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ABSTRACT

Several cysteine and  methionine auxotrophic mutants were isolated from
Sinorhizobium meliloti strain Rmd201 by transposon Tnd mutagenesis. Tnd 1s inserted in
metAl metZ, metlf, metl and cvsl/cys] genes. The study showed that the biosynthesis
pathway ol sulfur containing amino acids 1s resembled that one present in Saccharontyees
cerevicia and Pseudomonas aeruginosa in some respects and the pathway that present in
Escherichia coli in others,

INTRODUCTION

The synthesis of L-cysteine from inorganic sulfur is the predominant mechanism by
which reduced sullur is incorporated into organic compounds. In this process, inorganic
sulfate, the most abundant source of utilizable sulfur in the biosphere, 1s taken up and
reduced to sulfide by a plants and microorganisms including Salmonclla (yphimurium and
I coli (1),

The additional mechanisms for sulfur fixation have been described in S
typhimuriun and . coli The [rst occur through the reduction of thiosutlate with O-acctyl-
[~scrine (2). The second mechanism involves the reaction of O-succinyl-L-homoserine
with sullid 1o form homocystein (2.3). However, this reaction is probably insignificant in
S. typhimurium and E. coli, but it represents the major mechanism of sulfur fixation in

yeast (4). g (1).
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Fig. 1. The general biosynthetic pathway of cysteine in bacteria (After Kredich, 1996).
Abbreviation: APS = Adenosine-5:phosphosulphate; PAPS = 3’phosphoadenosine-
5’phosphosulfate.

- Mecthionine can be synthesis [rom O-acylhomoseine derived from homoscerine in
microorganisms. Homocyslein is produced from O-acylhomoserine through cystathionine
or directly by Y-replacement with HsS (5). Methionine can be synthesis directly from O-
acylhomoserine and CH;SH through methyl sulfuhydration. Homocystein is converted to
methionine by two distinct pathways in microorganisms. One is the vitamin Bj»-dependent
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Fig. 2. Synthesis of methionine and its derivatives in microorganisms. (After Green et
al, 1973; Soda, 1987). Abbriviation: MNTH PtG = Methylenetetrahydrofolate; MTH
PtG = Methyltetrahydrofolate.

The biosynthesis of sulfur amino acids in S. meliloti and related genera is not fully
understood. Sulfate is reduced o sultide direetly, through APS and sullite, withouwt
production of PAPS in S melilon (7). In Rhizobium. etli. the pathway ol sulfur amino acids
is resembled that of yeast rather than £, coli (8).

METERIALS AND METHODS
Straing and plasmids: The bacterial strains and plasmid used in this study are listed in table
1.
Media and supplements: Complete medium trypton yeast extract (TY) and minimal
medium (RMM) for rhizobia have been described earlier (9). Sulfur free minimal medium
used was same as mentioned previously (10). Ability of cach cysteine mutant to grow on
minimal medium supplemented with nitrate as a sole nitrogen source were don as
described earlier (10). Stock solutions were added to the autoclaved media
to make final concentrations of 50, 30 and 10 mg/ml from amino acids, nitrogen bases and
vitamins, respectively. '

Antibiotics used were purchased from HiMedia Laboratories. Streptomycine sulfate
and kanamycine acid sulfate stock sclutions were prepared in sterile distilled water. The
[inal concentration of antibiotics used in different media were as folows: streptomyeine
sulfate (100 pg/ml; kanamycine acid sulfate (100 pg/ml for £ coli and 400 pg/ml for S
meliloti), Cloromphinicol (50 wg/m!), rifampicin (40 pg/ml) and tetracycline hydrochloride

(15 pg/mil).

Transposon Tu$ mutagenisis: Bacterial conjugations were don according to Kondorosi ¢f
al (11). Randem mutagenesis of S. melilosi strain Rmd 201 was carried out using Tn3
delivery suicide plasmid pGS9 (12). Transconjugants obtained were screened  for
auxotrophs by streaking them on RMM and TY+Km*+Sm'" agar medium. The
auxotrophy of cach strain was determined on the modified HMolliday pools (13).

Linkage of TnS insertion to auxorroply: This wus detcrmined for cach auxotroph us
described carlier. (10,14).

Location of biochemical block in each auxotroph: The cell suspension of methionine
auxotrophs and parental strain as control were streaked on minimal medial supplemented
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with threc intermediates (one at a time) of methionine biosynthesis pathway. For cysteine
auxotrophs, sulfur free minimal medium was supplenmented with four intermediates (one ut
a time) of biosynthetic pathway of cysteine. The growth patterns were observed after
incubation at 28°C for four days. The growth of the strains in liquid medium was
determined by measuring the optical densities of the cultures at 590nm (0.D.590).

RESULTS

TnSmutagenesis and isolation of auxetrophs: Random mutagenesis of' S. meliloti
Rmd201 with transposon Tn$ produced 34 auxotrophic mutants out of which 2 were able
to grow on RMM agar supplemented with cysteine or methionine and 13 grew on RMM
agar supplemented with methionine only. TnS in all cysteine/methionine auxotrophs is
inserted in same location. BA4 and BA7 mutant strains were seiceted for further studies.
Methionine auxotrophs were located in different positions. BA8, VK29 and VK39 mutant
strains were selected for further studies.

Linkage of Tus insertion to auxotrophy: All kanamycin resistant tfransconjugants
showed. the respective donors auxotrophtc marker, henee, there was 100% co transfer of
Tn5 and the auxotrophic marker,

Location of biochemical blocks and intermediate Jeeding studies: The growth
responses of cysteine and methionine auxotrophs to supplementation of minimal agar
medium and minimal liquid medium with dilferent intermediates of cysteine and
methionine biosynthesis pathways are given in tablel and figurc 3 respectively.

Cysteine mutants (BA4 and BA7) grew on sulfur free minimal medium
suppiemented with sodium sulfide or sodium thiosulfate but were unable to grow on the
above medium supplemented with sodium sulfate or sodium sulfite. Hence these mutanis
were sullite reductase mutants (1ig. 4). ‘Three genes (cps/, cys/ and ¢ydd) control reduction
of sulfite to sulfide. Since these mutants were able fo grow on minimal medium
supplemented with sodium nitrate. i.e. have normal nitrite reductase aclivity, so they have
normal ¢ysG gene. (1), These mutants were disignated as cysleys) mutants. The mutants
also were able to grow on RMM supplemented with cystathionine, homocysteine or
methionine. This result showed that the S meliloti is abie to convert the mentioned
chemicals into cysteine.

Methionine  auxotroph  (BA8) grew on RMM  supplemented  with  cither
cystathionine or homocysteine but not cyanocobalamine (vitamin By»). This mutant was
designated as metd/mer mutant. Methionine auxotroph VK29 showed growth on RMM
supplemented with cyanocobalaming and designated as serE mutant. The methionine
auxotroph VK39 did not grow on RMM supplemented with any of the above methionine
intermediates and designated as et/ mutant.

DISCUSSION

When cach auxotroph containing plasmid pIB331 was crossed with S, mefiloti
ZB557 recipient strain, 100% co-transfer of TnS induced kanamycin resistance and
auxotrophy were observed. These results showed that each auxotrophic cell had a single
I'n5 insertion which was responsible for auxotrophy. _

Cysteine mutants were able to grow on minimal medium supplemented with
cysteine, methionine, cystathionine or homocysteine, The isolation of auxotrophs of
rhizobia which grow on minimal medium supplemented with cysteine or methionine has
been reported by several workers (15,16.8). 1t appears that the biosynthesis of suilur-
contatning amino acids in rhizobia follows the pathway in which methionine can be
converted lo cysteine, present in Succharomyces cerevisiae (17) and Pseudomonas
aervginosa (18).
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Table 1: Bacterial strains and plasmids used

Strain/plasmid Relevant characteristics source/reference

Sinorhizobium metilon

AKG31 Nod+Fix+, compact colony varient Adam Kondorosi
of wild type Rm4|

Rmd20] spontaneous Sm’ derivatives Khanuja &kumar (1988)
of AK631

PP631 AKO3 I (pJI133I0) Peter Putnoky

ZB557 Rmdl Phels leud rfl sml Peter Putnoky

BA4, BA7 Rmd201 cysl/eys::Tns This study

BAS§ Rmd201 metA/met?Z::Tns This study

VK29 Rmd201 metE::'T'ns Vineetha KE & Prasad CK

VK39 Rmd201 metl::'I'n3 Vineetha KE & Prasad CK

Ischerichia coli

WARO3 (pGS9) Mel- Thi- Cmr Kimr Selvaraj & lyer (1983)
Plasmids

PGSY [neN repPI5A Cor Kimr Selvara) & Iyer (1983)
PIB3J1 Kms derivative of pR68.45, capable  Brewin et al.(1980)

of mobilizing genomic segments of
its host, Ter Cbr Nalr
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Table2: Growth responses of cysteine and methionine mutants
intermediates of biosynthesis pathways of cysteine and methionine.
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Fig. 4. The proposed pathway for biosynthesis of sulfur-containing amino
acids in Sinorhizobium meliloti. APS= Adenosine-5’-phosphosulfate.
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The metE mutant grew on RMM supplemented with cyanocobalamin. It appears
that the final step of methionine biosynthesis pathway {(methylation) in rhizobia resembies
l|]i.|l presentin /5 coli which iy catalysed by two distinet chzymes, one requiring only folic
acid as a co-fuctor and the other requires both folic acid and vitamin B3 as co-fuctor.,
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