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Abstract 
The trirgenes of A., lipoferum were subcloned from a cosmid gene bank of 
A. lipoferum by complementation of an E. coli irp: mutant which lacks the 
complete irp operon. On a fragment of about 20 kb in size the genes trpE, 
trpD, trpC and trpA were localized by complementation of different E. coli trp: 
mutants with subcloned DNA fragments. At least three different trp gene clus 
ters could be identified. The trpE gene was subcloned in p UC18 and sequenced. 
After hybridization of the trpE gene against total genomic DNA two signals were 
observed. It therefore could be possible that A. lipoferum possess two copies of 
the trpE gene. 
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Abbreviations: B: BamHI, E: EcoRI, H: HindIII, K: Kpnl, P: PstI, S: Sall, Sm: 
Smal, X: Xbal 

1. Introduction 

The soil bacterium Azospirillum is of interest because of its ability to produce 
phytohormonal substances (Zimmer and Bothe, 1988, Ruckdaschel, 1987). 
Inoculation experiments indicated that the production of indole-acetic-acid 
(IAA) stimulates plant growth. 

0334-5114/92 /$03.50 @1992 Balaban 



160 S. RAMSCHUTZ ET AL. 

As a precursor of IAA the amino acid tryptophan is of interest. For 
Azospirillum lipoferum there was a lack of information about the genes in 
volved in the trp-biosynthesis and about the organization of these genes. The 
results of our work provide some information about these aspects. 

2. Materials and Methods 

All DNA manipulations were done as described previously (Abdel-Salam and 
Klingmiiller, 1987). For DNA sequencing a pUC18 sequencing kit was used 
(Boehringer Mannheim, Germany). Hybridization was done at high stringency 
conditions (20xSSC, 66°C) using a non-radioactive Digoxigenin detection kit 
(Boehringer Mannheim, Germany). 

3. Results and Discussion 
Cloning of the trp-genes 

Total genomic DNA of A. lipoferum was partially digested with Sau3A and 
fragments with a size of 20-22 kb were cloned into the BamHI-site of the 
cosmid vector pRK312 (Ruckdaschel, 1987). This gene bank was conjugated 
into an E. coli strain which lacks the complete trp-operon (Yanofsky et al., 
1981). By using complementation analysis two cosmid-clones, named pKl and 
p'I', were isolated that allowed the mutant to grow on minimal medium without 
tryptophan. Both cosmids had a DNA-region of about 20 kb in common and 
must carry all genes necessary for trp-biosynthesis. Till now we subcloned the 
genes trpE, trpD, trpC and trpA of A. lipoferum (Fig. 1). TrpB and trpF 
could not yet be identified. 

Sequencing of trpE gene 

The trpE coding for anthranilate 
(Fig. 2). 
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Figure 1. Restriction map of the trp-region of A. lipoferum and location of different trp 
genes. 
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ACGGCGC 1 CGACCCGCGGACCGCCCT CGACCCGGT GA 1 CGACGCGC1 GGACGCCGCCGCG 60 

61 GCC1GC1GC1G1CCAGCGGGG1GGAGGCGCCGGGCCGC1 ACCGCCGTCACGCGC1GGGC1 120 

12 t T CA.CCGA.CCCGCGCT GGCGCT CACGGCGCG T GGGCGGGACGC T GC GCA T CCACCCGGC T G t 80 
181 MCGGGCGGGGGCAAG TGCT GCl GCCCGCCGT CGCCGAGGCCC T CCC T GGCC T GGGAGGC 240 

24 1 CCTGGCCGGT CT AGAGGAGGCGCCGTCGCGGGTCACTGCCCT CGTCCGCAAGCCCCAGCA 300 

301 CCCCT TCCCGGAGGAGGACCGGAGCCGCCAGCCCTCCGT T TTCTCCGTCCTGCGGGCGGT 360 

361 GCTGATCTGT T TGCCGCCCCCACACCGT 1 GCTCGGCT CT ACGGCCT TCGCCT ACACCJCG 420 

421 GCCT TCCAGTT CGAGCCGATCCGCCAGCGGJ TGGAGCGGCCCGACGAACCAGCGCGA TCT 480 

481 GCTGCTCTACCTGCCGGACCGGCTCGTCGCGCTGGACCCCATCG~CGCCCGGCT 540 

MSSSRRRAAPRG\lSAAGA 
541 CGTCGCGT ATGAGT TCATCACGGCGCCGGGCAGCACCGAGGGGCTGGAGTGCGGCGGGCG 600 

TTPTYPTPTPRPAATTRPVT 
601 CGACCACCCCT A.CCC T CCCGACACCAACGCCGA.GCCCGGCT GCGACCACGCGCCCGG T GA 660 

I SASSRAPRPPSAAATCSRU 
661 CT ATCAGCGCGTCGTCGAGAGCGCCAAGGCCGCCTTCCGCCGCGGCGACCTGTTCGAGGT no 

C PAR P SP SPGRRA F VGVPGL rz 1 GG T CCCCGGCCAGACCT t CGCCGAGCCCTGGCCGACGCGCC T TCCTCGGTGTT CCCGGGC 780 

PAANPAPYEA FVNLGRGE fl 
781 T GCCGGCCGCCAACCCGGCGCCT T ACGAGGCC T TCGTCAACCTCCCGCGGGGCGAGT T CC 6-40 

V A A S P E M Y V R V A G G R V E T C P 
841 TCGTCGCCGCCAGCCCGGAGA. TGT ATGTGCGGGTGGCGGGCGGGCGGGTGGAAACCTGCC 900 

I SGTVARGADALGRRPAGPG 
901 CGA TC! CCGGCACCGTGGCGCGCGGGGCCGACGCGCTGGGGCGACGCCCGGCAGGTCCTC 960 

AC LT SAKOAAELTHCTOVO R 
961 GCGCC T GCCTCACCT CGGCCMGGACGCGGCGGAGCTGACCATGT GCACCGACGT GGACC 1020 

NDKGAGVRAGIRPGDRAAOO 
1021 GCAACGAC.U.GGGCGCGGGTGTGCCAGCCGCGATCCGTCCGGGTGATCGGGCGGCGGATG 1080 

R AVL PSDP HGGPCGGTAAVR 
1081 AT CGAGCTGT ACTCCCGT CTGA TCCACACGGTCCACCA TGTGCAGGGACCGCT GCGGTCC 1140 

N G R A G R L P H P Q L G G D G O R R A 
1141 GGAA TGGACGCGCTGGACGCCTTCCTCACCCACAGCTCGGCGGTGACGGTGACCGGCGCG 1200 

Q A L G H A V P G C Y G A l A C A A G T 
1201 CCCAAGCGCT GGGC<:ATGCAGT T CCT GGAGCA T ACGGAGCM TCGCCGGCGCCGCTGGT A 1260 

AGP f CRLG FD GGHOTGLTL R 
1261 CGGCGGGGCCCT TCGGCCGGCTGCGCT I CGACGGCGGGA T GGACACCGGCCTGACCCTGC 1320 

T IRHAEGVAYVRAGATLLSO 
1321 GCACCATCCGCATGCCCGAGGCCGTTCCCTACCTCCGGGCGGGGGCGACGCTGCTGTCCG 1380 

S O P O A E D A E C R L K A A A F R D A 
13B 1 ACAGCGAT CCCGACGCGGAGGACGCGGA.GT CCCCCCTGAAGGCCGCCGCCTT CCCCGACG 1440 

I RGTAAGAAPTLPAAPRGGE 
1441 CCA T CCGCCGCACGCCCGCGGGT GCGGCGCCCACGCTGCCGGCGGCTCCCCGTGGCGCGG 1500 

GR RVLLVO HOOS FVHTLAOY 
1501 ACCCCAGGCGGCTGCTCC1GC1GGATCACGACG.(CAGCTTCCTCCACACGCTCGCCGAC1 1560 

L G Q 1 G A S V T T L R H S H A R A A L 
1561 AT CTCGGCCAGACGGGCGC1 TCCGTGACGACGCTGCCT CACAGT CACGCACGGGC6CCGC 1620 

A O G R P D t V V l S P G P G P P G G F 
1621 TGGCGGACGGCACCCCGCATCTGGTG6TGCTCTCCCCCGG1CCGGGGCCCCCCGGCGGAT 1680 

RR GGHHR RGAGPRPAGVRRL 
1681 TTCGACGT GGCGGGCACCATCGACGCGGCGCTGGCc:c.lCGG,CCT GCCGGTGTT CGGCGTC 1740 

P G P A R O G G C L R L R A G R A A G A 
1741 TGCCTGGGCCTGCAACGGATGGTGGAGCGCTTCGGcctCGCGCTGCACGTGCTGCCGGAG 1800 

RPROGOEVRVLGGALFAGLP 
1801 CCCGT CCACGGCMGGCGACGAGGTCCGGGTGCT GGGCGGCGCGCTGTTCGCCGGCCTGC 1860 

ERLTVGRYHSLVARRORLPA 
1861 CGGAGCGGCTGACGC. TCGCGCGCT ACCAC T CT CTGGTGGCCCGGCGCGACCGGCT CCCGG 1920 

0 LT VTAE TAOCLVHAVE HRR 
1921 CGGACCTCACGGTGACCGCGGAGACCGCCGACGGTCTGGTCATGGCGGTCGAGCACCCGC 1980 

L P L A A V Q f H P E S I L S L O G G A 
1981 CGCT 1 CCGCTCGCCCCCClCCAGT TCCACCCCGAC1CGA 1CCTGTCCCTCGACCGTGGGG 2040 

CLALLGNVHORLAAGALTOA 
2041 CCGGTCTT GCCCTGCTGGGCMCGTGA TGGACCGGCTGGCCGCCGGCGCCCTGACGGACG 2100 

A A 
2101 CT GCGGCT~ TCGCGGCGCCGT .U.CGGGCA.AGGAGTTGGGGGTCGT T ACTCCACCA rec 2160 

2161 CCAGCGCT TCCT TGT AGAGT TCCAGGA TGCCTTCCTGCTCCTCCCCGTCGGCCT T GTCCA 2220 

2221 1 TT TGCGCAGCCCCA TGA TCTGGCGGA TGA T CT T GGTGTCGMA.CCGGTGCCCTTGGCCT 2280 

2281 CGGAGTAGACCTCCTTCATGTCCTCCTGCAGGTCCACTCT 2320 

Figure 2. Nucleotide and amino acid sequence of the trpE-gene of A. lipoferum. Start and 
stop condons are underlined. Upstream of the start codon, at position 525, a 
possible ribosomal binding site is boxed (from Ramschiitz, 1991). 
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1 .... MSSSRRRAAPRGWSAAGATTPTVPTPTPRPAATTRPVTISASSRAP 
.. 1 1 .. =1 .. 1 1.1 ,:1. 1. 

201 YAAKAWIDRYDFARENLSTEGKAADIAPEPFRSVDSIPPHGDHRPGEYAE 

47 RPPSAAATCSR WCPARPSPSPGRRAFVGVPGLPAAN 
... 1 ... 1 q .. 111 ... 1 1.1 I 

251 LVVKAKESFRRGDLFEVVPGQKFYERCESRPSE I SNR LKA IN 

83 PAPYEAFVNLGRGEFLVAASPEMYVRVAGGRVETCPISGTVARGADALGR 
1.11. 1•111 .. 11111111111111.1 1•111111111 11.1111 

293 PSPYSFFINLGNQEYLVGASPEMFVRVSGRRIETCPISGTIKRGDDPIAD 

133 RPAGPGACLTSAKDAAELTMCTOVORNOKG.AGVRAGIRPGORAAOO ... 
1,1 11 .. 11111.11111111 .. 1.1111, ., , I 

343 SEQILKL.LNSKKDESELTMCSDVDRNDKSRUCUPGSVKVIGRRQIEMYS 

179 RAULPSDPHGGPCGGTAAVRNGRAGRLPHPQLGGOGDRRAQALGHAUPGG 
1=.1.•1. : ... :1 II.=., ...• ,: ... 

392 RLIHTVDHIEGRLRDDMDAFDGFLSHAWAVTVTGAPKLWAMRFIESHEKS 

229 YGAIAGAAGTAGPFGRLGFDGGMDTGLTLRTIRMAEGVAYVRAGATLLSD 
I 111 11,111=1=1=1111111111 11=1 11111111 I 

442 PRAWYGGA ..... IGMVGFNGDMNTGL TLRTIRIKDGIAEVRAGATLLYD 

279 SOPDAEDAECRLKAAAFROAIRGT.AAGAAPTLPAAPRGGEGRRVLLVOH 
1=11.1=11. 111.11 .1111 •• 1 .. 1 ..... : .1.1 .•11111 

487 SNPEEEEAETELKASAMIAAIRDAKSANS-AKSAROVAAVGAGVSILLVOH 

328 ODSFVHTLAOYLGQTGASVTTLRHSHARAALAOGRPOLVVLSPGPGPPGG 
=llltllll'11 11111111=1. I.=. ,111111111111,1 = 

537 EOSFVHTLANYFRQTGASVTTVRTPVAEEIFDRUKPOLUVLSPGPGTPKD 

378 FRRGGHHRRGAGPRPA GURRLPGPARDGGGLRRRAGRAAGARPR 
I Ill I, 1=. 11=1 11111. I . I .. 1 

587 FDCKATIKKARARDLPIFGVCLGL.QALAE~Y .. GGDLRQLAIPMHGKPSR 

422 QGDEURULG.GALFAGLPERLTUGRYHSLUARRDRLPADLTVTAETADGL 
=111= I =1.11 .. 11111111=.1 ... 11 ==.1111 .. 11 

635 .... IRVLEPGIVFSGLGKEUTVGRYHSIFAOPSNLPREFVITAESEDGT 

471 UMAUEHRRLPLAAUQFHPESILSLDGGAGLALLGNUMORLAAGALTDAAA 
=1=111.1 !=IIJlllllll=.1111111 11=11=.=II I 1,11 

681 I MG I.EH~" EP UAAUQFHPES IMTL GGDAGMRM I ENVVAHLAKRAK TKAA 

Figure 3. Amino acid sequence (as deduced from the nucleotide sequence) of the trpE 
protein for A. lipoferum (upper line) and R. meliloti (lower line). Identities are 
indicated by vertical bars. 
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An ORF of 1560 hp encoding a 520 aa-polypeptide as identified. The 
G/C content was 75%. The A. lipoferum trpE gene showed a low amino 
acid-homology to the E. coli trpE gene (43%), and to 13 other trpE 
genes (Leptospira biftexa, Pseudomonas syringae, Pseudomonas putida, 
Corynebacterium glutamicum, Methanobacterium thermoautotrophicum, 
Spirochaeia aurantia, Thermus thermophilus, Vibrio parahaemolyticus, 
Bacillus lactofermentum, Lactobacillus biftexa, Acinetobacter calcoaceticus, 
Salmonella typhimurium and Clostridium thermocellum). However, stronger 
homologies at the amino acid level to the trypE sequence of Rhizobium 
meliloti were found (Fig. 3; Rhizobium data from Bae et al., 1989). Neither 
leader/attenuator regions nor typical promoter regions could be identified in a 
sequenced region of Azospirillum of more than 500 hp upstream of the trpE 
startcodon ( data not shown). 

A 

kb 2 3 4 1 

B 

4 3 2 1 

Figure 4. Hybridization with the BamHl/ Xbal fragment ofpT, carrying an internal part of 
the trpE gene of A. lipoferum. Hybridization was done in 20xSSC at 66°C using 
a non-radioactive Digoxigenin detection kit (Boehringer Mannheim, Germany). 
Target DNA were 25 µg of the genomic DNA of A. lipoferum, cut with Pstl. 1: 
KBL; 2: pT, cut with Pstl; 3: pUC18, carrying trpE gene of A. lipoferum on a 
Pstl fragment; 4: total genomic DNA of A. lipoferum, cut with Pstl. 



164 S. RAMSCHUTZ ET AL. 

Organization of the trp-genes 

In contrast to E. coli (Crawford, 1989) the trp-genes of A. lipoferum are not 
organized in a single operon but presumably there are at least three different 
gene clusters. While the genes trpD and trpC are localized on one restriction 
fragment of about 3 kb in size, trypE is about 10 kb distant from trypD/ 
trypC and trypA again is about 2 kb distant from trypE (Fig. 1). 

Tn5-mutagenesis and hybridization experiments with the trpE gene 

By using the plasmids pGS9 and pSUP2021 for Tn5-mutagenesis in 
A. lipoferum, it had not been possible to isolate a trp= mutant (Abdel-Salam 
and Klingmiiller, 1987). We therefore addressed the question whether there 
could exist several copies of the irp genes. A BamHI/ XbaI - internal 
fragment of the trpE of A. lipoferum was labeled and used for hybridization 
against total DNA of A. lipoferum digested with PstI. 
Two signals were obtained - one with the expected size of 3 kb and one 

with a size of 2.8 kb (Fig. 4). Further experiments will be done to confirm the 
existence of two copies of the trpE gene in A. lipoferum. 
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