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ABSTRACT

At the concentration of NaCl at 200 mM, the nitrogen-fixing activity of N.
calcicola insignificantly dropped against control and reached 88.2 nmol
C,H, flask/hour. After seven days of cultivation at the concentration of
tryptophan; 3and 5 mg/ml the synthesis of indole-3-acetic acid (IAA) in N.

KEYWORDS

Nostoc calcicola;
Salt resistance;
Nitrogenfixation;
Indole-3-acetic acid (I1AA).

calcicola N 25 corresponded to the values 50,45; 97,5 and 210 mg/I.
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INTRODUCTION

Oneof theimportant factors of theincrease of soll
fertility isthebiological fixation of theatmospheric ni-
trogen. The most important in this process is the
cyanobacteria(blue-greendgae), which, unlikethe het-
erotrophic nitrogen fixersdo not requirenitrogen of the
ready organic matter for the ass milation of themol ecu-
lar nitrogen; instead, they themsalvesadd it to the sail.
For instance, for the soils of the moderate zone, the
annua production of nitrogenfixing blue-greendgeeis
assessed at 20-577 kg/ha (in dry weight). From the
viewpoint of applied usethey aretechnological, which
includes cheap mediumsfor cultivation (absenceof or-
ganic matter and sources of mineral nitrogen) and a
quick accumul ation of biomasseveninextensivecrops
that do not require expensive equipment. Therefore,
attention to thisgroup of organismsinthepractical as-
pect isconcentrated onthe study of their activity inthe
increase of soil fertility and crop yieldsof agricultural

plants, and a possibility of producing active
biopreparationsontheir basig* 7.

Thegod of our studiesistheidentification of nitro-
gen-fixing cyanobacteriaof the genus Nostoc isolated
from therhizosphere of cotton

MATERIALSAND METHODS

Microor ganisms

Cyanobacterid strainsof our culturecollectionwere
selected for the present study. The strains Nostoc
calcicolaN 25wereprevioudy isolated fromtherhizo-
sphere of cotton, which growingin salt-affected soils
from Syrdaryo Provincein Uzbekistan. Classification
of theisolateswas done by class cal methods.

Cultivation

Themedium used to grow thestrainswas nitrogen-
free*M” medium with following chemical ingredients (g/1):
MgSO4 - 7TH20 - 0.25; CaCl2 - 2H20 - 0.0238;
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Na3C6H507 - 5.5H20—0.165; K2HPO4 —0.04; trace
elements- 1Iml/l: (FeCI3 - 6 H20 - 0.002; ZnSO4 - 7
H20- 0.222; CuS0O4 - 5 H20 - 0.079; MnCl2- 4 H20
- 1.81; Na2MoO4 - 2H20 - 0.03; H3BO3 - 2.80)).

Resistanceof bacterial growth to salinity

For the determination of bacteria growthto sdin-
ity, thecultureswiththetiter 4,8x10°cdls/ml weregrown
ontheagarized medium “M”, containing a range of dif-
ferent concentrations of NaCl from 100 to 800 mM.
The culturesweregrown at 28°C and growth of cul-
tureswas observed during 8-10 days.

Nitrogenase assay in axenic cultures

Nitrogenase assay in axenic cultures Nitrogenase
(nitrogen-fixing) activity wasestiated by the acetylene-
reductase activity (ARA) assay described by Hardy in
culturesgrowvnin10mL penicillinviascontaining4 mL
of minera medium “M™®, After 7 daysof growth at the
temperature 28°C, the vials were tightly sealed with
rubber caps and acetylene was injected into the
headspace with asyringeto thefina concentration of
10% (v/v). After 1 h of incubation with acetylene, con-
centration of ethylenein the gaseous phasewas mea-
sured usinga‘LHM-80’ gas chromatograph (USSR).
The acetylene-reductase activity of the cultureswas
expressed asnomol es C2H4/flask/ hour

Indole-3-aceticacid (IAA) production inthesrains

Cyanobacteriastrainswereinocul ated in arespec-
tive medium with tryptophan (1, 3, and 5 mg/ml) or
without tryptophan incubated at 28°C for 7 days. Cul-
tureswere centrifuged at 3000 rpm for 30 min. Two
milliliters of the supernatant was mixed with drops of
orthophosphoric acid and 4 ml of Salkowski’s reagent
(50 ml, 35% perchloric acid; 10 ml 0.5 M FeCl ).
Development of the pink color indicates|AA produc-
tion. O.D wasread 530 nm using Spectronic 200. The
level of IAA produced was estimated by a standard
IAA (Serva) graph.

RESULTSAND DISCUSSION

Identification of local cyanobacteria Nostoc
calcicola

Local strainsof cyanobacteriaof the genus Nostoc
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wereisolated from therhizosphereof cotton. Thestudied
cyanobacteriaof thegenusNostocweredgologicaly and
bacteridly purified andidentified usngthedasscd meth-
odstothespeciesN calcicolaN 25. N. calcicolaN 25
coloniesaremucous, dightly diffused and of indefiniteform.
Thevaginamainly unclear, morenotableonly at the pe-
riphery, colorless. Trichomesof N. calcicolaNe25 nearby
3,5-4 micronsof width, heterocystsamost sphericd, 4-
5micronsindiameter. Sporesspherica, 3-4 microns of
widthwithasmoothyelow cover.

These signs are very valuable, when various
cyanobacteriaspeciesof thegenus Nostoc areisolated
from numerouscollected specimens, however, itisquite
possi blethat heterocysts and sporesmay not formin
cultured gtrainsin responseto the presence of nutrients
inthehabitat. Besides, biometric characteristicsashet-
erocystsand akinetes of thecellsof isolated blue-green
agae may differ from natural specimens. For example,
the analysis of the nucleotide sequences of the gene
16SrRNA showed that the Nodularia weresimilar to
Nostoc, Aphanizomenon and Anabaena. It is neces-
sary to notethat the new genus Spirirestisrafaelensis
has common morphological traits with the
Scytonemaceae and Microchaetaceae; however, at
themolecular leved thisgenusisclosely related with the
Microchaetaceal™.

Currently, the phyl ogenetic andyssonthebas s 16S
rRNA nucleotide sequenceiswiddy used astheinstru-
ment for bacterial taxonomy in genera, and theadvan-
tages of this method were confirmed by many stud-
ies13, Wehave previoudy found ahigh geneticiden-
tity of the nucleotide sequence of 16SrRNA gene of
thestrain N. calcicola Uzb2 with other speciesof the
cyanobacteriafrom the genus Nostoc. A comparative
BLAST showed that the studied nucl eotide sequence
of the gene 16 SrRNA N. calcicola Uzb2 was ho-
mol ogous by 97 and 98% wuth the known strains of
Nostoc calcicolaHM573461.1 and Nostoc calcicola
AM711529.1. Thisindicatesthat thelocal strainiso-
lated by us by such morphological traitsasthe pres-
ence of akinetes (spores) and heterocysts and by the
data of the molecul ar-genetic analysis belongsto the
species Nostoc cal cicola Uzb214,

Growth and development of cyanobacteria N.
calcicola N 25 at different stages of salinity

It isknown that microphotosynthetics - filamen-
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tous cyanobacteria and mobile diatomic algae
adapted to sodium chloride and high alkalinity — are
active producersof the organic matter in saline soils
together with higher plants. The aggregate biomass
of cyanobacteriatrichomesin saline soils exceeded
400 pg/g of soil, which creates a biogenic structure
of the soil. The deficit of nitrogen containing organic
substancesin saline soilsis partly compensated by
the biomass of the cyanobacteria growth as soil
fl | m§l—4,7,15—18] .

Thefurther study of the effect of different con-
centrations of NaCl from 100 to 800 mM on the
growth and development of N. calcicola N 25
showed that the salinity from 100 to 500 mM did not
significantly affect the growth and devel opment of
cyanobacteria. It isnoteworthy that the concentration
of saltto 500 mM isnot critica for thenormal growth
and development of cyanobacteriaN. calcicola N
25. So, N. calcicolaN 25 growsand developsinthe
medium containing 500 mM of NaCl and thetiter of
cellswas 3,7 107 cells/ml; at 800 mM of salt, the
titer of cellsdroppedto 1,2°°107 cells/ml (Figure 1).
The growth of cyanobacteriain salineconditionsis
predetermined by the osmotic binding of water and a
specific effect of ions on the protoplasm. A high con-
centration of saltsbindswater so that it becomesless
accessiblefor the bacteriacellsasthe concentration
of saltsgrows. It isknown that osmoprotectants (pro-
line, glycine-betaine, danin-betaine) can beintensively
synthesized and accumulated inthe cellsof gram-nega-
tive bacteria (cyanobacteria) inhabiting the soilscon-
taining increased concentrations of salts.
Osmoprotectants can protect the bacteria cellsand a
plant in general from the salt stress, affecting the
turgorness of bacterial cells!**2%,
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Figurel: Growth and development of N. calcicolaN 25 at

different concentrationsof NaCl.
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Nitrogen fixing activity of cyanobacteria N.
calcicolaN 25under conditionsof salinity

Thenitrogenfixing activity of thecyanobacteriaN.
calcicolaN 25was studied to identify the physiologi-
cal stateof thecyanobacteriaN. calcicolaN 25 under
the salt stress. At the concentration of salt at 200 mM,
the nitrogen fixing activity of the cyanobacteria N.
calcicolaN 25insignificantly dropped compared to
the control and reached 88.2 nmol C,H, flask/hour. Ex-
perimental datashow that theincreasein the concen-
tration of NaCl to 800 mM inthe cultivation medium
leadsto theinhibition of activity of the nitrogenase by
36% (Figure 2).
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Figure?2: Nitrogen-fixing activity in cyanobacteria Nostoc
calcicola (Uzb2) under conditionsof salinity.

Thesoil cyanobacteriainextremeconditionsshow a
number of abilities, induding enduringlow humidity, sharp
fluctuationsof temperature, sdinity and aheavy insola-
tion. Owing to these abilities, the cyanobacteria are
adapted to stressconditions by changing morphologica
and physiologicd traits(smdler szesincomparisonwith
water formsof these same speci es, profuseformation of
mucus). Nitrogenfixing cyanobacteriaareamain group
of soil microorganisms, which makeasignificant contri-
butiontothefertility of thesoil. Theseorganismsplay an
important roleinthisecosystem, providing thesoil with
fixed nitrogen. Nitrogenfixationinthesizesthat areim-
portant for thefecundity of thesoil istypica of only het-
erocyst formsof cyanobacteria (representativesof the
orders Nostocales u Sigonematal es)[*>16],

Thesynthesisof indole-3-aceticacid (IAA) by salt-
resistant local cyanobacteria N. calcicolaN 25

Unlike other representatives of soil algae, the het-
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erocyst blue-green dgaeare ableto fix fromtheamo-
sphere not only CO, (photosynthesis), but aso the
molecular nitrogen (nitrogen fixation), but alsoto pro-
duce different biologicaly active compounds, which
determinestheir important rolein theformation of or-
ganic mattert221.22,

Literature dataof most researchesdo not provide
detailed information on themechanism of theaction of
cyanobacteriaparticipating inthe stimul ation of growth
and at theincrease of the productivity of plantg823,

Previoudy we conducted studies on the effect of
the cultural suspension of different local cyanobacteria
strains from the genera Nostoc, Anabaena and
Gloeotece, and different concentrations of IAA solu-
tionsasthecontrol of the germination of cotton seeds
inlaboratory conditiong?4. It was established that N.
calcicolaN 25 stimulated the energy of germination
capacity and the strength of their growth at low con-
centrations (1:1000) by approximately 45-55%, while
at high concentrations(1:10) it inhibited them. Similar
resultswereobtained inthecontrol variantswith IAA.
Probably, the positive effect of the effect of low con-
centration of the cultural suspension of nitrogenfixing
cyanobacteria Nostoc calcicola N 25 can be ex-
plained by the production of biologically active sub-
stances (auxin).

Inthisconnection, we conducted studies of differ-
ent levelsof IAA production by cyanobacteriaNostoc
calcicolaN 25 at different concentrationsof tryptophan
a 1, 3and Smg/ml and without tryptophan. Asisknown,
theamino acid tryptophan isthemost important source
substancefor thebiosynthesisof auxin. ThelAA isthe
product of the metabolic way of L-tryptophan, which
issynthesi zed by some microorganismsand the addi-
tion of thisamino acid to bacterial culturesleadstoa
higher production of thelAA. Thebiosynthesisof the
IAA without tryptophan as a precursor was shown
mainly in plants; however, it gppearsthat itisquite ex-
treordinary in bacterid®?7,

Asthefigure 3 shows, the synthesis of the |AA
without tryptophan in the cyanobacteriaN. calcicola
N 25 after three days of cultivation wasequal to 10, 20
mg/l, after sevendays, 19,0 mg/I.

After sevendaysof cultivation at the concentration
of tryptophan at 1; 3and 5 mg/ml the synthesisof the
IAA inN. calcicola N 25 corresponded to the values
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50,45; 97,5 and 210 mg/l. It was noted that at the ad-
dition of 5mg/ml of tryptophanto the cultivation me-
diumtheprotection of thel AA by thiscultureincreased
11-fold compared to the experiment without the addi-
tion of tryptophan. Thiscorrespondsto thedataof other
scientists showing that tryptophan isthe precursor of
thelAA synthesisin Nostoc calcicolaN 252527,
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Figure3: Production of thel AA by cyanobacteria Nostoc
calcicola (Uzb2) after 3 and 7 days of cultivation both
without and with L -tryptophan

CONCLUSION

Thus, the local salt-resistant cyanobacteria N.
calcicola N 25 isolated and identified by us are not
only the photosynthesizing nitrogenfixers, but asothe
bi ostimulators of growth and devel opment of higher
plants and other heterotrophic organisms, which en-
ablesthe use of themin many Asian states (China, Ja-
pan, India, Vietham, etc.) asbiofertilizers. Therole of
cyanobacteriaas accumul ators of organic substances
including thefixation of themolecular nitrogen, change
of physicd-chemicd traitsof thesoil, simulation of their
microbiologica activity isespecidly highin biocenoses
deve opinginextremeconditions. Findly, isolated local
nitrogenfixing cyanobacteriadrainsarethebasisof fun-
damentd and gpplied sudiesin agricultura biotechnolo-
giesand they supplement the collection of commercidly
val uablemicroa gae of Uzbekistan.
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