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Herbaspirillum seropedicae is a gram-negative, vibrioid bacterium,

member of class β of the phylum proteobacteria, capable of colonizing

internal plant tissues without causing any apparent damage to the host

and promoting plant growth [1]. These factors make H. seropedicae a

potential biofertilizer, being a more efficient and less polluting alternative

to nitrogen fertilizers. The preferred source of nitrogen in bacteria is

ammonium, whose main assimilation pathway includes the Glutamine

Synthetase (GS) enzyme [2]. In this pathway, glutamate is aminated to

glutamine, which has its amide group transferred to 2-OG to form two

glutamate molecules [3]. The rate of metabolic flux through this pathway

is determined in order to meet the metabolic needs of the cell at any

moment. This regulation depends on the modulation of GS activity,

providing a way to keep intracellular glutamine in a level range required

to survive at several environmental conditions. The present work aimed

to express and characterize an enzyme variant containing a site-directed

point mutation in the GS enzyme of H. seropedicae, G54C.

2 - Protein purification by affinity chromatography

3 - GS activity

A - Biosynthetic Activity

B- γ-glutamyltransferase Activity

GS activity was evaluated by colorimetric assays through either two
reactions catalyzed by this enzyme(Fg. 3A;3B)

The plasmid expresses the His-tagged mutant protein suitable for
purification by affinity chromatography by using a Nickel column (Fig.2)

4 - Differential Scanning Fluorimetry (DSF)

Differential Scanning Fluorimetry (DSF) was used in order to verify the
binding of metabolites to the purified proteins. The binding was assessed
as a function of increasing the protein thermal stability by the presence of
ligand, which was measured by denaturation fluorescence indicator Sypro
Orange(Fig.4)

1- Construction of the mutant gene

Results

Fig.7 - Binding of ATP to GS G54C using MnCl2 and MgCl2 buffer. In the reactions,
5 µg of GS protein from the G54C mutant variant, 1µl SYBR Orange 100x dye,
varying concentrations of the ATP ligand, and 5x interaction buffer consisting of
25 mM MgCl2 or 5 mM MnCl2 were used, as indicated.

Conclusion

The mutant variant was constructed, active proteins were purified and

characterized. The data indicate that the G54C mutation caused a

perturbation in the nucleotide binding site such that it prevents MgATP

binding, but with the allowing the MnATP coordination, changing the

enzyme phenotype, which possibly explains the lack of enzyme activity of

this variant in the presence of this cofactor.

Fig. 5 - A Agarose gel electrophoresis 1% of the overlapping PCR reaction of the
amplified fragments in the PCR reactions,. B The mutant gene was cloned into
the expression vector pETm11.C Purification of the G54C mutant variant protein

Fig. 6 - GS activity. A - Biosynthetic activity with purified wild-type and mutant
variant proteins. assays using MgCl2 and MnCl2. B- γ-glutamyltransferase activity
with purified wild-type and mutant variant protein.

The gene variant with the point mutation was constructed (Fig. 5A),
cloned in the expression vector pETM11 (Fig 5B) and protein were
purified (Fig 5.C)

In GS Activity (Fig.6) In vitro assays showed that the mutation G54C
conferred a higher biosynthetic activity in comparison to the wild-type
enzyme when the reaction cofactor was Mn2+, and reduced activity when
the cofactor was Mg2+ (Fig.6A) and γ-glutamyltransferase activity (Fig.6B)
indicated that the proteins were in an adenylylated state, as suggested
by the Mg2+ inhibition of the gama-GT activity

The DSF assays (Fig 7) indicated that the G54C variant was apparently
unable to bind both ATP and ADP in buffer containing Mg2+. The G54C
mutant variant was able to bind ATP and ADP exclusively when Mn2+ ions
were present, consistent with the conditions that this enzyme variant
showed activity.

The mutant gene was constructed by using an overlapping PCR strategy
(Fig. 1). The resulting PCR product, consisting in the glnA gene carrying the
desired mutation, was cloned in the MCS of the pETM11 expression
vector".

Materials and methods

The present work aimed to express and characterize an enzyme variant

containing a site-directed point mutation in the GS enzyme of H.

seropedicae, G54C. By using a PCR method with complementary

mutagenic primers, the gene variant with the point mutation was

constructed. In order to overexpress the mutant GS variant, the mutant

gene was cloned in the expression vector. The resulted plasmid expresses

the His-tagged mutant protein suitable for purification by affinity

chromatography by using a Nickel column. GS activity was evaluated by

colorimetric assays through either two reactions catalyzed by this enzyme,

named biosynthetic and γ-glutamyltransferase. In addition, we

determined protein-ligand interactions using Differential Scanning

Fluorimetry (DSF). In vitro assays showed that the mutation G54C

conferred, in comparison to the wild-type enzyme, a higher biosynthetic

activity when the reaction cofactor was Mn2+, and reduced activity when

the cofactor was Mg2+. The data indicate that the G54C mutation caused a

perturbation in the nucleotide binding site such that it prevents MgATP

binding, but with the allowing the MnATP coordination, changing the

enzyme phenotype, which possibly explains the lack of enzyme activity of

this variant in the presence of this cofactor.
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Recommendations

Fig.1 - Strategy used in PCR reactions for the synthesis of mutant variants

Fig.2 - Purification by affinity chromatography 

Fig.3A - Biosynthetic Reaction 

Fig. 3B - γ-glutamyltransferase Reaction 

Fig.4 - Differential Scanning Fluorimetry 


