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Abstract.  Carbenicillin and cefotaxime, two antibiotics commonly used for excluding Agrobacterium tumefaciens
during plant transformation, were tested for their bacteriostatic effects as well as for their effects on plant regenera-
tion in adventitious root explants of papaya following co-culture with Agrobacterium.  A washing step with steril-
ized distilled water two days after co-culture enhanced the bacteria-suppressing effects of antibiotics.  Proliferation
of Agrobacterium was completely suppressed in the medium containing 125 mgl-1 carbenicillin or cefotaxime.  Callus
fresh weight increase was apparently enhanced in the media with higher concentrations of carbenicillin (250-500
mgl-1), but was extremely inhibited in media with the same concentrations of cefotaxime.  Higher percentages of
somatic embryos were found in the medium with 125 mgl-1 carbenicillin or 250 mgl-1 cefotaxime; however larger
numbers of somatic embryos from the individual callus were obtained in the medium with 125 mgl-1 carbenicillin than
in the medium with 250 mgl-1 cefotaxime.  Percentages of abnormal somatic embryos were lower in the medium with
lower concentrations of carbenicillin (125-250 mgl-1).  Favorable conditions for use of the two antibiotics for sup-
pressing bacteria growth and enhancing regeneration of papaya plantlets from adventitious roots are discussed.
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Introduction

Considerable progress has been made in plant trans-
formation during the last decade, using in many instances
Agrobacterium mediation (Nauerby et al., 1997).  For
Agrobacterium-mediated DNA transfer, antibiotic use in
plant tissue culture has become routine.  Antibiotics are
added to culture media to control Agrobacterium that may
affect the plant regeneration process and to select
transformants with an antibiotic-resistance that is
cotransferred with the gene of interest (Shaw et al., 1983).
Although many antibiotics have been described for effec-
tive control of Agrobacterium cells, carbenicillin and
cefotaxime, both belonging to the b-lactam group, have
minimal toxicity on most plant tissues (Mathias and Boyd,
1986) and thus have become most widely accepted in
Agrobacterium-mediated transformation.  However, both
antibiotics have been known to have plant hormone-like
effects on cultured plant tissues and could affect somatic
embryogenesis in many plant species (Nauerby et al.,
1997).

For Agrobacterium mediated gene transfer in papaya,
carbenicillin (Fitch et al., 1990; 1993; Yang et al., 1996;
Cheng et al., 1996) and cefotaxime (Fitch et al., 1993;
Cabrera-Ponce et al., 1996) are often added to the medium
during plant regeneration to control Agrobacterium
growth, but information about their effects on develop-

ment of callus and somatic embrys of papaya has not been
considered.

Immature embryos are commonly used for papaya trans-
formation (Fitch et al., 1990; Cheng et al., 1996).  However,
their use is time consuming and hindered by a seasonal
factor.  Moreover, the desired sex and other cultivar traits
of transgenic lines can only be determined several months
after planting.  Recently, we established an efficient sys-
tem for inducing adventitious roots from in vitro shoots,
derived from selected hermaphrodite plants with good hor-
ticultural qualities (Yu et al., 2000).  The adventitious roots
thus obtained can regenerate somatic embryos within 4
months.  Regeneration from adventitious roots avoids the
disadvantages of immature embryos.  However the param-
eters for Agrobacterium-mediated transformation using
adventitious roots have remained unestablished.  In this
investigation, root segments were co-cultured with
Agrobacterium, then treated with carbenicillin and
cefotaxime to investigate the antibiotic effects.  Also, the
effects of carbenicillin and cefotaxime on induction of
callus, initiation of somatic embryos, and germination of
somatic embryos during the plant regeneration process
from papaya root segments were investigated.

Materials and Methods

Plant Materials and Culture Conditions
Source of adventitious roots:  Individual shoots (>5

mm) with 2-3 leaves from multiple shoots of papaya
(Carica papaya L. cv. Tainung No. 2) that arose in vitro
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were placed in root induction medium for 1 wk in darkness,
then transferred to sterile perlite with 1/2 MS solution for
two wk for root growth (Yu et al., 2000).  The adventitious
roots that emerged were cut into 5 mm segments and em-
ployed as explants.

Culture media:  The basal medium consisted of MS
salts (Murashige and Skoog, 1962), B

5
 vitamins (Gamborg

et al., 1968), 3% sucrose, and 0.8% agar.  The root induc-
tion medium contained 0.5 mgl-1 indole-3-butyric acid
(IBA).  The medium for callus formation and somatic em-
bryogenesis (CSM) included 0.25 mgl-1 2,4-dichlorophe-
noxyacetic acid (2,4-D) and 0.2 mgl-1 6-bezyladenine (BA).
The medium for germination of somatic embryos (SGM)
was supplemented with 0.02 mgl-1 a-naphthaleneacetic
acid (NAA) and 0.2 mgl-1 BA (Yang and Ye, 1992).  The
pH of all the media was adjusted to 5.7 ± 0.1 with 1 N KOH
before autoclaving at 1.1 kg cm-2 (121°C) for 20 min.  Pre-
scribed volumes of concentrated solutions of filter-steril-
ized (0.22 µm membrane filter) carbenicillin and cefotaxime
(Sigma Chemical Co, St. Louis. MO) were added to auto-
claved media.

Culture conditions:  All explants were cultured in a
growth chamber at 28 ± 1oC, under darkness, for induc-
tion of callus and development of somatic embryos.  For
germination of embryos, cool white florescent lamps were
provided 14 h daily at an intensity of 53 µEm-2s-1.

Bac ter ios ta t i c  E f f ec t s  o f  An t ib io t i c s  on
Agrobacterium tumefaciens

Bacteriostatic effects of the antibiotics were tested on
Agrobacterium tumefaciens LBA 4404 that had been cul-
tured in LB medium (10 gl-1 tryptone, 5 gl-1 yeast extracts
and 10 gl-1 NaCl) containing 100 mgl-1 streptomycin, at 28oC
overnight.  Root segments were dipped into the
Agrobacterium suspension and co-cultured on CSM me-
dium for two days.  To reduce the bacterial density, seg-
ments were washed with autoclaved distilled water (SDW)
or a 500 mgl-1 carbenicillin or cefotaxime solution under
gentle shaking for 3 min, blotted with filter paper, then
transferred to CSM medium with 0, 62.5, 125, 375 or 500
mgl-1 carbenicillin or cefotaxime for 4 wk.  They were evalu-
ated by counting the development of bacterial colonies
around the root segments.  Bacterial growth was recorded
either as negative or positive, based on presence or ab-
sence of colonies.  The bacteriostatic effects were deter-
mined as percentages of root segments without bacterial
colonies.

Effects on Callus Formation and Somatic Em-
bryogenesis

To investigate the effects of carbenicillin and cefotaxime
on the formation of callus and somatic embryos in root
segments, segments of the roots were cultured on CSM
medium containing 0, 125, 375, 500 mgl-1 carbenicillin or
cefotaxime.  Percentages of callus forming segments were
determined.  Fresh weights of callus were also measured
4 wk after incubation.  To compare the effects of carbeni-
cillin and cefotaxime on somatic embryogenesis, the per-

centages of explants that produced somatic embryos were
determined after 8, 12, and 16 wk of culturing in CSM
medium.  They were based on the numbers of callus with
at least one embryo.

Effects on Germination of Somatic Embryos
The effects of carbenicillin and cefotaxime on germina-

tion were evaluated by transferring the embryos that
emerged in CSM medium, with different concentrations of
antibiotics, to SGM medium containing the same concen-
trations of carbenicillin or cefotaxime.  Percentages of so-
matic embryos that germinated were determined after 4 wk.

Results and Discussion

Bac ter ios ta t i c  E f f ec t s  o f  An t ib io t i c s  on
Agrobacterium tumefaciens

The antibacterial effects of carbenicillin or cefotaxime
on adventitious root segments of papaya two days after
co-culture with A. tumefaciens are shown in Figure 1.  Ex-
plants were transferred to CSM medium with antibiotics
after washing with SDW or a 500 mgl-1 carbenicillin or

Figure 1.  Antibacterial effects of carbenicillin (A) and
cefotaxime (B) on adventitious roots of papaya after co-culture
with Agrobacterium tumefaciens.  No: root segments were not
washed two days after co-culture and directly transferred to the
medium.  SDW: washed with sterile distilled water for 3 min;
C500 and Cf500: washed with a solution of 500 mgl-1 carbeni-
cillin and cefotaxime, respectively. Values represent means from
3 replicates with a total of 90 explants for each treatment; bar
= ± S.D.
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Figure 2.  Effects of different concentrations of antibiotics on
the percentage of callus forming root explants (A) and fresh
weight (B) of adventitious root segments of papaya after cul-
turing on CSM medium for 4 wk. C: carbenicillin; Cf: cefotaxime.
Values represent means from 3 replicates with a total of 90 ex-
plants for each treatment; bar = ± S.D.

cefotaxime solution.  Bacteria were completely eliminated
by carbenicillin or cefotaxime when included in concen-
trations of 125 mgl-1 and higher.  When co-cultured tis-
sues were unwashed, exclusion of bacteria was not
complete in any concentration of carbenicillin or
cefotaxime.

Agrobacterium tumefaciens LBA 4404 has been the pre-
ferred strain as transformation vector since it is easy to
control, with complete inhibition requiring only 10 mgl-1

carbenicillin or 5 mgl-1 cefotaxime in suspension cultures
(Lin et al., 1995).  However, higher concentrations of car-
benicillin or cefotaxime, 250-500 mgl-1, have been more wide-
ly adapted for many plant tissue cultures, e.g.,
Arabidopsis thaliana (Akama et al., 1992) and C. papaya
(Fitch et al., 1993; Cabrera-Ponce et al., 1996; Cheng et al.,
1996; Yang et al., 1996).  Our results indicate that washing
with antibiotic solutions or SDW two days after co-cul-
ture enhances bacteria elimination significantly.  Agrobac-
terium cells were completely inhibited by 125 mgl-1

carbenicillin or cefotaxime when preceded by washing.
This is apparently due to the reduction of the bacterial
density by the washing process.  Since the effects of wash-
ing with 500 mgl-1 of carbenicillin or cefotaxime were not
significantly different from that using only SDW, the use
of the antibiotic solutions for washing seems unnecessary.

Figure 3.  Effects of carbenicillin (A) and cefotaxime (B) con-
centrations on formation of somatic embryos in adventitious root
segments of papaya after varying periods of culturing on CSM
medium (w8: 8 wk culture, w12: 12 wk culture, w16: 16 wk
culture).  Values represent means from 3 replicates with a total
of 90 explants for each treatment; bar = ± S.D.

Effects on Callus Formation
The rates of callus formation 4 wk after culturing root

segments on CSM medium containing antibiotics are sum-
marized in Figure 2.  Percentages of callus forming explant
were not significantly different among media with varying
concentrations of carbenicillin.  Values in all treatments
approached 100% (Figure 2A).  In cefotaxime treatments,
a slight suppression of callus formation occurred in me-
dia with 250 mgl-1 and higher cefotaxime concentrations
(Figure 2A).

As evident in Figure 2B, the fresh weight of callus was
increased by carbenicillin concentrations of 250 mgl-1 and
higher.  The fresh weights increased 0.5-2.1 times (54.5-
112.5 mg per callus) between 250 mgl-1 and 500 mgl-1.  In
media containing cefotaxime, fresh weight of callus (56.1
mg per callus) increased slighly in the medium with 125
mgl-1 of the antibiotic, then decreased considerably in all
higher concentrations (16.5-8.9 mg per callus).

Cefotaxime in a concentration range of 60-100 mgl-1 has
been previously reported to enhance the callus growth,
embryogenesis, and regeneration of wheat (Mathias and
Boyd, 1986).  In Antirrhinum majus culture, carbenicillin
(250-500 mgl-1) stimulates callus growth and has little im-
pact on shoot production, while cefotaxime has no effctect
on callus formation but reduces shoot and root formation
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Figure 4.  Somatic embryos derived from callus in the medium with 125 mgl-1 carbenicillin (A) or 250 mgl-1 cefotaxime (B) after
culturing 16 wk.  When the normal somatic embryo germinated, straightening of hypocotyl raised cotyledons and shoot apex above
the medium and lengthening of epicotyl led shoot apex away from cotyledons (C).  When the abnormal somatic embryos germinated,
only aberrant cotyledons were noticed, and shoot apex disappeared or became stunted (D).  e: somatic embryos; bar = 1 mm.

(Holford and Newbury, 1992).  Our findings indicate that
growth of papaya root-derived callus is enhanced by car-
benicillin in concentrations above 125 mgl-1 and is inhib-
ited by cefotaxime in the same concentration range.

Effects on Somatic Embryogenesis
Percentages of somatic embryo-forming callus in CSM

media, supplemented with carbenicillin or cefotaxime, are
summarized in Figure 3.  In carbenicillin media, the high-
est frequency of embryogenic callus occurred at 125 mgl-1

carbenicillin, with 6.2, 12.4 and 23.9% of callus forming so-
matic embryos after 8, 12 and 16 wk, respectively.  No sig-
nificant differences were observed between the medium
with 250 mgl-1 and without carbenicillin after 12 or 16 wk
of culturing.  On the other hand, the percentages of so-
matic embryo formed were significantly reduced in media
containing 375-500 mgl-1 carbenicillin (Figure 3A).

Embryogenesis was apparently promoted when root
segments were cultured in the medium containing 250
mgl-1 cefotaxime for 8 wk (9.4%), 12 wk (13.5%), and 16 wk
(23.4%). No significant differences emerged among the 0,
375, and 500 mgl-1cefotaxime treatments (7.3-10.7%) after
16 wk, although somatic embryogenesis was lower in the
medium containing 125 mgl-1 cefotaxime (3.1%) (Figure 3B).

With either carbenicillin or cefotaxime, the first somatic
embryo was observed after culturing for 8 wk, and numbers
of somatic embryos increased with further culture.  Most
somatic embryos were separated and detached from callus
in the medium containing 125 mgl-1 carbenicillin (Figure
4A).  Somatic embryos were fewer in the medium with 250
mgl-1 cefotaxime than in the medium with 125 mgl-1

carbenicillin, and they were aggregated and not easily
detachable (Figure 4B).

Cefotaxime (100-500 mgl-1) has been reported as most
effectively promoting somatic embryogenesis of Dianthus
cultivars, and carbenicillin (250-500 mgl-1) has been less
effective (Nakano and Mii, 1993).  Yepes and Aldwinckle
(1994) observed an enhancement of regeneration and shoot
development in apple tissue culture by a 250 mgl-1 con-
centration of cefotaxime, whereas carbenicillin at a dose
of 500 mgl-1 stimulated callus development and inhibited
regeneration.  Lin et al. (1995) proposed that carbenicillin
has auxin-like functional structures, i.e., like 2,4-D or NAA,
and attributed the toxic effects of combinations of carbe-
nicillin and 2,4-D to excessive auxin activity.

In this study we observed an enhancement of callus
growth, and repression of somatic embryo formation by
high concentrations of carbenicillin (375-500 mgl-1).  Cal-
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lus growth was also reduced, but somatic embryo forma-
tion was unaffected, by high concentrations of cefotaxime
(375-500 mgl-1), although fewer somatic embryos (1-2) were
formed per callus.  The medium with 125 mgl-1 carbenicil-
lin or 250 mgl-1 cefotaxime clearly enhanced somatic
embryogenesis, but greater numbers of somatic embryos
were observed among individual callus in the medium with
125 mgl-1 carbenicillin, than among those in 250 mgl-1

cefotaxime.  Furthermore, callus in these media was smaller
and light brown in color.

Effects on Germination of Somatic Embryos
Somatic embryos that developed in antibiotic-contain-

ing CSM medium were placed on GSM medium contain-
ing the same concentrations of antibiotics as those in
CSM.  Germination percentages of embryos after 4 wk are
shown in Table 1.  The data revealed that germination was
slightly reduced.  More than 90% germinated in the con-
trol (0 antibiotic) and low carbenicillin concentration (125,
250 mgl-1) media, whereas only about 85% germinated in
the medium with 375 or 500 mgl-1 carbenicillin.  Germina-
tion percentages of somatic embryos were below 86.4%
in media with all concentrations of cefotaxime.  During ger-
mination of a normal somatic embryo, the hypocotyl
straightened and raised the cotyledons and the shoot apex
to emerge above medium, and the epicotyl lengthened to
lead the shoot apex away from the cotyledons (Figure 4C).
On the other hand, abnormal somatic embryos germinated
by producing only aberrant cotyledons, and shoot apices
disappeared or were stunted (Figure 4D).  Abnormal so-
matic embryos were found in all treatments, but at a higher
rate in all cefotaxime-containing media.  Studying proto-
plast-derived cells of Nicotiana spp, Pollock et al. (1983)
discovered that carbenicillin was the least toxic of the an-
tibiotics tested.  In wheat cultures, Mathias and Boyd
(1986) found cefotaxime to be less toxic than carbenicillin.
When transforming papaya with Agrobacterium, high con-
centrations of carbenicillin (500 mgl-1) or cefotaxime (200-
500 mgl-1) were used to control bacterial growth, and many
abnormal transgenic somatic embryos often resulted dur-
ing regeneration (Fitch et al., 1993; Cabrera-Ponce et al.,
1996; Yang et al., 1996).  In this study, we found that the

frequency of abnormal embryos decreased when lower
concentrations of carbenicillin (125-250 mgl-1) were
employed.

This investigation disclosed that carbenicillin and
cefotaxime were not only antibacterial, but also affected
the regeneration process.  A washing step with sterile dis-
tilled water after co-culture with Agrobacterium greatly
enhances the antibacterial effects.  Complete exclusion of
bacteria was possible by employing a medium with a con-
centration as low as 125 mgl-1 of either antibiotic.  Higher
carbenicillin (375-500 mgl-1) concentrations promoted cal-
lus growth, but inhibited somatic embryo formation.
Cefotaxime in high concentrations (375-500 mgl-1) seriously
inhibited callus growth.  Although embryogenesis was not
significantly affected, fewer numbers of somatic embryos
were observed to emerge from callus cultured in
cefotaxime-containing medium.  The optimum antibiotic
addendum for somatic embryo formation was either 125
mgl-1 of carbenicillin or 250 mgl-1 of cefotaxime.  More
embryos, as well as fewer abnormal embryos, resulted in
the medium with 125 mgl-1 carbenicillin.
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