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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. Wlth the
aid of deacetylase genes, it is also possible to ldentlfy
and isolate tissue~specific promoters in transgem.c

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 bacter:.a and also aga.l.nst
the fungus Botryt:l.g cinerea. PTT is produced by the
strain Streptomyces viridochromogenes Tii494 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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pl ant s. Phosphi not hricin (PTC, 2-am no-4-nethyl phosphi nobutyric acid) is

“a glutam ne synthetase (GS) inhibitor. PTCis a "building block" of the
anti biotic phosphinothricyl- alanyl-alanine. This tripeptide (PTT) is

actirve agai nst .G ampositive and Gramnegative bacteria and al so agai nst

“the fungus Botrytis cinerea. PTT is pradpced by the strain Streptonyces

vi ri dochronogenes T[err]494 which has been deposited at the Deutsche

Samm ung f[err]r M kro- organi spen [ Gerngn: Co{ | i o 'sﬁs |
(oM ver o | (Tiomrptesent aLRERRE Lo AeteRes BSHER o PHIRF 2480 ™)
Ge 1r3 lman h Pgt € ntvrl?ogé 7exﬁf‘93£’i§ﬁ | dthntareTCapableast deagetyrEbndi¥e. The
publ i shed application (EP:A- 257, 542) desgri.bes inep 63 BEaST ant
plants are praeetRi-RReAPhAEO PHlS?“a%Ehggpﬁ?E fhfﬁgﬁﬁ?ﬁfgﬁggég%
' cellularly, whereupon the antibiotic activity these
5 compounds is restored. )

An M-acetyl-phosphinothricin tripeptide deacetylase gene
according to the invention can be isolated from S.
viridochromogenes Tii494. The dea gene is located down-
4.0 kb BamHI fragment,
This

stream of the pat geme on the
which has already been disclosed (EP-A-0,257,542).
‘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 DNA seguence. An ATG
éodon which is recognised in bacteria and in plants acts
as the translation: start codon; the Shine-Dalgarno
sequende is emphasised by underlining.
for the last step in PTT biosynthesis, namely the deacet~
N-acetyl-phosphinothriein tripeptide
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ylétion of inactive
to give the active PIT.
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AGATCTGAGC
CCTCAACTGG
CCAGGAGGCC
CTCGGCGGAG
CGGTTCGTAC
GGCGGCCGEE
GGCGGLGGI6
GGGGCGGATC
GGTGCTGCGE
CGACCTGECC
CACCGAGGAC
CCIGGCCTICG
TTCCGAGGAA
CGTACCGGTC
GGTGCTCCCC
GAGGAGGGCG

GGAGAGCGCA

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

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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transferase (pat) gene. The phosphinothricin-Nacetyl- transferase encoded
by- the pat gene nodifies the intra- cellular PTC and detoxifies the

her bi ci de. - 2- The present
invention describes deacetyl ase genes (dea), whose expression products
are capabl e of deacetylating N acet yk-phesphitothricin (N Ac-PTC), or
N-Ac- PTT, .intra- cellularly, whereupon the antibiotic activity of these

Conpounds-ls &%Sagrﬁgbwn 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

5 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-
10 cient specificity for activating Nyracetyl-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
15 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
20 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.
25 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
30 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
35 activity of E. coli.
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An N—écetyl phosphinothricin tripeptide deacetyl ase gene ThaQaQtHisBEenRphhie

ihvention can be isolated fromS. vi ri dochronogenes T|[ err

gene is |located down- stream of the pat gene on the 4.0 "Im mlnll‘
fragnent, whi ch has al ready been discl osed (EP-A-0, 257,54

gene is located on a Bglll-BanH fragnmert d4and i s speci - fied in detail
by the sequence (Fig. 1 and Table 1). The . prote| n sequence i s defined

by the DNA SearENahionid BLCass q’%a%{xﬁr dEEAOY S@Qniéﬁtbﬁgt% uﬁ,dand

in plants acts trans i on ne- Dal
sequence i s enphadibseugE upakant ni waickhis &aoumc drem theféiltﬁﬁétlua‘ﬁ

Step in PTT b'ﬁ Hﬁ:ﬁ gs NeTEE Y td!ﬁ:deéﬁﬁétz.cs M@tl%zofnaﬁacuwe).
acetyl - phosplno i'n.tripeptide fve the active PIT

Tabl e 1: Other E. coli deacetylase mutan s can be selected easily:

5 following traditional (DelJ.c 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

10 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,
15 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
20 organisms which are PTT-sensitive despite the presence of
| a pat gene on a low-copy vector, followed by isolation of
a deacetylase gene.

In a further aspect of the invention, pat genes and dea
genes can be used together with tissue-specific promoters

25 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

30 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

| THIS SHEET HAS BEEN
REPLACED




AGATCTGAGC GGAGAGCGCA TGGCATCGTC GGAGTTGGAG CTTGGH
GCTGAACTGG CACACCOGCA ACGGCGATGT GGACCACGC CGGGTGH
TTCGGOCACC TGGGOCTCOC COCCGGOGAG ACCGTGGTGA TCGGOGH Rt
TGGGTACGEC CCCOCCAGGA GGACCOCAGG ACCCTGCTGT ACCTCACHBBNCERHIBAN A8 ceocT CocAT

JCGCCGCAGTC CCACCGCCAT CTGTCCAGCG CGTGEEEEG GECEECCEEG GCGECEGTGC TGGGCCTGCA
< CTACCCCAGG CCGCCCGAGT CTCCCTTCCC GGCGCCCGTG GAGGACGCCG TGGECGGCCTA

e S R R R e T A e A R R T et
GTGTGCATCT Ccotuterest dorcemasdan htunmdesay etnaecietinedoomecmutant s

%CACCGATGCA: E&g&% c% "CCCCCCCACG %CGATCT c. CT§ %“1“
CCGCTGCTCA T@%@#T%P@W&?mmmh a

_CAGEiIEEﬁiSTCAﬁGEﬁGGCiﬁEﬁAﬁEﬁfﬂIbﬁIIHHfIﬂﬁIPGﬁ?ﬁ§1§§33h4§§U3ﬁﬂjﬂg3based
O A TR, P RIS RO
TGTTCCTGOG D FHG EUTEeuRding po
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
106 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
15 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-
20 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
25 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-
36 tiom of PTC, or PIT, 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
35 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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hi no- thricin.
ow1ng thods 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 for.cdmpensating for
the phosphinothricin—N—acétyltransfefase 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
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'Anot her dea gene can be obtained fromE. coli.”Tn fact hggen f ound
that, in _contrast wth other bacteria (for exainlés
streptonycetes) no activity can be detected in t assay

(Ph.D. thesis Inge Broer, Faculty of Biol ogy, Un| efeld
Expressi on des Phosphlnthr|C|n N- Acet yl #ransf er ase- Gens aus Streptonyces
vi ri dochronogenes in N cotiana tabacum [ Expression of the

i1 dochr omg g Treett Ao FhESER ATl 1 0A08" 58" ERbETNAER ate, 18R %Y (e
pat gene i nt o cduittheb| mesperbve dhisseors (Strauch et al., Gene, 63, 65-74,
1988, Wohl | eben et al., Gene, 70, 25-37, 1988). Moreover, a | ow nunber of

copies of the pat gene in E. coli is |ncapable of |npart|ng PTT resistance
“since the endddenBRY dPd@sta saxe cbrpeRfarueds yithha adeasatyiaspe gene

phosphi not hr i Gl BGet¥blf aRsidiraSethe Wdtdlral oft msﬂ%@ﬂ.—)ﬂﬁeﬁffé' vity -
can be detected directly by the effective |nh|b|t|og of the GS actjivity

after an &ddi Prsmafieny AHsT apRidaatiam ot Nyacgty WY the

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-
10 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
15 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
20 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-

25 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
30 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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inhibits the GS in the known nanner

which is known fromthe literature (Baunberg, Ml ec. Gen. Genetic_s 106,
162- 173, 1970xpebh FebiEy oF ithde3amdtase mutants can be sel ected easi

10

15

20

25

30 -

35

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 tramnsposition), 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

deacetyl ase to gi ve PJC, |

whi ch %:/an be megsu -l; H""fﬁe&{k f -glutanyl transferase assay (Bender et
al., .J. Bacteriol. ﬂ ﬁ 1977). This is due to an endogenic
deacetyl ase activit : : _ 4
shoul d be assuned that this activity camno8 de found in the argE nutant,

It
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Ann. 1- 404, 1981), such mutants can be recogni zed on PTT-
suppl e dium by the fact that they can only grow after
transformation W|th a pat gene cloned int8 a | ow copy vector.

Accordingly, the deacetylase gene can be isolated fromE coli by produci ng

a gene bank, f@r9 A TFamieht! # BelBetbinthe@] The GNdsmid i) HIGRENM Y

“isolated nmut ant usi ng co e_ntlonal processes (Mani atis et al., Mlecular
d oni ng: .a LaboroR igﬁﬁrd}%ﬁ SR 1Har°3¥i‘r o Srd-entationot H apri ng

Har bor, New Ygiel71982)see mhjhozj)s. f or isolating further deacetyl ase genes

result fromthe above text: for exanplé isolation of novel organisns which

are PTT-sensitive despite the presence of
Example 2: Proof of the deacetylation of N-acetyl-PTC and

fol | ow ng tra Jelic et al., Muit. Res. 9, 167- 182, 1970; Drake and
Baltz m 45, 11-38, 1976) or Tn5 mutagenesis (Kl eckner,

ev.

gl

5 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.

The plasmids pIBl17.1 and pIBl7.2 were therefore trans- -
10 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-
acetyl-PTC. (After incubation of PIB17.l-carrying strains
15 with N-acetyl-PTC and N-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 wvia inhibition of the R. meliloti
20 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-

25 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

30 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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a'pat'gene on a | owcopy vector, followed by |solat|on of a deacetylase
gene. In a further aspect of the I nvention, pat ge T HagBeeiy Beplaced

used together with tissue-specific pronoters to- prevent the dev
certain plant tissues in a targeted fashion. A specific use is,

exanpl e, the production of male-sterile~pl@nts. The productlon of

seed in plant breedi ng depends on the guaranteed avoi dance of selflng of

the mother pl ag}amhile MY @Amr fe,&sof.rmJ Al {;t' SoRULAYE StPSHUY ent
naturally, and these are used_In eedi n ecul ar mechani sm of

cytopl asmati ¢ ?%PE#%FE?FIPFy‘ﬂﬁhe90¢%§ﬁﬁ&sdﬁﬂgﬁFfiéFEnﬁﬁyeeﬂﬁléﬁne§°&§ yet .

Moreover, no cdfd Veébacaébt préxbplaksa | arge nunber of cultivated varieties
such .

The modified deacetylase gene from pIBl7.1 and pIB17.2
5 was cut out of the plasmids by digesfion 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
10 were combined and ligated. After transformation intoc the
p—-galactosidase-negative E. ceoli strain JM83, all clones
which carried the vector turned blue, while cdlones which
carried a vector int:o which the deacetylase gene had been
inserted remained white. The DNA was isolated from the
15 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.
.20 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
25 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
30 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. |
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-5- as, for exanple, Beta vulgaris. It is therefore of reat |n erest for
agrlculture to produce defined cns nutants of ammﬂ “hr ed
varieties by way of nolecul ar genetics. The conpa has

proposed such

a nethod in Patent Application PCT/ I s based

on the destruction of the tissue surroundﬂng'the poI en nDther cells |
(tapetum). To this end, an RNAase gene is fused with a tapet um specific

pronoter (Mari
expression of

'ES{%!m HAle %' MetiRlodr fo§4t7.he 7&1?0&&(&138 %% me@-@t‘.‘&fﬂ &Véro

gene jn tapetum cel provides the selecfive destru

tion of tissu®lamrs maing e%%téeeﬁstréaﬁﬁt gspeofom §e Horidech %P‘B?ant

carrying this
cross-fertili
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shiridre thd y:chﬁ:ﬁhl fof a EDFBENSEHEEifiéCpromoter.
zation. An essenti al
The deacetylase gene from Streptomyces v1r1dochromogenes
is fused with a tapetumfspeclflc promoter 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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shortcom ng of this t that progeny of this plant are also
fmal e-sterile and can rmseedsmthefleld wher e 't hey .
depend on selfing. Th " essful when the male partner of the
cCrops carries a gene nsate for the action of the RNease in

the progeny. According to the above- ment 1dmed discl osed patent:
application, this is supposed to be effected by the barstar gene. The fact

ST 7 e ok enbssdy R Ut £ geopel 40
;fgdulctni oneofcr@?v% %"B@ f%’ﬁ ‘3?% éﬁf ity the gepeand ossed
Wi th any part nes s bafiridgheabaut snm:l espr'e'hs$ons Mr@gﬁiltlhy pmahttﬂleyrél dea
donnec 11 on iTaed o Het TPhe  pripagabioB F SuthhaB: aid cEToneoriny
PTC, or PBI, riocestedi wikht af-gaeawlmcomr oﬂ-aéet?nb—g‘r'nt anidn eexsamied hase
in the tapetw@éf”kissﬁ@“%ﬂﬂ%h may be in the process 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
10 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

Soil samples of 500 mg each (sandy loam, Schwanheimer
15 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
20 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-
25 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
30 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

THIS SHEET HAS BEEN
REPLACED




thelr ‘death. An even_sinpler systemconsists in the productlon of
t r ansgentigs

gene under
tapetun1pr

gene,

%W@%Rm@ont ain only a single forein gene, namely a dea

f a tissue-specific pronoter, in this case a
plication of N-Ac-PTC, or N-Ac-PTT, to the plant.

Generally speaklng, the invention atcbﬁdTneg conprises the foll ow ng
met hods for the tissue-specific inhibition with the aid of a deacetyl ase

preferahl ygt Bamphaye Bt sONEdverde@dxtrdRtRd £6#M Hour £0! boomO’
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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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S. vi}idochronngenes T[err] 494: 1) Plants which are resista 5::g' TTﬁngwh“ﬁ
PTC by pat activity (for exanple produced as described in EP O,
transformed with the deacetyl ase gene from streptonycetes under Hﬂtﬂ”“'
of a plant-tissue specific pronoter. Application of PTT or PTC
expression of the deacetyl ase gene for Co%ﬂensatlng for the
phosphi nothricin-N-acetyltransferase activity in the respective tissues.
These are thenAdQStnfé?jﬁ_Qﬂ S6hEaind@! 5, mihiN-2ddts 1o, mmge pégai: plates
resistant. 2) PTT TC- S|signt | ant s are b g as (% the E
coli deacetyl a8B &ﬁ? 1€ hEuLbhE? IWSFealPF§ g&e ééﬁf c?p BBt &
Application of 2B¥C.or PTC | eads to the expression of the deacetyl ase gene
for conpensating for the phosphinothricin-Nacetyltransferase activity in
the respective tissues. These are then destroyed selectively, while the
remai ni ng pl an0i sndinidual colonies were isolated from each of the
5 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 LC 5001) for the formation

10 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 4rc]-L-N-acetyl-PPT as the substrate. To do

15 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-

20 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 quantitativé reaction of N-acetyl-PPT into PPT

25 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

30 {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

35 deacetylase-positive isolates were replated to check for

uniformity of the culture. The active strains CB 10 3496
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The use of N-acetyl -phosphinothricin, or N—acetylﬂp
can sinplify this system Both subst

tripeptide,
her bi_ci des,

but are taken up by plants, translocat}ﬂ
i medi atel y. Deacetyl ase activity for igtyl-pho
acetyl - phosphinothricin tripeptide has no

no h | in
%ve as

H aded
nd N-

The above-described- 2-gene system'can theref8re be reduced to a 1-gene

system and t huangreBt 19 3#3A0i werd adenklifisedased.t ukt (PEMbdepasit3NoAny
pl ants are transf?rggg with ?D%??ﬁ%%%%iiengﬁne tr3n1streptonycetes under

of a

t he control

N-acet yl
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i SSue- spéci mot er.. Aftér “application of

-phosphi no- thricin or Nacetyl-phosphinothricin tripeptide, the

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 deacetylase enzyme assays with
the isolated mlcroorganlsms

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.

b€en detected in plants as yet.
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L7-

tissue- speC|f|qhe§Rre

-respectlve t.1 ssue.

from.E.

coli

under th

application of N acet

tripeptide,

“the respectlve tissue.

SIOﬂ

it

| eads to the i nredi at e death of the

e transfornmed with a deacetyl ase gene

tlssue specific pronoter,
phosphi not hricin -

the tissue- speC|f|c expressitén=l eads to the i medi ate death of

N acet yl -

Af ter

-Since the specificity of the deacetylase from

strepto: nycepgpléor 1h- aﬁew&tﬁlnowrl ngkhkktyalkel paafshg% | %ith . soil
microorganisms
Strain: | Medium: | Concentration of
5 : o PPT in the supernatant
(mM]: [#]7:
BoK1 LB 0.7 2.7
BoKl Chitin 13.9 55.5
10 BoK5 LB 6.0 23.9
BoK5 Chitin 14.3 57.2
A

: based on the L-enantiomer in the N-acetyl-PPT racemate.
Example 11: N-Acetyl-PPT deacetylase enzyme assays with
15 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

Actinoplaﬁes sp. (Strain Collection Zentralforschung No.
20 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:

0.2% yeast extract

0.2% meat éxtract

0.4% polypeptone (from soya meal)
1% glucose

25 Medium A:

‘Medium B: 20 g/l oat flakes
30 1 ml/1 trace elements

The results are compiled in Table 2.
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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 pronoters which can be used are all described
pronoters where sel ective expression in certain tissues has been detected
(for exanple Koltunow et al., The Plant=Cé¥l~-, Vol. 2, 1201-1224, 1990).

Al newly- isolated pronbters with simlar properties are of course, also
suitable. Oh Lr g_Whi a S [ dgi Ll | S aspecific
pronot er s aree?%ggg Tcﬁ §?gegab?ggtq%%?%?éi%ﬁ%@?e%%é%g%ekgﬁﬁ*eég 5§Bon
(for exanpl e tM¥i@eB®Bendent, stress-dependent, environnent-dependent) and
which is tissue-specific. These nethods furthernore allow analysis of the
differen- tiation of cell regulation and the production of plants in which

t he devel opnenf oOf certairn parts wWas]innioitgea i
preferably thepptoslinti on of male- s{mMediemp|@adbhéentration of
5 PPT in the supernatant
[mM]: [%]7:
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 44.0
(No. A 1015) |
Actinoplanes sp. _ B 2.7 10.8
15 |(No. A 101S5) | o

"t based on the L enantiomer in the N-acetyl-PPT racemate
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A further application is the use of a'dea gene for the identification of

sel ectively expressed pronoters. |If DNA fragnents with pr t ced
are cl oned upstream of dea genes, then the sel ective disapp Irs

of tissue after application of N-acetyl-phosphinothricin or
N-acetyl - phosphinothricin tripeptide -ih8ieates the :
-8 - specificity of the pronoter. Finally, the invention relates to

- posi tive sel ection _ ' HOE 91/F 250

o
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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 control of a tissue-specific
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

* c L M H *
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systens. Those cells in which the dea gene has been inactivated can be

sel ected either. in conbination with the pat gene and PTT (or PTC) together
with . a dea gene or with N-acetyl-phosphinothricin (or N acetyl-phosphi no-
thricin tripeptide) and a dea gene alone. This allows successful cloning
(insertion inactivation), but also rare-eg@nts (for exanple transposition),
to be selected directly. O her aspects of the invention are nmentioned in

t he exanpl es. wibkd 1: Fusion of the deacetylase encoding region with
encaryotic transcriptidn signals The plasnid pPRI (see EP-0, 257, 542) was
I solated froman E. coli strain and cleaved with BanH and Bglll. The

di gested DNA wgs spRaLZLEESRN AN e;gel; dqang0. r agpR, 39@s
i sol ated fromthe gelb Thesvegtofqgggﬁﬁ %gahﬂggﬁbg'e?'a?.?Qszure 3%T$P
446- 449, 1986)m@akg-sterile plants are produced.

9. The process as claimed j.n claim 8, wherein the deacet-
5 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
10 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

15 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-

20 ing.
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also restricted with BanHl. The two batches were conbined and |igated. The

ligation mxture-was transforned into E. coli S17.1 (Sinon et al.

Blo/TechnoIogy 1, 784-791, 1983). Col oni es grow ng on kananyci n- contalnlng

medi a were transferred to nitrocellulose filters, incubated for 12 hours at

- 37[err]C and then Iysed. The DNA of the bacteria was fixedi@h 9héFf2Bfer.

~ The 0.9 kb fragment isolated fromthe agarose gel was made single-stranded
by i ncuba- tlgg?at 100[errkC. ghe g]SSlng strand was then synthesized onto

t he existing stErati af kKhendhSpbP§HERAse and di goxi geni n-1 abel ed

nucl eoti des. The | abel ed strand was used as a sanple for hybridizing with .

Wih the aid deRCEkTREBaToPEctPhEberbrtRat 61 07 6L patoombbnerRRAEThEr ™
i sol at ed by nmesmsphébsghigethiieiyd-aldnyilgedaed mei,t prideoddgds ofdr athedlk| as
BanHI/HindIII.i;gigtigﬁsrgﬁ&igﬂegklgg@ the orientation of the inserteq
. ) . . .
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. It is possible to prevent the development of
certain parts in these plants in a targeted manner. With .
the aid of deacetylase genes, it is furthermore possible
‘to identify and isolate tissue-specific promoters in
transgenic plauts. |
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9 0.9 kb fragnent to be determ ned.” The plasmd in orienta- tion I was
designated plB17.1, that of orientation Il as plbl7.2 (see Fig. 2).

Exanpl e 2: Proof of the deacetylation of N-acetyl-PTC and N-acetyl-PTT by
t he deacetyl ase gene It was possible to denponstrate that the eucaryotic
transcription signals cloned in vector pROKI also allow expression in R
meliloti, A tunefaciens and E. coli. g ljasm ds pl B17.1 and pl B17. 2
were therefore trans- ferred into Rhi Z(:)lbl ummeliloti strain 2011 by neans
of a 2-factorial cross. By incubation of R neliloti wld type

BamHI Ssti Sstil  Psl] SsiIlSsti Bgfll Ncol Bgtll Ssiil Bam HI

T [

0 0.1 0.2 0.3 0L 05 a6 07 08 039 10 1 12 3 1312
T - T T T ’ f - T ' |
Botll Smaf Tthmi Tth M1 Sall Neol Bgi 1 Sst ]
R

aSBeenReplaced
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strains with radi ol abel ed N-acetyl-PTC, it was possible to denonstrate that
rthis strain does not deacetylate N acetyl-PTC. (After incubation of
PIB17.1-carrying strains with N-acetyl-PTC and N-acetyl-PTT, deacetyl ation
can be detected by thin-layer chromatography). It was al so possible to

~denonstrate that R neliloti reacts himijjoresehsitively to PTC and PTT.
Deacetyl ation can therefore also be detected via inhibition of the R~
nmeliloti glutam ne synthesase, by the FTC which is |iberated. Exanple 3:
Transfer of the nodified deacetyl ase gene into Mcotiana tabacum The

deacet yIRdB Igethe nodified as in Ex%uﬁa% trans- feBgdl | gﬂﬁ[’?
tunef aci &% pABIMNZ by neans of a 2 CLOTT Algaal 0SS aﬂre.‘fe T’ﬁg strains
LBA4404/17. 1 and LBA4404/17.2 were uged for incubating4eaf discs of

Ni coti ana tabacum Wagahwer ' H8 dgys to a
kananyci n- cont ai ni ng shoot i n&G&L @eaned um egenér at- ing
-kanamyci n-resi stant shoots can be ‘tested for bﬁe

~lyre Hind [l

Eco RI
T-DNA T-DNA
terminal terminal
sequences Bequences

npt II: Neo -~ resistance gene from TN5
npt III: Neo - resistance gene from S. faecalis

pJB 27 1 or pJB 272

3.6 kb
dea . '
PCaMV35§ = 3'nos :JJB 271
| ch Ri Hlnd m

oriV

pSVE 28
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presence of the deacetyl ase gene by Sout
“treatment with N-acetyl-PTC or N acetyl - B E gtm
by the PTC, or PTT, which is |iberated.

Exanpl e 4: Construction of a vector for the transient expreSS| o]

nodi fi ed deacetyl ase gene in E. coli and tobacco
deacetyl ase gene fromplB17.1 and pl BI’L7_. 2 28 FEBaBS?

DEACETYLASE GENES FOR THE PRODUCTION OF PHOSPHINOTHRICIN
OR PHOSPHINOTHRICYL-ALANYL-ALANINE, PROCESSES FOR THEIR
ISOLATION, AND THEIR USE

The invention relates to deacetylase génes ¢+ to processes
for their isolation, and to their.uae, 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 tlasue~spec1f1c promoters in transgenic
plants.

Phosphinothricin (PTC, 2-amino-4-methylphosphinobutyric
acid} is a glutamine synthetase (GS) imhibitor. PTC is a
"building block™ of the antibioti¢ 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 Tii494 which has
been deposited at the Deutsche Sammlung fiir Mikro-
organismen [German Collection of Microorganisms], from -

where it can be obtained; Deposit Ros. DSM 40736 and DSHM
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 Lntra—
cellular PTC and detoxifies the herbicide.
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The
;
| er,

was cut out of the plasm ds by digestion with EcoRI/ Hi ndl}l
restricted DNA was separated in an agarose gel and an 0.9k
i solated in each case. The vector pSVB28 (Arnold and P[err}t
171-179, 1988) was al so digested with JFcoRI/H ndlll. The t
conbi ned and ligated. After transformalion into the
[err]-gal act osi dase-negative E. coli

strain JVB al | S l¢h carried
the vector fhengiesens inMentienstrscrihes %ﬁﬁ%’&‘&%ﬁ%ﬁ%? {#ﬂb’cm ch the
deacet yl ase (g apresaiohnsridwste arel capabketaf deacebyAatiangilo) at ed
fromthe clones iE&h had been igﬁ”t(kf-hgdvjrﬁ t hpg Wekcapgr(i gREkad with
EcoRl / Hi ndl 18Ce%¥e” %?3%" Aodft (K-AS BT (L.' di f{'__ed. deacgt ha§g gene
coul d be recagiiukacky, twketeupon cthe hantikiotic | aptHity, | ¥' g°Vect or s
whi ch had beg méuﬁ%ﬁ&@r med pl B27.1 and pl B27.2 (see Fig. 2).
They exi &t in E coll 1n a large nunmber of copies. Exanpl e 5: Transi ent
ase gene in_tobacco

s
Gene 70,

expression of the nodified deacetyl - ot opl ast a
An N-acetyl-phosphinothricin tripeptide deacetylase gene
according to the invention can be isolated from S.
viridochromogenes Tii494. The dea gene is located down-~-
stream of the pat gene on the 4.0 kb BamHI fragment,
which has already been disclosed (EP-A-0,257,542). This
gene is located on a BgIIX~BamHI fragment and is speci~-
fied in detail by the seguence (Fig. 1 and Table 1). The
protein sequence is defined by the DNA sequence. An ATG
codon which is recognised in bacteria and in plants acts
.+ as the translation- start codonj the Shine~Dalgarno
sequence is emphasised by underlining. Thi.s gene codes
for the last step in PTT biosynthesls, namely the deacet-~

ylation of imactive N-acetyl-phosphinothricin tripeptide
to give the active PTT.

Table 1:

‘_'5’!1_,__';' TBS ywer

AGATCTGAGC
CCICAACTGG
CCAGGAGGCC
CTCGGCGGAG
CGGTICCTAC
GGCGGCCGGE
GGCGGCGGTG
GGGGCCGATC
GGIGCTGCGC
CGACCTGGCC
CACCGAGGAC
CCIGGCCICG
TTICCGAGGAA
CGTACCGGTC
GGTICGCTCCCC
GAGGAGGGCG

GGAGAGCGCA TGGCATICGTC

CACCCGCA
TTICGGGCACC
TCGGTACGGC
GCCCTCGGAT
GCGGCGGTGC
GAGGACGCCG
ACCTTCGCCG
GACGCCGGEG
TCGCGAGGGCC
CTGCTICCGCA
CCCGCCCACG
GICCIGTACG
ACCTTCGACG

GAGGGGCGTGC CGCCGTCGAG ACGGCGGGCG TGTICCTGCG CCGCGC

ACGGCGATGT
TGGGCCTGCC
CCGCCCAGGA
CGCCGCAGTC
TCGCCCTGCA
TGGCCGCCTA
GTGACTCGGC
ACCCGCIGCC
CCTCGCACGT

TGGCGLGGGCG.

GCGATCTGAC
ACGACGCCCG
AGTGGGCGGA

GGAGTITGGAG
GGAGCCACGC
CCCCGGCGAG
GGACGGCAGG
GCACCGCCAT
CTACCGCAGG
CCGGATIGCTC
CGGCGCGGGC
GGCCGCCEGCG
CACCCGCAAG
CTACCIGGCC
CGGTCTGCCG
GGCGCTGGAA
GATGTTCCAC

AGCGGTGACC GACTGGATCC T
L= pedaalantoti

Bam WL

Cke

CTGGTGCGGG AACTGATCGE

CGGGTGGOCT ACGACCGAGC
ACCGTCGTGA TCGGCGACTC
ACCCTGCTCGT ACCIGCACGG
CTGICCAGCG CCGCTGGGCGC
CCGCCLCGAGT CTCCCTITCCC
CGCGGAGCGGG GCLTGCCGCC
CTCGCCGTCG CCEGCCCTCCA
GTGIGCATCT CGCCCTGGGC
GAGCGCCAGA TCCICCIGGA
GGCACCGATC CCAGGAACCC
CCGCTGCTCA TCCAGGICGG
CAGGCGGEGC TCAAGGCGGS
GTCTGGCACT GGTACCACCC

CAGC



3 : [ REPLACEMENT SHEET
The plasm d DNA was isolated fromthe E. coli strains constrLcFm;L‘a‘inF I

"Exanpl e 4. Young tobacco | eaves were incubated with digestiorn gnz s_fo
20 h. The proto- plasts which get disengaged fromthe |eaf skelfet
“purified and i ncubated with pol yethyl ene glycol (PEG and the}i
in a transfer buffer. The protopl asts were3tfhen washed and taken up in a
culture liquid (K3 nedium. After incubation for 3 days under Luea

extracte wie | RO “ﬁ%ﬁ“%ﬁﬁéﬁsﬁz‘éﬁ%ﬁﬁ” 5"?‘%‘22’5‘ @cet Miians

The deacet yl at cimited, toTonansphsttate: cFoxy ¥aRRley cFhe, PhesPhdnghy .
thricin-N-acetyl transferase, which is encoded by the pat
gene, is actually used in PYT biosynthesis for the
acetylation of desmethyl-PTC 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 obtained from E. coli. In fact,
it has been found that, in contrast with other bacteria
(for example rhizobia and streptomycetes), no activity
.. can be detected in the so-called PAT assay (Ph.D. thesis
Inge Broer, Faculty of Biology, University of Bielefeld,
Expression des Phosphihthricin-R—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 (Strauch 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
phosphinéthricin~-N-acetyltransferase. Finally, this
deacetylase activity can be detected directly 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.



i
Exanpl e 6: Method for the production of male-sterile crop pl antsng ArEMtFM SHEET
“deacetyl ase gene fromS. viridochrono- genes under the control {off a -
t apet um specific pronoter. The deacetyl ase gene from Streptojy¢es FEB 1997
viridochronogenes is fused with a tapetu-specific pronoter from i coti ana
t abacum and i ntroduced i nto tobacco cel I=s 4y neans of agrobact ¢ria-nedr at ead
| eaf disc transformation. The plants regenerating fromthese cells are

bef o o ant hes 5= FECtan B Shsinac el Thil S e I
cell and transbﬁrt‘&ﬂ’ RIS Jpptanty s‘%?\'ﬁ*ﬁelﬁf \kJé’ Hélearpcie ’E
not i ceabl e negiBaumbedqscoMebees  Gan. hGenetiicsy 106) allﬁz-AQ3$0019‘m;) i he
first tapetum gehiy 81 °chPL EeacdOYast Hdrdit S ¥ACEE blifected easily:
. following traditional (Delié et al., Mut. Res. 9, 167-
182, 1970; Drake and Baltz, Ann. Rev. Biochem. 45, 11-38,
1976) or Tn5 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.

Accordingly, the deacetylase gene can be isolated from E.
coli by producing a gene bank, for example in the argE
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 isolating 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, fol]_.owed by isolation of
a deacetylase 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 large number of cultivated varieties such
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deacetyl ase gene. The N-acetyl-PTC or N-acetyl-PTT stored inftHe cell is
"deacetylated by the enzyme and so con- verted into its activg florgs ggB 1997
inhibits the glutam ne synthetase of the cells and so resultg ijn rapid
destruc- tion. Mature pollen can no | onger_be fornmed. In addifier—the

—h

formation of deacetylase is also interrupt®d: Cells in the vikinity shoul d

not be affected. If the plant is not treated with N-acetyl - PTCOT

N-acetyl - PTT, ids, €duildsanpled, Betalbulgarias zenpenchérefoterof hgréa® by a

oxi'sts an acour AP ob AvEEe T ORE Fe Peadte a8r T Shdontatte

vitality and usef dilesimporeant prultured Franitteiqs byleay fofanobecelar

Coahe Shec) | AL el ol b 4 psSpciuc L

gene from -~ method in Patent Application PCT/EP 89/00495. It is base
on the destruction of the tissue surrounding the pollen
mother cells (tapetum). _'i'o 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 selective 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 transgenic 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 PPT, 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 foréiq_n gene, namely a dea gene under the control
of a tissue-specific promoter, in this case a tapetum

promoter, and application of N-~-Ac~PTC, or N-Ac-PTT, to
the plant. '

oy
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Streptonyces viridochronogenes. The deacetyl ase gene is clo
- pronoter, to the right or left end of a disarnmed T-DNA in sugh

a wa

-12- that a pronoter which is located at the insertion sitelo tZﬁe¥f-BDng7
in the plant gename can read into the gene and so bring aboug #ts
expression. Transgenic plants are cl oned™ B at he propagati onjof cuttings.
One clone is treated with N-acetyl-PTC or N-acetyl -PTT and ejxam ned.-foF

ti ssue whi ch m@edexrally hepeaiaarss tiie dinventisnngccordingly 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 control of a plant-tissue
specific promoter. Application of PTT or PTC leads to the
expression of the deacetylase gene for compeh_sating for
the phosphinothricin-N-acetyltransferase activity in the
respective tissues. These are then destroyed selectively,
while the remaining plant is resistant.

W

<7 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 for. compensating 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-acetyl~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-phosphinothricin and N~
acetyl-phosphinothricin tripeptide has not been detected
in plants as yet. The above~described 2~gene system 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



reverse PCR, the gene which has been affected can be mult mEPQﬂCEMENﬁ §HEET
“cl one which has not been treated with N-acetyl-PTC or N-Ei e

i sol ated (Kahl and Weising, Gentransfer bei Pflanzen [ qu n
Plants], Biologie in unserer Zeit, No. 6, p. 181, 1988). gn-gb?’g%a

Det ecti on of N-acetyl-phosphinothricin (#PT)- deacetyl asela¢t | vityed

sanpl es Soil sanples of 500 ng each (sandy | oam Schwanhei rrer D[err] ne)

wer e adj usted t@xé@&@ﬂép&éﬁf;{c ”Eibfﬂfk!‘@z]& a;s&eato%h& eenT °

[err]]l of a 15 sol ut L- N-acetyl - e rtest
sanmpl es were in® b %drﬁ?l’% ?]'E’-'F%‘Fevarl ous periods of time (0 hours, 4,
7, 11 and 14 days) and subsequently worked up by extraction with 1 x 500

[err]I and 1 X 0 r re.14 [err]l aI uots.fro ?e conbi ned

aqueous superna?g PL&r\Aéll'e r@{ospm@ég tE“PﬁF[" 071398@?%15“ asg| gepe

(HPTLC cel | ul ofcom By ckpliamhder 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 K-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 properties 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 regulation (for example
time~-dependent, stress-dépendent, environment-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 production 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



devel oped 2 x in n-propanol: 25%ammnia = 3 : 2 as the nmobile
“assayn were eval uated by autoradi o- graphy. It was possi bl
N-acetyl - PPT and PPT by conparing the Rl err] values of the
spots with the correspondi ng reference substances. It emnerged
N-acetyl -PPT in the soil is netabolized wi8hrn 14 days al nost
give PPT. - In contrast, in a control assay with sterile soi

hours at 200[ ergddaifiditry Ubs e paivmnask L 0 be conpletely g
9: lIsolation and identification of soil mcro- organisns ha
N-acetyl - PPT-speci fi c deacetyl ase activity

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 geixe and PTT (or PTC) together with a dea gene or
with N-acetyl-phosphinothricin (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.

Pl
t hat

' c@pIF &%W-It 0

Example 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 BqIII. 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 nucleoctides. 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/HindIXX.
This restriction allows the orientation of the inserted

Fd



- sel ect various groups of mcroorganisnms, the soil supernat art5250€‘:r%B
onto the follow ng agar nedia and used far 4 nocul ati ng enrji gh-__nent
cultures in Erlenneyer flasks with the corresponding |i qU| d nmedi a: (1)

M51 nmedium (for eubact er| a):
5 mM succi nat e

: _ | REPLACEMENT SHEET
- 13 - 1g sanples of soil were extracted for 1 hour at rdon

- using 10 mM 10 mM NaCl, 10 nM sodi um phos- phate buffer, gH|=

0.9 kb fragment to be determimedy T&pygépgqnid in orienta-

1 g/l NHerr]CO tion I was designaled prB19.4,i @Ratl of orientation IES%adl /|

solution B

pIBl7.2 (see Fig. 2).

Example 2: Proof of the deacetylation 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.

The plasmids pIB17.1 and pIBl7.2 were therefore trans-
ferred into Rhizobium meljloti strain 2011 by means of a
2-factorial cross. By incubation of R. meliloti wild type
strains with radiolabeled N~acetyl-P¥C, it was possible
to demonstrate that this strain does not deacetylate N~
acetyl-PTC. (After' incubation of PIB17.l-carrying strains
with N-acetyl-PTC and N-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 mod:.f:.ed 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
LBA4404/17.2 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-resistant shoots can be tested for the
presence of the deacetylase gene by Southern hybridiza-
tion. After treatment with N-acetyl-PTC or N-acetyl-PT?T,

the plants are then destroyed by the PTC, or PTT, which
is liberated.
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Sol ution A 50 g/l K err]HP(O err] : _— NaCISol utign B :
"MgSQ err 0.5¢g
ZNg crr?/l ][race el enent s (2) Chitin medium (for actinonycetie a2 FEB 1997
streptomycetes as well as chitinovorous bacteria): 10
g/l crab chitin 1 g/l '(I\He’rr])[err]sqerr]
0.5 g/l MgSO err] 50 m /1 solution A 1

m /| trace el dieample 4(:3)Comstihiatiars ofdiaunvddtmr hfghethiungiansient
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/
HindIXII. The restricted DNA was separated in an agarose
gel and an 0.9kb fragment was isolated in each case. The
vector pSVB28 (Arnold and Piéhler, Gene 70, 171-179, 1988)

was also digested with EcoRI/HindIII. The two batches
were combined and ligated. After transformation into the
p-galactosidase-negative E. coli 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 recognized on 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 tobacco 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 transfer 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.



20 g/1 malt extract 10 g/| gl ucose REPLACEMENTQSHEET
"yeast extract 0.5 g/l (NH[err])[err]Sq_err]1 .
50 [err]g/m tetracyclin o - - n?g’a
contained 5 nM N-acetyl - PPT. The agar pl_atlels and the liquid gu tGrsétt%e

i ncubated for 3-5 days at 28[err]C.

Example 6: Method for the production of mle-sdor—i-}&y&ug
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 promoter 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.
Rone 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 or 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 wvicinity 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 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-specific 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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at--ac

20 individual colonies were isolated fromeach of the sel ectji ye—agar—pteates

- and transferred into 5 m liquid cultures with the correspondi|ng
The cells were allowed to grow for 3-5 days and then centrifugedzgfﬁig%%

rpm and the supernatants were exam ned in_the am noacid angl yizer
(Biotronic LC 5001) for the formation of" BRT- In this manner}, a

PPT-positive culture (CB 10) was isolated froma sel ection AL%h—eh+%+ﬂ————-na
medi um The dﬂm:tetallp&smcmﬁri whilghof st becatéd satoftHehiinsadtiione sitec of
subsequently a W] fg[ St

[err][C]-L- N—aﬂé ‘OB@A tﬁ%ﬁé&}%}ﬁ@ ‘ﬂ%c ﬁahg%tgrgﬁﬁ oBePfe cﬁilture
were centrifugesP abré-!?aveab@lh% d&is| expressipn. Irmasgenici rplants) mxe | 10
mM sodi um phosn.rt@éﬁecbuwgr,tw n‘s Q aamanreﬁuseeeéﬁﬂ kD lﬂ& [éiéﬂné Qfe the

came burfer. 10.[ELY S DS SUEREIZORR 5! Sul LEAL e Mkt o] Sned
for tissue which may be in the process 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: Detection of N—acetyl—phosphi.nothriéin (PPT)~-
deacetylase activity in soil samples

Soil samples of 500 ma each (sandy loam, Schwanheimexr
Diine) were adijusted to 40% of their maximum water capa~
city and treated with 5_#1 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 ul of water. 14 xl1 aliguots from the
combined aqueous supernatants were applied to thin-layer
chromatography plates (HPTIC cellulose, Merck) and
developed 2 x in n—propancl: 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 radiocactive 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 to be completely stable.

Example 9: Isolation and identification of soil micro-

organisms having an N-—acvetyl-PP'l'-spec.Lf:.c deacetylase'
activity
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acetyl -PT and the m xture was incubated for 15 hours at 28C. aCTerl a

*were then centrifuged off, and 7 [err]|l of the supernatant a ﬁSdlgW
t hin-1ayer chromato- graphy and aut oradi ography as descri bed j§ e
A virtually quantitative reaction of N-acetyl-PPT into PPT co Iu be-

observed. In addition,- the assay showed- Ha& =t he deacetyl ase found accepts .
the L enantioner of the acety- lated PPT as substrate. To further purrty —

tlhetSZI ral{l WILtB htges 1&_)%? dti;eas“cfmlaéﬁeaektra&ﬂedt Eorcul thouwr Ca-.lﬁows s

pl ated onto a [ e a |

g/l agar) and |‘h%ﬂ%%§%ﬁ“€ uﬁ"ég ggafnlzé?/ M?% X#wéj 'gﬁ& 88 Flaﬁi es

" were isol ated fphate hbufifsrg, pﬁaﬁsf'b:@ed'!po se¢lect Vqupdsrregirmms ardl the

cultures were t et PR e c d
#iPE ot Qhnibims &t thePRb1d %&g&xﬁ%ﬁ@% dw%%acﬁfaéé? bhis

above. The deacety ase posi tive Isol at es
uniformty of t¥HaeEpllpwing agar meddasapd; weedfor inagplating enzich-

ment cultures in Erlenmeyer flasks with the corresponding
liguid media:

{1} MS1l medium (for eubacteria):
5 mM glucose
5 mM succinate
10 mM glycerol
1 g/1 NE,C1
S0 ml/1 solution A
25 ml/1 solution B

Solution A: 50 g/1 K,BPO,
Solution B: 2.5 g/1 Mgso,
0.5 g/1 NaCl
25 ml/l trace elements

{2) Chitin medium (for actinomycetes and streptomycetes
‘as well as chitinovorous bacteria):

10 g/1 cxab chitin
1-g/1 (NH,),S0,

0.5 g/l MgSO, _

50 ml/l 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 ug/ml tetracyclin




and CB 10 34397 were identified as .... (DSMdeposit No. ..|. RERDACEMENT $HEEN
“deposit No. ....). The enrichnment cultures in the soil danptres—TmmThe

various liquid nmedia were tested for deacetylation of N acetylégPa'EgsﬁW
descri bed above. Only the chitin medium cul tures proved to |be
deacet yl ase-positive. After these culturedd4were plated ontq chiti
total of 40 individual colonies was isolated, grown in chitfn liquid medium
and subsequent Y 1t efddich f @6nELBREd Y5288 Fclhlobityl-pPTY RO tAGgEr PPEREES
were found (Bog}t’d %%gg’lgﬁférl:\lzltgggraLg’e 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 liguid
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 LC 5001) for the formation
of PPT. In this manner, a PPT-positive culture (CB 10)
was lsolated from a selection with chitin medium.

The deacetylase activity of the cells of this culture
were subsequently additionally tested by biotransforma-
tion with [C]-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, pE = 7.0, and resuspended in
100 x1 of the same buffer. 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 pl of
the supernatant were analyzed by thin-layer chromato-
graphy and autoradiography as described in Example 1. A
virtually quantitative 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/l 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 isoclates were replated to check for
uniformity of the culture. The active strains CB 10 3496



Bl err]3), fromwhich the active pure cultures were obtaine
-onto agar plates and culturing further on individual col oni
The strains were ...... s e (DSM deposit Nos. ...., Exa S5 FEB W
N- Acetyl - PPT deacetyl ase enzyne assays with the isolated m an| SNB

S (see above&7

n precultures of strains BoKl and BoKS5 -wdiSe -grown in LB nedi um over ni ght
at 28[err]C, and 0.5 m aliquots were transferred to 20 m

20 nl of chiti ramhch:mm@o%u:ﬂ{]wmé lra\éxftim@wlﬁfﬂi .gfwsth %bhii-.eﬁowere

i ncubated for 15 urs,and t in cultures for ays in

Hrl enmeyer fl asks® gt lS%C‘éthbl W %Wﬁ#e 11%° wek'e subsequent |y harvested
by centrifugation for 10 mnutes at 10,000 rpm the cell pellets were

washed 1 x in rﬁ}l\édﬁ‘é’lﬂe mm)s gﬂh%@%sﬁuféﬁﬁpw# in Lhe

wei ghed and resuspe 0 mvtris
various liquid 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, Bciil, Bciz,
BCcli3), from ﬁhicb the a.ctj.iVe pure cultures were obtained
by replating onto agar plates and culturing further on
individual colonies (see above). The strains were .....,
ceeee(DSM deposit NOS. ceee; nseccl)e

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

5 ml 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,
PR = 7.0, weighed and resuspended in 100 mM tris/HCIL,
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 aminoacid analyzer (see Example
2). The results are compiled in Table 1.




pH = 8.0 at c

= 100 ng/m .

The suspensions were mxed with 1
"mM N-acetyl - PPT and incubated in 50 nml Erlenmeyer flasks for
28[err] C and 220 rpm The cells were separated by centrifuga
m nutes at 5000 rpm and the PPT content
determned in the am noacid anal yzer - (seel&xanple 2).
conpiled in Table 1
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ults are
Table 1

microorganisms
rstrainz ‘Medium: | Concentration of
PPT in the supernatant
(mM] ¢ (%1
BoK1 LB 0.7 f 2.7
BoK1l Chitin 13.9 55.5
BoOKS LB 6.0 23.9
BoK5 Chitin 14.3 57.2 Agﬂ

“s 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
Actinoplanes sp. (Strain Collection Zentralforschung No.
A 1015) in the presence of H-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 extract

0.4% polypeptone (from soya meal)
1% glucose

20 g/l ocat flakes
1 ml/1 trace elements

Medium B:

The results are compiled in Table 2.
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Strain: Medi um Cbncentration of . i BOEE“ m tne
oo A 7 Boka Chitin . [mi/lsﬁg [455.5 boks| | 25 FEB w97
6.0 23.9 BoK5 Chitin 14. 3 57.2 *: b
L-enantionmer in the N-acetyl-PPT racemat®.1?7 - Exanple 11: N—AcetyI-PPT
deacetyl ase enzyne assays with acti nonycetes

Table 2: N-Acetyl-PPT deacetylase assays with actino-
mycetes
Strain:s Medium:|{Concentration of
| PPT in the supermatant
{mM] 2 [%]7:
Actinoplanes liguriae A 3.3 13.2
(IFO No. 13997) _
Actinoplanes liquriae B - 7.6 30.4
(IFO No. 13997)
Actinoplanes sp. a 11.0 44.0
(No. A 1015)
Actinoplanes sp. B 2.7 10.8
(No. A 1015)

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



N Acetyl - PPT-speci fic deacetyl ase activities were al so fourfd : :
‘fermen%/at I on tgsts with the %/vvo actino- nycetes strains Actii r%ﬂ' @LENT SHEET
liguriae (1 FO No. 13997) and Acti noplanes sp. (Strain Coll dct]i on

Zentral forschung No. A 1015) in the presence of N-acetyl-PHT lang5bFEB 1997
biotrans- formation with [err][C]-L-N acelql=-PPT as the suljstjrate.

determ ne the conversion rates, biotransfornmations were carfried-oor—omtie
two strains as descri bed in Exanple 3. The foll ow ng nmedi a jwere used:

Medi um A: f e (ixtract ' 0.2 % neat extract 0.4%
polypeptone (f 8ﬁF§ y SR 1% gl ucose Medium B: 20 g/l oat

fl akes

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

2, The deacetylase gene from E. coli, obtainable by the
process as claimed in claim 1.

3. The deacetylase 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 processa for the production of transéenic plants with
selectively destroyable parts, which comprises bringing
a deacetylase gene under the control of a tissue-specific
promoter and causing death of the tissue portions con-

cerned by suitable t:.mely treatment with N-acetyl-l"rc or
N-acetyl-PTT.

5. A process for the production 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 prbcess as claimed in claim 4 or 5, wherein the
deacetylase gene originates from Streptomyces virido-
chromogenes and the plant is treated with N-acetyl-PTT or

A -




1 mM/l trace elenents The results are conpiled in Table 2.
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Strain:
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Medi um  Concentrati on of
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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 in claim 8, wherein the deacet-
ylase gene is under the control of the tapetum promoter.

10. A process for detecting tissue-specific promotér
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 clonmes 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—P"i‘T 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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PPT in the supernatant

- Acti nopl anes
Act i nopl anes
Act i nopl anes
Act i nopl anes
based on the

liguriae
liguriae

sp.

sp.

L enanti oner

A 3.3 13. 2
B 7.6 30. 4
A ©11.0 44. 0
B 2.7- 20 - 10.8

in the N-acetyl -PPT racenate

| FO No.
| FO No. f 92%”53 997
A
A
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16. The use of a deacetylase gene for the targeted
prevention of specific parts of the plant from function-

ing.
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Patent C ai ns: 1. A process for isolating deacetyl ase gene REP?.KCEMEN'PQHEET
"organi sns, which conprises establishing a gene bank in a deatepytese—fH

whi ch has been provided with a pat gene, and identifying
deacetyl ase-carrying clones by means of PTT- or PTC-sensitiv]ty}. 25 EEBT‘WW

7 J7

deacetyl ase gene fromE. coli, obtainable by the process as flaiLned_ in
claim 1.
- 21 -

ABSTRACT

DEACETYLASE GENES FOR THE PRODUCTION OF PHOSPHINOTHRICIN
OR PHOSPHINOTHRICYL-ALANYL-ALANINE, PROCESSES FOR THEIR
ISOLATION, AND THEIR USE

The invention relates to deacetylase genes, to processes for
their isoclation, and to their ﬁse, in particular for the
production of transgenic plants using tissue-specific promoters.
It is possible to prevent the development of certain parts in
these plants in a targeted manner. With the aid of deacetylase
genes, it is furthermore possible to identify and isolate tissue-
specific promoters in transgenic plants.

FIGURE 1
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3. The deacetyl ase gene fromS. viridochronogenes, conprising an am no-acid

‘sequence encoded by the nucleo- tide sequence of Table 1 and obtai nabl e by
the process as clained in claiml. 4

. A process for the production of
transgenic plants with selectively destroyable parts, which conprises
“bringing a deacetyl ase gene under the control of a tissue-specific pronoter
and causing death of the tissue portions con- cerned by suitable tinely
treatment with N-acetyl-PTC or N-acetyl-PTT.

5. A process for the
production of transgenic plants with selecti®bly destroyable parts, wherein
the plant has PTC resistance and additkéRal I3

:contai ns a deacetyl ase gene
under the control of a tissue-specific prono B causing death of the
ti ssue portions concerned by suit- able ti trggtment with PTC or PTT.
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6. Tﬁe process as cl ai rred in clal m4 or 5, wherein the deacetyl ase gene
’brlgl nates fromB. coli and the plant is treated with N-acetyl-PTC or with

" PTC. 7. The process as clainmed in claim4 or 5 wherein the deacetyl ase
gene originates from Streptonyces Viri do- chronogenes and the plant is
treated with N-acetyl -PTT or - 19 -
2/2
Figure 2
B 17,1
or B17.2
pB1zg  SAL
Eco Rt
T-DNA
terminal
sequences
npt II: Neo -~ resistance geme from TN5
npt IIX: Neo - resistance gene from S. faecalis
B i oxr
36kb |
dea
. PCaMV 35 S 2'nos pJB272
PCaMV35 S = 3'N0S  pdB 27
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with PTT. 8. The process as clainmed in claimd4, 5 6 or 7, wherein

mal e-sterile plants are produced. 9. The process as claine \ '
wherei n the deacet- ylase gene is under the control of the tfﬁtﬁﬁﬁﬁﬁﬁﬁpéhEEr

pr onot er . 10. A process for detecting tissue-specific prdqmjter activity,

whi ch conprises placing a deacetyl ase gene under the contrdgl {ofQ4 DEC\1997

sequence whi ch- probably contains a tissue-specific pronotdr [sequence and

the promoter activity is recognized indPrectly by the deatlf of cerrarm

tissues. 11. A positive selection sgsten1for det ecti ng cliones_or
ABSTRACT

DEACETYLASE GENES FOR THE PRODUCTION OF PHOSPHINOTHRICIN
OR PHOSPHINOTHRICYL-ALANYL-ALANINE, PROCESSES FOR THEIR
ISOLATION, AND THEIR USE

The invention relates to deaéetylase genes, to processes for
their isolation, and to their use, in particular for the
production of transgenic plants using tissue-specific promoters.
It is possible to prevent the development of certain parts in
these plants in a targeted manner. With the aid of deacetylase
genes, it is furthermore possible to identify and isolate tissue-
specific promoters in transgenic plants.

FIGURE 1
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transpositions by insertion inactivation, which conprises selecting those

cells,tn which the dea gene had been inactivated, in connedti peMENT SREET |
genes"fand PTT or PTC and the dea gene or with N-acetyl-PTC P!E“ﬂt y!m."TT.
and the dea gene al one. 12. The use of;q deacetyl ase geng flor the

targeted prevention of specific parts of the plant from fungt) o2 {JHQ.MS.
A transgenic plant with selectively destroyable parts, whic onprises a .-
deacet yl ase g¥A&huREEr the control of a tissue-specific profoter, whereby
death of said plant parts can be obtained by suitable tinel '

N-acetyl - PTC ar acetyl - PPT, 4, i ra}gﬁ?ﬁpi | art hch L,Ses a
deacet yl ase ggnel%aﬁdgfxf:ﬁgsc'%ﬁt?%?‘%?Cf\auf ape um@p%di 1I‘3i 8‘2?6%’?3?,@%
male-sterile plants are produced. :

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

10. A process for detecting tissue-specific promoter
activity, which coinpx:ises 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 deﬁectiug clones 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 geme for the targeted

prevention of specific parts of the plant from function-
ing.

13. A transgenic plant with selectively destroyable
parts, which comprises a deacetylase gene under the
control of a tissue-specific promoter, whereby death
of said plant parts can be obtained by suitable timely
treatment with N-acetyl-PTC or N-acetyl-PPT.

14. A transgenic plant which comprises a deacetylase
gene under the control of a tapetum-specific promoter,
whereby said plant can be made male-sterile by
suitable timely treatment with N-acetyl-PTC or N-
acetyl PPT.
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whereby saird plant can -be nmade nmale-sterile by suitabl getinely

treat nent
20 -5 15.
cl ai m 15,

wWith Noacetyl-PTC or N acetyl PPT. REPLACEMENT SHEET |
A seed fromthe plant of claim13 or 14, 16. Thie peed—of
that is a hybrid seed. - 20 - 22 JUL 1999
15. A seed from the plant of claim i3 or 14.
16. The seed of claim 15, that is a hybrid seed.
17. A plant cell of the plant of claim 13 or 14.
18.

A plant grown from the seed of claim 15.
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17. A pl ant cell “of the pl ant of claim 13 or 14. 18. A plantgrown from
the seed of claim 15. ‘ o - REPLACEMENT SHEET
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ABSTRACT

DEACETYLASE GENES FOR THE PRODUCTION OF PHOSPHINOTHRICIN
OR_PHOSPHINOTHRICYIL.-ALANYL-ALANINE, PROCESSES FOR THEIR
ISOLATION, AND THEIR USE

The invention relates to deacetylase genes, to processes for

U their isolation, and to their use, lin particular for the
production of transgenic plants using tissue-specific promoters.
It is possible to prevent the development of certain parts in
these plants in a targeted manner. With the aid of deacetylase
genes, it is furthermore possible'to identify and isolate tissue-
specific promoters in transgenic plants.

FIGURE 1



