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ABSTRACT
 Ten mutants of Anabaena PCC7120 were successfully constructed to express two genetic traits, ammonia pro-
duction and the resistance to the Diuron herbicide, using transposon induced mutagenesis and UV-radiation. The
ranges for heterocyst frequency and ammonia production of mutants were 4.2%-6.8% and 2.3-6.6 µmol mg
dry wt-1 h-1 respectively. The herbicide-resistance threshold for all mutants was 2.0 mg L-1, above which the
mutants started to decline in health as observed microscopically. The dry weight of the mutants reached 300-400
mg L-1 with growth patterns similar to those of the wild-type after 20 days of growth in a batch culture in the
presence of Diuron. In contrast, the addition of herbicide to the wild-type has led to a drastic reduction in O2-
evolution followed by cellular vaculation, breakdown of filaments and cell death within 24 h (data not shown;
microscopic inspection).
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RESUMEN
Ingeniería de mutantes de Anabaena PCC7120 (cianobacteria) resistentes al herbicida Diuron y produc-
tores de amoníaco construidos por transferencia de ADN plasmídico y radiación UV. Diez mutantes de
Anabaena PCC7120 se construyeron con éxito para expresar dos rasgos genéticos, producción de amoníaco y la
resistencia al herbicida Diuron, usando mutagénesis inducida por transposon y radiación UV. Los rangos de frecuencia
para la heterocistesis y la producción de amoníaco de los mutantes fueron 4.2%-6.8% y 2.3-6.6 µmol mg de peso
seco-1 h-1 respectivamente. El umbral de resistencia a herbicida para todos los mutantes fue de 2.0 mg L-1, por
encima de éste los mutantes empezaron a decaer en viabilidad, como se observó microscópicamente. El peso seco
de los mutantes alcanzó de 300-400 mg L-1 con patrones de crecimiento similares a aquellos del tipo salvaje
después de 20 días de crecimiento en un medio de cultivo en presencia de Diuron. En contraste, la adición de
herbicida al tipo salvaje llevó a una reducción drástica en la evolución del O2, seguido por la vaculación celular,
rompimiento de filamentos y muerte celular dentro de las 24 h (no se muestran datos; inspección microscópica).
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Introduction
Cyanobacteria as N2-fixers are widely spread around all
environments particularly in the rice fields where they
can be used as biofertilizer [1, 2]. The biotechnological
applications of cyanobacteria have always faced major
obstacles since they are unable to externally excrete the
fixed-N in the field [3, 4, 5]. To overcome this, several
attempts have been made to create cyanobacterial mu-
tants which can excrete ammonia externally. These have
been carried out using UV-radiation [6], plasmid trans-
fer [7] and the manipulation of the key genes (HetR and
nif) in the nitrogen-fixation process [8, 9]. The suitabil-
ity of the strains as biofertilizers is also restricted by
their inability to excrete ammonia as well as to resist
herbicides, which are used against weeds in the rice fields
[2]. In our previous work [5] we showed that mutants
AK101 and AK102 of Anabaena PCC7120 were able
to excrete ammonia but were not herbicide–resistant,
which limited their application as biofertilizers. The

aim of the present study is to engineer cyanobacterial
mutants capable of ammonia production and at the same
time herbicide-resistant.

Materials and methods
Cyanobacterial culture and growth conditions
The wild-type strain of Anabaena  PCC7120
(ATCC27893) was obtained from Wolk CP, Michi-
gan State University, USA. Cultures of the wild-
type and mutants strains were grown photoau-
totrophically at 30 oC in a Chu-(10)-N medium as
described previously [5]. The morphological
changes of the cyanobacterial cultures under sev-
eral treatments were inspected microscopically to
examine possible cell damage. Growth of both wild-
type and mutants were determined and expressed
as dry weight (dry wt mg L-1).
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Construction of mutants
Herbicide-resistant mutants were constructed using a
UV-induction program and the diuron herbicide
[3-(3,4-dichloropheny)-l,1-dimethylurea); a.i. 98.6%]
(DCMU). The screening and selection of herbicide-
resistant mutants were carried out by plating serial
dilutions of the wild-type on the Chu-(10)-N medium
petridishes which were then exposed to the UV radia-
tion program including time and distance. After the
incubation period of the inoculated plates, some of
the few colonies (which appeared yellow in color) of
the herbicide-resistant mutants were selected and
grown in liquid medium of Chu-(10)-N medium con-
taining the corresponding concentration of herbicide
Diuron to that of the plates. Thereafter the mutant
cultures which showed healthy growth (compared to
the wild-type and after the microscopic inspection)
were maintained viable as herbicide-resistant mutants
of Anabaena PCC7120.

 Mutants for ammonia production were constructed
by DNA-plasmid transfer (plasmid RP4 and helper:
Cargo plasmids pRL 528: pRL 1063) into the herbi-
cide–resistant mutants of Anabaena PCC7120 using
the triparental conjugation technique as described be-
fore [7]. The exconjugant colonies of mutants con-
taining plasmid and defective in glutamine synthatase
(GS) were selected, grown and maintained in
Chu-(10)-N medium in the presence of glutamine
(50 mg L-1 ) and streptomycin (10 mg L-1). Conse-
quently, 22 mutants were selected and tested for the
presence of both traits (ammonia production and her-
bicide-resistance).

Results and discussion
Ten mutants of Anabaena PCC7120 were success-
fully constructed for the presence of two genetic traits;
ammonia production and herbicide-resistance (Table 1).
The ranges for heterocyst frequency and ammonia
production of all mutants were 4.2%-6.8% and
2.3-6.6 µmol mg dry wt-1 h-1 respectively (Table 1).
Ammonia production could occur if the key enzyme
in nitrogen assimilation (glutamate synthatase; GS
coded by the gln-A gene) has become partially-defec-
tive. Apparently this is the case with our mutants
where the disruption by transposon occurs possibly
in the same locus of the mutant genome leading to the
GS-defective phenotype.

Table 1. Ammonia production and heterocyst frequency 
of the mutants of Anabaena PCC7120 during growth in 
batch culture in the presence of the herbicide Diuron 
(2.0 mg L-1) compared with the wild-type in the absence 
of  the latter. (n=4 for each treatment). 

  Strains  Ammonia production 
(µmol mg dry wt-1 h-1)  

heterocyst 
frequency(%)  

Wild-type  0.0  6.5 
 M1  2.6 4.2 
M3 3.2 4.8 
M12 2.3 4.5 
M14 6.6 4.8 
M16 2.6 4.2 
M17 4.8 5.6 
M18 2.9 5.9 
M19 4.2 4.8 
M20 3.6 6.5 
M22 3.2 4.4 

 

Figure 2. Growth patterns of  the herbicide-resistant  mutant M14 of  Anabaena PCC7120 at  various
concentrations of herbicide Diuron.

Figure 1. Growth patterns of  the herbicide-resistant  mutants of  Anabaena PCC 7120 during growth in
batch culture in presence of  the herbicide Diuron (2.0 mg l-1) compared with the wild-type in absence of
the latter.
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 After 20 days of growth in batch culture at
2.0 mg L-1 of herbicide Diuron (Figure 1) the dry
weight of the mutants had reached 300-400 mg L-1

which was similar to the growth pattern of the wild-
type in the absence of Diuron. The M14 showed a
normal and health growth (Figure 2) under different
concentrations of herbicide (0.5, 1.25, 2.0 mg L-1)
(Figure 2), which was similar to that of the remai-
ning mutants (data not shown). The herbicide-resis-
tance threshold was 2.0 mg L-1 above which level
mutants started to become unhealthy. Microscopic
inspection revealed however that no damages
occurred to the cells growing in media at concentra-
tions below the herbicide-resistance threshold.
Above the threshold, mutants were able to tolerate
up to 4.0 mg L-1  but this was accompanied by a
reduction in O2-evolution (data not shown) and some
morphological symptoms were also revealed. Even-
tually the higher level of herbicide stopped growth.
This may well be compared with the herbicide-re-
sistant red microalga Porphyridium aerugineum [10].

 In contrast, addition of 2.0 mg L -1 (the threshold of
herbicide) to the wild-type led to a drastic reduction
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in O2-evolution followed by cellular vaculation, break-
down of filaments and death of cells within 24 h.
These data show that both traits (herbicide-resistance
and ammonia production) have become integral part
of the mutants genome representing a marked con-
trast to the normal circumstances in which cyanobac-
terial strains are neither capable of ammonia produc-
tion nor herbicide-resistance. Therefore, these mutants

can potentially serve as biofertilizers in the rice fields
or other crops.
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