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ANABAENA THERMALIS: A NITROGEN-FIXiNG
CYANOBACTERIUM ASSOCIATED WITH RICE

The nitrogen-fixing [ilamentous cyanobacterium A. thermalis SpA was isolated from the
surface of wild rice growing in Viel Nam. Eleciron microscopy shows thal the purified
strain is able fo penetrate into the root interior of surface sterilized rice plants. Attempls
have been initiated lo genelically manipulate A. thermalis SpA in order to understand
whether nitrogen fixation and adherence are critical faclors underlying the reported abi-
lity of the strain lo enhance rice yields. As a first step, we have shown that A. lhermalis
SpA does not possess a DNA restriction-modification system that might limit the iniroduc-
tion of foreign DNA inlo the strain.

Cyanobacteria have traditionally been applied to rice paddics of south-
east Asia. Inoculation of rice grain with nitrogen-fixing cyanobacteria
has been shown in certain cases to increase the yield of rice in the ab-
sence of mineral fertilizers [1]. There are historical accounts describing
the agricultural use of cyanobacteria in symbiotic association with the
water-fern Azolla as early as 2000 years ago in China and 900 years
ago in Viet Nam [2]. Despite the high productivity of rice fields on
which Azolla is applied as a green manure, the practice is not widely
employed, owing both to its high labor costs and to the sensilivity of the
fern to environmental factors [3].

There have been numerous reports concerning the beneficial effect
of inoculating rice paddies with free-living cyanobacteria, but many other
trials were unable to demonstrate an effect [1]. The cyanobacterial pro-
perty responsible for the beneficial effect, when it occurs, is not known,
although it is often presumed to be the ability to fix nitrogen. Cyanobac-
teria indigenous to rice fields are recognized to be of importance in ma-
intaining the fertility of the field [4]. In this regard, nitrogen fixation
is of prime importance [5], but other factors could also be important,
such as the production of phytohormones and vitamins [1, 61,

The success of inoculation may depend on several factors, and cer-
tainly one important factor is the ability of the cyanobacterium to sur-
vive in the natural environment. Adherent cyanobacteria may possess a
special advantage towards survival in that cells attached to the plant
may provide an inoculum to regenerate the population of epiphytic cells
lost due to flooding [7, 8]. Likewise, the ability of certain epiphytic cy-
anobacteria to invade the interior of the plant [8] may provide the me-
ans to recolonize the surface of a plant and thus withstand predation.
Epiphytic cyanobacteria are of particular interest also in that nitrogen
fixed by them might be more readily taken up by plants than nitrogen
fixed by free-living cyanobacteria.

Recent advances in molecular biology provide promising ways to im-
prove and expand the useful properties of microorganisms for practical
purposes and powerful tools with which to understand the basis of their
beneficial interactions with plants. Specifically, the alteration of cyano-
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Yig. i. Localization of cyanobacteria in the interior of rice plants: a, & — within stoma,

¢ — within tha xylem of roots; d, e— within root hairs; f— within aerenchyma of roots.
X 5400 (a); 4800 (b); 2400 (¢ —c¢); 800 (f)

bacteria in cerfain characteristics (e. g., nitrogen fixation and adhesi-
veness) will allow us to test whether those characteristics are critical
in enhancing rice yields.

Eleven strains of nitrogen-fixing cyanobacteria were isolated from the
stems of wild rice growing in nitrogeil-limited marshes in Viet Nam.
They were purified and scored on the basis of their ability to stick to
rice stems in the laboratory. The most adherent strain, identified as A.
thermalis (strain SpA), was chosen for further experiments,
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A. thermalis SpA grows on agar media as spots consisting of fila-
ments that are very gentle at first and later look like a crust. Often fi-
laments form branched and anastomosed stacke. Trichomes are straight
or slight curved and arranged close to one another. Young trichomes are
a bit narrowed at the ends, and sometimes one end of a irichome is nar-
row and the opposite end has a helerocyst.

The association between A. thermalis SpA and rice was assessed in
the laboratory by microscopic observation of rice plants inoculated with
cyanobacterial cultures. Surface sterilized rice seeds (strains IR-64, IR-8,
Taipei-2, 8423 from International Rice Research Institute, Los Banos,
Philippines) were inoculated with a 20 day-old culture of A. ‘hermalis
SpA and other cyanobacterial isolates. Thirty days later, tissue from rice

Fig. 2. Adesion of cyanobacterial trichome to the leaf surface; S/ — slime. X 13000

seedlings was examined. Trichomes of cyanobacteria were found within
stoma (Fig. 1,a, b) and in root xylem (Fig. 1,¢) of plants inoculated
with A. thermalis SpA. Cyanobacteria were never observed within plants
inoculated with the other ten cyanobacterial isolates.

Filaments observed within plant tissue did not differ appreciably
from those of A. thermalis SpA grown in culture. Perhaps the most in-
teresting observations were of cyanobacterial chains (3—14 cells) within
root hairs (Fig. 1,d, e). These were rarely observed but the finding was
confirmed in several independent cocultivation experiments, especially
those using rice strains IR-64, IR-8, and Taipei-2. Cyanobacterial tricho-
mes were also seen within the aerenchyma of roots (Fig. 1, f). Scanning
micrographs show that A. thermalis SpA adheres well to the surface ol
leaves, stems, and roots (Fig. 2).

The abilities of A. thermalis SvA to adhere to the surface of the rice
plant and to penetrate into root tissue suggest that the strain may be
particularly capable of surviving competition and predation in foreign
rice fields. In contrast, free-living cyanobacteria inoculated into foreign
rice fields generally survive poorly [9, 10]. In order to identify A. ther-
malis SpA after inoculation and thereby monitor its survival in the fi-
eld, we are attempting to tag the starin with a reporter gene absent from
natural cyanobacterial strains. This strain will be used to assess whether
inoculation is an effective means of altering the natural population of
cyanobacteria associated with rice.

Inoculation of rice seeds with A. thermalis SpA has been shown to
increase the yield of rice by 12 % [8]. Understanding what properties of
the strain contributes to the increased yield may help us see how to in-
crease yields further, either by modifying the cyanobacterium or alter-
ing agricultural practices. Mutants of A. thermalis SpA defective in dif-
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ferent characteristics of potential benefit to the plant may lead to a theo-
retical foundation for the observed increase in rice yield by inoculation.
Genetic manipulation of cyanobacteria requires the ability to transfer
DNA into their cells. One obstacle to intergeneric DNA transfer into
cyanobacteria is the occurence of sequen-
ce-specific restriction endonucleases R -2:, LT 2.
[11,12]. F - S
Our first step to approach the gene-
{ic manipulation of A. thermalis SpA was
to test this cyanobacterium for the presen-
ce of restriction-modification systems. Ex-
ponenlially growing cultures (10 ml) of
A. thermalis SpA were sedimented and
washed with buifer A (60 mM NaCl, 7 mM
2-mercaploethanol, 20 mM f{ris-HCI, pH
7.5). The resulting pellet was resuspend-
ed in 500 pl of the same buifer and soni-
cated on ice with a disintegrator
(«<MSE», UK) six times in 10 second
bursts at maximum power. Cell debris
was removed by centrifugation (10000 g,
4°C) and 3 pl of the supernatant were
incubated with 1 pg of DNA isolated
irom phage lammbda, in 20 pl of 50 mM
tris-HC1, pH 7.5, 50 mM NaC], 10 mM
MgCl;, 1 mM dithiothreitol, at 37 °C for
20 min. Restriction fragments were sepa-

Fig. 3. Electrophoretic pattern of DNA from phage
lambda, digested with crude lysates irom (1)
A. thermalis SpA or (2) Anabaena sp. PCC 7120

rated by electrophoresis in 0.8 % agarose. Strain Anabaena sp.
PCC 7120, which carries isoschizomers of R.Awval, R.Avall, and
R. Avalll, was used as a positive control. Specific endonuclease activity
was not observed in cell-free extracts of A. thermalis SpA, but extracts
of Anabaena sp. PCC 7120 showed the expected activities (Fig. 3). The
absence of the restriction-modification systems in A. thermalis SpA sho-
uld facilitate genetic manipulation of the strain.

We are indebted to Viadimir Tarasenko for assistance in the scann-
ing electron microscopy investigation.
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BEKTOPBI K.-TOBUPOBAHUA NJA ESCHERICHIA COLI

H 31 A0PU30CPETHOTO ASOTO®URCATOPA KLEBSIELLA
OXYTD CA VN13 HA OCHOBE PEIIJIMKOHA IPUPOION
HSD ILNTIASMMAbBI pZES

Ha ocuose penauxona npupodmoid hsd naaszmuder Citrobacter [reundii crorcrpyuposarot
sexTopibie naasmuds Oan K. oxytoca VNI8 u E. coli. Bexkroper pKASI8 u pKASI96 umeror
CEACKTUBHOUE MAPKep YCTOUMUBOCTU K  KAHAMUYURY @ noausunkepst naasmud pUCIS u
pUC1Y cooreercreenno. [aaamuder pMGlk v pMG21Ek npeduasnauers, Gast KAOHUpoBanus
8 yruransron Pstl caditre 2ena pecrpuxrasnt EcoRV,

Beenenne., B csizu ¢ obocTpuBiuefics 5KOJIOrHYCCKOH CHTyaUHel Bce 60Jib-
VIO aKTYaJdbHOCTb NPHOOpETaloT UccaefoBallng B 06.aacTil TeHeTHKII a30T-
QUKCHPYIOWHX MUKPOOPTaHu3MoB. [ToHUMaHHe MOJIEKYAAPHLIX MeXalUu3MOR
a30TPUKCAUUY M B3aUMOIEHCTBHS OaKTepHit ¢ PACTEHUAMH LO3BOJHT De-
UIHTb TIpo6./eMy CBS3aHHOTO a30Ta NyTeM CO3JaHHS 3KOJOTHYECKHM YUCTBIX
GakTepHaabibix yaoOpeHnuil. Mcnonb3oBalune AJas 3TuUX Lejded TeHCTHUCCKU
H3MEeHEHHBIX CBOOOAHOXHBYUIUX H 3IHAOPH3OC(PEPHBIX a30THHKCHPYIOIIHX
MHKDPOOPTAHU3MOB INpeACTaBJsieTcd HAM BeCbMa MEPCHEKTHBIIbIM.

Panee 6biay BulACACHB a30TPHKCHPYIOULie sHTepobakTepud K. oxytoca
VNI13, obaanawmue IByMs YHHKaJbHBIMH CBOHCTBAMH:

1) 6yayun cnoco6HLIMH KOJOHH3HPOBATb COCYIAHCTBHIe NYYKH pacTenni,
OHM 3aHMMAIOT YHHKAJbHVIO SKOJOTCHYECKYIO HHIIY, UTO A€JHaeT HX HCK/IK0-
YUTEJAHHO KOHKYPEHTOCIOCOOHBIMU [0 OTHOLIEHWIO K NOYBEHHOH MHK]O-
¢aope [1];

2) 5tu OaxTepHM BBAENSIOT €CTeCTBEHHBIH CTHMVJSATOP POCTa pacTe-
HUH — HHAOMUA-3-YKCYCHYIO KHeaoTy [2].

IToneBrle MCTIBITAHHS TOKA3aJH, YTO COYETAHHE 3THX JIBYX CBOHCTB 10-
BbliaeT ypoxait Ha 100 % npu o6paboTke ceMsiH mepej NOCEBOM CyCHEH-
3uell Gakrepuil. ['eHeTHUecKOe H3MeHeHHe MNOJeE3HHIX cBolcTB K. oxytoca
VNI3 B CTOpPOHY HX YCHJeHMsS TIpeAfiofaraer cosfaHue 5OPEeKTHBHON cic-
TeMBl KJOHHPOBAHHA T€HOB B 3TOM OPTaHHU3Me, W, B NEPBYIO OuUepe/h, KOH-
CTPYHPOBAaHHE ‘BBICOKOCTAOHJBHBIX BEKTOPOB, 00JafaloIuX YAOOHEIMH ce-
JIEKTUBHBIMH MAapKepaMH, YeMy U NOCBslleHa JaHuas paborta.

Martepuannl u meronbl. B pabore Mcnmosb3oBalB: WTaMMmbl E. coli
JM109 recAl, endAl, hsdR17, gyrA96, thi, supE44, relAl, A-, A(lac-
proA, B), F’, traD36, proA, B, lacIqZAMI5 [3]; E. coli Z85A (lac-proA, B),
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