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ISOLATION OF MUTANTS STRA INS WHICH CC)NTII:UOUSLY RELEA S E 

AMMON IA, 

,-an,-bacteria which reduce dinitrogen to ammonia release the ammonia 
during ,irv in vv small quantities and made available the fixed products to thie rice 
plants mainly through exudation, autolysis and microbial decomposition, However if the 
amnioniumr assimilation is bloc.ed la, the 
L-glutamate analogTe, hMx the fixed ammonia comes out in larger quantities 
( Zimernman and Boussiba. 1987). ,utants resistant to MSX are able In release 
si'gnificant amount of ammonia and nay contribute to the gro.,h and nitrogen nutrition of 
rice plants .ttore et l. ). 

[Nitrogen fi.:in o 

An,~e;a suare field isolate possesses higher growvth rate (dt3-4h) and 

adaptation to varied temperatures (25 to 400C) and salinit, ranges (I-2%) 
(Ant tril:anonda, 198) and the physiological parameters of this cyanobacterium is 
compared with another nitrogen fixer, Anabaena azollae in Table 1, Since this strain 
Iarbours many favorable features to acclimatize the iice field environment itwas thus 
selected as a suitable candidate for strain impro,vement, 

Material and metho(s: 

C'ano -acterium 

AnaAyenas,:iensi. a rice field isolate from Thailand 
,as obtained from the Sammlung von Algenkulturen, 
Universitr of G,-tingeri, P.R.U, 

Growth conditions 

A-.s{;e;.-v..:as cultiated in 500ml sterilized glass 
colunms inside a transparent plexiglass circulating water bath Water temperature was 
maintained at 30. , A constan t photon flux of 175 pE m 2s - at the surface of the growth 
vessel was supplied laterllyb a batte-y of fluorescent lamps. Continuousnool-white
aeration was rclded s bubbling filtered air containing 1-5% 602, Under this condition 

i,-7.2.the pl-l w,,,as rmaintained at The standard growth medium was AS medium 

(An .iarikanonda, 1922!. L1nless oth-er.ise stated, culture was sampled during the 
loga:ithic growth phase for use in the different experiments, 

Dotermination of amnmonium concentration and growth: 

Chlorophyll-a w.,:as determined as decribed by oussiba etal,,(1987). Protein was 
determined accordingto Lov.wy et al., (1951). Arnmoniun was quantified using 
Solorzano's pherclhylpochorite method (19139). 

Measurement of Oxygen consumption and evolution 

The rates of ox.gen evolution in thei- t l:,hotus,/- thesis) and of o.xygen consumption in 
the dark (vespvira-tion) were meiasured in filament suspensions a concen-tration of 10,0t.g 

chlorophyll Irr-1 at 31'c with a Cl1111 e electrode (Yellcw.Springs,Ohio Instruments 
Co.' Con riected to a recorder 1 _ ,. r ihe light irte-nsi- ,. at the surface of the 

"[ . electrode cell was 700 pErm"s 
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Enzyvme asiv 

Hitrogenase activityw,,-as estinated by the actTle.ne reduction assay (Sten.art, 1967).
tSamples ofd,6 rl cf yan-bacterial culture, washed in fresh BC-II nedium 

were placed in a 25nii I heaten bottle sealed with a flanged rubber septum. The Wheatn
bottles were subjected t, rotary shaking and illuminated with a quantum flux of 75pE 
mI " I , Lduring e assav Filaments ,.rere alloved 10 rain. of acclimatization before


injection of acetylene (c_-H). Ethllene (C-H4) xas analysed on an HP 530 gas

chromatograph using 
a stainless steel column packed ,,'ith a Porapack-N (0,2 cm i.d., 265 
cm length;1. Hitrogenase actj,,i.i was expressed as pmuol C'2H4 produced /mg Chl/h. 

Glutamine 's-nthetase assaywas perforned in conccn- trated suspensions (1mg protein
" m 1), Clls :were then perniabilised with 2% toluene for one minute and


kept in ice for 15rnin. Ac-ti,,i .vas measured as transferase (Sarnpio, 1969).
 

Mulagenesis 

Mutagenesis with eth,.methanesulfonatewas carried out as reported by Spiller et al.,
(1986), Filaments (3-t cells/filament) from 50ml Ing phase grown cultUreiere taken and 
ce ntrifugd atm5-iupmt tt temperature, Then washed with AS medium and
suspended in nediura containing 5rMl1H,+ , Etlwlmethanesulfonate -.,vas added to thesuspension at a final co:,nc-ntr'ale of I% and incubated in a shaker at room tempera'ure 
for 91] nn with continuous illumination 

The mutr:,enised filaents vere .,ashed with -ndium witiout IIH4-- and suspended in 
the same medium and incubated at 48°0-( for 40 rin. to aid depurination of alkylated
guanine residues, rhe cells were then collected by centj'ifugation and suspended in 3mMl 
NH4+ ce,,tairing mediu- arid incubatd in light at roomi tmperature v.i4lh gentle
shaking '100 rpi) for 10h to allow the mutagenised chromosomie for segregation 

Selection of mutants 

The mutagenised filaments.were placed on MSX AS) agar mediuml and incubated at 30oc
with continuous illumination, Colonies appearing on 500pM MSX on- taing agar
mediti- were streaked in pH indicator mediun and those ,.ho alter the pH of the medium 
to the alkaline range were numbered and designated as arnrnoniurn excreting mutants. 
Among them one narned Asiamensis S1 .,as talen for further studies in liquid
nediurn. The pH! of the pH indicator nedium ,:as 6.7. An increase in rH of 0.2 alteredtp1 colour of the lediln froi orangeto:, red if phenol rel indicator was present in the 
medium, 

Results: 

.oncentralions from 5 tf 100p.M/-nil of vISM reduce the growth significantly when 
compared to the control (Fig 1)and 500pMll exerts complete inhibition of growth of
A.......-
 (Fig 2) , The release of ammonia in the absence of MvSX is insignificant. An
MSX resistant mutant'i .. ". " SSI ..was isolated by.: EMS treatment for 90 in. as
reported by Spiller et al.. (19.6_.C). Gro,,thdi of the mutant in liquid rnedium vith and vthout
IIS.X is equal to that of the parent strain ( Fi .,.,,Aimmonia release in the absence of MSX 
is observed up to 4days and as the culture is dense b.y he,,pu lation arnioniu depletion
Uo-1u-s probably taoen up by the cellsnas j cosequence of reduction in nitrogenase activity
(Table 2), In the presence of .45X amionia release is observed only during the lag perioj
and vhen the growii is progressing there is no significant release of ammonia (Fig 4).
The rate of ammonium production of the mutant is 0:3 mM /mg Chl/hr. during the 
early log period (Fig 5.). 
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CONCLUSIONS 

* The MSX resistant mutant, Aisiatnensis SSI exhibits le same growth rate of the wild 
,.me in t.je presence and absence of500':,'IMSX,
 

0 GS act.it f the mutant in the presence and absence of M1S.? is reduced more than
 
51-:1%' of thatof tle parent.
 
* Am ,-Irnc I' lease is cbsei-.'ed c:,nl in tIe earl log phase.
* Since the ainnamImonium assimilation pa dv.ta. is not inhibited tile released 
amcniun, is being tal:en up probabIv as tle culture beccmes dense. 
* Experiments to optimise the conditions f.r the sustained phctopr,-duc tion of amiorium 
in conti:uous cultures are under progress, 
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Fig 2 Influence of MSX on the growth of 

A.siamensis in solid medium. 
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Fig 3: Comparison of growth of the wild, A.siamensis and the 
mutant, SS1 in terms of Chlorophyll (A) and Protein (B). 
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Fig 4: Comparison of ammonium release in relation to the 

growth by A.siamensis SSI in the presence and absence 

of MSH. 
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Fig 	 5: Rate of ammonium production in 

relation to the growth of A. siamensis SSI 

in the absence of MSX. 
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RESULTS
 

TABLE : 1 

Comparison of tie plysiologrical features of Asiamensis with 

another nitrogen fixer A. azollae. 

Strain Growth a-te Oxygen evolution Nitrogenase 
dt (Ih) (junol/mgcl/h) (PInlolC 2 H,/mgchl/h) 

20A. sianiensis 5.0 1200 


30
A.azollae 9.5 450 

TABLE : 2 

Nitrogenase aid GS activity of the parent and the mutmt during the 

I ( dy of cultural growth. 

Strain Nitrogenase activity GS activity(%) 
(jmioles G21L1 / nigchl/h) 

- MSX +MSX -MSX + MSX 

0.00Asiarmensis 20.0 0.00 100.00 


SS1 0.00 0.00 37.35 
 44.91A.siamensis 


