
Abstract Levansucrase (EC 2.4.1.10) was identified as a
constitutive exoenzyme in 14 Gluconacetobacter diazotro-
phicus strains recovered from different host plants in di-
verse geographical regions. The enzyme, consisting of a
single 60-kDa polypeptide, hydrolysed sucrose to synthe-
sise oligofructans and levan. Sugar-cane-associated strains
of the most abundant genotype (electrophoretic type 1)
showed maximal values of levansucrase production.
These values were three-fold higher than those of the iso-
lates recovered from coffee plants. Restriction fragment
length polymorphism analysis revealed a high degree of
conservation of the levansucrase locus (lsdA) among the
14 strains under study, which represented 11 different G.
diazotrophicus genotypes. Targeted disruption of the lsdA
gene in four representative strains abolished their ability
to grow on sucrose, indicating that the endophytic species
G. diazotrophicus utilises plant sucrose via levansucrase.
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Introduction

Gluconacetobacter diazotrophicus (formerly Acetobacter
diazotrophicus) is a nitrogen-fixing, endophytic bacterium
that has been isolated from sucrose-rich plants, such as
sugar cane (Saccharum officinarum) (Cavalcante and
Döbereiner 1988), sweet potato (Ipomoea batatas),
Cameroon grass (Pennisetum purpureum) (Döbereiner et
al. 1993), pineapple (Ananas comosus) (Tapia-Hernández
et al. 2000). In addition, this bacterium has been recov-
ered from the rhizosphere, root and stem of coffee plants
(Coffea arabica) (Jiménez-Salgado et al. 1997), and from
different genera of mealy bugs associated with sugar cane
(Ashbolt and Inkerman 1990; Caballero-Mellado et al.
1995).

In previous studies, multilocus enzyme electrophoresis
assays were used to determine the genetic relationship
among G. diazotrophicus isolates recovered from differ-
ent hosts (Caballero-Mellado and Martínez-Romero 1994;
Caballero-Mellado et al. 1995; Jiménez-Salgado et al.
1997; Tapia-Hernández et al. 2000). Only 14 distinct elec-
trophoretic types (ETs), recognised as genotypes, have
been identified among more than 100 G. diazotrophicus
strains. Most of the isolates are included in the genotype
ET 1, which is extensively distributed among all host plants
so far identified.

Several plant-interactive bacteria synthesise levan
from sucrose by the action of extracellular levansucrases
(EC 2.4.1.10) (Han 1990). Levan production favours
wheat rhizosphere colonisation by the nitrogen-fixing
bacterium Paenibacillus polymyxa (formerly Bacillus
polymyxa) (Aymerich 1990). This polyfructan appears to
prevent the plant defence response during the early phase
of infection by the pathogenic bacteria Erwinia
amylovora (Geier and Geider 1993) and Pseudomonas sy-
ringae (Kassapis et al. 1994).

G. diazotrophicus SRT4, a Cuban strain of genotype
ET 1, produces an extracellular levansucrase (LsdA)
(Hernández et al. 1995) whose structural gene (lsdA) was
cloned and sequenced (Arrieta et al. 1996). LsdA is se-
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creted via periplasm by a signal-peptide-dependent mech-
anism, in contrast with levansucrases from other gram-
negative bacteria (Hernández et al. 1999). In this study,
we analyse the biochemical and genetic properties of lev-
ansucrase in 14 strains of 11 representative genotypes
identified among G. diazotrophicus populations recovered
from different hosts in diverse geographical regions.

Materials and methods

Bacterial strains and culture conditions

Gluconacetobacter diazotrophicus strains used in this study (Table
1) were grown and maintained on LGIE medium agar supple-
mented with 5% (w/v) sucrose and 1% (v/v) glycerol (Arrieta et al.
1996). Pre-cultures in the late exponential phase in liquid LGIE
medium containing 1% (v/v) glycerol were used to inoculate
(0.5%, v/v) LGIE medium supplemented with 1% (v/v) glycerol,
1% (w/v) mannitol, 1% (w/v) sorbitol or 1% (w/v) sucrose as sole
carbon source. Bacteria were cultured for 96 h at 30°C on a rota-
tory shaker at 250 rpm. Cell growth, measured as optical density at
620 nm, and levansucrase activity was analysed in 1-ml culture
samples collected every 24 h.

Levansucrase assays and HPLC analysis

Intracellular and extracellular LsdA activities were determined in
15-min reactions using 0.25 M sucrose in 0.1 M sodium acetate
buffer, pH 5.2, at 40°C, as previously described (Hernández et al.
1999). One unit of LsdA is defined as the amount of enzyme re-
leasing 1 µmol of glucose per minute under the reaction conditions
used. Proteins were quantified by the method of Bradford (1976)
using bovine serum albumin as a standard.

The LsdA reaction products were analysed by HPLC (operating
at 85 °C) using an Aminex HPX-87 N column [0.78 cm (i.d.)×30 cm;
Bio-Rad, USA], a refractive index detector, and a mobile phase of
10 mM Na2SO4 (flow rate 0.5 ml/min). Pure solutions of fructose,
sucrose, 1-kestose and nystose were used as standards.

DNA manipulations

Bacterial DNA was isolated and digested with restriction enzymes
as described by Sambrook et al. (1989). DNA probe was labelled
with α[32P]-dATP by using a random primer kit (Prime-a-Gene

Labeling System, Promega, USA). Southern hybridisations were
performed at 42°C in 50% (v/v) formamide; 6×SSC; 0.1% (w/v)
SDS; 1 mM Na2EDTA; 2% (w/v) milk powder; 100 µg calf thy-
mus DNA (sonicated and denatured) ml–1. Membranes were
washed in 0.2×SSC and 0.1% (w/v) SDS at 60°C.

The lsdA gene in G. diazotrophicus strains was insertionally 
inactivated using the ColE1 derivative plasmid pALS40, which
contains a kanamycin-bleomycin resistance cassette (nptII-ble) 
inserted at the BamHI site of the lsdA gene from strain SRT4 
(Arrieta et al. 1996). Plasmid pALS40 was introduced by electro-
poration into G. diazotrophicus as reported previously (Arrieta et
al. 1996). Transformants were selected on LGIE plates containing
kanamycin (120 g/ml). Integration of the nptII-ble cassette in the
chromosomal lsdA gene was confirmed by Southern blot analysis.

Results and discussion

All of the G. diazotrophicus isolates listed in Table 1
formed mucous colonies on LGIE medium agar contain-
ing sucrose. This phenotype was found to be associated
with the extracellular synthesis of levan by strain SRT4
(Arrieta et al. 1996). In liquid cultures, the 14 strains
showed intracellular (most probably periplasmic) and ex-
tracellular LsdA activity in the presence of all carbon
sources tested, indicating that levansucrase was expressed
constitutively, which is biologically reasonable consider-
ing that this bacterium mostly inhabits sucrose-rich envi-
ronments.

LsdA expression varied between strains in a similar
way for all the carbon sources. When grown in mannitol-
or sorbitol-containing media, LsdA synthesis in all the
strains was slightly higher, as was reported for levansu-
crase from the related bacterium Gluconobacter oxydans
(Tkachenko et al. 1980). The highest LsdA production
corresponded to the sugar-cane-associated isolates SRT4
and UAP 5560, both of the predominant genotype ET 1
(Fig.1). By contrast, strains recovered from coffee plants
showed about three-fold lower levansucrase activity both
in the cell extracts and in the culture supernatants, indi-
cating a decrease in the synthesis of LsdA rather than in
its secretion; these strains grew slower with sucrose as
sole carbon source. The lower LsdA production in the
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Table 1 Electrophoretic types (ETs), host species, and location of 14 representative Gluconacetobacter diazotrophicus strains

ET Strain Recovered from Location Reference

1 SRT4 Stem tissue of sugar cane Havana, Cuba Coego et al. (1992)
1 UAP 5560 Stem tissue of sugar cane Morelos, Mexico Caballero-Mellado and Martínez-Romero (1994)
2 CFNE 550 Sugar cane mealy bug Rio de Janeiro, Brazil Caballero-Mellado et al. (1995)
3 PAl 5T Root tissue of sugar cane Alagoas, Brazil Caballero-Mellado and Martínez-Romero (1994)
4 PSP 22 Leaf tissue of sugar cane Sao Paulo, Brazil Caballero-Mellado et al. (1995)
5 PAl 3 Root tissue of sugar cane Alagoas, Brazil Caballero-Mellado et al. (1995)
6 1772 Sugar cane mealy bug Ayr, Australia Caballero-Mellado et al. (1995)
7 PRC 1 Stem tissue of Cameroon grass Rio de Janeiro, Brazil Caballero-Mellado et al. (1995)
9 CFN-Cf52 Root tissue of coffee plant Guerrero, Mexico Jiménez-Salgado et al. (1997)

11 CFN-Cf50 Root tissue of coffee plant Puebla, Mexico Jiménez-Salgado et al. (1997)
12 UAP-Cf51 Rhizosphere of coffee plant Chiapas, Mexico Jiménez-Salgado et al. (1997)
14 UAP-Cf53 Rhizosphere of coffee plant Chiapas, Mexico Jiménez-Salgado et al. (1997)
1 UAP-Ac10 Rhizosphere of pineapple plant Veracruz, Mexico Tapia-Hernández et al. (2000)
1 UAP-Ac7 Leaf tissue of pineapple plant Veracruz, Mexico Tapia-Hernández et al. (2000)



strains recovered from the coffee plant environment may
have ecological significance, considering that the sucrose
content in this plant is lower than in sugar cane,
Cameroon grass or pineapple.

Testing of culture supernatant proteins for levan for-
mation from sucrose by SDS-PAGE confirmed that the 14
strains secreted an active levansucrase with an apparent
size of 60 kDa (Fig.2). The molecular mass of LsdA from
strain SRT4, determined by matrix-assisted laser desorp-
tion/ionisation mass spectrometry, is 60448 Da (Betan-
court et al. 1999). The transfructosylation reaction catal-
ysed by levansucrase from strains belonging to different
G. diazotrophicus genotypes showed similar product pro-
files when analysed by HPLC. In all cases, sucrose was
converted mainly to the oligofructans 1-kestose (O-β-
D-fructofuranosyl-(2→1)-β-D-fructofuranosyl-(2→1)-α-D-
glucopyranoside) and nystose (O-β-D-fructofuranosyl-
(2→1)-β-D-fructofuranosyl-(2→1)-β-D-fructofuranosyl-
(2→1)-α-D-glucopyranoside) (Fig.3).

Restriction fragment length polymorphism analysis of
the lsdA locus (Fig.4A) revealed three hybridising EcoRI
fragments of 3.9, 3.2 and 0.6 kb in 11 of the 14 isolates
(Fig.4Ba). The substitution of the two smallest bands by a
new 3.8-kb fragment in the coffee-plant-associated strains

CFN-Cf52, CFN-Cf50 and UAP-Cf51 indicates the ab-
sence of the second EcoRI site in the coding sequence of
the lsdA gene. In the Australian strain 1772, an EcoRI site
is missing in the region upstream of the lsdA locus. The
14 strains had the common hybridising SalI band of 2.6
kb corresponding to the lsdA locus, although different
polymorphisms were detected in the neighbouring down-
stream region (Fig.4Bb). The BglII- or SphI-digested
DNAs showed fully conserved hybridisation patterns
(Fig.4Bc, d).

The lsdA gene is present as a single locus on the G. di-
azotrophicus chromosome, as deduced from the hybridis-
ation patterns observed in all the isolates including 
the plasmidless strain PAl 5T (Caballero-Mellado and
Martínez-Romero 1994). No polymorphism was detected
in the lsdA locus of strains isolated from sugar cane,
Cameroon grass or pineapple plants, supporting the exis-
tence of a limited genetic diversity among G. diazotrophi-
cus populations recovered from vegetatively propagated
hosts (Caballero-Mellado and Martínez-Romero 1994;
Caballero-Mellado et al. 1995).

To study the metabolic function of levansucrase in G.
diazotrophicus, the lsdA gene was insertionally inacti-
vated in four representative strains, SRT4, CFNE 550, PAl
5T and CFN-Cf52. Southern blot analysis revealed that
disruption of the lsdA gene in the obtained non-mucous
colonies occurred by double recombination events, result-
ing in the replacement of the chromosomal lsdA gene by
the lsdA::nptII-ble cassette from plasmid pALS40 (Fig.5).
These mutants completely lost LsdA activity and failed to
grow in liquid LGIE medium containing sucrose as sole
carbon source, indicating that G. diazotrophicus utilises
plant sucrose via LsdA. This result confirms the absence
of an independent system to metabolise sucrose, which is
also in agreement with the inability of this endophytic
bacterium to transport sucrose into the cell (Alvarez and
Martínez-Drets 1995).

Unlike most nitrogen-fixing bacteria, G. diazotrophi-
cus is unable to consume external C4-dicarboxylic acids
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Fig.1 Levansucrase (LsdA) production by 14 representative Glu-
conacetobacter diazotrophicus strains. Values correspond to bac-
teria grown to stationary phase (96 h) in mannitol-containing LGIE
medium and represent means±standard deviation (n=3). Black
bars Extracellular LsdA activity in enzyme units per ml of culture
supernatant; white bars intracellular LsdA activity in enzyme units
per mg of intracellular protein

Fig.2 Levan synthesis in an SDS/12.5% (w/v) polyacrylamide
gel. Total extracellular proteins of G. diazotrophicus strains grown
to stationary phase in LGIE glycerol-containing medium were sep-
arated by SDS/PAGE. The gel was then rinsed in distilled water
and immersed overnight in a 10% (w/v) sucrose solution, pH 5.2 at
40°C. Lanes correspond to strains: 1 SRT4, 2 UAP 5560, 3 CFNE
550, 4 PAl 5T, 5 PSP 22, 6 PAl 3, 7 1772, 8 PRC 1, 9 CFN-Cf52,
10 CFN-Cf50, 11 UAP-Cf51, 12 UAP-Cf53, 13 UAP-Ac10, 14
UAP-Ac7

Fig.3 HPLC chromatogram of the reaction products obtained
from sucrose with LsdA secreted by type strain PAl 5T. The reac-
tion mixture (15 ml) containing 1 M sucrose in 0.1 M sodium ac-
etate, pH 5.0, was incubated 4 h at 30°C with 1 ml of dialysed su-
pernatant (~15 units of LsdA) from a bacterial culture grown to
stationary phase in mannitol-containing LGIE medium. F, G, S, K,
N and DP>4 refer to fructose, glucose, sucrose, 1-kestose, nystose
and fructans with degree of polymerisation greater than 4, respec-
tively



(Alvarez and Martínez-Drets 1995), but accelerates glu-
cose catabolism under N2-fixing conditions (Flores-En-
carnación et al. 1999). Thus, glucose released from su-
crose by the action of LsdA may be the main energy
source used by the bacterium for growth, and perhaps for
N2-fixation, inside the host plant. In this sense, the occur-
rence of a levansucrase as the enzyme responsible for su-
crose hydrolysis instead of another more specific sucrase
(e.g. invertase) suggests that the LsdA transfructosylation
products oligofructans and levan could also play a key
role in G. diazotrophicus-host plant interactions.
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