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Abstract: The Chinese alligator (Alligator sinensis) is a critically endangered species in China. Wild populations of
Chinese alligator are on the edge of extinction. Through a release program, some captive-bred alligators will be selected
and released into the wild to supplement and renew natural populations. The purpose of this study was to provide data to
select healthy individuals for release. Through bacteriological and molecular identification, six different genera, eight
species and an unclassified bacterium were identified in 13 bacterial strains, which were isolated from the cloaca of 25
Chinese alligators. One genus and four species were identified in eight bacteria strains, which were isolated from the
water where the aligators live. According to the analysis, except for the unclassified bacterium, the other bacteria from
the cloaca were not pathogenic and were different from the bacteria isolated from the water. Thus, it was concluded that
the 24 Chinese aligators were healthy, and could be selected to be released into the wild. As subject AS12 was identified
carrying an unclassified bacteria, of which the characteristics were unknown, it was suggested that the AS12 individual
not be released.
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The Chinese alligator (Alligator sinensis) is one of
the world’'s most endangered crocodiles. In recent years,
because of fragmentation of their habitat, the effect of
human urbanization and industrialization, the distribution
area of the Chinese aligator has decreased rapidly. The
population of wild Chinese aligators has declined
sharply and been on the verge of extinction
(Thorbjarnarson et al, 2002). Nowadays the total number
of wild populationsis less than 120 individuals in China
(Ding & Wang, 2004). In the past two decades, the
breeding of captive Chinese aligators has been very
successful and the captive population currently exceeds
10000 individuas at the Anhui Research Center for
Chinese Alligator Reproduction (ARCCAR)
(Thorbjarnarson et al, 2002; Chen et al, 2003). To better
protect the Chinese aligator, the IUCN second world
natural conservation union specificaly passed the law
"Chinese alligator protection resolution” and the State
Forestry Administration (SFA) of China launched "The
Project for the Conservation and Release into the wild of
Chinese Alligators' in 2003. The aim of the project is to
reinforce the protection of the wild alligators and expand
the wild populations.

Before releasing captive animals it is important to
know if these animals are healthy (Plowright, 1988; May,
1991; Woodford & Kock, 1991; Mills, 1999; Woodford,
2000). In order to avoid the alligators introducing
pathogenic bacteria into the wild environment and
endangering the native wild populations, it is necessary
to check the health of the candidate being released. In
this paper, we used bacteriological methods to identify
bacterial genera, and then used molecular biology
methods to identify bacterial species. Since 16S rRNA
genes are idea molecular markers for the classification
of bacterial (Vandamme et al, 1996; Cai et al, 2003), it
was used to detect the bacteria.

1 Materialsand methods

1.1 Sudyanimals

Twenty-five captive-bred Chinese dligators of
ARCCAR were studied and sampled randomly (labeled
with No.AS01-AS25 in Tab. 1), some of which would be
selected and suggested to be released into the wild.
Swabs were used for sampling. The entire head of the
swab was inserted into the cloaca of Chinese alligators.
Using gentle pressure with a circular motion, we
swabbed the inside circumference of the cloaca two or
three times, then inserted the swabs into the bacterial

culture medium. A clean swab was prepared as a control
group. Synchronously, we also collected 6 water samples
(labeled with No. W1-W6 in Tab. 1) from the water
environment of the alligators before release to validate
whether the bacteria isolated were from the cloaca or
from the water. The 25 cloaca samples were diluted.
Then the cloaca samples and the 6 water samples were
incubated on beef extract peptone medium at 37°C for
24 hours. The different types of colonies were isolated on
the basis of their motility, morphology and Gram staining.
Then a single colony was chosen and inoculated into
medium dants at 37 ‘C for 24 hours for further
bacteriological identification.
1.2 Bacteriological identification

According to the conventiona method of
bacteriological identification (Buchanan & Gibbons,
1984; Wang, 1977; The Group of Bacteriology
Classification of the Institute of Microbiology Chinese
Academy of Sciences, 1978), 31 samples (25 cloaca
samples and 6 water samples) were identified to genera.
1.3 Identification by PCR method
131 DNA extraction All bacteria strains were
suspended in 1mL volumes with 0.9% sterile sodium
chloride solution. After the removal of cellular debris by
centrifugation (4°C, 8500xg for 10min) (Xiaet a, 2005),
the sedimentation of bacteria was prepared by
re-suspension of cells in a 5% (wt/vol) solution of
Chelex-100 (Bio-Rad, Hemel Hempstead, UK) 400uL,
and then boiled for 10 min, ice bath for 1 min,
centrifugation (12 000xg for 10 min) a 25°C. The
supernatant was used as the source of the template DNA
for PCR which was stored at -20°C.
1.3.2 PCR amplification A 25pL reaction mixture of
PCR was run with 100ng of template DNA, 2.5puL
10xreaction Buffer, 1.0uL 25mmol/L MgCl,, 0.5uL 10
mmol/L dNTPs, 1uL 10pmol/L each primer: 5’ -TGG
GGG GGT GCC TAA TAC ATG-3' and 5’ -CCC
GTA GGA GTC TGG ACC GTG TC-3' (Xia et d,
2005), 1U Tag DNA polymerase (Shanghai Promega
Biological Products Limited), and sterile double distilled
water to make up a final volume of 25uL. The primers
were synthesized by Shanghai Sangon Biotechnology Co.
Ltd.. PCR reactions were conducted on a PTC-200
thermal cycler with the following conditions: an initial
denaturation for 5min at 95°C followed by 31 cycles of
denaturation for 1min at 94°C, annealing for 50 seconds
at 50-55°C and extending for 50 seconds at 72°C. Finaly
reactions were held at 72°C for 10min. Annealing temp-
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Tab.1 Morphological characteristics of 21 bacterial strains
Individual distribution Gr- o
No. of . . . Individual . . .
. of Alligator sinensis/ am Colour Shape Moisture Colony size Apophysis Sawtooth
strain . shape
water stain
1 AS01-AS25 - Bacilus Gray Round Wet Moderate Ridgy Nonexistent
. Irregular . . .
2 AS02, AS03, AS04, AS15 + Bacilus Yellow q Moist Relativebig  Flat Toothed
roun
AS03-AS08, AS11, AS15, . . . ) Relatively ) .
3 - Bacilus Milk white  Round Moist Ridgy Nonexistent
AS22, AS23, AS24 small
4 AS03 - Bacilus Milk white  Like shell Moist Moderate Ridgy Nonexistent
. Irregular . . .
5 AS03 - Bacilus Yellow d Moist Moderate Ridgy Nonexistent
roun
6 AS03, AS23 + Bacilus Hoariness Flocculent  Moist Big Flat Nonexistent
. Deep . Relatively . .
7 AS06, AS15, AS25 + Bacilus Round Moist Ridgy Nonexistent
yellow small
AS07 + Spherica Milk white  Radiate Relative dry Big Flat Nonexistent
AS9, AS10 Bacilus Gray Round Dry Moderate Flat Nonexistent
. . Relatively .
10 AS12 - Bacilus Gray Round Relative dry bi Ridgy Toothed
19
) Relatively . .
11 AS14 - Bacilus Gray Round Dry al Ridgy Nonexistent
sm
. Light ! . .
12 AS15 - Bacilus Round Moist Moderate Ridgy Nonexistent
yellow
. . . Irregular
13 AS18 + Bacilus Milk white Dry Small Flat Toothed
round
14 W1, W3, W4, W5, W6 + Bacilus Yellowy Round Moist Big Flat Toothed
15 W1, W3, W4, W5 + bacilus Milk white  Round Moist Moderate Flat Nonexistent
W1, W2, W3, W4, W5, . . Relatively
16 + Bacilus Yellowy Round Moist Flat Toothed
W6 small
. . Relatively
17 W1, W3, W4, W5, W6 + Bacilus Yellowy Round Moist al Flat Toothed
sm
. Irregular .
18 W5, W6 + Bacilus Yellowy Moist Small Flat Toothed
round
. Irregular .
19 W6 + Bacilus Yellowy Moist Small Flat Toothed
round
. Trans- . Relatively .
20 w1 + Bacilus Round Moist Flat Nonexistent
parent small
. Irregular Relative .
21 w1 + Bacilus Hoar . Big Flat Toothed
round moist

erature was changed when needed, from 50°C to 55°C to
improve the quality of PCR products. The PCR products
were separated by electrophoresis in 1% agarose gels.
The gels were stained with ethidium bromide and
photographed on a UV transilluminator (UVP Inc.,
USA).

1.3.3 Purifying, Sequencing and Sequences anaysis
PCR products were purified by PCR Cleanup Kit
(Axygen, Biot, Ltd, Hangzhou, China) and sequenced
with ABI 3730 (Anadyzer by Shanghai Sangon
Biotechnology Co., Ltd., Shanghai, Chind). Sequences
were analyzed and assembled by using the software of

DNAStar (Version5.01) and Chromas 2.22. Then the
sequences were blasted using the ClustalX 1.81 software
(Thompson et al, 1997) and checked by eye. Finaly,
each of the sequences of bacterial strains was blasted on
NCBI to identify the species of bacteria. The determined
nucleotide sequences will be released in the GenBank
nucleotide sequence databases with the accession
numbers from EU253483 to EU253503.

1.34 Molecular phylogenetic analyses  Prior to
phylogenetic analyses of the 21 bacteria sequences, we
obtained related sequences from GenBank, they were
Proteus mirabilis (AY820623), Kurthia gibsonii
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(AM184261), Exiguobacterium acetylicum (DQ019167),
Bacillus sphaericus (AF435435), Bacillus fusiformis
(DQ333300), Swine manure bacterium (AY167939),
Escherichia coli (AF076037), Aeromonas hydrophila
(AM184306), Bacillus subtilis (DQ232747), Bacillus
pumilus (EF010673), Bacillus megaterium (DQ904617),
Bacillus marisflavi (AF483624), Bacillus flexus
(DQ514312). In order to further confirm the
phylogenetic relationships of the 21 bacteria, we
constructed the trees based on the 16S rRNA genes with
the data obtained from GenBank. Micrococcus luteus
(AM911019) was used as the outgroup (Fig.1 and Fig.2).
The data were subjected to two different methods of
phylogenetic  reconstruction: the Bayesian 3.0b4
(Ronquist & Huelsenbeck, 2003) and the PAUP* version

4.0b10 (Swofford, 1998). For the Bayesian analyses, we
used posterior probabilities as indicators of node
confidence as these represent the true probabilities of the
clades (Rannala & Yang, 1996), probabilities >95% were
considered to be significant (Leaché & Reeder, 2002).
The robustness of MP tree topologies was tested using
bootstrap analyses (Felsenstein, 1985), with 1000
replicates for MP (Hedges, 1992). We considered
topol ogies with bootstrap values >70% to be sufficiently
supported, and those with values between 50 and 70% to
be weakly supported (Huelsenbeck & Hillis, 1993).

2 Results

In this study, a total of 21 bacterial strains were
isolated, of which 13 strains were from the alligator’s

Tab.2 Theresultsof bacteriological identification and molecular identification of 21 bacterial strains

o Molecular
Bacteriological identification e
identification
Fermentation Glucose
Identification
N C = S OT PD IT NFT CT HS MT LT dentification result It
o resul
FG M PG (Genus) .
(species)
1 + + + + - = + - - - + + + Proteus P.mirabilis
2 + — — — — — — Kurthia K.gibsonii
3 + + + + - = + - - - + + + Proteus P mirabilis
4 + + + + - = + - - - + + + Proteus P.mirabilis
5 4 + + + - — + — - - + + +  Proteus P.mirabilis
6 + - - - - = + - - Kurthia K.gibsonii
7 - + + - - Exiguobaterium E.acetylicum
8 - - - Bacillus B.sphaericus
9 + + - - Bacillus B.fusiformis
10 Swine manure
+ o+ toF - - wesk  +  ynjassified )
bacterium
u + o+ + - - - - *t - - f * T Escherichia E.coli
12+ + - - -+ - Aeromonas A.hydrophila
13+ + + - + + Bacillus B.subtilis
14 + + + - + + Bacillus B.pumilus
15  + + + - + + + Bacillus B.megaterium
16 + + + - + + Bacillus B.pumilus
17+ + + - + + Bacillus B.pumilus
18 + + + - + + Bacillus B.pumilus
19 + + + - + Bacillus B.pumilus
20 + + + + Bacillus B.marisflavi
21+ + + + Bacillus B.flexus

No: No. of strain; C: Catalase; FG: Fermentation glucose; M: Motility; PG: Produce gas; S: Spore; OT: Oxidase test; PD: Phenylanine dehydrogenase;
IT: Indole test; NFT: Nitrogen fixing test; CT: Citrate test; HS: Hydrogen sulfide; HS: Hydrogen sulfide; MT: Methyl red test; LT: Lactose test; G:

Gelatin

+: positive; — negative; the blanks: no test; 1-13, the cloaca bacteria of Chinese alligators; 14-21, the bacteria from the habitat water.
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cloaca and 8 strains from the habitat water of the
alligators. No bacteria were detected in the control group.
Morphological and physiological characteristics of the
21 bacterial strains based on bacteriological method were
described in Tab. 1 and Tab. 2. The results showed that
the 13 strains from the aligator’s cloaca belong to 8
species of 6 different genera, and an unclassified
bacterium. The 8 strains from the habitat water belong to

4 species of one genus.

Sequences of 300 bp were amplified successfully
from 21 bacteria strains. By blasting on NCBI, 12
species and an unclassified bacterium from 21 bacterial
strains were identified (GenBank accession Nos.
EU253483 to EU253503). The phylogenetic tree showed
the position of 21 bacteria (the MP tree was shown in Fig.
1 and the Bayesian tree was shown in Fig. 2).
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No. 1-21 in this figure was consistent with the No. of strain in Tab. 1 and Tab. 2.
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Fig. 2 Bayesian tree of the 21 bacteria based on the 16S rRNA gene partial sequences
Numbers above the nodes are Bayesian posterior probability values. No. 1-21 in this figure was consistent with the No. of strain

in Tab. 1 and Tab. 2.
3 Discussion

Crocodiles lack bladders so intestina content enters
the inner cloaca directly (Kuchel & Franklin, 1998). It
has been reported that detecting cloacal contents could

be used as a method to evaluate animal health (Hua et al,
1998; Miyamoto et a, 2000; Jaime et al, 2002; Song et al,
2005). Therefore, in this study the cloaca detection
method was used as an evaluation method to check the
health of Chinese alligators, for the first time.
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Bacteriological identification is a traditional method
and is also inexpensive. It can provide the morphological
characteristics of bacteria, so its application is wide
reaching (Xu et al, 2004). But this method is limited as it
is time-consuming, instability of the phenotype
expression, low positive rates and low sensitivity (Jiao &
Liu, 1996). Using bacteriologica methods, some
bacterial characteristics are inconspicuous and the
bacteria cannot be classified according to references
(Buchanan & Gibbons, 1984; Wang, 1977; The Group of
Bacteriology Classify of the Institute of Microbiology
Chinese Academy Science, 1978), such as No.10
bacterium isolated in this study. The application of
molecular techniques in the identification of
microorganisms has proved to be very useful, not only
because of its sensitivity and reproducibility, but also as
results can be rapidly obtained. Because different
evolution rate regions of the 16S rRNA gene, it have
been a molecular marker of bacterial classification. The
data of 16S rRNA gene could be utilized to identify the
new isolated bacteria accurately (Shen & Feng, 2004).
16S rRNA gene as a tool for bacterial identification has
been proven to be fast, accurate and therefore useful for a
quick identification of the bacteria (Jones et a, 2005;
Janssen, 2006). In this study, we used bacteriological
methods to identify the strains of genera, and then used
16S rRNA gene markers to further identify. The results
showed that PCR identification was consistent with the
bacteriological identification.

Through bacteriological tests, 21 bacteria were
identified to genera and by phylogenetic tree analyses, 21
bacteria were matched with the closest reference
sequence in GenBank, with a high similarity.

Six genera, including 8 species and an unclassified
bacterium, were found in the cloaca of Chinese aligators,
but only one genus, including 4 species, were found in
the water. All cloaca bacteria were classified as genera
Proteus, Bacillus, Kurthia, Exiguobacterium,
Escherichia and Aeromonas. In genus Bacillus, three
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