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11,, JJesusesús CCaballeroaballero-M-Melladoellado

22,, RocıoRocı́o BBustillosustillos-C-Cristalesristales
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11,, LLourdesourdes MMartınezartı́nez-A-Aguilarguilar

22 andand LLuisuis E.E.
FFuentesuentes-R-Ramırezamı́rez

11

Authors� addresses: 1Lab. Microbiologı́a de Suelos, Universidad Autónoma de Puebla, Apdo. Postal 1622, Puebla 72000,
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Abstract
Pink disease is a major problem in the pineapple canning
industry. Affected fruit acquire a brownish pigment after
pasteurization and can contaminate non-affected fruit
before they are released to the consumer. In the last few
years, Pantoea citrea has been described as the causative
agent of pink disease. In this study, over 300 bacterial
isolates from pineapple plants, growing in Mexican
commercial fields, and from soil close to plant roots
were recovered. Over 250 isolates showed a very high
similarity in their phenotypic and genotypic traits with
Tatumella ptyseos, a close relative of Pantoea. These
isolates exhibited typical pathogenicity reactions in pine-
apple juice tests, pineapple slices and fruit. On this basis,
molecular identification procedures for the Tatumella
isolates associated with pink disease were implemented.
In affected fruit populations around 106 CFU ⁄ g of fresh
tissue were recovered. This is first time that T. ptyseos is
demonstrated as a causal agent of pink disease.

Introduction
Pineapple is one of the five most important fruit of
international trade. In 2002, approximately 14.8 mil-
lion metric tons (MMT) were produced and 1.3 MMT
traded as fresh fruit, worldwide (Contreras, 2004).
Bacteria from the genera Azospirillum, Burkholderia,
Erwinia, Gluconacetobacter, Herbaspirillum and
Pantoea have been found associated with pineapple
plants (Swings, 1992; Cha et al., 1997; Weber et al.,
1999; Tapia-Hernández et al., 2000; Magalhães-Cruz
et al., 2001; Rohrbach and Johnson, 2003). Some of
these bacteria have shown beneficial effects on pineap-
ple, but other bacterial species are harmful.

Pink disease can severely diminish the quality of
processed pineapple, having negative economic impact

on this canning industry. Affected fruit produce an
undesirable pigment after heating in the canning pro-
cess. The pigment can diffuse to healthy fruit and a
single affected fruit can damage the production of hun-
dreds of healthy pineapples (Kado, 2003). Currently,
Pantoea citrea is considered to be the causative agent
of pink disease in pineapple (Cha et al., 1997; Pujol
and Kado, 1999). Acetobacter aceti and Gluconobacter
oxydans, which colonize the pineapple plant, have been
associated with pink disease (Buddenhagen and Dull,
1967; Rohrbach and Pfeiffer, 1976). Pantoea citrea has
enzymes that produce 2,5-diketogluconic acid, the
compound responsible for the pigmentation of pineap-
ple fruit affected by pink disease (Pujol and Kado,
2000), but some other plant-related bacteria also pos-
sess such enzymatic activities (Gillis et al., 1989; Cho-
tani et al., 2000; Silberbach et al., 2003). A survey of
micro-organisms colonizing pineapple could possibly
reveal the involvement of bacteria, besides P. citrea,
which exhibit the enzymatic activities associated with
this trait. Pink disease has been reported in Hawaii,
Australia, The Philippines, South Africa and Taiwan,
(Cha et al., 1997; Rohrbach and Johnson, 2003) and
recently in Mexico (Marı́n-Cevada et al., 2006). The
aim of this work was to identify the causative agent of
pink disease in Mexican pineapple, and to determine
its population size in plants from fields. In addition,
Amplified Ribosomal DNA Restriction Analysis
(ARDRA) and PCR-specific primers for detecting this
species were developed.

Materials and Methods
Isolation and bacterial quantification

Ten pineapple fruit were collected randomly on every
occasion in May 2003 and in June 2004, from each of
four commercial fields in the region of the Papaloapan
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Valley, Mexico (18�05.95�N; 95�36.76�W; from 10 to
40 m altitude). The sampling was done as follows, bor-
der rows in fields were discarded and plants growing
in inner rows were selected with a table of random
numbers. Simultaneously, 15 soil samples on every
occasion were obtained close to the randomly selected
plants. The samples were collected immediately adja-
cent to the plant roots at a depth of 5 cm. The fruit
surfaces were disinfected with a vigorous washing in
0.01% Tween-20 and sterile water, flaming with etha-
nol 70%, immersion in 1% Chloramine T for 15 min
and a final wash with sterile water. Fruit were peeled
under sterile conditions and pieces of tissue (10 g) were
macerated. The macerates were serially diluted in
10 mm MgSO4, and aliquots plated on Luria-Bertani
(LB) agar and MESMA agar plates, containing (g ⁄ l)
yeast extract, 2.7; glucose, 2.7; mannitol, 1.8; MES
buffer, 4.4; K2HPO4, 4.81; KH2PO4, 0.65; Bromothy-
mol blue, 0.025; pH 6.7 (Fuentes-Ramı́rez et al., 1999).
In addition, bacterial isolation was attempted from the
sampled soil (two replicates per each sample, 10 g) and
phylosphere, from non-sterilized leaves of fifteen
randomly selected plants each sampling time. The
phylosphere samples were obtained as follows: the
surface of 10 leaves was washed with 50 ml of 10 mm

MgSO4. From the soil and phylosphere samples, serial
dilutions in 10 mm MgSO4 were plated on LB agar
and MESMA agar plates.

Bacterial identification and molecular analysis

Bacteria were screened initially by colony morphology
and thereafter by Enterobacteriaceae semi-specific PCR
and 16S rRNA sequencing, and further confirmed with
ARDRA profiles and T. ptyseos-specific PCR primers
as described below.

Phenotypic characteristics
Phenotypic tests included motility at 36ºC, acid pro-
duction from sucrose, mannitol, arabinose and malt-
ose, fermentation OF, glucose dehydrogenase and
phenylalanine deaminase activities (Hollis et al., 1981;
Kageyama et al., 1992; Coplin and Kado, 2001). Pro-
duction of acid was determined in modified nutrient
(MN) broth under shaking at 30ºC after 48 h of incu-
bation. This broth contained (g ⁄ l) meat extract 1 g,
yeast extract 2 g, casein peptone 5 g, NaCl 5 g and
nicotinic acid 0.005 g.

Techniques of molecular analysis
DNA purification. Bacterial cells were grown overnight
in MN broth at 30ºC, centrifuged and washed with
MgSO4 10 mm. The DNA of the isolates was extrac-
ted and purified with a commercial kit (Wizard Geno-
mic DNA Purification kit, Promega Co.) following
manufactures� procedures and kept at )76ºC prior to
analysis.

Design of Enterobacteriaceae semi-specific primers and
of T. ptyseos-specific primers. To predict Enterobacteri-
aceae semi-specific primers, at least one reported 16S

rRNA sequence of each species of the family Entero-
bacteriaceae, and of species in the a, b, d, c and �-Pro-
teobacteria, were aligned with Pileup (Wisconsin
Package, v. 10.0; Accelry’s Inc., San Diego, CA,
USA). Tatumella-specific primers were designed with
distinctive regions after alignment of 16S rDNA
sequences of Tatumella ptyseos, pineapple isolates and
most of the enterobacterial species.

Nucleotide sequencing. The universal primers fD1 and
rD1 (Weisburg et al., 1991) were used to amplify the
16S rDNA genes of P. citrea, P. punctata, P. terrea
and bacterial isolates of the samples of pineapple. The
PCR with fD1 and rD1 primers were carried out under
the following conditions: one denaturizing cycle (95ºC,
3 min), 35 amplification cycles (95ºC, 1 min; 55ºC,
1 min; 72ºC, 2 min) and a final extension cycle (72ºC,
3 min). The reaction amplified ca. 1.3 kb fragments,
which was directly sequenced at the Instituto de Biot-
ecnologı́a, UNAM, Mexico. The sequence identity of
the ribosomal sequences was assigned in accordance to
the similarity with the GenBank sequences with
BLAST (Altschul et al., 1997), clustal w, pileup and
distances programs (Wisconsin Package, v. 10.0). The
phylogenetic tree was constructed with the neighbour-
joining method and the confidence was determined
with boostrapping (500 replicates) with the mega v. 4

software (Tamura et al., 2007).

ARDRA profiles. Isolates showing positive semi-
specific Enterobacteriaceae PCR amplification and sim-
ilar morphology with P. citrea and T. ptyseos on LB
agar plates were ribotyped. The PCR conditions were
an initial denaturation condition (94ºC for 3 min), 27
amplification cycles (94ºC for 20 s, 57ºC for 45 s and
72ºC for 1 min 10 s), and a final elongation (72ºC for
10 min). The PCR mixture contained 150 lm dNTPs,
3 mm MgCl2, 3 lm of each primer, ENTFU150 and
ENTRU1080, 1· Taq buffer and Taq polymerase
1.2 U (Altaenzymes Co., Calgery, Alberta, Canada).
The products of amplification were digested with the
endonucleases AluI, DdeI, HaeIII, MvnI and RsaI, and
separated by electrophoresis in 3% agarose gels. The
electrophoretic pattern images were analysed with the
freetree software v. 0.9.1.50 (Pavlı́ček et al., 1999).

Species-specific PCR identification. Isolates showing
amplification with the Enterobacteriaceae semi-specific
PCR primers, phenotypic profile similar to T. ptyseos,
and the same ARDRA pattern of T. ptyseos (at least
with four enzymes), were amplified with the species-
specific primers. The PCR conditions were an initial
denaturation (94ºC for 3 min), 30 amplification cycles
(94ºC for 20 s, 48ºC for 45 s and 72ºC for1 min) and a
final elongation (72ºC for 10 min). The PCR mixture
contained 3.75 mm dNTPs, 1.25 mm MgCl2, 3 lm of
each primer, 1· Taq buffer and Taq polymerase 1.2 U
(Altaenzymes Co). Five isolates that showed PCR
amplification with primers 16STatumF and 16STa-
tumR were chosen for 16S rRNA gene sequencing.
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The identity of isolates that did not show species-spe-
cific amplification was not determined.

SDS-PAGE of cellular proteins. Preparation of cellular
proteins from pineapple isolates and SDS-PAGE
assays were performed as described previously (Estra-
da-de los Santos et al., 2001), except that the isolates
were cultured in MN broth. Protein profiles from rep-
resentative pineapple isolates that showed an identical
or very similar ARDRA profile were compared with
those from type and reference strains of T. ptyseos.

Pink disease assays

Pigmentation of juice and fruit slices
The in vitro pathogenicity tests for pigmentation of
pineapple juice and of fruit slices were performed as
recommended by Coplin and Kado (2001) and Cha
et al. (1997). Briefly, fresh pineapple slices were heated
for 10 min at 110ºC to lower endophyte numbers and
discard pink disease affected fruit, if present. Canned
pineapple juice was inoculated with 106 bacterial cells
and incubated for 72 h at 30ºC. Tested pineapple
slices, as described above, were inoculated with
approximately 106 CFU and incubated 48 h at 30ºC.
Thereafter, juice and slices were autocleaved for 5 min
at 115ºC. The production of a red or brownish pig-
ment was considered indicative of pink disease.

Pineapple fruit
Washed bacterial cells re-suspended in 1% sucrose
(ca. 106 CFU) were injected into fresh fruit and incu-

bated for 7 days. Fruits were visually tested for deteri-
oration of tissues and changes in pigmentation, before
and after being autoclaved. Bacteria were re-isolated
and identified by specific PCR.

Results and Discussion
Pink disease affects pineapple fruit cultivated world-
wide (Kado, 2003), including Mexico (Marı́n-Cevada
et al., 2006). It has been shown that P. citrea is a caus-
ative agent of this condition (Cha et al., 1997). In this
study, strains showing colony morphology similar to
Tatumella and Pantoea species in LB and MESMA
plates were consistently isolated from randomly
selected pineapple plants growing in Mexican fields
and from several rhizosphere soil samples.

The 16S rRNA sequencing of pineapple isolates
revealed the occurrence of Tatumella sp., and specific
primers for this genus were designed. Sequences were
aligned, compared with available sequences of the
family Enterobacteriaceae and two regions were
selected (results not shown). The primers were
named 16STatumF (5¢-GCAGTCGTGTTAATAGCA-
3¢) and 16STatumR (5¢-CTGGCAACAAAGGATAG-
3¢); amplification with those primers produced a frag-
ment of approximately 710 bp. PCR with enterobacte-
rial species related to Tatumella, like Pantoea species,
did not show amplification (results not shown). Semi-
specific primers for 16S rRNA of Enterobacteriaceae
were also designed after analysis of GenBank sequences
(results not shown). The forward primer was named
ENTFU150 (5¢-AGGGGGATAACTACTGGAAAC-
3¢) and the reverse primer was named ENTRU1080 (5¢-
CCCAACATTTCACAACACGA-3¢).

Three hundred and thirty-two isolates were identi-
fied as enterobacteria by PCR semi-specific primers
ENTFU150 and ENTRU1080, and 281 of them
showed amplification with the Tatumella-specific prim-
ers 16STatumF and 16STatumR, and displayed
ARDRA profiles identical or very similar to T. ptyseos
(Tables 1 and 2). Isolates that did not show species-
specific amplification were not further analysed for

Table 1
Isolation origin and numbers of pineapple isolates

Interior
of fruit

Fruit
surface

Leave
surface Soil

Enterobacteriaa 295 15 12 10
Tatumella ptyseosb 258 13 4 6

aIdentification by semi-specific PCR.
bIdentification by specific PCR.

Table 2
Phenotypic characteristics and ARDRA profiles of Tatumella and Pantoea isolates from pineapple

Motility
(36ºC)

Acid production froma

Fermentation OF
Glucose

dehydrogenase
Pigment

productionb RibotypecSucrose Mannitol Arabinose Maltose

T. ptyseos
LMG 7888T ) + ) ) ) + + + I
JCM 1686 ) + ) ) ) + + + I

Pineapple isolates )(70)d +(67)d )(82)d )(82)d )(91)d +(79)d +(58)d +(100)d I (97)d

P. citrea
JCM 8882T ) ) + + + + + ) III

P. punctata
JCM 8885T ) ) ) + ) + + ) III

P. terrea
JCM 8887T ) ) ) + ) + + ) III

aMedium MN broth, 30ºC for 48 h under shaking.
bIn fresh pasteurized pineapple slices, three replicates.
cARDRA profile with AluI, DdeI, HaeIII, MvnI, and RsaI.
dValues correspond to % of the specific-PCR positive isolates.

95Tatumella ptyseos in Pineapple



their identification. The pineapple isolates, T. ptyseos
and Pantoea stewartii shared ARDRA profiles with
DdeI (Fig. 1). The 16S rRNA gene sequence analysis
from five of those isolates showed a very close
relationship, 98.9–99.9% identity, with T. ptyseos
strains (GenBank acc. nos EF012363, EF012364, and
AJ233437), and 97.7–98.6% identity levels with the
not yet formally described species Tatumella saanichen-
sis [GenBank acc. nos EF012363, EF012364 and
EU215774 (Tracz et al., unpublished data)] (Table 3
and Fig. 2). Identity levels lower than 97.5% were
found between the 16S rRNA sequences from pineap-
ple isolates and those from P. citrea, P. punctata and
P. terrea (Table 3). In addition, SDS-PAGE assays
from six representative pineapple isolates showed
similar protein patterns with those from type or refer-
ence strains of T. ptyseos (Fig. 3). Phenotypic tests
(production of acid from mannitol, arabinose and

maltose, as well as glucose dehydrogenase activity)
exhibited by pineapple isolates showed higher similar-
ity with T. ptyseos than to Pantoea species (Table 2).
Based on 16S rRNA sequences and whole-cell protein
profiles, which provide strong evidence for the delinea-
tion of bacterial species (Vandamme et al., 1996), as
well as in phenotypic traits, most of the isolates recov-
ered from pineapple could be recognized as members
of the species Tatumella ptyseos. Although the 16S
rRNA sequences of some isolates were clustered in a
branch different to the branch of T. ptyseos (Fig. 2),
their identities with this species were close or higher to
99% (Table 3) supporting their taxonomical identifica-
tion as T. ptyseos.
Tatumella ptyseos isolates were obtained from the

outside of fruit, from leaves, from rhizosphere, but most
of them from inside the fruit (Table 1). That species was
isolated from 53.5 and 42% of the pineapple fruit in the
rainy seasons of 2003 and 2004, respectively (Table 4)
and the bacterial numbers of the T. ptyseos isolates
inside those fruit averaged approximately 106 CFU ⁄ g.
Interestingly, T. ptyseos numbers in samples determined
in one single dry season were four orders lesser than in
the rainy season (results not shown).
Similar to the infection with P. citrea (Cha et al.,

1997), pineapple juice or fruit slices inoculated with
the T. ptyseos isolates showed production of a brown-
ish pigment after autoclaving and some of them even
before the sterilization process (Fig. 4). The bacteria
induced a clear and aggressive reaction in pineapple
fruit after 7 days of inoculation. A brownish pigmenta-
tion could be observed even prior to autoclave the
fruit portions (Fig. 5). This is the first demonstration
that pineapple slices and fruit inoculated with T. ptys-
eos acquire a brownish pigment. Comparing their
ARDRA profiles with DdeI, the re-isolated bacteria
were identical to the inoculated isolates (results not
shown). The participation of different bacterial species
in pink disease, in addition to P. citrea is reasonable
because the biochemical pathway that produces the
pigmentation is shared in different bacteria (Silberbach
et al., 2003). Actually, 58% of Tatumella isolates
recovered from pineapple showed glucose dehydroge-
nase activity (Table 2). Nevertheless, 100% of the iso-
lates showed pigment production on fresh pineapple

Fig. 1 Restriction profile of Tatumella ptyseos and related isolates.
16S rRNA PCR products amplified with primers ENTFU150 and
ENTRU1080 were restricted with endonuclease DdeI and electropho-
resed in 4% agarose gels. Lane 1, molecular weight marker 100 bp;
lane 2, T. ptyseos LMG 7888T; lane 3, Pantoea stewartii LMG
2715T; lane 4, UAPS07001; lane 5, P. citrea JCM 8882T; lane 6,
P. punctata JCM 8885T; lane 7, P. agglomerans JCM 1236T; lane 8,
P. terrea JCM 8887T

Table 3
16S rRNA sequence similarity among pineapple isolates (% of identity)

T. saanichensis
EU215774a,b

UAP
S07001

EF012363

UAP
S07002

EF012364

UAP
S07005

EU877956

UAP
S07019

EU877957c
P. citrea
DQ838096

P. punctata
DQ838097

P. terrea
EF012366

T. ptyseos AJ233437 98.5 98.9 99.0 99.3 99.9 97.5 97.4 96.4
T. saanichensis EU215774 97.7 98.0 98.1 98.6 98.3 98.2 97.2
UAPS07001 (leaf surface)d EF012363 99.5 99.6 99.0 96.6 96.9 95.6
UAPS07002 (interior of fruit) EF012364 99.5 98.9 96.9 96.8 95.8
UAPS07005 (interior of fruit) EU877956 99.4 97.1 97.0 96.0
UAPS07019 (interior of fruit) EU877957 97.5 97.5 96.5

aThe species T. saanichensis has not been formally described yet.
bAccession numbers of 16S rRNA sequences.
cDNA sequence of UAPS07019 (EU877957) is identical to sequence of UAPS07028 (EU877958).
dIsolation origin in parenthesis.
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slices (Table 2). The discrepancy between those two
characteristics could be related to experimental defi-
ciencies in activating the glucose dehydrogenase activ-
ity under the conditions tested.

In a previous report, we attributed the identity of nine
pineapple isolates to P. citrea (Marı́n-Cevada et al.,
2006), given that this species has a close phylogenetically
relationship to Tatumella (Paradis et al., 2005) and con-
sequently shares many phenotypic and genotypic char-

Fig. 2 Neigbour-joining phyloge-
netic tree of 16S rRNA among
pineapple isolates and diverse
phytopatogenic Enterobacteria-
ceae. Bank and isolate sequences
were aligned and non-aligned
extremes were excluded prior to
final alignment. Bootsrapping
values (%, 500 replicates) are
indicated in the tree. Bar indicates
evolutionary distance

Fig. 3 Whole-cell protein profiles of representative pineapple iso-
lates, Tatumella ptyseos, and related Enterobacteria. Lane 1, Pantoea
punctata JCM 8885T; lane 2, P. terrea JCM 8887T; lane 3, P. citrea
JCM 8882T; lane 4, Tatumella ptyseos LMG 7888T; lane 5,
UAPS07001; lane 6, UAPS07002; lane 7, UAPS07005; lane 8,
UAPS07007; lane 9, UAPS07019; lane 10, UAPS07028

Table 4
Abundance of Tatumella ptyseos in pineapplea

Presence in
Cell numbers in
pineapple fruitdFruitb Fieldsc

May 2003 53.5 (13.3) 69.6 (6.4) 5.6 · 106 (5.4 · 105)
June 2004 42.0 (10.9) 80.9 (6.8) 4.7 · 106 (4.9 · 105)

a40 pineapple fruit randomly sampled from Mexican fields in each
sampling time. The isolates were identified as Tatumella ptyseos by
specific PCR and phenotypic characteristics.
b% of fruit with Tatumella ptyseos bacteria. Standard deviations are
given in parenthesis.
c% of pineapple fields with infected fruit. Standard deviations
are given in parenthesis.
dMean of CFU per gram of fresh weight determined from serial dilu-
tions. Standard deviations are given in parenthesis.
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acteristics. Similarly, multilocus sequence analysis of
housekeeping genes indicate that P. citrea, P. punctata
and P. terrea are more related to T. ptyseos than to
other Pantoea species (Brady et al., 2008). A further
meticulous and extended analysis of the pineapple iso-
lates indicated their correct identity as T. ptyseos. It is
worth noting that species of the genus Tatumella have
not been previously isolated from plant specimens, but
from a land snail species (Nicolai et al., 2005) and from
human clinical samples (Hollis et al., 1981; Farmer,
2005). It would be very interesting to compare Tatumel-
la strains isolated from plant and clinical samples and
determine if they are the same or different clones.

As P. citrea and Tatumella share various characteris-
tics, the misidentification of T. ptyseos isolates is quite
possible. Consequently, the differentiation of both
organisms requires molecular tools, as demonstrated in
this work. However, the findings reported in this study
showed clearly that different bacteria are responsible
for pink disease in pineapple. This fact should be con-
sidered in future studies for controlling this harmful
disease, which is the cause of the loss of millions of
dollars for the canning industry. Paenibacillus validus
(formerly B. gordonae) has been tested against P. citrea
for the biocontrol of pink disease, giving promising
results, presumably (Cha et al., 1994; Kado, 2003).
However, our results suggest that it is necessary to test
the effectiveness of P. validus for controlling both
T. ptyseos and P. citrea.

Acknowledgements

This work was partially funded by projects CONACYT 36111-N,

VIEP 182-04 ⁄ NAT ⁄ I, 24 ⁄ NAT ⁄ 06 ⁄ G and 2008. Most of this work

constitutes the PhD thesis of V. Marı́n-Cevada. We acknowledge

M. Carcaño, C. Amada, G. Zagada and L. Rebolledo for their valu-

able advice. Y. Serrano, C. Téllez, L. R. González, Y. Martı́nez and
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Trüper HG, Dworkin M, Harder W, Schleifer KH (eds), The
Prokaryotes. A Handbook on the Biology of Bacteria: Ecophysio-
logy, Isolation, Identification, Applications, Vol. 3. New York, NY,
Springer Verlag, 1992, pp. 2268–2286.

Tamura K, Dudley J, Nei M, Kumar S. (2007) MEGA4: Molecular
Evolutionary Genetics Analysis software version 4.0. Mol Biol
Evol 24:1596–1599.
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Fig. 5 Inoculated pineapple fruit. The fruit were inoculated with
approximately 106 CFU and incubated for 7 days. Panels (a) and
(b), controls infiltrated with 1% sucrose; panels (c) and (d), strain
UAPS07001; panels (a) and (c), before autoclaving; panels (b) and
(d), after autoclaving. Arrows indicate inoculation site
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