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INFLUENCE OF ANTIBIOTICS ON EMBRYOGENIC TISSUE AND

AGROBACTERIUM TUMEFACIENS SUPPRESSION IN SOYBEAN

GENETIC TRANSFORMATION (1)

BEATRIZ WIEBKE (2 , 3); FABRICIO FERREIRA (3); GIANCARLO PASQUALI (4);
MARIA HELENA BODANESE-ZANETTINI (2); ANNETTE DROSTE (3 *)

ABSTRACT

The influence of different antibiotic treatments in soybean genetic transformation was evaluated. First,
an assay was performed to verify how different antibiotic treatments affect soybean embryogenic tissues.
The effect of carbenicillin at 500 mg L-1 was genotype-dependent. This antibiotic did not affect embryo survival
of cv. IAS5, but a three-fold increase of embryo proliferation was observed for cv. Bragg, when compared to
the control. On the other hand, cefotaxime at 350 and 500 mg L-1 caused death of embryogenic tissues of both
cultivars. Finally, the association of cefotaxime (250 mg L-1) + vancomycin (250 mg L-1) did not affect negatively
the somatic embryos of tested cultivars until 63 days of treatment. Thereafter, a second experiment was carried
out to determine the efficacy of different antibiotic treatments in suppressing LBA4404 Agrobacterium tumefaciens
strain in genetic transformation. On tissue culture conditions, carbenicillin at 500 and 1000 mg L-1 was not
active against Agrobacterium. On the other hand, treatments with cefotaxime at 350 and 500 mg L-1, and cefotaxime
+ vancomycin efficiently suppressed Agrobacterium during 49 days. Data of both experiments suggested
cefotaxime + vancomycin for 49-63 days as the most appropriate treatment. This is the first work reporting
the effect of antibiotics on soybean tissues. By identifying an antibiotic combination that suppressed A.
tumefaciens with minimal phytotoxic effects, we are able to recommend it for improvement of  soybean
Agrobacterium-mediated transformation procedure.

Key words: Agrobacterium tumefaciens, carbenicillin, cefotaxime, genetic transformation, Glycine max,
vancomycin.

RESUMO

INFLUÊNCIA DE ANTIBIÓTICOS SOBRE O TECIDO EMBRIOGÊNICO E A SUPRESSÃO DE
AGROBACTERIUM TUMEFACIENS NA TRANSFORMAÇÃO GENÉTICA DE SOJA

Foi avaliada a influência de diferentes tratamentos com antibióticos durante a transformação
genética de soja. Inicialmente, desenvolveu-se um estudo para identificar como diferentes tratamentos
com antibióticos afetam o tecido embriogênico da soja. O efeito da carbenicilina a 500 mg L-1 foi genótipo-
dependente. Esse antibiótico não afetou a sobrevivência dos embriões da cv. IAS5, enquanto a proliferação
dos embriões da cv. Bragg foi três vezes maior quando comparada com o controle. Por outro lado,
cefotaxima, a 350 e 500 mg L-1, causou a morte dos tecidos embriogênicos de ambas as cultivares. Por
fim, a associação de cefotaxima (250 mg L-1) + vancomicina (250 mg L-1) não afetou negativamente os
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embriões somáticos das cultivares testadas durante os 63 dias de tratamento. Posteriormente, foi realizado
um segundo experimento para determinar a eficiência de diferentes tratamentos com antibióticos na
supressão da linhagem LBA4404 de Agrobacterium tumefaciens durante a transformação genética. Nas
condições da cultura, a carbenicilina, a 500 e 1000 mg L-1, não foi eficiente para a supressão de
Agrobacterium. Por outro lado, os tratamentos com cefotaxima, 350 e 500 mg L-1, ou cefotaxima +
vancomicina suprimiram eficientemente Agrobacterium após 49 dias. Os dados dos dois experimentos
sugerem a cefotaxima + vancomicina por 49-63 dias como o tratamento mais apropriado. Esse é o primeiro
registro do efeito de antibióticos sobre tecidos de soja. Foi identificada uma combinação de antibióticos
que suprimiram A. tumefaciens com efeitos fitotóxicos mínimos, podendo ser recomendada para a
otimização do método de transformação genética de soja mediada por Agrobacterium.

Palavras-chave: Agrobacterium tumefaciens, carbenicilina, cefotaxima, transformação genética, Glycine max,
vancomicina.

1. INTRODUCTION

Agrobacterium-mediated transformation is one
of the well-established techniques for introducing
foreign DNA into plant tissues (HORSCH, 1985;
STAFFORD, 2000). The procedure involves the infection
of explants by co-cultivation with disarmed
Agrobacterium carrying a gene of interest. However,
after transfering the genetic information, bacteria
suppression is necessary, since their presence can
interfere with growth and development of transformed
plant cells or, even, cause the death of the cultures
(COOKE et al., 1992; MAYOLO et al., 2003). For this
purpose, plant tissues are usually transferred to
medium containing antibiotics.  Carbenicillin,
cefotaxime and vancomycin are antibiotics widely
used to suppress Agrobacterium  after genetic
transformation. There are many reports concerning
the most appropriate antibiotic treatment (type,
concentration, period) to effectively suppress
Agrobacterium from target plant tissues of many species
(HAMMERSCHLAG et al., 1997; NAUERBY et al., 1997; CHENG

et al., 1998; TANG et al., 2000; ESTOPÀ et al., 2001;
MAYOLO et al., 2003). However, results are very diverse,
depending on several factors including Agrobacterium
strain, density of bacterial suspension, incubation and
co-culture lenght, type and concentration of
bactericidal agents, and duration of antibiotic
treatment.

One of the main purposes in our laboratory
is to develop a genetic transformation procedure for
Brazilian commercial soybean cultivars, aiming to
introduce genes of interest for their improvement.
DROSTE et al. (2000) described a basic method for
Agrobacterium transformation of proliferating soybean
somatic embryos. In this procedure, tungsten particle
bombardment was used prior to Agrobacterium
inoculation to cause microwounds on somatic embryo
clusters, thereby enhancing bacteria attachment and
gene transfer to plant cells due to chemical signals
from the wounded tissues (HOOYKAAS et al., 1991).
Although an expressive transient activity was

detected, all embryogenic tissues submitted to the
transformation procedure died during the antibiotic
treatment. Thus far,  no reports on stable
transformation and recovery of fertile transgenic
soybean plants using this method were published.
The obstacle for the obtainment of stable transformants
may have been the sensitivity of soybean somatic
embryos to the antibiotic treatment.

The level of the required antibiotic for
Agrobacterium suppression is usually high and may
interfere with the plant cultures by either inhibiting
or promoting explant growth and regeneration. Plant
sensitivity to antibiotics is species-specific and
depends on a large extent on plant growth conditions
(LIN et al., 1995; NAUERBY et al., 1997; ESTOPÀ et al, 2001;
MIHALJEVIC et al. 2001; BHAU and WAKHLU, 2001; YU et
al., 2001; SILVA et al., 2003; MAYOLO et al., 2003).

The goal of this study was to evaluate how
different antibiotic treatments affect soybean
embryogenic tissues and to determine their efficacy in
suppressing A. tumefaciens in Agrobacterium-mediated
genetic transformation. This is the first work reporting
the effect of antibiotics on soybean tissues.

2. MATERIALS AND METHODS

Plant material and culture conditions

Two soybean cultivars, Bragg and IAS5, were
used in this study due to their high response to
inoculation with wild strains of A. tumefaciens (DROSTE

et al., 1994) and their capability to react to in vitro
culture conditions (DROSTE et al., 2001). Bragg is a
North American-adapted cultivar, commonly used in
genetic improvement programs, while IAS5 is a
Brazilian cultivar indicated for commercial cropping
in Brazil (COSTAMILLAN and BERTAGNOLLI, 2004).

Pods with immature seeds (3-4 mm), harvested
from field-grown plants, were surface sterilized by 1 min
immersion in 70% ethanol, followed by 15 min in 4%
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sodium hypochlorite containing Tween-20. After three
rinses in autoclaved distilled water, the immature seeds
were excised and the cotyledons removed. To induce
the somatic embryo formation, each cotyledon was
placed with the abaxial side facing the modified D40
medium (BAILEY et al., 1993), which contains MS salts
(MURASHIGE and SKOOG, 1962), B5 vitamins (GAMBORG et
al., 1968), 40 mg L-1 2,4-D, 3% sucrose, 0.3% PhytagelTM,
pH 7.0 (prior to autoclaving). Twenty cotyledons were
placed in each plate. After 40 days on D40 medium,
the cotyledons were transferred to D20 medium (D40
medium containing 20 mg L-1 2,4-D, 3% sucrose, pH
6.4; WRIGHT et al., 1991). Fourteen days later,
proliferative embryogenic tissues were separated and
proliferated in D20 medium, with subcultures every 14
days. During the experiment, the cultures were
maintained at 26±1ºC with 16/8 h light/dark at a light
intensity of 22.5 mEm-2s-1.

Agrobacterium strain

Agrobacterium tumefaciens LBA4404 harboring the
superbinary plasmid pTOK233 (HIEI et al., 1994) were
used for the transformation experiment. Fourty-eight hours
prior to transformation procedure, isolated colonies were
grown in LB liquid medium according to DROSTE et al.
(2000) and ressuspended to an OD600nm of 0.3.

Antibiotics

The antibiotics cefotaxime (Claforan® ,
Laboratório Hoechst Marion Roussel S/A, Brazil),
carbenicillin (Sigma) and vancomycin (Vanclomin®,
Teuto Brasileiro, Brazil) were dissolved in water, filter-
sterilized and stored at -20oC. Later, they were added
to the autoclaved and partially cooled medium.

Experimental treatments

Effects of antibiotics on somatic embryogenic tissues

After four months on proliferation D20
medium, untransformed embryogenic clusters (around
0.67 mg and 2 mm in diameter each) were transferred
to D20 medium supplemented with antibiotics. Four
treatments were tested: (1) 350 mg L-1 cefotaxime, (2)
500 mg L-1 cefotaxime, (3) 500 mg L-1 carbenicillin and
(4) 250 mg L-1 cefotaxime + 250 mg L-1 vancomycin.
Medium without antibiotics was used as control. The
tissues were maintained under these conditions
during 98 days, with subcultures every 14 days. The
number of embryogenic clusters analyzed per
cultivar/treatment is presented in Table 1.

Every 14 days embryogenic clusters were
classified according to their extension of necrosis: (1)
cluster without necrosis, (2) less than half cluster with
necrosis, (3) half cluster with necrosis, (4) more than

half cluster with necrosis and (5) entire cluster with
necrosis. The extension of necrosis per treatment and
cultivar was compared by Monte Carlo non-parametric
statistical analysis.

At the end of the experiment, the percentage
of surviving embryogenic clusters per treatment was
evaluated and statistically analyzed by classical chi-
square test. The residuals (observed value minus
expected value) for each cell of table were individually
analyzed in case the ⎟2 value was statistically
significant at 〈 = 0.05. Proliferating green tissue of
each cluster was selected and individually weighted.
Differences on the weight of surviving tissues among
cultivars were analyzed by Mann-Whitney test and
among treatments by Kruskal Wallis non-parametric
analysis of variance. Pairwise multiple comparisons
of ranked data were performed to compare treatments.
Results of all  statistical analyses with SPSS©
statistical software for Windows were considered
significant at P<0.05.

Effects of antibiotics on Agrobacterium

Embryogenic tissues of cv. Bragg, proliferated
during six months on D20 medium, were submitted to
the integrated bombardment and Agrobacterium
transformation system according to DROSTE et al. (2000)
with modifications. Bombardments were performed
using a Particle Inflow Gun – PIG (FINER et al., 1992).
Twenty-five μΛ of tungsten particles suspended in
sterile distilled water were mixed with 25 μΛ CaCl2 (2.5
M) and 15 μΛ spermidin (0.1M). After 5 min on ice, 45
μΛ of the supernatant were removed. Each dish was
bombarded once, with 2 μΛ of the pellet mixture.
Following the bombardment, the clusters were
inoculated and incubated for 20 min in the bacterial
suspension. Then, the inoculated explants were blotted
on sterile filter paper and co-cultured for 48 h on D20
medium supplemented with 100 μM acetosyringone.
After this period, the tissues were washed in sterile
distilled water, blotted on sterile filter paper and
transferred to D20 medium containing antibiotics. Five
treatments were tested: (1) 350 mg L-1 cefotaxime, (2)
500 mg L-1 cefotaxime, (3) 500 mg L-1 carbenicillin, (4)
1000 mg L-1 carbenicillin and (5) 250 mg L-1 cefotaxime
+ 250 mg L-1 vancomycin. Thirty clusters (0.67 mg each)
were cultured for each treatment, 10 clusters in each
dish. Embryogenic clusters were transferred to fresh
medium every 14 days.

Clusters were individually evaluated for the
presence of bacteria at seven days intervals under a
stereoscopic microscope and data were compared by
Kruskal Wallis non-parametric analysis of variance.
Pairwise multiple comparisons of ranked data were
performed to compare treatments.
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Intending to observe the possible recurrence
of bacteria after different periods on antibiotic
containing medium, embryogenic clusters of one
dish/treatment were transferred to D20 medium
without antibiotics after 35, 49 and 63 days,
respectively. Data were statistically compared by
Fisher non-parametric analysis.  Results of all
statistical analyses with SPSS© statistical software for
Windows were considered significant at P<0.05.

3. RESULTS AND DISCUSSION

Effects of antibiotics on somatic embryogenic tissues

Untransformed embryogenic clusters were
cultured on medium supplemented with antibiotics
for 98 days. Different concentrations of antibiotics
commonly used in transformation experiments were
tested. Embryogenic clusters cultured on antibiotic-
free medium were used as control.

To evaluate the effect of treatment length on
plant tissues, the embryogenic clusters were
individually analyzed for the extension of necrosis
every 14 days. Necrosis was first observed after 35 days,
gradually increasing in extension along the time.
Although necrosis was also observed on embryogenic
clusters cultured on antibiotic-free medium (control),
its extension never exceeded 25% of the cluster. No
significant differences among treatments and cultivars
were detected after 35 and 49 days of culture. However,
after 63 days, necrosis extension varied significantly
among treatments within cv. Bragg (Table 1). For this
cultivar, the frequency of embryogenic clusters without
necrosis (class -) was higher for the control. A significant
higher number of clusters presenting necrosis on less
than half of their extension (class +) were obtained on
treatments with carbenicillin and cefotaxime +
vancomycin. Higher frequencies of clusters showing
necrosis on half or more than half of their extension
(class ++ and +++) were observed for cefotaxime at 350
and 500 mg L-1. These findings indicated that, after 63
days antibiotic treatment, cefotaxime alone in both tested
concentrations is more toxic to Bragg embryogenic
tissues than other antibiotics. The data obtained for cv.
IAS5 showed a similar tendency than those observed
for cv. Bragg. However, differences among treatments
were not detected by the statistical analysis.

After 77 days, for most treatments a substantial
increase on necrosis extension could be observed,
especially for cv. IAS5. An exception was the treatment
with carbenicillin, which only presented negative effects
on clusters of cv. IAS5 in the last week.  Therefore, except
for carbenicillin, it would be desirable that antibiotic
treatment did not exceed more than 63 days.

After 98 days on medium with antibiotics, the
percentage of surviving embryogenic clusters per
treatment was analyzed and the proliferative green
tissues evaluated for their weight. Significant
differences among cultivars were detected, indicating
that IAS5 was more sensitive to antibiotics than Bragg.
Data are presented on table 2. For cv. IAS5, the lowest
percentage and weight of surviving clusters were
observed on cultures containing cefotaxime +
vancomycin. On the other hand, this cultivar presented
higher percentages of surviving embryogenic clusters
and green tissue weight on media without antibiotic
(control) or supplemented with 500 mg L-1 carbenicillin.
For cv. Bragg, the lowest percentages of surviving
clusters were obtained using 500 mg L-1 cefotaxime or
cefotaxime + vancomycin, whereas clusters cultured on
other treatments presented significant higher survival
percentages. Green tissues obtained on carbenicillin
containing medium presented significant higher weight
when compared with other treatments, achieving three
times the weight of green tissues submitted to the
control regime. Although the mean weight of green
tissues obtained in the additional treatments
(cefotaxime 350 mg L-1, cefotaxime 500 mg L-1,
cefotaxime + vancomycin and control) did not differ
significantly, a direct association between the
percentages of surviving clusters and their weight could
also be observed for cv. Bragg.

Despi te  the  importance  of  ant ib iot ics
during Agrobacterium-mediated transformation,
no reports about the effect of these drugs on
grain legume tissues,  especially soybean, are
ava i lab le .  Di rec t  compar i sons  are  d i f f i cu l t ,
because antibiotic  effects  differ  according to
plant species, type of explant and culture system.

The addition of 500 mg L-1 carbenicillin to
culture medium did not affect tissues of cv. IAS5,
whereas proliferation of embryos of cv. Bragg was
significantly enhanced. This antibiotic was previously
reported as efficiently inducing somatic embryo
formation of Dianthus cultivars at 500 mg L-1 (NAKANO

and MII, 1993). The mechanism of the stimulatory effect
of carbenicillin is based on the structural composition
of this antibiotic. HOLFORD and NEWBURY (1992)
showed that phenylacetic acid, a naturally occurring
auxin, were one of the breakdown products of
carbenicillin. This is in agreement with previous
observations that high levels of auxin are required for
soybean somatic embryos induction and proliferation
(RANCH et al., 1985).

On the other hand, a detrimental effect of
carbenicillin has been found on embryogenesis of most
studied species. Decrease on embryo production in the
presence of carbenicillin was observed for Picea



Antibiotics in soybean genetic transformation 547

Bragantia, Campinas, v.65, n.4, p.543-551, 2006

sitchensis at 500 mg L-1 (SARMA et al., 1995), Juglans
regia at 100-1000 mg L-1 (TANG et al., 2000), Picea
omorika at 500 mg L-1 (MIHALJEVIC et al., 2001), Carica
papaya at 375 and 500 mg L-1 (YU et al., 2001) and
Theobroma cacao at 100-300 mg L-1 (MAYOLO et al., 2003).
LIN et al. (1995) argued that, besides the breakdown
products, other factors are involved in producing the
auxin effects of carbenicillin, which turn the influence
of this antibiotic on plant tissue culture more complex.

Analyzing the effect of cefotaxime on soybean
somatic embryos, it was clearly observed that this
antibiotic, regardless of concentrations, caused death
of a considerable tissue extension, thereby reducing
embryo proliferation capacity. This result can explain
the fail on obtention of stable transformed tissues by
DROSTE et al. (2000), who submitted the embryo
clusters to 350 mg L-1 cefotaxime, for 90 days. Effects
of this drug on embryogenesis of other species vary

according to antibiotic concentration. In Juglans regia,
concentrations lower than 500 mg L-1 determined
slight reduction of embryo production, whereas at
1000 mg L-1 cefotaxime the effect was significantly
inibitory (TANG et al., 2000). Embryogenesis of Carica
papaya was enhanced by 250 mg L-1 and reduced by
125 mg L-1 cefotaxime, whereas no effects were
observed at 375 and 500 mg L-1 (YU et al., 2001).
Cefotaxime enhanced embryo production of Theobroma
cacao at 150 mg L-1, while negative effects were
observed at other concentrations tested (MAYOLO et al.,
2003). Additionally, this antibiotic was reported as
effectively promoting somatic embryogenesis of
Dianthus cultivars at 100 – 500 mg L-1 (NAKANO and
MII, 1993) and Triticum aestivum at 60 – 100 mg L-1

(MATHIAS and BOYD, 1986). But, species such as Picea
sitchensis (SARMA et al., 1995) and P. omorika (MIHALJEVIC

et al., 2001) were not affected by cefotaxime treatment.

Table 1. Percentage of embryogenic clusters of two soybean cultivars in each necrosis extention class after 63 days of
different antibiotic treatments

IAS5 Bragg
Number of Number of

Antibiotics Concentrations embryogenic Necrosis extension (1) embryogenic Necrosis extension

clusters - + ++ +++ ++++ clusters - + ++ +++ ++++

mg L-1 % %

Cefotaxime 3 5 0 75 0 .0 38.6 10.7 50.7 0 .0 75 1 .3 61.3 6.7* 30.7* 0 . 0

Cefotaxime 5 0 0 75 6 .7 69.3 5 .3 18.7 0 .0 71 2 .8 63.0 7.0* 26.8* 0 . 0

Carbenicillin 5 0 0 6 7 17.9 77.6 1 .5 1 .5 1 .5 56 3 .6 92.9* 0 .0 3 .6 0 .0

Cefotaxime 250+250 7 5 0 . 0 38.8 6 . 6 54.6 0 . 0 7 5 1 . 3 82.7* 0 . 0 16.0 0 . 0
+ vancomycin

Control - 6 9 17.4 52.2 4 . 3 26.1 0 . 0 6 3 15.9* 73.0 1 . 6 9 . 5 0 . 0

(1) (-) cluster without necrosis; (+) less than half cluster with necrosis; (++) half cluster with necrosis; (+++) more than half cluster with
necrosis; (++++) entire cluster with necrosis.
* Monte Carlo non-parametric analysis: significantly different at 0.05 (same column).

Table 2. Survival and weight of proliferative embryogenic clusters of two soybean cultivars after 98 days of different
antibiotic treatments

IAS5 Bragg

Number of Weight of Number of Weight of

embryogenic
Survival

cluster  embryogenic
Survival

clusterAntibiotics Concentrations

clusters
clusters (1)

(mean±SD) (2) clusters
clusters (1)

(mean±SD)

mg L-1 % mg % mg

Cefotaxime 3 5 0 75 68.0 0.94±1.06 b 7 5 98.6↑ 4.29±3.41 b

Cefotaxime 5 0 0 75 73.3 1.33±1.38 b 7 1 85.9↓ 3.59±4.08 b

Carbenicillin 5 0 0 6 7 74.6↑ 4.84±3.97 a 5 6 100↑ 13.84±9.11 a

Cefotaxime 250+250 75 30.6↓ 0.27±0.22 c 7 5 82.7↓ 2.89±3 b
+ vancomycin

Control - 6 9 78.3↑ 5.62±5.78 a 6 3 98.4↑ 4.64±4.34 b

(1)  Chi-square residual test: significant differences at 0.05. “↑” indicates higher and “↓” lower percentages of survival in relation to the
expected values.
(2)  Multiple comparisons test: different letters in the same column indicate significant differences at 0.05.
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The chemical structure of cefotaxime does not
readily suggest a breakdown product with auxin-like
properties (HOLFORD and NEWBURY, 1992) and a different
mode of action may have to be sought. It is possible
that metabolites, with plant growth regulatory activity,
generated from cefotaxime by plant esterases, may be
responsible for the effects observed on tissues of some
species (MATHIAS and BOYD, 1986; SARMA et al., 1995).

Culture medium containing cefotaxime +
vancomycin did not affect soybean somatic embryos
until 63 days treatment. Unfortunately, there are no
reports concerning the effect of this antibiotic
combination on somatic embryogenesis, but it was
demonstrated that this association stimulates
organogenesis in Pinus pinea (HUMARA and ORDÁS, 1999)
and Prunus armeniaca (BURGOS and ALBURQUERQUE, 2003).

Antibiotic treatments with cefotaxime alone or
in combination with vancomycin proved to be highly
toxic for soybean embryogenic tissues cultured for
longer times (63 or more days; Tables 1 and 2). Similar
results were reported for Hordeum vulgare (MATHIAS and
MUKASA, 1987), Picea sitchensis (SARMA et al., 1995) and
Triticum aestivum (BHAU and WAKHLU, 2001). Antibiotic
breakdown products may degrade polyribosomes,
inhibit protein synthesis and disrupt the membrane
permeability with the time (ZHANG et al., 1999).

Effects of antibiotics on suppression of A.
tumefaciens

In order to determine the antibiotic regime
capable of suppressing Agrobacterium during the
soybean somatic embryo gene transfer procedure,
proliferative tissues were submitted to the integrated
bombardment and Agrobacterium transformation
system. After co-culture, embryogenic clusters were

transferred to antibiotics containing medium and
weekly observed for the presence of bacteria. Five
treatments with different antibiotics types and
concentrations were tested.

Bacteria presence was detected on all clusters
immediately after co-cultivation (data not shown).
Fourteen days later, Agrobacterium overgrowth could
be observed on all  control dishes (containing
antibiotic-free medium). Addition of carbenicillin to
the medium, regardless to concentrations, was not
effective in suppressing Agrobacterium growth (Table
3; Figure 1). Embryogenic clusters cultured on 500 or
1000 mg L-1 carbenicillin containing medium were
totally covered with Agrobacterium 21 and 35 days
after the co-culture, respectively, making impossible
further observations. On the other hand, treatments
with cefotaxime (500 mg L-1) and the combination of
cefotaxime (250 mg L-1) + vancomycin (250 mg L-1)
were effective in suppressing Agrobacterium after 16
and 9 days, respectively (Table 3; Figure 1).

Agrobacterium  recurrence is frequently
observed when embryogenic clusters, visually free of
contaminants, are cultured in the absence of
antibiotics. To determine the optimal length of
antibiotic treatment, embryogenic clusters were
transferred to medium without antibiotics after 35, 49
and 63 days of treatment. Agrobacterium recurrence
was observed on clusters that had been submitted to
35 days of treatment, regardless of antibiotic type and
concentration (Table 3). However, the number of
explants lost due to Agrobacterium overgrowth was
significantly lower when the combination of
cefotaxime + vancomycin was used. On the other hand,
after 49 and 63 days of treatment, none of the
embryogenic clusters presented Agrobacterium
recurrence at all antibiotics tested.

Table 3. Effect of different antibiotic treatments on suppression of LBA4404 Agrobacterium tumefaciens strain on soybean
somatic embryogenic clusters

Embryogenic clusters with Agrobacterium
Days to suppress  (1) recurrence after treatment

Antibiotics Concentrations Agrobacterium Treatment period

 (mean±SD) 35 days 49 days 63 days

mg L-1 %

Cefotaxime 350 20±13 b 88.9 0 0

Cefotaxime 500 16±13 a,b 88.9 0 0

Carbenicillin 500 overgrowth 33.4* 0 -

Cefotaxime 250+250 9±8 a - - -
+ vancomycin

Control - overgrowth - - -

(1) Multiple comparisons test: different letters indicate significant differences at 0.05.
* Fisher non-parametric analysis: significantly different at 0.05.
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Cefotaxime and carbenicillin belong to two
major classes of antibiotics, cephalosporins and
penicillins, respectively. These drugs, known as β-
lactams, prevent bacteria proliferation by inhibiting
cell wall synthesis during its division (POLLOCK et al.,
1983). Both classes of antibiotics become covalently
linked to the cell’s penicillin-binding proteins,
enzymes responsible for constructing or modifying the
bacterial cell wall. Antibiotic binding prevents cell
wall synthesis and provokes the death of the bacteria
by cell wall lysis (NAUERBY et al., 1997). Some bacteria
containing b-lactamases can prevent the activity of the
antibiotics by hydrolising the cyclic amide bonds of
the β-lactam ring in penicillins and cephalosporins.
Cefotaxime and carbenicillin are very active antibiotics
against a large number of bacteria species. However,
while cefotaxime is highly resistant, carbenicillin is
sensitive to b-lactamases produced by Agrobacterium
(TANG et al., 2000). In addition, carbenicillin is acid-
labile (POLLOCK et al., 1983).

Our results showed that cefotaxime is better
than carbenicillin for eliminating Agrobacterium from
soybean somatic embryo clusters, what can be
accounted to the antibiotics features above described.
Cefotaxime was previously reported as the most
effective antibiotic at supressing LBA4404
Agrobacterium strain from explants of Nicotiana tabacum
(SHACKELFORD and CHLAN, 1996) and Fragaria vesca
(ALSHEIKH et al., 2002).

Vancomycin is a glycopeptide antibiotic,
effective against most Gram-positive bacteria. When used
in combination with a β-lactam antibiotic, vancomycin
proves to be effective against Gram-negative bacteria
such as Agrobacterium, since the β-lactam antibiotic
disrupts the outer membrane of the bacteria allowing
vancomycin to reach the bacterial cell wall and inhibit
its synthesis (BURGOS and ALBURQUERQUE, 2003). Although,
there were no marked differences at Agrobacterium
suppression between treatments containing cefotaxime
alone or in association with vancomicyn, the antibiotics
combination was faster and more effective. Moreover,
addition of vancomycin allowed the use of a lower
concentration of cefotaxime, thereby minimizing the toxic
effects of this antibiotic to plant cells on short term-
cultures (Table 1).

Development of an effective Agrobacterium-
transformation system for soybean depends on the
availability of tissue culture techniques that permit
efficient DNA delivery, selection of transformed cells and
recovery of whole transgenic plants. Therefore, choice
of optimal antibiotic treatment for Agrobacterium
suppression is critical for transformation success. Our
results indicated that, besides of efficiently eliminating
bacteria, combination of cefotaxime (250 mg L-1) +
vancomycin (250 mg L-1) had no negative effect on
soybean somatic embryos until 63 days of treatment.
These findings are valuable for improving transformation
of soybean and, even, of other grain legume species.

Figure 1. Suppression of LBA4404 Agrobacterium tumefaciens strain on soybean somatic embryogenic clusters after 30
days of different antibiotic treatments. (A) cefotaxime 350 mg L-1, (B) cefotaxime 500 mg L-1, (C) carbenicillin 500
mg L-1, (D) carbenicillin 1000 mg L-1, (E) cefotaxime 250 mg L-1  + vancomycin 250 mg L-1 e (F) control.
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4. CONCLUSION

By identifying the antibiotic combination of
cefotaxime (250 mg L-1) and vancomycin (250 mg L-1)
that suppressed A. tumefaciens  with the least
phytotoxic effects on embryogenic tissue, we are able
to recommend it for the improvement of the soybean
Agrobacterium-mediated transformation procedure.
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