIBl7.1 and pIB17.2

was cut out of the plasmids by digestion with EcoRI/
HindIIXI. The restricted DNA was separated in an agarose
gel and an (.9kb fragment was isolated in each case. The
vector pSVB28 (Arnold and Piihler, Gene 70, 171-179, 1988)

was also digested with EcoRI/HindIII. The two batches

were combined and ligated. After transformation intoc the
p—-galactosidase-negative E. ceoli strain JM83, all clones

which carried the vector turned blue, while clones which

carried a vector into which the deacetylase gene had been
inserted remained white. The DNA was isolated from the
clones which had been identified in this way and digested
with EcoRI/HindIII. The clones which contained the
modified deacetylase gene could be reccgnized omn the
basis of the restriction pattern. The vectors which had
been constructed are termed pIB27.1 and pIB27.2 (see Fig.
2). They exist in E. coli in a large number of copies.

Example 5: Transient expression of the modified deacetyl-

ase gene in tobacco protoplasts

The plasmid DNA was isolated from the E. coli strains

constructed in Example 4.  Young tocbacco leaves were

incubated with digestion enzymes for 20 h. The proto-
plasts which get disengaged from the leaf skeleton were
purified and incubated with polyethylene glycol (PEG) and
the isolated DNA in a t;ahsfer buffer. The protoplasts
were then washed and taken up in a culture liquid (K3
medium) . After incubation for 3 days under weak illumina-~
tion, the regenerating protoplasts were lysed and the
crude extracts were incubated with radiolabeled N-acetyl-
PTC and N-acetyl-PTT. The deacetylated PTC or PTT can be
detected by thin-layer chromatography. |

T
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Example 6: Method for the production of male-sterile crop
plants using the deacetylase gene from S. viridochromo-
genes under the control of a tapetum-specific promoter.

The deacetylase gene from Streptomyces viridochromogenes
is fused with a tapetum~specific promotér from Nicotiana
tabacum and introduced into tobacco cells by means of
agrobacteria-mediated leaf disc transformation. The
plants regenerating from these cells are sprayed with N-
acetyl-PTC or. N-acetyl-PIT at.any desired point in time
before anthesis. It can be shown that N-acetyl-PTC is
stable in the plant cell and transported into all cells.
None of the two substances has noticeable negative
consequences for the wild type plant. As soon as the
first tapetum cells are formed, they start to express the
deacetylase gene. The N-acetyl-PTC dr'N-acetyl-PTT stored
in the cell is deacetylated by the enzyme and so con-
verted into its active form. It inhibits the glutamine
synthetase of the cells and so results in rapid destruc-
tion. Mature pollen can no longer be formed. In addition,
the formation of deacetylase is also interrupted. Cells
in the vicinity should not be affected. If the plant is
not treated with N-acetyl-PTC or N-acetyl-PTT, it is
fully fertile. This makes compensation for the cms by a
gene of the male crossing partner unnecessary. At the
same time, there exists an accurately defined mutation
which has no consequences on the vitality and usefulness '
of the plant. '

Example 7¢ Identification of tissue-épecific promoters in

transgenic plants

Tissue-specific promoters can be identified directly in
the plant with the aid of the deacetylase gene from
Streptomyces viridochromogenes. |

The deacetylase gene is cloned, without a promoter, to
the right or left end of a disarmed T~DNA in such a way
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that a promoter which is located at the insertion site of
the T-DNA in the plant genome can read into the gene and
so bring about its expression. Transgenic plants are

- 12 -

cloned via the propagation of cuttings. One clone is
treated with N-acetyl-PTC or N-acetyl-PPTT and examined
for tissue which may be in the procesé of dying. Using
reverse PCR, the gene'which has been affected can be
multiplied from a clone which has not been treated with
N-acetyl-PTC or N-acetyl-PTT and isolated (Kahl and
Weising, Gentransfer bei Pflanzen [Gene Transfer in
Plants], Biologie in unserer Zeit, No. 6, p. 181, 1988).

Example 8: Defection of N;acetyl—phosphinothricin (fPT)-
deacetylase activity in soil samples

Scil samples of 500 mg each (sandy loam, Schwanheimer
Diine) were adjusted to 40% of their maximum water capa~
city and treated with 5 4l of a 15 mM stock solution of

- ¥*[C)-L-N-acetyl-PPT. The test samples were incubated at

28°C for various periods of time (0 hours, 4, 7, 11 and
14 days) and subsequently worked up by extraction with 1
x 500 xl-and 1 x 250 sl of water. 14 sl aliguots from the
combined aqueous supernatants were applied to thin-layer
chromatography plates (HPTILC cellulose, Merck) and
developed 2 x in n-propanol: 25% ammonia = 3 : 2 as the
mobile phase. The assays were evaluated.by autoradio-
graphy. It was possible to identify N-acetyl-PPT and PPT
by comparing the R, values of the radioactive spots with
the corresponding reference substances. It emerged that
N-acetyl-PPT in the soil is metabolized within 14 days
almost completely to give PPT. In contrast, in a control
assay with sterile soil samples (soil 4 hours at 200°C), .
the substance proved tolbe completely stable.

Example 9: Isolation and identification of soil micro-
organisms having an N-acetyl-PPT-specific deacetylase
activity
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1l q samples of soil were extracted for 1 hour at room:
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temperature using 10 ml 10 mM NaCl, 10 mM sodium phos-
phate buffer, pHE = 7.0. To select wvarious groups of
microorganisms, the soil supernatants were plated onto
the following agar media and used for inoculating enrich-
ment cultures in Erlenmeyer flasks with the corresponding

liquid media:

(1} MS1 medium (for eubacteria):
5 mM glucose
5 mM succinate
10 mM glycerol
1 ¢g/1 NEC1
50 ml/1l solution A
25 ml/1 solution B

Solution A: 50 g/1 K,HPO,

Solution B: 2.5 g/1 Mgso,

' 0.5 g/1 NaCl
25 ml/1 trace elements

(2) Chitin medium (fdr actinomycetes and streptomycetes
as well as chitinovorous bacteria):

10 g/1 crab chitin

1 g/1 (NH,),SO,

0.5 g/l MgSo,

50 m1/1 solution A

1 ml/]l trace elements

(3) Antibiotics medium (for higher fungi):

20 g/1 malt extract
10 g/1 glucose

2 g/l yeast extract
0.5 g/1 (NH,),SO,

50 pug/ml tetracyclin
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All media contained 5 mM N-acetyl-PPT. The agar plates
and the liquid cultures were incubated for 3-5 days at
28°C.

20 individual colonies were isolated from each of the
selective agar plates and transferred into 5 ml liquid
cultures with the corresponding medium. The cells were
allowed to grow for 3-5 days and then centrifuged at
10,000 rpm, and the supernatants were examined in the
aminoacid analyzer (Biotronic 1LC 5001) for the formation
of PPT. In this manner, a PPT-positive culture (CB 10)
was isolated from a selection with chitin medium.

The deacetylase activity of the cells of this culture
were subsequently additionally tested by biotransforma-
tion with ¥rc)-L-N-acetyl-PPT as the substrate. To do
this, 1.5 ml of the culture were centrifuged as above,
the cell pellet was washed 1 x in 10 mM NaCl, 10 mM

.sodium phosphate buffer, pH = 7.0, and resuspended in

100 1 of the same huffer. 10 xl of the suspension were
treated with 10 xl of an 0.25 mM solution of “[C]-L-N-
acetyl-PT and the mixture was incubated for 15 hours at
28°C. The bacteria were then centrifuged off, and 7 xzl of
the supernatant were analyzed by thin-layer chromato-

. graphy and autoradiography as described in Example 1. A

virtually guantitative reaction of N-acetyl-PPT into PPT
could be observed. In addition, the assay showed that the
deacetylase found accepts the L enantiomer of the acety-
lated PPT as substrate. '

To further purify the strain with the desired deacetylase
activity, the culture CB 10 was plated onto LB agar
{10 g/1 tryptone, 5 g/l yeast extract, 10 g/l NaCl,
15 g/1 agar) and incubated for 2 days at 28°C. 10 indivi®>
dual colonies were isolated from the plate, transferred
to chitin liquid medium, and the cultures were tested for
N-acetyl-PPT deacetylase activity as described above. The
deacetylase-positive isolates were replated to check for
uniformity of the culture. The active strains CB 10 3496
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and CB 10 34397 were identified as .... {DSM deposit No.
ooo) and «... (DSM dePOSitNOo 000‘.)' . )

The enrichment cultures in the soil samples in the

various ligquid media were tested for deacetylation of N~

.acetyl—PPT as described above. Only the chitin medium

cultures proved to be deacetylase-positive. After these
cultures were plated onto chitin agar, a total of 40
individual colonies was isolated, grown in chitin liquid
medium and subsequently tested for deacetylase activity.
Six positive isolates were found {BoKl, BoK9, BCi{il, Bcil2,
BCU3), from which the active pure cultures were obtained
by replating onto agar plates and culturing further on
individual colonies (see above). The strains were .....,
»eeoee{DSM deposit NOS. ceeey ceose)e

Example 10: N-Acetyl-PPT deacetylaée enzyme assays with
the isolated microorganisms '

5 m!l precultures of strains BoKl and BoK5 were grown in
LB medium overnight at 28°C, and 0.5 ml aliquots were
transferred to 20 ml of LB medium or 20 ml of chitin
medium containing 1 mM N~acetyl-PPT. The LB cultures were
incubated for 15 hours and the chitin cultures for 4 days
in 100 ml Erlenmeyer flasks at 28°C and 150 rpm. The
cells were subsequently harvested by centrifugation for
10 minutes at 10,000 rpm, the cell pellets were washed 1
x in 10  ml mM NaCl, 10 mM sodium phosphate buffer,
pH = 7.0, weighed and resuspended in 100 mM tria/HCL,
pH = 8.0 at ¢ = 100 mg/ml. The suspensions were mixed
with 1 volume of 100 mM N-acetyl-PPT and incubated in 50
ml Erlenmeyer flasks for 24 hours at 28°C and 220 rpm.
The cells were separated by centrifugation for 10 minutes
at 5000 rpm, and the PPT content in the supernatants was
then determined in the aminocacid analyzer (see Example
2). The results are compiled in Table 1.
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Table 1: N-Acetyl-—PPT deacetylase assays with  soil

microorganisms

Strain: | Medium: | Concentration of
' PPT in the supernai:ant

(mM]: [#]7:
BoK1 LB 0.7 2.7
BoKl Chitin 13.9 55.5
BoKS LB 6.0 - 23.9
BoK5 Chitin 14.3 57.2

4

: based on the L-enantiomer in the N-acetyl-PPT racemate.

Example 11: N-Acetyl-PPT deacetylase enzyme assays with
actinomycetes

N-Acetyl-PPT-specific deacetylase activities were also
found during fermentation tests with the two actino-
mycetes strains Actinoplanes liguriae (IFO No. 13997} and
Actinopl-aﬁes sp. (Strain Collection Zentralforschung No.
A 1015) in the presence of N-acetyl-PPT and by biotrans-
formation with “[C]-L-N-acetyl-PPT as the substrate.

To determine the conversion rates, biotransformations
were carried out on the two strains as described in
Example 3. The following media were used:

Medium A: 0.2% yeast extract
0.2% meat éxtract
0.4% polypeptone (from soya meal)
1% glucose

‘Medium B: 20 g/l oat flakes

1 ml/1 trace elements

The results are compiled in Table 2.
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Table 2: N-Acetyl-PPT deacetylase assays with actino-

mycetes
Strain: ‘| Medium: | Concentration of
5 PPT in the supernatant
{mM]: [%]:

Actinoplanes liguriael a 3.3 13.2
(IFO No. 13997)

10 Actinoplanes liguriae B 7.6 _ 30.4
(IFO No. 13997)
Actinoplanes sp. A 11.0 144.0
(No. A 1015)
Actinoplanes sp. B 2.7 10.8

15 (No. A 1015) '

: based on the L enantiomer in the N-acetyl-PPT racemate
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Patent Claims:

1. A process for isolating deacetylase. genés from micro-
organisms, which comprises establishing a gene bank in a
deacetylase mutant which has been prqﬁided with a pat
gene, and identifying deacetylase-carrying clones by
means of PTT- or PTC-sensitivity. '

2. The deacetylase geﬁé from E. coli, obtainable by the

process as claimed in claim 1.

3. The déacetylase gene from S. viridochromogenes,
comprising an amino-acid sequence encoded by the nucleo-
tide sequence of Table 1 and obtainable by the process as

claimed in claim 1.

4. A process for the production of transgenic plants with
selectively destroyable parts, which comprises bringing
a deacetylase gene under the vontrol of a tlssue-speclflc
promoter and causing death of the tissue portions con-
cerned by suitable timely treatment with N-acetyl-PTC or
N—acetyl¥PTT.

5. A process for the productioﬁ of transgenic plants with
selectively destroyable parts, wherein the plant has PTC
resistance and additionally contains a deacetylase gene
under the control of a tissue-specific promoter and
causing death of the tissue portions concerned by suit-

.able timely treatment with PTC or PTT.

6. The process as claimed in claim 4 or 5, wherein the

deacetylase gene originates from E. coli and the plant is
treated with N-acetyl-PTC or with PTC.

7. The process as claimed in claim 4 or 5, wherein the
deacetyldse gene originates from Streptomyces virido-

chromogenes and the plant is treated with N-acetyl-PTT or
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with PTT.

8. The process as claimed in claim 4, 5, 6 or 7, wherein

male-sterile plants are produced.

9. The process as claimed j.n claim 8, wherein the deacet-
vlase gene is under the control of the tapetum promoter.

10. A process for detecting tissue-specific promoter
activity, which comprises . placing a deacetylase gene

‘under the control of a DNA sequence which probably

contains ‘a tissue-specific promoter sequence and the
promoter activity is recognized indirectly by the death

of certain tissues.

11. A positive selection. system for detecting clomes or
transpositions by insertion inactivation, which comprises
selecting those cells in which. the dea gene had been

" inactivated, in connection with a pat gene and PTT or PTC

and the dea gene or with N-acetyl-PTC or N-acetyl-PTT and
the dea gene alone. '

12. The use of a deacetylase gene for the targeted
prevention of specific parts of the plant from function-

ing.
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