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Abstract. Gastropoda is a large class in coastal waters in Central Vietnam. The interac-
tion between microorganisms and Gastropoda mainly consists of symbiotic and parasitic rela-
tionships. In this study, biodiversity of microbial communities on some species of Gastropoda
is evaluated, thereby predicting their interaction. From 12 samples of Gastropoda including
3 species: Trochus maculatus, Cypraea eglantica, Chicoreus bruneus, 101 microorganism
strains including 79 bacterial strains (78.2%), 18 yeast strains (17.8%) and 4 actinomycetes
strains (4.0%) were isolated. There were 15 strains (including 8 yeast strains, 5 bacterial strains
and 2 actinomycetes strains) selected to identify based on sequence analysis of the D1/D2
region (yeast) and 16S rRNA gene (bacteria and actinomycetes). Based on the identification
results, it is possible to predict the nutritional relationship between microorganisms and spe-
cies of Gastropoda.
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Introduction

Scientists have studied the relationship between bacteria and Gastropoda
since the 1980s [10]. The interaction between microorganisms and Gastropoda
mainly consists of symbiotic and parasitic relationships. Symbiotic relationships
between microorganisms and Gastropoda include nutrient exchange, supply of
organic compounds, production of vitamins and amino acids, resistance to patho-
genic microorganisms, habitats, etc. Symbiotic bacteria usually belong to auto-
trophic bacteria such as Thioprofundum lithotrophicum, Thiohalophilus thiocy-
anatoxydans, Methylosphaera hansonii, Methylosbacter luteus, etc. [5]. Microor-
ganisms can also produce toxins and cause serious diseases.
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Ha Tinh and Ninh Thuan are two provinces in Central Vietnam. The coastal area
of these two provinces is the habitat of many species in the class Gastropoda [7].
Research on the relationship between microorganisms and Gastropoda in coastal
marine ecosystems contributes to building a database for the conservation, deve-
lopment and sustainable exploitation of these animals.

Materials and methods

Materials. Samples. 12 samples of Gastropoda were collected in coastal waters
of Ha Tinh and Ninh Thuan.

Table 1
List of samples

No. Species in the class Gastropoda Code sample Place

1 Trochus maculatus H1, H3 Ha Tinh
N1, N3 Ninh Thuan

2 Cypraea eglantica H2, H5 Ha Tinh
i J N2, N5 Ninh Thuan

7 H4, HE Ha Tinh
3 Chicoreus bruneus N2 NG Hafnh_

Total 12

Media. Hansen medium for yeast [4]. MPA medium for bacteria [6]. SCA
medium for actinomycetes [6].

Methods. Isolation method. Animal samples were peeled, collected the gastro-
intestinal tract, then diluted with salt water 9%o. The diluent was cultured on a petri
containing medium suitable for each microorganism group. Petri plates were put
in incubators at the suitable temperature [8].

Grouping method. The strains were cultivated on suitable media and condi-
tions. Then they were differentiated by their macro- and micro-morphologies ac-
cording to C.P. Kurtzman et al. [§]

DNA extraction. The experiment was carried out using Zymo Research Kit (USA).

PCR. PCR is established for each microorganism group using the suitable
primers and heating programs. Specifically, NL1/NL4 primers for yeast, 1492R/27F
for bacteria and actinomycetes [3].

Sequence analysis. The sequencing results were compared to related data in
Genbank by the BLAST search on NCBI.

Results and discussions

Isolation results. 101 microorganism strains were isolated from 12 samples
collected from Ha Tinh and Ninh Thuan (Table 2).

Table 2 showed that bacteria had the greatest amount. Actinomycetes was
the smallest of microorganism group. Fungi had not been found in isolated sam-
ples. Yeast was found mainly in samples collected from Ha Tinh, while actinomy-
cetes were found mainly in samples in Ninh Thuan. Sample N1 (7Trochus macula-
tus) had the existence of 3 microorganism groups. Sample N5 (Cypraea eglantica)
only isolated bacteria. Other samples had the existence of two microorganism
groups. The number of microbial strains isolated on each species in the class Gas-
tropoda was also different (Figure 1).
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Table 2
List of microorganism strains
No Sample Strains code
i p Yeast Bacteria Actinomycetes
1 H1 H1.1Y, H1.4Y, H1.6Y H1.2B, H1.3B, H1.7B, H1.8B -
H2.3B, H2.4B, H2.5B, H2.6B,
2 H2 H2.1Y, H2.2Y H2.7B, H2.8B, H2.9B, H2.10B, -
H2.11B, H2.12B, H2.13B
H3.1B, H3.3B, H3.4B, H3.5B,
H3 H3.8Y H3.6B, H3.7B, H3.9B, H3.108B B
4 H4 - H4.1B, H4.3B, H4.4B, H4.5B, H4.6B H4.2A
H5.3B, H5.6B, H5.7B, H5.8B, H5.9B,
HS HS. 1Y, H5.2Y, H5. 1Y H5.10B, H5.12B, H5.13B, H5.14B -
H6.3B, H6.4B, H6.5B, H6.6B,
H6 H6. 1Y, H6.2Y, H6.12Y H6.9B, H6.11B, H6.15B, H6.16B -
7 N1 N1.1Y, N1.2Y N1.3B, N1.5B, N1.7B N1.4A, N1.6A
8 N2 N2.3Y, N2.5Y N2.1B, N2.2B, N2.4B, N2.6B -
N3.2B, N3.3B, N3.4B, N3.5B,
9 N3 N1.1Y N3.6B, N3.7B, N3.8B, N3.9B, -
N3.10B, N3.11B
N4.1B, N4.2B, N4.3B, N4.5B,
10 N4 B N4.6B, N4.7B, N4.8B, N4.9B N4.4A
11 N5 - N5.4B, N5.5B, N5.15B, N5.16B -
12 N6 N6.12Y N6.7B, N6.8B, N6.13B, N6.14B -
Total 18 (17.8%) 79 (78.2%) 4 (4.0%)
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Figure 1. Number of microorganism strains in each species

Trochus maculatus and Chicoreus bruneus were 2 species with the existence
of 3 microorganism groups (yeast, bacteria and actinomycetes). Actinomycetes
had not been found in Cypraea eglantica.

Grouping based on characteristics of colonies and cells. Characteristics
of colonies and cells play an important role in the classification of microorganisms.
In this study, microorganism strains were grouped based on colony and cell charac-
teristics in order to provide more accurate assessments of the diversity of microbi-
al communities.

Bacteria. Based on colony and cell characteristics, 79 bacteria strains were
divided into 5 groups (Table 3).

The isolated bacterial strains had a low biodiversity. The majority of bacte-
ria group is the group with milky white colonies, slippery surface, viscous, spheri-
cal cells, separated (group 1 —40.5 %). The results of bacteriological isolation are
similar to the results of previous studies on the existence of bacteria in the species
of Gastropoda [1].
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Table 3
Grouping results of bacteria
. Characteristic
Group Quantity (percent) Colony Cell
1 32 (40.5%) Milky white, smooth surface, viscous Spherical cells, separated
2 8 (10.1%) Red, smooth surface Rod cells, separated
3 11 (13.9%) White, smooth surface Spherical cells
4 7 (8.9%) Pink, smooth surface Rod cells
5 21 (26.6%) Yellow, smooth surface Rod cells

Yeast. Yeast was the microorganism group with the highest biodiversity. 18 yeast
strains were divided into 8 groups (Table 4).

Table 4
Grouping results of yeast
. Characteristic
Group Strains code Colony Cell

1 H6.1Y, H5.11Y Milky white, spongy Spherical cells, separated, reproduce by budding
2 N1.2Y, H1.6Y White, smooth Spherical cells, separated, reproduce by budding
3 N3.1Y, N6.12Y Creamy white, spongy Spherical cells, reproduce by budding

H1.1Y, H3.8Y, . ) . .
4 N1.1Y, H2.2Y Black, wet, viscous Spherical cells, arranged in chains
5 H6.12Y, N2.5Y | Dark brown, wet, viscous Rod and spherical cells, arranged in chains
6 H2'|_1|;’ :l15Y'1Y’ White, wrinkled surface Spherical cells, reproduce by budding
7 H1.4Y Black, wet, viscous Rod cells, arranged in chains

N2.3Y, H5.2Y, . ) )
8 HB.2Y Creamy white, spongy Spherical cells, separated, reproduce by budding

Yeast is a polymorphic microorganism group, characteristics of colonies
(color, shape) and cells that can change in the life cycle [3]. Therefore, it is neces-
sary to use other classification methods (biochemical characteristics, molecular
biology) to be able to more accurately assess the biodiversity of yeast.

Actinomycetes. 4 actinomycetes strains were divided into 2 groups accor-
ding to the colony and cell characteristics described in Table 5.

Table 5
Grouping results of actinomycetes

. Characteristic
Group Strains code Colony Cell
1 N1.6A, N4.4A Brownish, dry, hard, thick Rod cells, branching
2 H4.2A, N1.4A Brown, small, dry, thin Rod cells, branching

According to the references, there are currently no reports of the existence
of actinomycetes in the species of Gastropoda [9]. However, in this study, the number
of actinomycetes isolated was very low, and the survey was only conducted on
12 animal samples. A larger number of animal samples should be surveyed to
confirm the existence of actinomycetes in the species of Gastropoda.

Based on the grouping results, 15 microorganism strains representing each
group were sequenced (including 8 yeast strains, 5 bacterial strains and 2 actino-
myecetes strains).

32 ECOLOGY



Toy T.B. u np. Becmnux PY/[H. Cepus: Oxonocus u 6ezonacnocms dxcusnedesmenvrocmu. 2019. T.27. Ne 1. C. 29-38

Figure 2. Colony characteristics of microorganism strains

Identification results. Microbial identification is considered a highly reliable
classification method. Based on the identification results, it is possible to give the ac-
curate assessment of biodiversity of microbial community. In this study, microorga-
nism strains representing each group were sequenced with the corresponding genes.
In yeast strains, DNA sequencing of the D1/D2 region of the large subunit of
the 28S ribosomal RNA gene was evaluated with NL1/NL4 primers. 16S rRNA gene
sequences were used to study bacteria and actinomycetes with 1492R/27F primers.

Bacteria. The results of bacterial identification showed that 5 bacteria strains
identified could belong to 3 genera: Burkholderia, Cellulosimicrobium, Rhodococcus.
Specially, genus Cellulosimicrobium includes cellulose-degrading bacteria. M.A. Dar
et al. (2015) also published the existence of cellulose-degrading bacteria in Achati-
na fulica. He suggested that the interaction between Cellulosimicrobium and species
of Gastropoda could be symbiotic relationships [1].

91, Burkholderia paludis KT159931.1
[ 'Burkholderia contaminans NR_104978.1
100( oo petia pacifica NR_113402.1

‘ Cobetia marina CP017114.1
Bacillus cereus ATCC 14579
TH Bacillus wiedmannii NR_152692.1
Bacillus proteolyticus NR_157735.1

| | Rhodococcus fascians ATCC 12974

100 Rhodococcus cercidiphylli NR_116275.1

—— H5.14B
52— H6.11B

N4.1B

] |Cellulosimicrobium funkei NR_042937.1

100 Cellulosimicrobium cellulans NR_119095.1
H5.15B

| ————N27B

66— Burkholderia cepacia ATCC 25416

=
5

Figure 3. Phylogenetic tree of bacteria, based on 16S rRNA gene sequences

Yeast. In the grouping by characteristics of colonies and cells, yeast is a micro-
organism group with the highest biodiversity (they were divided into 8 groups).
However, the yeast identification results showed that they consisted of 4 genera:
Meyerozyma, Aureobasidium, Pichia, Candida. According to the references, these
4 yeast genera can be found in some marine animals including sea snails (a spe-

OKOJIOI'vA 33



Chu T.B. et al. RUDN Journal of Ecology and Life Safety, 2019, 27(1), 29-38

cies of Gastropoda) [3]. However, there has been no report on the interaction be-
tween these yeast genera and species of Gastropoda.

Meyerozyma caribbica KM822610.1
99| Meyerozyma caribbica KY108513.1
Meyerozyma guilliermondii KT923025.1

52| Pichia caribbica EU795418.1
H6.1Y

|
N1.2Y
9IN2.3Y
— N3.1Y
f o6 Meyerozyma amylolytica KY673531.1

H1.1Y
10 Aureobasidium melanogenum MF370933.1
| He.12Y

‘Candida carpophila FM180531.1
T gl A21Y
59 -Candida smithsonii NG_054792.1
—— 27_Meyerozyma caribbica LC415307.1
r 61— AlL4Y
L Aureobasidium namibiae JQ964188.1

Aureobasidium pullulans MF979208.1

Aureobasidium subglaciale KU254559.1
Rhodosporidium sphaerocarpum AF444754.1

—
5

Figure 4. Phylogenetic tree of yeast, based on the D1/D2 region sequences

Actinomycetes. Combining the results of grouping based on characteristics
of colonies and cells with sequencing results, it could be confirmed that 4 isolated
actinomycetes strains belonging to genus.

100, Streptomyces maritimus MH021963.1

99|l Streptomyces fungicidicus MF120518.1
99 ‘ Streptomyces sp. KM886161.1

H4.2A
Achromobacter spanius CP034689.1
| Achromobacter sp. MH539645.1
Achromobacter xylosoxidans HM137034.1
Streptomyces enissocaesilis MG733648.1
N4.4A
‘ Streptomyces rubrocyanodiastaticus KC172030.1

99‘

~ 100] Streptomyces rochei MH725558.1
59 Streptomyces avidinii FJ481066.1

Figure 5. Phylogenetic tree of actinomycetes, based on 16S rRNA gene sequences

Streptomyces. Genus Streptonyces is a common genus in marine sediments [9].
As mentioned, there are currently no reports of the existence of actinomycetes in
species belonging to Gastropoda. 4 isolated actinomycetes strains in this study
might have entered the gastrointestinal tract of animal species along with their food.
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Conclusions

Survey of 12 animal samples in the class Gastropoda (including species:
Trochus maculatus, Cypraea eglantica, Chicoreus bruneus), 101 strains of micro-
organisms were isolated. Bacteria is the group with the highest number of strains,
yeast is the group with the highest biodiversity.

Actinomycetes belong to genus Streptomyces; yeasts belong to the genera:
Meyerozyma, Aureobasidium, Pichia, Candida; bacteria belong to the genera:
Burkholderia, Cellulosimicrobium, Rhodococcus. Genus Cellulosimicrobium and
species of Gastropoda may have symbiotic interaction.
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HayyHas ctaTbs

Buopa3HooOpa3ne MUKPOOHbIX COOOLLLEeCTB
HEeKOTOpPbIX BUAOB Kjnlacca NacTtponoaa,
pacnpocTpaHeHHOro B NpubpeXHbIX Boaax
B LLleHTpanbHon YacTtu BbeTHama

T.B. Tey!, T.T.X. Jlo', C.T. JIe?, K.K. Hro!,
T.T.X. ®am!, T.T.3. Xoanr', T.T. Hryen!, T.A. Bpuraes'

'Poccuiicko-BheTHAMCKHIT TPOTMYECKHUiA HAYHIHO-HCCIIEI0BATEBCKUI 1 TEXHONIOTHYECKHiA TIEHTP
Coyuanucmuyecxas Pecnyonuxa Bovemnam, Xanoii, okpye Kay 3aii, ya. Heyen Ban Xyen, 63
’HanuoHanbHbIi MHCTUTYT TeMaToJIOTHH U TIepeIMBaHuUsA KPOBU
Coyuanucmuyeckas Pecnyonuxa Bvemnam, Xanou, oxpye Kay 3aii, yn. @am Ban bau

AnHoTtanms. ['actponoga — 370 GOJBIION KJIACC MOJUTFOCKOB B MPUOPEXKHBIX BOJAX B
HEeHTpalibHOM yacTu BreTHama. BzaumonelicTBre MexXay MUKpOOpPraHU3MaMU U TacTPOTIO0N
B OCHOBHOM COCTOHT W3 CUMOHMOTHYECKUX M MapasUTUIECKUX OTHOIICHHH. B HacrosmeM nc-
CIICZIOBAHUU OLICHHBAETCs OMOpasHOOOpa3ne MHUKPOOHBIX COOOIIECTB HEKOTOPHIX BHIOB Ta-
CTPOIOBI, YTO MO3BOJIET MPOTHO3UPOBATh WX B3aumoaelcTeue. 13 12 oOpasnos ractpomno-
Iel, BKIovaromux 3 Bunpa: Trochus maculatus, Cypraea eglantica, Chicoreus bruneus, n3o-
mupoBad 101 mrraMM MHKpOOpPraHU3MOB, U3 HUX 79 mrammoB Oakrepuit (78,2 %), 18 mrammos
npoxokeit (17,8 %) u 4 mramma aktuHoMHLETOB (4,0 %). beiio oToOpano 15 mTamMmoB (BKJIHO-
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Yas 8 IMTaMMOB JIPOXOKEH, S5 mTaMMOB OakTepuid U 2 mTaMMa aKTHHOMHIIECTOB) ISl HICHTH-
(huKaMu Ha OCHOBE aHaIM3a IocieaoBatenbHocTell oomact D1/D2 (npoxoxu) u rena 16S pPHK
(bakTepnu 1 akTHHOMHUIIETHI). Ha ocHOBaHNM pe3ynbTaToOB HICHTU(UKAINN MOXKHO ITpECcKa-
3aTh MUTATENBHYIO B3aUMOCBS3b MEXIy MUKPOOPTaHU3MaMU 1 BUAaMH T'aCTPOTIO/BL.

KurroueBble c10Ba: ractpornoja; 0nopazHoo0pa3ue; MUKPOOPTaHU3MEI; [IEHTpaJIbHAS
gacTh BreTHaMa

BnaropapHocTn. ViccnenoBaHve BbINOAHEHO NpU nogaepxke POCCUMNCKO-BLET-
HaMCKOro TPOMMYEeCKOro Hay4YHO-UCCNenoBaTeNbCkOro U TEXHOIOMMYECKOrO LIEHTPA,
npoekT E1.3.
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