
- 1 -                   0257542 Phosphinothricin (PTC,
2-amino-4-methylphosphinobutyric acid) is an inhibitor of glutamine
synthetase. PTC is a "structural unit" of the antibiotic phosphinothricyl-
alanyl-alanine. This tripeptide (PTT) is active against 5   Gram-positive
and Gram-negative bacteria as well as against the fungus Botrytis cinerea
(Bayer et al., Helv. Chim. Acta 55 (1972) 224). PTT is produced by the
strain Streptomyces  viridochromogenes  T[err]  494  (DSM  40736, DSM
4112). 10   German Patent 2,717,440 discloses that PTC acts as a total
herbicide.   The   published   PCT   Application WO 86/02097 describes
plants whose resistance to PTC is attributable to overproduction of
glutamine synthetase. Overproduction of this type, for example resulting
from 15   gene amplification, entails the risks of instability. Hence, such
an instability would be associated with a decrease in the overproduction of
glutamine synthetase, and the competitive inhibitory action  of PTC would
reappear. 20   In contrast, the invention, which is defined in the patent
claims, relates to a PTC resistance gene and to its use for the production
of PTC-resistant plants. In addition, this gene can also be used as a
resistance marker. The gene is also suitable for the selective 25
N-acetylation of the L-form of racemic PTC. The PTC resistance gene
according to the invention can be obtained by cutting, with BamHI, the
total DNA from Streptogmyces viridochromogenes DSM 4112 which has been
selected for PTT resistance, by cloning a fragment 4.0 kb 30   in size, and
by selection for PTT resistance. The resis- tance (sic) map (Figure 1)
details the characteristics of this 4.0 kb fragment in more detail. Cloning
experiments on sections of this 4 kb fragment were carried out to localize
the position of the coding    -2- region more accurately. It emerged from
this that the resistance gene is located on the 1.6 kb SstII-SstI fragment
(positions 0.55 to 2.15 in Fig. 1). Digestion with BglII resulted in the
fragment which is 0.8 kb in 5   size and which, after incorporation into a
plasmid and transformation of S. lividans, confers PTT resistance. Thus
resistance is caused by N-acetylation of PCT. Maxam and Gilbert sequencing
of the 0.8 kb fragment 



reveals DNA sequence I (Annex). The position of the 10   resistance gene
can be determined from the open reading frame of this sequence (from
position 258). The end of the gene  is located at the penultimate
nucleotide shown (position 806), i.e. the last nucleotide (position 807) is
the first of the stop codon. 15   The Shine-Dalgarno sequence in DNA
sequence I is empha- sized by underlining, as is the GTG acting as start
codon. Thus, the top line depicts the definitive reading frame. DNA
sequence II shows  the restriction sites within the 20   sequenced gene.
Enzymes which cut the sequence more than six times are not indicated. The
antibiotic PTT is taken up by bacteria and broken down to PTC. The latter
also inhibits glutamine syn- thetase in bacteria, so that the bacteria die
of a lack 25   of glutamine. Hence, PTT-producing bacteria ought to have a
mechanism which protects them from the action of PTT, that is to say either
prevents reuptake of the PTT which has been produced or permits a
modification of the breakdown product PTC. However, surprisingly, the PTT
30   producer S. viridochromogenes DSM 4112 is sensitive to its own
antibiotic. Unexpectedly, it proved possible, however, by selection for PTT
resistance to find, at the surprisingly high rate of 10-5, selectants which
are resistant to PTT and, moreover, suppress the background    -3- growth
of adjacent colonies. A gene bank was set up from the DNA of these
selectants by isolating the DNA and cleaving it with BamHI and ligating it
into a Streptomycetes vector. The ligation 5   mixture was transformed into
the commercially available strain S. lividans TK 23, resulting in about
5000 to 10000 transformants having an insert of about 1 to 5 kb per 1 [err]
of ligation mixture. Among the transformants there were PTT-resistant S.
lividans strains. It was 10   possible, by isolation of the plasmid and
retransfor- mation into S. lividans, to show that the resistance is
plasmid-coded. The gene responsible for the resistance is located on a 4 kb
BamHI fragment (Figure 1). The coding region is located on the 0.8 kb BGlII
fragment. The BamHI 15   fragment contains no cleavage sites for the
enzymes ClaI, EcoRI, EcoRV, HindIII, HpaI, KpnI, PvuI, PvuII and XhoI.
Comparison with the restriction map of a resistance gene, 



which has not been characterized in detail, for S. hygroscopicus FERM
BP-130/ATCC 21705 (European Patent 20   Application with the publication
no. 0,173,327, Figure 7) shows that the resistance gene according to the
invention differs from the known gene, which was found during the search
for PTT biosynthesis genes. It was possible to show, by incubation of cell
extracts 25   from S. viridochromogenes DSM 4112 and S. lividans TK 23 on
the one hand, and the PTT-resistant S. viridochromo- genes selectant and a
plasmid-carrying S. lividans transformant, on the other hand, with PTC and
acetyl- coenzyme A,  that the  latter cells  have acetylating 30
activity. Chromatography tests show that the acetylation takes place on the
amino group. Since PTT resistance has also been found in E. coli, and thus
the resistance mechanism also functions in Gram- negative bacteria, it is
possible to rule out resistance    -4- based on transport phenomena. Thus,
after coupling to plant promoters and using suitable vectors, the resistant
gene according to the invention can be transformed into plants, and in this
way PTC-resistance plants can be 5   produced. The N-acetylation of PTC can
also be used f or racemate resolution of synthetic D,L-PTC since selective
acety- lation of only the L-form takes place. Thus the invention also
relates to the use of the resis- 10   tance gene for the selective
N-acetylation of the L-form of racemic PTC. The PTC acetyltransferase coded
for by the resistance gene according to the invention can thus be used to
separate racemic PTC, as can be obtained, for example, 15   by the method
of German Patent 2,717,440,  into the optical antipodes by exposing the
racemate to the acety- lating action of this enzyme, since there is
selective attack on the L-form while the D-form remains unchanged. The
mixture thus obtained can then be fractionated in a 20   manner known per
se on the basis of the differences in properties. The contacting of
N-acyl-D,L-amino acids with acylases, which are immobilised on carriers
where appropriate, with selective liberation of the L-amino acid, which can
be 25   extracted with water-immiscible solvents from the mixture with the
N-acyl-D-amino acid after acidification, has 



been disclosed (British Patent 1,369,462).  A correspond- ing fractionation
of N-acyl-D,L-PTC is disclosed, for example, in German Offenlegungsschrift
2,939,269 or US 30   Patent 4,226,941. The D-PCT which remains according to
the invention can be racemized in known manner (European Patent Application
with the publication no. (EP-A) 0,137,371, example 8),    and then returned
to the process. It is possible, but not necessary, to isolate the enzyme,
this also being intended to mean, here and hereinafter, always the
enzymatically active part. If the enzyme is 5   isolated, it can be used in
the free form or the form immobilised on a carrier. Examples of suitable
carriers are described in EP-A 0,141,223. However, it is expedient not to
isolate the enzyme but to use any desired PTC- resistant cells which
express the enzyme according to the 10   invention. Thus, it is possible
and expedient to use the PTT-resistant  selectants  of S. viridochromogenes
DSM 4112. Moreover, it is possible and advantageous to use any desired cell
which has been transformed with the gene according to the invention and
which is able to express 15   PTC acetyltransferase.  In this connection,
the gene according to the invention, this also being intended to mean
active parts thereof, can be introduced into the host cell in
plasmid-integrated form or by using other customary methods of gene
manipulation, for example by 20   transfection. For example, incorporation
into a E. coli expression plasmid and transformation of E. coli with such a
plasmid is expedient, for example by the methods known from EP-A 0,163,249
and 0,171,024. For the N-acetylation, according to the invention, of 25
L-PTC in the racemate the cells which express PTC acetyl- transferase can
be used in the free or immobilised form, with the customary methods of
immobilisation being used (for example German Offenlegungsschrift 3,237,341
and literature cited therein). 30   The enzymatic acetylation, according to
the invention, of L-PTC is carried out in the manner customary for enzy-
matic reactions, with the conditions of the method being governed by the
characteristics of the organism used. In principle, methods suitable for
this are the same as for 35   the abovementioned selective deacylation
method.   



-6- The invention is illustrated in detail in the examples which follow.
Unless otherwise stated, parts and percen- tage data relate to weight.
Example 1: PTT-resistant selectants 5   The strain S. viridochromogenes DSM
4112 was cultured on minimal medium (Hopwood et al., Genetic Manipulation
of Streptomyces, A Laboratory Manual, The John Innes Foundation, Norwich,
England (1985), page 233) and increasing concentrations of PTT were added.
At a concen- 10   tration of 100 [err]/ml one resistant colony was found
per [err] colonies, approximately. Example 2: Preparation of the vector The
plasmid pSVH1 (European Patent 0,070,522) is cut with BglII, and the
fragment about 7.1 kb in size is isolated 15   and ligated with the 1.1 kb
BclI fragment having thio- streptone resistance (European Patent
Application with the publication number 0,158,201). The plasmid pEB2 which
is 8.15 kb in size is obtained (Figure 2). Example 3: Isolation of the
resistance gene 20   The total DNA is isolated from the selectants obtained
in example 1, and it is cleaved with BamHI. The plasmid pEB2 is likewise
opened with BamHI, and the two mixtures are combined and ligated. The
ligation mixture is trans- formed into S. lividans TK 23 (obtainable from
the John 25   Innes  Foundation),  with 5000 to  10000 transformants having
an insert of about 1 - 5 kb being obtained per 1 [err] of ligation mixture.
Selection for PTT resistance produces two resistant S. lividans colonies.
The plasmid which has been taken up is isolated from the latter and 30   is
cut with BamHI. A 4 kb BamHI fragment which carries the gene responsible
for resistance is found. This    -7- plasmid was called pPR1 (Figure 3).
Retransformation into S. lividans TK 23 shows that the PTT resistance is
plasmid-coded, since the transformants grow on  minimal medium containing
100 [err]/ml PTT. 5   Example 4: Demonstration of the inactivation of PTC
by N- acetylation The following strains were examined to demonstrate the
acetylating activity of the cloned fragment: S. virido- chromogenes  DSM
40736,  S.  viridochromogenes  (PTT- 10   resistant mutant)  S. lividans
TK23 and S. lividans TK 



23 (pPR1). This entails the strains being inoculated into lysis medium A
(European Patent Application with the publi- cation number 0,158,872, page
6) and incubated at 30[err]C in 15   an orbital shaker for 2 days. After
harvesting, 1 mg of mycelium is disrupted with ultrasound in a suitable
buffer (for example RS buffer: C. J. Thompson et al., J. Bacteriol. 151
(1982), 678-685). The procedure for a typical experiment to measure PTC
breakdown is as 20   follows: 100 [err] of PTC solution (250 pg/ml) and 50
[err] of acetyl- CoA (4 mg/ml) are added to 250 [err] of crude extract, and
the mixture is incubated at 30[err]C for 2 hours. The amounts of PTC which
are still present after this time are 25   measured by HPLC. The results of
this are as follows:    -8- Strain                       unreacted PTC
introduced PTC S. lividans TK23                          100% 5   S.
viridochromogenes                        72% (DSM 40736) S.
viridochromogenes                        7% Selectant S. lividans TK23
(pPR1)                    31% 10   A comparison with reference substances
on thin-layer chromatography (no stain with ninhydrin) demonstrates that
N-acetylation of the PTC has taken place.    -9- DNA sequence I
IleTrpSerAspValLeuGlyAla6lyProValLeuPro6lyAspAspPheSerLeu6ly6lyThrSerIle
AspLeu6luArgArgPro6ly6lyArgSer6lyAleAlaArg6lyArgLeuLeuLeuProArgArgHi5LeuHi3
ArgSer6lyAl
ThrSerTrp6lyProValArgCybCysPro6lyThrThrSerSerProSeriAlaAlapropro
AGATCT66AGCGACGTCCTB6666CCGGTCCS6T6CT6CCC666SACGACTTCTTCTCCCTC6GCGGCACCTCCA
75
TCTA6ACCTCGCTSCA66ACCCCCSSCCAG6CCACSAC666CCCCt6CT6AA6AA6A666AGCCGCCST6SA66T
SerArgSerArgArg6lyProProArgAspProAlaAlaArgProArgSerArgArg6lyArgArgcysArgTrp
AspProAlaValAsp6 InPro6lyThrArOgHi s6.I n6lyProV&l V&6lu6lu6l y6luAlI AlaI
y6 IyAs3 I1e6 I
LeuSerThrArgProAlaPro6lyThrSer61yPyroSerSerLysLys6luArgProproVa 6luMet
SerAlaLeuArgValValSerArgIleArgLysSluLeuSlyValProLeuArgLeuAaVal IlePheSluThr
LeuGlyValAlaSily6lyLeuAlaHiPro6lnSlyThrArgArgAIaThrProAlaArgArgAspLeuArgAsp
SerArgArgCys61yTrpSerArgA eserAlaArgAsnSerAlaCysHisSerGlySerProOp SerSerAro
TCTC66CGTTSC6G6T66TCTCGCSCATCCGCAA6GAACTCGGCGTGCCACTCC6GSCTCGCCGTGATCTTCGAG
A I so 



A6AGCCSCAAC6CCCACCAGASCSCSTA66CSTTCCTT6A6CC6CACGSTBA6GCC6AGC66CACTAGAAGCTCT
ArgProThrAlaProProArgAlaCy36lyCysProValArgArBAla~alSlyAlaAr;
ArIgSerArgArgser ArgArg6lnProH
SAspArgAl&aAspAlLouPho6luAlaHisTrp6IUProG1u6lyHX.AsPG1uLeuArg
6luAlaAsnArgThrThr6luArgMetArgLeuSerSerProThr6lySerArigSrAlaThrIleLysSerVal
ProSerLeu~luAlaValAl.aluSer-ValLeuArg6luLeuLysSlyThrAM OC
ArgSlyAlaArgHisPro
AlaValProGlySerSlySlyArgIleArgThrProArQThr6luGlyAspValValLysArgCyaProProPro
ArgArgProTroLysArgTrDProAsnProTyrSerAlaAsnOP Arg6IyArgSerLysaGuValProAlaThr
C6CCGTCCCT66AAGCGST66CC6AATCC6TACTCCGC6AACT6AASS66AC6TAOTAAAGA6GTGCCCGCCACC
225
6CGGCAG66ACCTTC6CCACCGGCTTASSCATGA66CGCTTGACTTCCCCT6CATCATTTCTCCAC6SGCGGTGG
AlmThr6lyProLeuProProArgIleArgVal6lyArgValSerProSerThrThrPhe.euHi sGyIlyGIy
ArgG1y61nPheArgHisSlyPhe61yTyr6IuAflPhe61nLeuProArgLeuLouSerThr61yAlaValArg
-
6yAspArgSerAlaThrAlaSerAspThrSerArtgSerSarPh.ProValTyrTyrLeuProAlaArgTrp6Iy
LeuSer6lnAsnThrGluGIyArgProHi s~aISorProS1uArgArgProVaIS UI
leArgProAlaThrAI a
AIaPhe~la6lutisArgArgLysThrThrArg61uProArgThrThrPro61yArgAsvProSarArgHisArg
ArgPheArgArgThrProLys61uAspHisThrOP Ala61nAsnAs3AlaArgSerArgServalProProPro
C6CTTTCGCA6AACACCGAA66AA6ACCACACiJiAGCCCAGAAC6AC6CCC66TC6A6ATCC6TCCCGCCACC6
300
6CSAAA6C6TCTTGT66CTTCCTTCT66TST6CACTCG66TCTT6CT6CS66CCA6CTCTA66CA666C66TS6C
AlaLysAlaSerCysArgLeuPheVaVelaArgSer61yLeuValVal61yProArgSer61yAspArgTrpArg
LysAroLeuVal6lyPheSerSerTrDValHlisAlaTrpPheSerAlaArgAspLeuAspThrGly6lySly6l
y
Ser6luCyaPheValSerProLeu6lyCysThrLeu6lySerArgArgSlyThrSerIIeArg6lyAlaVaIAla
AlaAspMetAlaAlaVaICysAspI
leVaIAsnHisTyrIle61uThrSerThrValAsnPheArgThr6luPro
ArgArgHis61y61yBlyLouArgHtsArg6InSerLeu~isArgAs361uHls61y61nLeuProTyr6lyAla
ProProThrTrpArgArgSerAl
aThrSerSerIleThrThrSerArgArgAleArgSerThrSerValArgser
CC6CCGACAT66C66C66TCT6CSACATC6TCAATCACTACATCSA6AC6A6CACS6TCAACTTCC6TAC66A6C
375
S6C6GCTSTACC&CCGCCA6AC6CTBTA6CA6TTA6T6AT6TASCTCT6CTCST6CCA6TT6AAGSCAT6CCTCs
ArgArgCysProProProArgArgCysArgOP AspSerCysArgSerSorCysProOP SerG6yTyrProAla
6lyVal1iArgArgAspAiaValAspAspIleValValAspLeuArgAlaArgAspVal6uThrArgLeuArg
AlaSerMltAlaAlaThr6lnSer~e tThrLouOP AM
MletSerValLeuValThrLeuLysArgValSersiy
6lnThsP.ro6ln6luTrpIleAspAspLeu6luArgLou6lnAspArgTyrProTrpLeuValAia6luVal6l
u
AleAspSerAlaG1yvalAspArgArgPro61yAlaProPro61yProLeuProLeuAlaArgArgArgSly6ly
ArgArgLeuArgArgSerGlySerThrthrTrpSerAlaSerArgThrAlaThrPro6lySerSerProArgTrp
CGCA6ACTCCGCAG6ABTGGATC6ACSACCTS6AGCGCCTCCA66ACC6CTACCCCT66CTCGTCSCCGAGGT66
450
6C6TCTGA6GCSTCCTCACCTASCTSCT66ACCTC6CSGA6STCCT6GC6ATS66SACc6AGCA6CAGCTCCACC
AlaSer6luAlaProThrSerArgArg6lyProAla6lySlyPro6lySer6lyArgAlaArgArgArgProPro
LeuSerArgLeuLeuProAspwa1Va16lnLeuAla6luLeu~a1AImVa16IyPro6luAsp6lyLeuHNsLcu
CySVallyCysSerHislleSerSerArgSerArgArgTrpSerArgAM GlySlnSerThrAIaSerThrSer
- 10 - DNA sequence I (continued) 61yVallValAla6lyI leAlaTyrAl
&1yProTrpLysAlaArCAsnAlaTyrAspTrpThrVal61uSerThr
6lyArgArgArgArgHisArgLeuArgArgProLeu6lu6lyProGlnArgLeuArgLeuAspArgArgValAsp
ArgAlaSerSerProAlaSerProThrProAl ProGlyArgProAlaThrProThrThr6IyProSerSerArg
A666CGTCGTC6CC66CATC6CCTAC6CC66CCCCT66AA66CCC6CAAC6CCTACGACT66ACC6TC6A6TCBA
525
TCCCSCA6CAGC66CC6TAGC66AT6C66CC6666ACCTTCCS66C6TTBCSGAT6CTGACCT66CAGCTCAGCT
ProArgArgArgArgCysArgArgArgArg61yArgSerPro61yCysArgArgArgSerSerArgArgThrSer



AlaAspA3p6lyAlaA3p61yVm6lyAla6lyProLsuSlyAlaVal6lyVelValPro6lyAspLmuArgArg
ProThrThrAlaProMetAlaAM AlaProGy6lnPheAlsArgLeuAlaAt Ser6lnValThrSerAupVal
ValTyrValSewrHiArgHis6lnArgLeu6lyLeu6lySerThrLeuTyrThrHlsLeuLeuLysSerfet6lu
SlyValArgLsuProProAlaProAlaAlaArgThr6lyLeuHlsProLouHisProProAle6luValHxs6Iy
ArgCysThrSerProThr61yThrSerG1ySerAspTrpAlaProProSerThrProThrCysOP SerProTrp
CGGT6TAC6TCTCCCACCG6CACCA6C66CTC66ACT666CTCCACCCTCTACACCCACCT6CT6AASTCCATE6
600 GCCACAT6CA6A 666TGGCCGTGGTCSCCB6ACCTSACCCBA66T666A6ATT666T
66ACSACTTCA66TACC
ProThrArgArg6ly6lyAlaG6yNAlaAIArgValProStrTrpG6yArgCys61y6lyAlamSerThrTrpPr
o HialalAs161yValProValLouPro61uSer61nA1l6ay61y61uValG1yVa1Gln61nLeu61yH
sLeu ThrTyrThr61uTrpArgCysTrpArgSarProSerPro61uValArgAN
VelTrpArgSerPheAsptletSer
AlaGln6lyPh.LysSerValVlAleVallelyILuProAsnAspProSerValArgLeuHisSluAlaLeu
BlyProGlyLeu6lnGluArgolyArgArgHisAroThrAlalnArgPro6luArgAlaProAlaArgG1yAla
ArgProArgAIlSerArgAlaTrpSerProSerSerAsmCysProThrThrArgAleCysAlaCysThrArgArg
A66CCCAS66C1TCAASA6C6T66TC6CC6TCATC66ACT6CCCAACSACCCGAGC6T6CGCCTSCACSASGCGC
675
TCCG66TCCC6AA6TTCTC6CACCA6C66CA6TAGCCT6ACGGGTT6CT66GCTC6CAC6C66AC6T6CTCC6CS
Pro6lyProSerOP SerArgProArgArgOP Ar;ValAlTrpArg61ySerArgAla6lyAlaArgProAia
61yLeuAle6luLeuAlaHisAsp6lyAspAsPSer~ln6lyValVelArgAlaHisAla6lnlalLeuArg6lu
AlaTrpProLysLeuLeuThrThrAlaThrMetProSer6lyLeuSerS1yLeuThrArgArgCySSerAlaSer
6lyTyrThrAl Arg6lyThrLeuArgAlaAls61yTyrLysH~i6ly61yTrpHisAsoVal6lyPheTrp6ln
ArgIleHisArgAlaArgAspAlaAla^lySerArgLeu6lnAlaArgrlyLeuAleArgArg6lyVaILeuAla
SerAspThrProArgAla61yArgCys6ly6lnProAlaThrSerThr61lyAlaflyThrThrTro6lySer6l
y
TC66ATACACCGCGCSC666AC6CTGCGBSCABCCGGCTACAA6CAC6666SCt66CACSACBT6666TTCTBGC
758
A6CCTAT6T66CGC6CCCCCTGC6AC6CCCSTC6BCCSATGTTC6T6CCCCC6ACC6TGCT6CACCCCAAGACCG
ArgIleCy.ArgAlaArgSerAlaAlaProLeuArgSerCysAleArgProSerAlaArgArgProThrArgAla
SerVal6lyArgAlsProArgGnProCys6lyAlaVulLeuValProAlaProVelVaIHisProGluProLeu
ProTyrValAl aArgProValSerArgAlaAl ProAM L*uCysProProInCysS*rThrProAsn6
1nCys ArgAsuPh.GluLeuProAlmProProArgProValArgProVslThr6limIle
AIaArgLeuArgAlaAIa16yProAloProProArgProAlCArgHisThrAsp
SarAlaThrSerSerCysArgProArgProAloProSer6lyProSerHisArgSer
A6CSC6ACTTC6A6CT6CC66CCCC6CCCC6CCCC6TCC66CCC6TCACACASATCT 807
TC6CSCT6AA6CTC6ACG6CC6S66C666GC6666CABGCC666CA6TGT6TCTASA
AIaArgSerArgAlaAlaPro6lyAlaGly6lyArg6lyAlaArgOP ValSerArg.
AlsVall6uLeu61nArg61lyArgG6yAla6lyAspProGlyAsaCysLeuAso
ArgSerLysSerSer5lyAla6ly6lyArg6lyThrArg6lyThrYalCyslIe    DNA sequence II I
A6AtCT66AGCSACSTCCTSS66CC66TCC6GT6CTGCCCGSGGAC6ACTTCTTCTCCC
TCTA6ACCTC6CT6CA66ACCCCC66CCA66CCAC6ACS66CCCCTGCT6AAGAA6A666 A. A       a A
a         a. AA        Aft          a I 96LIS XHOII, 2 DPNT SAU3A, 5 65UI.
12 AATI1 ACYl, 13 MAEI1 , 17 APYI ECORlI, 26 RSRIl, 27 AVAIl, 35 CBVI, 39
AVAI NCII SMAI, 40 NCII, 52 MBOI, 59 MNLI, 61
tC66C66CACCTCCATCTC6SC6TT6CS66T66TCTCGC6CATCCGCAA66AACTC66C6
AGCC6CCBTG6A6GTAGA6CC6CAAC6CCCACCA6A6C6C6TA66CSTTCCTT6A6CC6C 66 HGICI, 70
MNLI, 97 FNUOII, 100 SFANI, 101 FOKI, 



-121 T6CCACTCCB6CTC6CC6tSATCTTCSA6AC6CC6TCCCT66AASC66T66CC6AATCC6
ACGGT6A66CC6A6C66CACTAGAASCTCTBC6BCA666ACCTTC6CCACC66CTTA66C a
-ft~~~ a  a                         a     A 122 8OLI., 140 DPNI SAU3A, 142
MBOII  149 ACYI H6AS TTH111I, 158 APYI ECORII, 159 CfRI GDIUI. 174 HINFI,
150 RSAI, 181  TACTCC6CSAACTGAA666SACSTA6TAAABAGGTOCCCSCCACCCSCTTTC6CA6AACA
AT6A66CSCTT6ACTTCCCCT6CATCATTTCTCCAC666CS6T666C6AAA6C6TCTT6T ~~~~~~A
4A 186 FNUDII, 201 MAEII 211 nNLI, 213 H61CI, 214 SDUI, 241
CCGAA66AASACCACAC6T6AGCCCASAAC6ACBCCCGGTCSASATCCGTCCCSCCACCE
66CTTCCTTCT66TST6CACTC666TCTT6CT6CS66CCA6CTCTAGSCA666C66T66C A      .Aft
A         A   a        Aa 247 1180!!, 254 AFLiII, 255 PMACI, 256 MAE!!, 260
H61JII SCUt 271 ACYl KIA, 275 NCII, 283 XMOII, 284 8INS DPNI SAU3A, 301
CCGCC6ACAT66C66C66TCT6C6ACATC6TCAATCACTACATC6A6ACSASCAC6STCA
66C66CT6TACC6CCSCCAGAC6CT6TA6CAGTTA6T6ATGTA6CTCT6CTC6TSCCAST -303 MIL!. 308
NLAIIS, 324 TTHIIII, 350 H61AI SDUI, 357 HINCI I. 361
ACTTCCGTAC66ASCCSCASACTCC6CA66A6T66ATC6AC6ACCTBGAGCGCCTCCAG6
16AA66CAT6CCTC66C6TCTSA66C6TCCTCACCTA6CT6CTS6ACCTC6C6GAGSTCC a         ft~~
afOa                    ft   O aftf  A 367 RSAI, 380 HINFI, 394 5IN!, 395
DPNI SAU3A, 404 APYS ECOR II, 405 6SUI, 409 MAEII, 413 MNLI, 414 65UI, 416
APYI ECORII , 419 AVAII, 421
ACCSCTACCCCT66CTC6TC6CC6A66T66AS66C6TC6TC6CC66CATCSCCTAC6CCG
T66C6At6666ACC6A6CA6C66CTCCACCTCCC6CASCA6C66CC6TA6C66AT6C66C a
ft  at      a   a^^ 430 APYI ECORI, 444 MNLI, 45C MNLI, 453 ACY1, 4S4 H6AI,
462 NAEI, 466 SFANI, 477 NAEI, 481
6CCCCT66AA66CCCSCAACSCCTAC6ACT66ACC6TC6A6TC6ACSST6TACSTCTCCC
C666SACCTTCC66SC6TT6C66ATSCTSACCT66CA6CTCA6CTSCCACAT6CA6ASS5 484 APYI
ECORll, S11 AVAII, SIB HINFI, 521 ACCI HINCI1 SALl. 530 RSAI, 532 MAE!!,
-12- DNA sequence II (continued) 541
ACCGGCACCA6CGGCTC6GACTS6GCTCCACCCTCTACACCCACCT6CT6AAGTCCt
TGGCCGTGGTCGCCSAGCCTSACCC6A66TSGGAGAT6TSGETS6ACSACTTCAGGTt 544 HGICI, 549
NSPBII, 563 H6IJII SOUI, 572 nNLI. 578 TAOII, S83 BSPMI, S9S NCOI STY!, S9S
NLAII, 600 MNLI, 601
ABGCCCA6G6CTTCAAGAGCBT66TC6CCBTCATCGGACTSCCCAACEACCC6AGCGTGC
TCC6SGTCCC6AAGTTCTC6CACCA6CGGCAGTAGCCT6AC6G6TTSCT6GGCTCSCACS 605 APYI
ECORI!, 650 AVAI. 661
6CCTSCAC6A6GCGCTCSBATACACC6CGCGC6G6ACSCTCS6G6CASCC66CTACAAGC
C66AC6T6CTCCBCSAGCCTAT6TOGC6CSCBCCCTGCGAC6CCC6TCBGCCSATGTTCG 



A A              SAL A    A  A       A  aA 669 MNLI, 671 HAEII, 686 FNUDII,
687 BSSHII, 688 FNUDII, 690 FNUDII, 695 HSAI, 698 88VI, 705 BBlV, 708 NAEI,
716 TTH11I1 I., 721
AC66666CTGGCACGACBT6666TTCT66CA6CSCGACTTC6A6CTGCC66CCCC6CCCC
T6CCCCC6ACCST6CT6CACCCCAA6ACCSTC6CGCT6AASCTC6AC6SCC666SC6656 A   A .
A    A         LA  A 732 DRAIII, 736 MAEll, 749 BBVI, 753 FNUDII, 763 ALUI,
764 B BVI, 767 NAEI, 781 6CCCCSTCC66CCCGTCACACAGATCT
CGGG6CASGCCG6GCA6TST6TCTAGA 795 MAEIl!, 902 86LII XHO!I, 803 DPNI SAU3A,
- 13 -                  0257542 Patent claims for BE, CH, DE, FR, GB, IT,
LI, LU, NL, SE 1.   A phosphinothricin (PTC) resistance gene which can be
obtained by cutting, with BamHI, the total DNA from Streptomyces
viridochromogenes DSM 4112 which 5        has  been  selected  for
phosphinothricyl-alanyl- alanine (PTT) resistance, by cloning a fragment
4.0 kb in size, and by selection for PTT resistance. 2.   The gene as
claimed in claim 1, which has the restriction map shown in Figure 1. 10
3.   The gene as claimed in claim 1 and 2, which has the DNA sequence I
(annex), position 258-806. 4.   The use of the gene as claimed in claims 1
to 3 for the production of PTC-resistant plants. 5.   The use of the gene
as claimed in claims 1 to 3 as 15        PTT resistance marker in bacteria.
6.   The use of the gene as claimed in claims 1 to 3 as PTC resistance
marker in plant cells. 7.   The use of the gene as claimed in claims 1 to 3
for the selective N-acetylation of the L-form of racemic 20        PTC. 8.
PTC-resistant plants which have a gene as claimed in any of claims 1 to 3.


