
f 

5 

- 1 - 0257542 

Phosphinothricin (PTC, 2-a.mino-4-methylphosphinobutyric 
acid) is an inhibitor of glutamine synthetase. PTC is a 
11 structural unit 11 of the antibiotic phosphinothricyl­

alanyl-alanine. This tripeptide (PTT) is active against 

Gram-positive and Gram-negative bacteria as well as 

against the fungus Botrytis cinerea (Bayer et al., Belv. 

Chim. Acta 55 (1972) 224). PTT is produced by the strain 

Streptomyces viridochromogenes Tu 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 amplificat.ion, entails the risks of instability. 

20 

25 

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. 

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 
N-acetylation of the L-form of racemic PTC. 

The PTC resistance gene according to the invention can 

be obtained by cutting, with Ba.mHI, the total DNA from 

Streptomyces vir~dochromogenes DSM 4112 which has been 
selected for ~TT 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 
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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. 

10 

Maxam and Gilbert sequencing of the 0. 8 kb fragment 
reveals DNA sequence I (Annex). The position of the 
·resistance gene can be determined from the open reading 
frame _of this sequenc~ (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 st;.art 
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. Bence, 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 
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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 

10 

per 1 µg of ligation mixture. Among ·the transformants 
there were PTT-resistant S. lividans strains. It · was 
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 BamBI fragment (Figure 1). The coding 
region is located on the 0. 8 kb BGlII fragment. The ~I 

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. 

25 

30 

It was possible to show, by incubation of cell extracts 
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 
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 
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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 
produced. 

The N-acetylation of PTC can also be used for 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
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, sirice 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 
selectiv~ liber.ation 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 Gerinan 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), 
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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 

10 

innnobilised on a carrier. Examples of suitable carriers 
a~e 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 
invention. Thus, it is possible and expedient to use the 
PTT-resistant 1S5electants ·of S. viridochr_omogenes DSM 
4112. Moreover, it is possible and advantageous to use 
any de.sired 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 qsed 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. 
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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 (1~85), page 233) and 

10 
inc.reasing c~ncentrations of PTT were added. At a concen­
tration of 100 µg/ml. one resistant colony was found per 
105 colonies,.approximately. 

Example 2: Preparation of the vector 

The plasmid pSVHl (European Patent 0,070,522) is cut with 
~lII, and the fragment about 7.1 ~ 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). 

20 

Example 3: Isolation of the resistance gene 

The total DNA is isolated from the selectants obtained 
in examp~e 1, and it is cleaved with BamHI. The plasmid 
pEB2 is likewise opened with Sam.BI, 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 µg of ligation mixture. S~lection 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 BamBI. A 4 kb BamHI fragment which carries 
the gene responsible for resistance is found. This 
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plasmid was called pPRl (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 µg/ml PTT. 

5 Example 4: Demonstration of the inactivation of PTC by N­
acetylation 

10 

The following strains were examined to demonstrate the 
acetylating activity of the cloned fragment: s. virido­
chromoqenes DSM 40736, s. viridochr~mogenes (PTT­
resistant mutant), s., lividans TK23 and S. lividans TK 

23 (pPRl). 

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°C in 
15 an orbital shaker for 2 days. After harvesting, 1 mg of 

mycelium is disrupted with ultrasound in a suitable 
bu·ffer (for example RS buffer: c. J. Thompson et al., J •. 

Bacterial. 151 ( 1982), 678-685). The procedure for a 
typical experiment to measure PTC breakdown is as 

20 follows: 

100 µl of PTC solution (250 µg/ml) and 50 µl of acetyl­
CoA (4 mg/ml) are added to 250 µl of crude extract, and 
the mixt~re is incubated at 30°C for 2 hours. The amounts 
of PTC which are still present after this time are 

25 measured by BPLC. The results of this are as follows: 
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Strain 

s. lividans TX23 

S. viridochromogenes. 

(DSM.40736) 

s. viridochromogenes 

.Selectant 

s. lividans TK23 (pPRl) 

··---··~········-~ .. 
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unreacted PTC 

introduced PTC 

100% 

72% 

7% 

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. 
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DNA sequence I 

IleTrpSerAspV11lLeuGlyAla6lyProValLeuPro6lyAspA1pPhePheSerleu6ly6lyThrSerile 
A1pLeuGluAr;ArgPro6ly6lyArgSer6lyAlaAlaArgGlyAr;LeuleuleuProArgAr;Hi1LeuHis 

ArgSer6lyAlaThrSerTrpGlyProValArgCyaCysPro6lyThrThrSerSerProSerAlaAlaProPro 
AGATCTG6AGCGACGTCCTGGG66CCGGTCCG6T6CTGCCC6666AC6ACTTCTTCTCCCTC6GC6GCACCTCCA 75 
TCTAGACCTCGCT6CAG6ACCCCCGGCCAGGCCAC6AC666CCCCT6CT6AA6AAGA6G6AGCC6CCGT66AGGT 
SerArgSerArgArgGlyProProArgAspProAlaAlaArgProAr;SerArgArgGlyAr;ArgCysArgTrp 

.AspProAlaVe1AspGlnPro6lyThrArgHis61n6lyProVa1Val6lu61u61y6luAlaAla6ly6lyAsp 
Ile6l~LeuSerThrArgProAlaPro6lyThrSer6lyProSerSerly1Lys6luArgProProValGluMet 

SerAl1LeuArgValVelSerAr;IleArgLy16luLeu6lyValProLeuArgleuAlaValllePheGluThr 
Leu6lyValAleGly6lyLeuAlaHi1ProGln6lyThrArgArgAlaThrProAlaArgAr;A1pleuArgAsp 

SerAr;ArgCys6lyTrpSerArgAlaSerAlaAr;AsnSerAlaCy1HisSer6lySerProOP SerSerArg 
TCTC6GC6TTGCGG6T6GTCTC6CGCATCCGCAA66AACTC6G.C6T6CCACTCC6GCTCGCC6T6ATCTTCGAGA 150 
AGA6CCGCAACGCCCACCA6A6C6C&TA66C&TTCCTT6A6CC6CAC66T6A66CC&A6C66CACTA6AA6CTCT 
ArgProThrAlaProProAr;AlaCvsGlyCysProValArgArgAlaValGlyAlaArgAr;SerAr;Ar;Ser 

Ar;Arg6lnProHi1A.1pAr;AlaA1p"111LeuPhe6luAlaHisTrp6luProGlu6lyH11AspGluL.euAr; 
61uAlaAsnAr;ThrThr6luAr;l1etAr;LeuSerSerProThr6lySerAr;SerAlaThrllelysSerVal 

ProSerLeu&luAhVa1Ala61uSerVa1LeuArg61uleulys6lyThrAl1 CC ArgGlyAlaAr;HisPro 
AlaVelPro6lySer61y6lyArgI1eArgThrProArgThr6lu6lyA10ValValLy1ArgCy1ProProPro 

Ar;ArgProTrpLy1Ar;TrpProAsnProTyrSerAlaAlnOP Ar;6lyArgSerLys6luValProAlaThr 
C6CCGTCCCTGGAA6CGGT66CC&AATCC6TACTC~GCGAACT6AA6666AC6TAGTAAA6A6GT6CCCGCCACC 225 
6CG6CAG6GACCTTCGCCACCGGCTTA6GCAT6A66CGCTTGACTTCCCCT6CATCATTTCTCCAC666CGGTGG 
AlaThrGlyProleuProProAr;IleAr;Val6lyArgValSerPl"oSerThrThrPheLeuH11GlyGly6ly 

ArgGlyGlnPheArgHi1GlyPhe6lyTyr6luAlePhe6lnLeuProArgLeuLeuSerThr6lyAlaValArg 
6lyAspArgSerAlaThrAleSerAspThrSerA~gSerSerPheProValTyrTyrLeuProAlaAr;TrpGly 

LeuSerGlnAsnThrG'luGlyAl"gProHisValSerPro6luAr;ArgProVal61uileArgProAlaThrAla 
Al11PheAlaGluHi1ArgArgly1ThrThrArgGluProArgThrThrPro6lyAl"gA1pProSerArgHi1Arg 

ArgPheArgAr;ThrProLys6luAspHisThrOP Ala6lnA1nA1pAlaArgSerArgSerValProProPro 
C6CTTTCGCA6AACACC6A066AA6ACCACACiliA6CCCAGAAC6AC6CCC66~C6A6ATCCGTCCCGCCACCG 300 
6C6AAAGC6TCTT6T66CTTCCTTCT66T6T6CACTC&GGTCTT6CT6C666CCA6CTCTA66CA66GC66T66C 
Al1LysAlaSerCysArgleuPheValValAr;Ser6lyLeuVelVal6lyProAr;Sel"6lyA1pArgTrpArg 

"-.,,.: LysAr;LeuVal6lyPheSerSerTrpValHi1AlaTrpPheSerAlaAr;A1pLeuAspThrGly6ly6lyGly 
Ser6luCy1PheValSerProLeu6lyCy1ThrLeu6lySerAr;Arg6lyThrSerileArgGlyAlaValAla 

AlaAspMetAlaAleValCy1AsoileValAsnH11Tyrile6luThrSerThrValA1nPheA1"gThr6luPro 
Ar;Ar;H1sGly6ly6lyLeuAr;H1sArg6lnSerLeuHi1ArgA1p6luHi16ly6lnLeuProTyr6lyAla 

ProPl"oThrTrpAr;Ar;SerAlaThrSerSerlleThrThrSerArgAr;Al1Ar;SerThrSerValAl"gSer 
CCGCCGACATG6C66CS6TCT6C6ACATC&TCAATCACTACATC6A6AC6A6CAC66TCAACTTCC6TACG6A6C 375 
66C66CT6TACCGCCGCCA6AC6CT6TA6CA6TTA6T6AT6TA6CTCT6CTC6T6CCA6TT6AA66CATGCCTC6 
ArgArgCysProProProAr;Ar;CysAr;OP AspSerCysAr;SerSerCysProOP Ser6lyTyrProAle 

6lyValH11ArgArgA1pAlaValf\1pA1pileValValAspLeuArgAlaArgA1pVal6luThrAr;LeuArg 
Al1SerMetAlaAlaThr6lnSer"etThr~euOP Al1 l1etSerValLeuValThrLeuly1Ar;V1lSer6ly 

6lnThrP.ro61n6luJ'rpI leAspAspLeu6luArgLeu6lnAspArgTyrProTrpLeuValAla6luVal6lu 
AlaAspSerAla6lyValAspArgAr;Pro61yAlaProPro61yProleuProLeuAlaArgArgArg6ly6ly 

ArgAl"gLeuArgAr;Ser6lySerThrThrTrpSerAl1Sel"ArgThrAleThrPro6lySerSerProArgTrp 
C6CA6ACTCCGCA66A6TGGATC6AC6ACCT66AGC6CCTCCA66ACC6CTACCCCT66CTCGTC6CCGAGGT6G 450 
6C6TCT6AG6CGTCCTCACCTA6CT6CT66ACCTC6C66A66TCCT66C6AT666GACC6A6CA6C66CTCCACC 
AlaSer6luAlaProThrSerArgArg6lyProAla6ly61yPro6lySer6lyArgAlaArgArgArgProPro 
LeuSerArgleuleuProA1pValVal6lnLeuAla6luLeu~alAlaVal6lyPro6luAsp6lyLeuH1sLeu 

Cy1Val6lyCy1Sel"H1sileSerSerArgSerArgArgTrpSerArgAM 6ly6lnSerThrAlaSerThrSer 
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DNA sequence I (continued) 

6lyValValAleGlyileAleTyrAleGlyProTrpLy1AleArgAsnAlaTyrA1pTrpThrVel6luSerThr 
6lyArgArgArgArgHisAr;LeuArgArgProLeu6lu6lyPro6lnArgLeuAr;LeuAspArgArgValAsp 

Ar;AleSerSerProAleSerProThrProAlePro6lyAr;ProAleThrProThrThr6lyProSerSerArg 
A666CGTC6TC6CC66CATC6CCTAC6CC66CCCCT66AA66CCC6CAAC6CCTAC6ACT66ACC6TC6A6TCGA 5~5 
TCCC6CAGCAGC66CC6TA6C66ATGC66CC6666ACCTTCC66GC6TT6C66AT6CT6ACCT66CA6CTCA6CT 
ProArgArgArgArgCysAr;ArgArgAr;6lyAr;SerPro6lyCysArgAr;ArgSerSerArgArgThrSer 

AJeAspAsp6lyAlaAsp6lyV1l6lyAla6lyProLeu6lyAlaVal6lyValVelPro6lyA1pLeuArgArg 
ProThrThrAlaProMetAlaAM AlaPro&ly&lnPheAlaAr;LeuAlaAM Ser&lnValThrSerAspVal 

Va1TyrValSerH11Ar;His&lnArgLeu6lyLeu6lySerThrLeuTyrThrHULeuLeuLy1SerMet6lu 
6JyValAr;LeuProProAlaProAlaAlaAr;Thr6lyLeuH11ProLeuHi1ProProAle6luVelHi16ly 

Ar;CysThrSerProThr6lyThrSer6lySerA1pTrpAlaProProSerThrProThrCy10P SerProTrp 
CG6T6TAC6TCTCCCACC66CACCA6C66CTC66ACT666CTCCACCCTCTACACCCACCT6CT6AA6TCCAT66 600 
6CCACAT6CAGA.666T&GCC&T66TC&CC&A&CCT&ACCC&A6&T666A6ATGT~&&T66AC&ACTTCA66TACC 
ProThrArgArg6ly6lyAla6lyA·1aAlaAr;ValProSerTrp6lyArgCy16ly6lyAlaSerThrTrpPro 

Hi1ValA1p6lyUalProValLeuPro&luSer6lnAla6ly6ly6luVel&lyVal&ln6lnLeu6lyH11Leu 
ThrTyrThr6luTrpAr;Cy1TrpArgSerProSerPro6luValAr;AM.ValTrpArgSerPheA1pHetSer· 

AlaGln6lyPheLy1SerVa1ValAlaVa111e61yLeuProA1nA1pProSerValAr;LeuHi16luAlaLeu 
6lyPro&lyLeu6ln6luArg6lyAr;Ar;Hi1Ar;ThrAla6lnftr;Pro6luAr;AfaProAlaAr;6lyAle 

. Ar;ProAr;AleSerArgAlaTrpSerProSerSerA1pCy1ProThrThrAr;AlaCy1AleCy1ThrArgArg 
A6GCCCA666CTTCAA6A6C6T66TC6CCGTCATC66ACT6CCCAAC6ACCC6A6C6T6C6CCT6CAC6A6GC6C 675 
TCCGGGTCCCGAA6TTCTCGCACCA6C66CA6TAGCCT6AC666TT6CT66GCTCGCAC6C66AC6T6CTCCGC6 
Pro&lyProSerOP·SerArgProArgAr;OP Ar;ValAlaTrpAr;6lySerAr;Ala6lyAleArgProAle 

6lyLeuAle6luLeuAl1HisAso6lyA1pAsoSer6ln&lyValVelAr;AleH11AleGlnValLeuArg6lu 
AlaTrpProLy1LeuLeuThrThrAlaThrMetProSer6lyLeuSer6lyLeuThrAr;ArgCy1SerAl1Ser 

6lyTyrThrAlaArg6lyThrLeuArgAlaAla6lyTyrLy1Hi16ly6lyTrpHi1AspV1l6lyPheTrpGln 
ArglleH11Ar;AlaAr;AapAlaAle6lySerAr;Leu6lnAlaAr;6lyLeuAlaArgAr;6lyValLeuAle· 

SerAspThrProAr;Ala6lyAr;Cys61y61nProAlaThrSerThr61yAla61yThrThrTrp61ySer61y 
TC66ATACACC6CGC6C666AC6CT6C&&6CA6CC66CTACAA6CAC66&&6CT66CAC6AC6T6666TTCT66C 750 
AGCCTATGT66C6C&C6CCCT6C6AC6CCC6TC66CC6AT6TTC6T6CCCCC6ACC6TGCT6CACCCCAA6ACC6 
Ar;IleCysArgAleAr;SerAlaAlaProLeuAr;SerCysAlaAr;ProSerAlaAr;Ar;ProThrArgAla 

SerVal6lyAr;AlaProAr;6lnProCy16lyAlaValLeuVelProAleProVelVelH11Pro6luProLeu 
ProTyrValAlaArgProValSerArgAlaAlaProA" LeuCy1ProPro~lnCy1SerThrProA1n6lnCy1 

Ar;A1pPhe6luLeuProAleProProAr;ProValAr;ProValThr6l"Ile 
AlaAr;LeuAr;AlaAle&lyProAleProProAr;ProAlaftr;HisThrAsp 

SerAlaThrSerSerCy1Ar;ProAr;ProAlaProSer6lyProSerHi1ArgSer 
A6C6C&ACTTC6A6CT6CC6&CCCC6CCCC6CCCC6TCC&6CCC6TCACACA6ATCT 817 

. TC6CGCTGAA6CTC6ACGGCC6666C6666C6666CA66CC666CA6T6T&TCTA6A 
AlaArg5erAr;AlaAlaPro6lyAfa6ly6lyAr;6lyAlaAr;OP ValSerAr;. 

AleVal6luLeu61nAr.;6lyAr;&lyAla6lyAspPro61yA1pCy1LeuA1p 
Ar;SerLy1SerSer6lyAle6ly6lyAr;6lyThrAr;6lyThrValCy1lle 
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DNA sequence II 

1 A6ATCT66AGC6AC6TCCT66666CC66TCCo6T6CT6CCC6666AC6ACTTCTTCTCCC 
TCTA6ACCTC6CT6CA66ACCCCC66CCA66CCAC6AC666CCCCT6CT6AA6AA6A666 · 
.,., a flll• • 41111A AA • 

t BGLII XHOII, 2 OPNl SAU3A, 5 6SUI, 12 AATII ACYI, 13 "AEll 
, 17 APYI ECORll_, 26 RSRll, 27 AVAll, 35 BBVI, 39 AVAl NCll 
SMAl, 40 NCll, 52 MBOll, 59 MNLl, 

61 lCGGC66CACCTCCATCTC66C6TT6C666T66TCTCGC6CATCC6CAA66AACTC66C6 
AGCC6CC6T66A66TA6A6CC6CAAC6CCCACCA6A6C6C6TA66C6TTCCTT6A6CC6C .. . .. .. .. .. 
66 HGICI, 70·MNLI, 97 FNUOII, 100 SFANI, 181 FOKI, 

·1~1 T6CCACTCCG6CTC6CC6T6ATCTTC6A6AC6CC6TCCCT66AA6C66T66CC6AATCC6 
AC66T6A66CC6A6C66CACTA6AAGCTCT6C66CA666ACCTTC6CCACC66CTTA66C 

• ·A A "" #It A A A 

122 B6LJ, 140 OPNI SAU3A, 142 t1BOII, 149 ACYI H&Al TTH111l, 
158 APYl ECORIJ, 169 CFRI 60III, 174 HINFI, 181 RSAI, 

181 TACTCC6C6AACT6AA6666AC6TA6TAAAGA66T6CCC&CCACCC&CTTTC6CA&AACA 
AT6A66C6CTT6ACTTCCCCT6CATCATTTCTCCAC66&C66T666C&AAA&C&TCTT6T .. .. ...... 

. 186 FNUDll, 201 f'IAEil, 2 l 1 f1NL1, i! 1"3 HGICI, 214 SDUI, 

241 CC6AA66AA6ACCACAC6T6A6CCCAGAAC6ACGCCC66TC6A6ATCC&TCCC6CCACC6 
66CTTCCTTCT66T6T6CACTC666TCTT6CT6C666CCA6CTCTA66C.A666C66T66C 

" ..... ,., " . . ..... 
247 MSOII, 254 AFLIII, 255 PMACI, 256 HAEII, 260 H6IJII SOUI 
• 271 ACYI HGAI, 2°75 NCll, 283 XHOll, 28' BINI OPNI SAU3A, 

301 CC6CC6ACAT66C66C66TCTSC6ACATC6TCAATCACTACATC6A6AC6A&CAC66TCA 
66C66CT6TACC6CC6CCAGAC6CT6TA6CAGTTA6T6AT6TA6CTCT6CTC6T6CCA6T 

A • A A A fl! 

·303 S&LI. 308 NLAill, 324 TTH1111, 350 H61AI SOUi, 357 HINCI 
J. 

361 ACTTCC6TAC66A&CC&CA6ACTCC&CA66A6T66ATC6AC6ACCT66A&C6CCTCCA66 
T6AA&GCAT6CCTC66C6TCT6A66C6TCCTCACCTA6CT6CT66ACCTC6C66A66TCC 

• .. .... 
367 RSAI, 380 HINFI, 394 BINI, 395 OPNI SAU3A, 404 APYI ECOR 
II, 415 6SUI, 489 HAEII, 413 MNLI, 414 &SUI, 41& APYI ECORII 
, 419 AVAll, 

421 ACC6CTACCCCT66CTC6TC&CC6A66T66A666C6TC6TC&CC66CATC6CCTAC6CC6 
·T66C6AT6666ACC6A6CA6C66CTCCACCTCCC6CA6CA6C66CC6TA6C66AT6C66C 

A . A A •A A A _. 

430 APYI ECORil. 4'4 l'INLl, 450 "tal, 453 ACYl, AS4 HGAI, 462 
NAEI, •&6 SFANl, ,77 NAEl, . 

481 6CCCCT66AA66CCC6CAAC6CCTAC6~CT66ACC6TC6A6TC6AC66T&TAC6TCTCCC 
C6G66ACCTTCC66GC&TT6C66AT6CT6ACCT66CA6CTCA6CT6CCACAT6CA&A&66 

A fllll A • A • 

484 APYI ECORll, 511 AVAII, 519 HINFI, 521 ACCl HlNCil SALi, 
530 RSAI, 532 MAEII, 
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DNA sequence II {continued) 

~ 541 ACCGGCACCAGCGGCTC66ACT666CTCCACCCTCTACACCCACCT6CT6AA6TCCt 
TGGCC6TGGTC6CCGAGCCT6ACCC6A66T666A6AT6T666T66AC6ACTTCA66Tt .. .. .... 
544 HGICI, 549 NSPSII, 563 H61JII SDUI, 572 MNLl, 578 TAOII, 
583 BSPMl, 595 NCOI STYl, 596 NLAlll, 600 MNLl, 

601 A6GCCCA6GGCTTCAAGA6C6T66TC6CC6TCATC66ACT6CCCAAC6ACCC6AGC6TGC 
TCC66GTCCC6AAGTTCTC6CACCA6C66CA6TAGCCT6AC6GGTT6CT666CTC6CAC6 .. .. 
605 APYl ECORII, 650 AVAl, 

661 6CCT6CACGA66C6CTC66ATACACC6CGCGC666AC6CT6C6G6CA6CC66CTACAAGC 

721 

C66AC6T6Ci'CC6C6A6CCTAT6T66C6C6C6CCCT6C6AC6CCC6TC66CC6AT6TTC6 .. .. .. .. " .. .. 
669 HNLl, 671 HAEII, 686 FNUOII, 687 BSSHII, 688 FNUOII, 690 

FNUOII, 695 H6Al, 698 BBVI, 705 BBVI, 708 NAEI, 716 TTH111l 
I.' 

ACG666GCT66CAC6ACGT6666TTCTG6CA6C6C6ACTTC6AGCTGCC66CCCC6CCCC 
TGCCCCC6ACCGTSCT6CACCCCAAGACCGTC6C6CT6AA6CTCGAC66CC666GC6GG6 

" ... .. " .... " 
732 DRAlll, 736 MA~II, 749 BBVI, 753 FNUOII, 763 ALUl, 764 B 
BVI, 767 NAEl, 

7Bt 6CCCCGTCC66CCCGTCACACAGnTCT 
CGGGGCAGGCCG6GCA61GTGTCTAGA ...... 
795 MAEill. 802 BGLII XHOII. 803 OPNI SAU3A I 
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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 
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. 

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 
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 
PTC. 

8. PTC-resistant plants which have a gene as claimed 
in any of claims 1 to 3. 


