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Reduced uptake based zinc resistance
In Azospirillum brasilense sp7

P. Mangala Gowri and Sheela Srivastava

Department of Genetics, University of Delhi, South Campus, Benito
Juarez Road, New Delhi 110 021, India

Zinc resistant Azospirillum brasilense sp7 exhibited a
low affinity for the metal. A zinc-sensitized, strepto-
mycin-resistant variant and a sensitive mutant of the
parent strain showed an Increased affinity for zinc.
Both the affinity for, and uptake of the metal were
in the order of parent strain <sensitised vari-
ant < sensitive mutant, suggesting reduced uptake as
the mechanism of resistance to zinc. Neither magne-
sium nor manganese could bestow any protection
against zinc toxicity in the sensitive mutant, suggest-
ing a specific pathway for the entry of the metal.

THE presence and buildup of metal pollutants 1n the soil
affects the soil microflora, which encompass the bene-
ficial microorganisms, like the biological nitrogen fixers
or BNFs. It has been reported that the total output of

- BNFs could be reduced in the presence of a metal ion'.

One such nitrogen fixer 1s the gram negative Azospiril-
lum brasilense sp7, which has gained importance owing
to 1ts non-obligate association with grasscs. This bacte-
rium expressed a high level (10 mM) tolerance to zinc
(Zn) which was constitutively cxpressedl. Continuing to
work with the same strain (referred to as the parent
strain hcereafter), the mechanism of Zn resistance has
been studicd in the bacterium and s preseated in this
paper.

The mnmal nuiaent mediom  (MM) and  culwure
conditions for A, brasilense sp7 were as mentioned ear-
lier™. A streptomycin-resistant variant, MS12, was de-
rived with a reduced maximum tolerable concentration”
(MTC)Y of Zn of 2 mM. This mutation scems to be of a
multifold importance i azospunth,

A. brasilense sp7 has been hnown to be recalcitrant to
mutagen treatments. For the members of the Azotobuae-
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teriaceae, a soil treatment method® has been suggested
to overcome a similar difficulty’. The cells of the parent
strain were, therefore, subjected to soil treatment to ob-
tain a strain amenable to mutagenesis® (i.e. with 5 times
less DNA than the parent strain owing to the reduced
size of the treated cells). The derived strain was sub-
jected to sequential N-methyl-N'-nitro-N-nitroso-
guanidine (MNNG) mutagenesis (50 and 100 xg/mi) for
10 min in citrate buffer (pH 5.5). The mutagen was re-
moved by centrifugation and the cell pellet suspended in
normal saline was spread after appropriate dilutions.
This resulted in three Zn> (MTC 0.5 mM) mutants able
to grow only in the presence of casamino acids. One of
them, ZS2, was selected for further studies. This mutant
retained the ampicillin resistance of the parent strain,
and did not revert to either prototrophy or Zn resistance
(frequency less than 1.6 X 107'9).

The strains obtained were maintained as pure cultures
raised from a single colony and the purity of the strains
was checked periodically by testing antibiotic resistance
markers, plasmid profiles, motility, cell morphology and
growth on a defined medium.

In order to study the interaction of Zn with two com-
monly occurring divalent cations in the medium, Mg and
Mn, competition experiments were conducted in the
strain ZS2. 1 M stock of metal salts was prepared.
Against a constant 1 mM Zn concentration, a range of
Mg and Mn concentrations was tried. All the cations
were added in the required amounts in the sterile MM
(+0.2% casamino acids) before inoculation. Initial (O h)
and final (24 h) growth was recorded in reference to the
absorbance at 560 nm. Uptake experiments were per-
formed with ®°Zn (Bhabha Atomic Research Centre,
Trombay, Bombay, India) at a concentration of
0.01 uCi/m! (0.005 uCi/umol) with a final, 2 mM Zn
concentration. The assay proper was done in MM (or
+casamino acids for ZS2) as described by Tynecka et
al.’, except that the washing was done with MM contain-
ing 5 times Zn concentration used for assay. For deter-
mination of K,, and V..., uptake was recorded after
30 min of ®°Zn addition, with a range of external Zn
concentrations. Protein was extracted by subjecting 3 ml
of culture to sonication in Vibronics Ultrasonic Proces-
sor P2 with the small probe. Three pulses of 15 sec each
with an equal interval between the pulses were given.
The amounts of protein were estimated by Bradford’s pro-
tocol® with bovine serum albumin as the standard.

No growth of ZS2 was observed in the presence of Zn
with increasing concentrations of either Mg or Mn
(Figure 1). Other divalent cations ltke cadmium, cobalt,
copper, etc. could not be tested as the parent strain did
not resist these metals. Also Mg?* and Mn®" are known
to be the main competitors for Zn?* in bacteria’''.
However, the response of ZS2 to Zn in the presence of
Mg/Mn indicated that perhaps Zn has its specific path-
way, as reported for Escherichia coli K12 (ref. 12).
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Figure la, b. Effect of divalent cations on the growth responses of
782 to Zn. Growth of ZS2 in the absence (®) and presence (O) of
1 mM Zn. Mean values £S.E.M. are plotted. Varying concentrations

of (a) MgSO4 - TH20 and (b) MnSOy4 - H20 used.

The uptake pattern by A. brasilense sp7, variant
MS12 and ZS2 is depicted in Figure 2. The behaviour of
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strains MS12 and ZS2 is suggestive of the reduced up-

take of Zn** being the mechanism of resistance in the

parent strain. The degree of sensitivity, qualitatively,
was directly proportional to the amount of Zn intake.
That uptake of the metal in A. brasilense sp7 did not
involve its accumulation has been proved earlier’. Re-
duced uptake of a metal, as the mechanism of resistance,
is known in several bacterial species, e.g. for Cd** in
Staphylococcus aureus”"?, Bacillus subtilis'®, for Cd**
and Zn** in Pseudomonas putida®, and for CrO%™ in P.
aeruginosa'®. The response of A. brasilense sp7 thus
conforms to this general trend in several bacteria.

While the uptake stabilized within 10 min of Zn expo-
sure in A. brasilense sp7, both the variant and the sensi-
tive mutant exhibited influx till about 30-40 min of
exposure. At the maximum levels of uptake, the fold
accumulation of the metal by the strain sp7, MS12 and
7ZS2 was found to be 3.08, 4.60 and 6.90, respectively,
given the intracellular volume of water as 2.2 gl/mg
proteins for A. brasilense sp7'”.

Bacteria exhibiting obstructed or restrained uptake of
the metal as the resistance mechanism show a low alfin-
ity for the metal. A conscquent increased affintty 1n
sensitive strains has been regularly observed . The K,
and V... values calculated from Linewcaver Burk plots
for all the three strains in this study followed the same
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Figure 3. Double reciprocal plot for Zn uptake in strains sp7 (O),
MS12 (®) and ZS2 (V).

Table 1. The affinity for Zn”* of the three strains and rates of metal
uptake in A. brasilense

Kl'ﬂ VITHIJE

Strain (Lmol/min/mg protein)

A. brasilense sp7 - ~
MS12 10.0 3.3

ZS2 13.3

pattern (Table 1) as known 1n other systems. The sensi-
tive strains followed the Michaelis—Menten saturation
kinetics, while the Zn-resistant parent strain failed to
exhibit the saturation, similar to the observation in B.
subtilis'*'®. The reciprocal plot constructed for the latter
was, thus, unusual (Figure 3). We have concluded that
A. brasilense sp7 exhibited a lack of affinity for Zn and
this results 1n rendering the organism resistant. We as-
sign this lack of affinity towards Zn>* duc to a typical
response ¢xhibited by sp7 cclls in the presence of the
mctal, As reported by us carlier, the cells get enlarged,
show an increased level of exopolysacchartdes over
control and release a melanin-like pigment’,

Though the data on metal resistance in azospirilia are
available, they oare preliminary and sparse’ Y, In this
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investigation, cfforts have been made to unravel the
mechanism of resistance to Zn in this hitherto unex-
plored organism as a step towards effective biofertilizer
application. This study also fulfils the need to under-
stand the cffect of arbitrary application of metal-
containing pesticides on numerous non-target microor-
canisms, The efficacy of Zn' A. brasilense when applied
to maize secds in in vitro studies has already been es-
tablished in our laboratory™'.

el

. Sawhney, V., Sheoran, 1. 8. and Singh, R., Indian J. Exp. Biol.,
1930, 28, 883-836.
Mangala Gown, P. and Srnivastava, S., Indian J. Exp. Biol.,
1994, 32, 626-628.
3. Mangala Gowri, P. and Scivastava, S., Werld J. Microbiol. Bio-
technol., 1996, 12, in press.
4. Lopez, ). G. and Vela, G. R, MNarure, 1981, 289, 588-590.
5. Dimn, G. P. and Das, H. K., Proc. Indian Natl. Sci. Acad.,
1992, B58, 243-252.
6. Mangala Gowri, P. and Snivastava, S., submitted.
7. Tynecka, Z., Gos, Z. and Zajac, J., J. Bacteriol., 1981, 147,
305-312.
8. Bradford, M. M., Anal. Biochem., 1976, 72, 248-254.
9. Abeison, P. H. and Aldous, E., J. Bacterinl., 1950, 60, 401-413.
10. Nies, D. H. and Silver, S., J. Bacteriol., 1989, 171, 4073-4075.
11. Perry, R. D. and Silver, S., J. Bacteriol., 1982, 150, 973-976.

F‘J

Ammonia volatilization and
denitrification losses from nitrogen
fertilized flooded soil as affected by
the addition of iron pyrites

D. Blaise*, A. Amberger and S. von Tucher

Institute of Plant Nutrition, TU-Munich-Weihenstephan, D-85350
Freising, Germany

*Central Institute for Cotton Research, GPO Bag 225, Nagpur
440 001, India

Results of a laboratory study indicated that iron py-
rites reduced nitrous oxide (N;O) and NH; evolution
from flooded soil fertilized with KNQO; or urea. Total
gaseous (N,O + NI;) loss was reduced by 47.3% with

the addition of pyrite compared to the urea alone
treatment,

GASEOUS N loss through NH; volatilization and denitri-
fication is responsible for the low N use efficiency of
rice under flooded conditions'. Nitrification” and urease
inhibitors® and slow-release fertilizers® are proposed as
strategies to reduce N loss and enhance NUE. Nitrifica-
tion inhibitors reduce losses through denitrification™®
but have been found to accentuate NH; loss’. Iron pyri-
tes, a mineral occurring in plenty as sedimentary depos-
its in parts of Bihar, India, have been found to inhibit

142

— e ey

12. Laddaga, R. A. and Silver, S., J. Bacteriol., 1985, 162, 1100~
1105.

13. Chopra, 1., J. Gen. Microbiol., 1971, 63, 263-267.

14. Laddaga, R. A., Bessen, R. and Silver, S., J. Bacteriol., 1985,
162, 1106-1110.

15. Horitsu, H., Yamamoto, K., Wachi, S., Kawai, K. and Fakuchi,
A., J. Bacreriol., 1986, 165, 334-335.

16. Cervantes, C. and Ohtake, H., FEMS Microbiol. Lett., 1988, 56,
173-176. *

17. Riou, N. and Le Rudulier, J. Gen. Microbiol., 1990, 136, 1455-
1461.

18. Burke, B, E. and Pfister, R. M., Can J. Microbiol., 1986, 32,
539-542,

19. Gallon, E., Casalone, E., Colella, C. M., Doly, S. and Polsinelli,
M., Res. Microbiol., 1991, 142, 1005-1012,

20. Ral, R, J. Agric. Sci. Camb., 1986, 106, 279-285.

21. Mangala Gowri, P. and Srivastava, S., in Environmental Bio-
technology: Principles and Practice {eds Moo-Young, M., An-
derson, W. A. and Chakrabarty, A. M.), Kluwer, Dordrecht,
1995, pp. 135-143,

ACKNOWLEDGEMENTS. We thank Mr Rajiv Chawla, JTPA,
UDSC, New Delhi, for help rendered in the preparation of this manu-
script. PMG acknowledges the financial assistance from CSIR, New

Delht.

Received 8 February 1996; revised accepted 12 June 1996

nitrification® and reduce NH; loss from surface-applied
urea’. Since pyrites retard nitrification, it could possibly
reduce denitrification. Hence, an incubation study was
conducted in the laboratory to find out the effect of py-
rite on denitrification and NH; volatilization from urea
applied to a flooded soil.

Surface soil (0-15 ¢m) from cultivated fields of Duer-
nast, Freising, Germany, having pH 6.8 (soil:CaCl,
1:2.5), organic C 1.12%, 4.1 mg NH,"-N and 15.6 mg
NO;™-N kg™ soil, total N 0.12% was used in the study.
Air-dry soi1l (200 g) was placed in 500 ml jars. The soil
was flooded to a depth of 2 cm and pre-incubated for
two weeks, To enhance the reduced conditions, glucose
solution equivalent to 500 mg C kg™’ soil was applied.
The mineral-N status of soil after pre-incubation was
6.3 mg NH,*~N and 0.1 mg NO;™-N kg™ soil. After the
pre-incubation, the soils were treated with N at the rate
of 100 mg kg‘l soil i1n the form of KNO; and urea solu-
tion, separately, with or without pyrite. Pyrites, obtained
from Pyrites and Phosphates Chemicals Limited (PPCL)
New Delhi, was added equivalent to 100 mg S kg™' soil.
Each treatment combination was replicated thrice. A no
N control was also maintained. The jars were covered
with a lid provided with a rubber septum. The sides of
the lid and rubber septum were sealed with silicone to
prevent gas leaks. After 1, 2, 3, 5 and 7 days, gas sam-
ples were taken and analysed for N,O-N by gas chroma-
tography (Varian 3400) using an electron capture
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