CHAPTER FOUR T

SPECIES IDENTIFICATION OF MARINE BACTERIA ASSOC@VITH

SEA CUCUMBERS FROM PANGKOR ISLAND AND SABAWWATER

O
\%
Y.

Sea cucumber is one of the marine invertebrates tha@own tothost div sigs erial
w1

communities. Identification of bacteria associated aring’host have b@he focus

\about t@&:robial—host
d tog.host (Tangestani

(Kﬁnarine bacterial strains

4.1 Introduction

of many recent research since they can pr% fo

symbiotic interaction (Blockley e? al.\, iseases

€

/1

and Kunzmann, 2019) and may alsgfresults in t
with the ability to produce seco tabdlites 10a95\&3 compounds (Leal et al.,

2014). The microbial associat&y 1 defe@ against pathogens and serve

a
as bioindicators of chafigin Zvironmjntal ndi@Morrow etal, 2012).
F &

&
Sea cucu&\e ﬁltl:r ceders thajé{ain their foods from sediments and

seawater, con wa 1 ic‘ro ipmt)i(‘i’n their vicinity. This opens the prospect
of biotech@ applications of {:a,@;ial inhabitants in the internal body parts of the
sea cu %paﬂic{lWJ;ﬂ'r i@nal symbionts (Pringgenies et al., 2020). These
int

acteria also have ii‘;'@ortant role in modulation of the immune system,

%ation of intestinal epithelium and regulation of food energy intake of the host
dj ardiono et al., 2020). Therefore, isolation and identification of bacterial

communities in the internal parts of the sea cucumber could be important to be applied

in aquaculture industry. For example, bacteria isolated from the gut of sea cucumber 4.
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Jjaponicus have been developed as probiotics for juvenile sea cucumbers. These

AN

bacterial strains of Bacillus cereus and Paracoccus marcusii showed positive effect on

\

the growth performance and immune response in the sea cucumber’s coelomocytes and

——
the intestine, and provide protection against infection caused by pathogenic bacterial
\

species (Yan et al., 2014; Yang et al., 2015). V

Apart from the internal body parts, the marinm%ce nlay also provide
optimum growing conditions and nutrient sourc r surface-attach acfe@ he

es
relationship between invertebrates and surface-asseciated bactefia varies f@ sessile
4

}alt& nd set@éent issues
ntag nlgic metabolites,

to motile invertebrates in terms of maintaininmal
(Alipiah et al.,, 2016). Many surface-atta@eri

as a reaction to inhibit the attachment Mth GQ ors_{gredators, for them
to survive in the highly compe@onﬂm%"i alzc'l;%zam 2001). Therefore,

“ Q-
the symbiotic bacteria hoste a cuctmbe cmﬁ(be an important source of

N
chemically diverse and iol?a'lﬂy acl’ve s lda tabolites.

4 b LY
Bacteria can be&nti 1edlt i orphological and molecular-based methods, and

the most widel %ﬂ m a prozs)&'mvolve analysis of the 16S rRNA gene
NG )
0

sequence. Th%e sequenc ad’lo@een used as a taxonomic gold standard in

<k’ >
determi% phny ac@al species (Weose, 1987). The 16S rRNA gene

L

possesses a region that is highlygdnserved as well as a region that contains distinctive
N

S Nequences (Ahmadian et al., 2006). Besides, there are extensive availability of
thieyl 6

S rRNA gene sequence in public database such as GenBank (Benson et al., 2004),
hich allow a reliable characterisation of a bacterial community associated with sea

cucumbers. This study identified bacteria isolated from sea cucumber specimens



collected from Pangkor Island, Perak and Manukan Island, Sabah including Ho)?ﬁa
leucospilota, Holothuria edulis, Holothuria atra, Holothuria hilla and@schia

vitiensis based on analyses of their 16S rRNA gene sequence, ent and

phylogenetic relationship. .‘.

4.2 Materials and Methods ‘\d
o g

| &
4.2.1 Bacterial Genomic DNA Extraction _\
4 N
Genomic DNA extraction was carried out usiR two M, which% using the
Wizard Genomic DNA Purification Kit (Pr a, nha on, @0 obtain pure
i t

DNA, and another method of the colorm (alkaline e Que (Rehan, 2012).

s
Y

i
42.1.1 DNA Extract%ng Wiz‘ag&mei& NA Purification Kit

Genomic DNA e@ using the Wizard omic DNA Purification Kit was carried
\ o)

out followin% nufacturer’ '?&tr&gons. First, 1 ml of the bacterial overnight

culture &mfuge at 13,0

vt

0 %ﬁ»for 2 min, and the supernatant was removed.

Then, 600 [tof Nuclei Lysis So]a)@g;l was added and the mixture was resuspended. The

c wre incubated at 80°C fo\r 5 minutes, before adding 3 pl of RNase Solution and
o

ed by inverting the tube. This is followed by incubation at 37°C for 45 minutes and
O:n cooled to room temperature. Then, 200 pul of Protein Precipitation Solution was

added to the RNase-treated cell lysate and vortex vigorously at high speed for 20



seconds. The sample was then incubated on ice for 5 minutes and centrifuged aw

The supernatant was transferred to a fresh 1.5 ml microcentrifuge tube that
contains 600 pl of room temperature isopropanol and centrifug$0 rpm for 2

minutes. Then, the supernatant was discarded before addin 60?770% (v/v) ethanol

rpm for 3 minutes.

to the pellet and mixed by gentle inversion of the tub mes. This is followed

by centrifugation at 13,000 rpm for 2 minutes and atant was,r m8veaz"1" he
S

A Re dratloﬁ\SOIution

pellet was left to air-dry for 15 minutes. Then, of DN
4
was added to the tube, gently mixed, and incub&d at 6 ‘N{ hour DNA was

stored at -20°C for further used. %N °\ E

O3NS

4.2.1.2 DNA Extraction usi& ony me seq Cl@Reaction (PCR)

KN

\
DNA from was also e ctegsing colny R (@e lysis technique) according to
stre

Rehan (2012). A puwlo fr \ﬂr"s\

pipette tip and pl‘&'nto t B@be c
sample was i%\d atl95%C }(;
followe@ifugﬁtbf)p endorf"Minispin) at maximum speed for 2 min. After

&

agar plate was scraped using sterile

ing 20 pL of 0.02M NaOH. Next, the

Y,

G

Sample were then placed on ice for 5 min,

3y

4

that, th&2 pE supernatant was for later use.

\ N
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4.2.3 DNA Quantification and Purify Determination Y’

Genomic DNA that was extracted using the Wizard Genomic DNA P Sl 1cation Kit

was quantified using the NanoPhotometer® P-Class (Implen, Germ: | ul of DNA

Rehydration Solution was used as control or blank sample to o o value, and 1

ul of extracted DNA was measured by reading at 260 nm o 280'nm (Aze0/A2s0). Pure

DNA was considered at a range of 1.6 to 2.0. '
.\d, <

S

4.2.4 Polymerase Chain Reaction (PC%Nﬁc
n seg&encing, and sequence

N

ifigation w. carr(%’ out using the standard
7]

sihg the al pri&? pair 27F and 1492R (Table

All bacterial isolates were identifie

analysis of their 16S rRNA gene.

polymerase chain reaction (P

oy
4.1) targeting the 16S eﬁ zene wul the xge@ze of approximately 1,500 bp
) Al t1

(Weisburg et al., 1991 Wer %ﬁnducted in a total volume of 25 pL.

The PCR compo for eac d stan@ protocol used are detailed in Table 4.2

and Table 4. @ redctibn ﬂ!erﬁr&{ed with the following conditions: Initial

denatu fo 2 1n2n the @6 amplification cycles at 95°C for 40 sec, 55°C

for 4 d 72°C for 90 m@% final extension at 72°C for 10 min. This PCR

a Wanon process was carrie out using T100 Thermal Cycler (Bio Rad, Singapore).

S
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4.2.5 Agarose Gel Electrophoresis and DNA Visualisation T

The PCR products were analysed by 1% (w/v) agarose gel electrophoresi .%garose
gel was made by dissolving 0.4 g agarose powder in 40 ml of 1x TAE buffér and then
heated on hotplate until the gel solution turns clear. In order to akmNA visible
in the gel, 1.6 pL of FloroSafe DNA Stain (1% BASE) were To the gel solution

after it was left to cool down. A 1 kb DNA ladder (GeneRu Werd loaded into the

well of agarose gel as reference marker for the aliquots of amplifi
electrophoresis was conducted with a constanté of 10

4
electrophoresis, the fractionate DNA were visu undw ght u@lcomputer-

based gel documentation system, FireRe@Uvite‘a Cambridge A

: ) N\
4.2.6 Data Analysis % 0 A %(’)
The PCR products were w\ced [ ¥
Laboratories Sdn. Bh%i Kernb'g
Local AlignmenthTool 'B \T‘) progér{ne were used to detect the results of
ﬂuorescence-baw) A seq i %

iimél,)n in a non-redundant sequence database

from gene% schul et @{., ‘f7 )..\Qbe DNA sequence results were displayed using

Chrom&rjl n2.3.1 e, m@e alignment of DNA sequences was done with
N

CuAVersion 1.81 (Tho@on et al., 1997). The phylogenetic analysis was

1
@ed using Molecular Evolutionary Genetic Analysis (MEGA) software Version
N

7 After

N
g

(Tamura et al, 2011) and clustering was performed using the neighbour-joining

method (Saitou and Nei; 1987).



Table 4.1. Primers used in this study

Gene

Primer

Sequences

Direction

16S

27F

5’-

AGAGTTTGATCCTGGCTCAG-3’

erence
Forward eisburg et al.

1492R

(1991)
5-GGTACCTTGTTACGACTT-3" | Re

Table 4.2. PCR com@
) 4

Component

ddH,O

PCR master mix

Forward 16s rTRNA

N

Reverse 16s IRNA (

Template DNA

Time

Cycle

2 min

40 sec

40 sec

90 min

35

10 min




4.3 Results and Discussion T

[

4.3.1 Analysis of the Amplified 16S rRNA Gene Product on Agarose Gel

-_—

All 115 bacterial samples isolated from the eight sea cucumber specimens and their

a .
surrounding water and sediments were subjected to genetic identification procedure,

which include DNA extraction, PCR amplification and DNA sequencing of the 16S

AN .l .

rRNA gene. However, only 60 samples (comprising of 50% of total isolates) were

s Y I JYe v
successfully amplified using PCR and showed bands of the exi)ected si'ze, Wl}ich is

1,500 bp (Figure 4.1). These include 22 bacterial samples from Pangkor Island, Perak

S
and 38 isolates from Manukan Island, Saba ,1 T

v E T NS
’ wu./ g 44/
L -
Figure 4.1: PCR products of amphﬁed 16S rRNA gene for selected bacterial isolates
& Wlth a pr0x1mately 1 ,500 bp in size

S

The absence of bands in certaln samples could potentially be due to the

MY ' -

unsuccessful extraction of DNA from these bacterial strains. Another possibility could

~ L

also be caused by the single pair of universal primers used in this study, in which its
4
qulence may not covering some species of bacteria (Ben-Dov et al., 2006; Barghouthi,

2011). This may explain the failure of amplification and obtaining bands from the

samples and could be overcome by multiplexing using various primer pairs targeting
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the 16S rRNA gene sequence (Barghouthi, 2011). Due to the time limitation and

AN

financial constraints of this project, samples that did not show visible bands after at least

two attempts of DNA extraction and amplification were not proceeded to be sequenced

and genetically identified. i

\Y

4.3.2 Bacterial Identification using BLAST ’ .\d
- o *. X

Bacteria isolated from sea cucumbers and their surrounding seawater and sediments

- T

were further identified using 16S rRNA gene sec%ncmg and secll'lence ana1y51s Out of
\\ 'S V"’

the 60 amplified samples, only 58 sequences were obtalned and further analysed. The

sequences of other two amplified samples were excluded t(@‘%r sequence data,

. N N A
which could be due to the low amplification efﬁ01ency since the PCR products also

N Ty S
showed faint bands on gel electrophore51s even after repeated DNA extraction and
N A
amplification procedure. "%\
The sequences %168 r e 9’0@% were compared to the sequences

()
available in the N Nbaselus AST.(Table 4.4 and 4.5). Overall, 58 bacterial

\
isolates were d di 98’)@0 99% similarities with sequences in the
database, r PJN pl@lated from the cuticle of H. atra PME that
showei % simil ﬁ/lth guobacterzum profundum. Low percentage of

95%) obtained is ps(@ntlally due to unavailability of the sequence in the

s

%e for alignment or can also be explained by detection of a new bacterial species
Qﬂarghouthi, 2011). However, more studies are needed to confirm if the isolated strain

is from a unique or new species, such as using whole genome sequencing of the strain.
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4.3.2.1 Identification of Bacterial Samples from Pangkor Island, Perak Y’

A total of 22 sequences of the partial 16S rRNA gene were successfullﬁ %ed and

identified for bacterial strains isolated from the two Holothuria leucospilota 'sSpecimens

(PPA and PPB) as well as the sediment and seawater samples coﬂi:in Pangkor

Island, Perak. From the BLAST analysis, Vibrio is the predwt bacterial genus

identified from the Pangkor Island samples with 19 isolate prisillg of 86% of the

identified bacteria from Pangkor Island, followed by two samiple thﬁzct
i

nd
N
one isolate from the Bacillus genus. These i e fourte ate’s -éﬂt‘)Vibrio
s X
o\sq es of %ﬂnetobacter
N

parahaemolyticus, four isolates of Vibrio hcw tw
ngiensis(Table 4.4). The

schindleri, and one each of Vibrio mariti wacillu th
; m

o
—

al o‘r@vations under the
=\
j fs@spp., round forms for

identified genera were consistent with orph

microscope, in which short-curv. obs r\Vi

) v,
Acinetobacter spp., and long \ rod forBacillus ng&apter 3).
N

SNE
NS
[

(s
A‘S- S
‘$ S
N

’



X

Table 4.4. Closest Relatives of Bacteria Isolated from Sea Cucumbers and Surroundi (‘a?er and Sediments in Pangkor Island, Kedah

-4

Location = Sea Cucumber Sources Isolates = Corresponding Match in Ge'nbank (NCBI)
P,
Giam Holothuria Water PPAW  Vibrio parahaerﬂyt%us itrainﬁ{aﬁ}s@‘"
Island, | (Mertensiothuria) Sediment PPAS Vibrio parahaq‘)gticqs ’;trzﬂﬂ HI_?I‘BB 13
P.Pangkor leucospilota Cuticle PPAC1  Vibrio harveyi 1%% 128{),\(-
(PPA) \Yw N \
Cuticle PPAC2  Vibrip paraliaemelytiéiis strain K5
Cloaca PPAL  Vibrio pagahaemolyficus, Strain VP-ABTNL
Tentacle PPAT1  ViBriovharveyisitain B1Q-2
Coelomic fluid PPACOE  Kibiie pafahagimolyticils strain Ramsar
Gastrointestine = PPAGI1 '\i@%’o. ng&ﬁcus strain ATCC 17802
Gastrointestine ~ PPAG2 ‘?’ﬁbrl’(’ haiye‘yi s@@i\n S-39
Gastrointestine PPAG3"V1_’brj(’ \nyrﬁ;g?qsrstrain Disc2
AN b
Teluk Holothuria Water PPBW \\‘{cyetob@er schindleri  strain  H3
Nipah,  (Mertensiothuria) C} | * blp‘m@he
Pangkor leucospilota Sediment C‘:_*PPB_S 3 ‘)’il;@'é.p_arahaemolyticus strain SC2
(PPB) Cuticle‘Q“\ PPBQ/‘rl V@\o parahaemolyticus strain BC36

Cloa&\\" PPBL2 "L(}S}'Brio parahaemolyticus strain Vp-4

Tentele PPBT1  Vibrio parahaemolyticus strain Ramsar
N qMkcle PPBT2 | Vibrio parahaemolyticus strain Vp-4
~
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Query
Cover

99%
99%
99%

100%
99%
100%
99%
100%
99%
100%

100%
100%
100%
100%
99%

100%

Identity
(“o)

99.67%
99.59%
99.65%

99.92%
99.86%
99.28%
97.84%
99.13%
100.00%
98.01%

99.67%
99.70%
99.86%
100.00%
99.72%

99.92%

Genbank
Accession
number
KJ704113.2
NR 113604
NR 043165.1
MNS810388.1

MG589511.1

MK102609.1
KJ704113.2

NR_119058.1
JF412246.1
KP843717.1

CP030754.1
MK308579.1
MT325878.1
MK377081.1
KJ704113.2

MK377081.1



Cuvierian
tubules
Coelomic fluid
Gastrointestine
Polian vesicle

Polian vesicle
Respiratory
tree

PPBV

PPBCOE
PPBG
PPBP1

PPBP2
PPBR

Bacillus thuringiensis strain m <

A V.o
Acinetobacter schindleri ggaiAiSGAirO 122
Vibrio parahaemolyticuﬁ@n Ramsar
Vibrio harveyi strainfiNBRC 1'5634

N A
Vibrio parahaer@lykus itraiwi X

Vibrio parah%}ticus ’tr i \'pét?
Tyw d T

W)

&

4

99%

100%
99%
100%

100%
99%

99.86%

99.93%
99.79%
99.64%

99.85%
99.57%

HM770098.1

CP025618.2
KJ704113.2
NR_113784.1

MK308579.1
MH?298562.1



Vibrio is the main bacterial genus associated with the H. leucospilota spe?ﬂs
from Pangkor Island. Vibrio spp. are commonly found in the marine, e@ and
freshwater environment worldwide (Romalde et al., 2014). The pres&f bacteria
from Vibrio genus were also previously reported in sea cucumberwastichopus
japonicas (Enomoto et al., 2012; Gao et al., 2014; Kim et aﬁ- , from coelomic

fluid of Holothuria forskali (Offret et al., 2019) intestine tra 1Ward—Ra1ney et

al., 1999) and skin and intestine of S. vastus and H. leuc al 2019)
A previous research has also isolated bacteria of Vibrio'sp. fro ldm‘@ﬁld of
H. leucospilota from Dayang Bunting Island, K th e pr speq&?)f Vibrio

vulnificus or Vibrio furnissii (Lukman et alp2014). 0\

‘«

Vibrio parahaemolyticus is the bundant erial @cws isolated from
the external and internal body pa 1 @ and PPB, comprising
of 63.6% of total identified b straln m g‘i(orq&nd samples. The presence
of V. parahaemolyticus in T rnal ody arts o two sea cucumbers are most
likely due to the preva the sp es i Q.lon where the sea cucumbers are

collected. This i 1s ca sea (iqu rs obt ood by ingesting marine sediment, or

by filtration @ate (Su 1 rp eL)Ql) 2020). Consistently, the species of V.
parahaem cus®was also“jfound fém the samples collected at the surrounding
sedim etwo e cufnben@signated as PPAS and PPBS) and from seawater

Giam Island Where\&)leucospzlota PPA was collected (PPAW).

V parahaemolyticus was also previously found from the surface of a sea
0 umber Stichopus badionotus collected from the west coast of Peninsular Malaysia
(Alipiah et al., 2016). Furthermore, V. parahaemolyticus was reported to be frequently
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found in sediments, plankton, fish, crustaceans, and bivalve molluscs (lida et a/ w
lida et al. (2006) further suggested that water temperature and salinity play@rtant
roles in the growth of this species. During the summer season in Europ*]e United
States, as the temperature rose around 25°C and above, this speciesfwas frequently

found; and interestingly, in Southeast Asia the Vibrio species_couldWbe found all year

round (Zulkifli et al., 2009). In Malaysia, a high marine erature jbetween 25 and

species can be pathogenic to human, and it has bee wn that th e’:ie_@lated

from cultured sea cucumber Apostichopus jap?'@ n % ess @Hlicrobial
ubli¢ he

resistance properties which may pose risk tw aé\h anththe environments (Jiang

et al., 2014). Since V. parahaemolytwae prevalen
leucospilota in the present study, fu%haracte\oﬁ%o

cteré%sociated with H.

lﬁ‘:&wterial pathogenicity

=)
could be useful for public cons on the sea wm@&
V. harveyi is the sec jor specie nd the external and internal body
1 Q
parts of H. leucospilo and P p&gg 0 18.1% of total bacterial strain

identified from P g}qsland s
from the surftwtlc pUs

ious study b Ali&h et al. (2016). V. harveyi is known as light-

Sembilan @r'
emi@cer or Turfiifiou$ bac@m (Hui & Sherkat, 2005). Many marine animals
c

N
ge\ eir light by develop@ symbiotic relationships with luminous bacteria from

S. This%acterial species has also been isolated

lopot@lected from Port Dickson beach, Negeri
'

%\era Vibrio or Photobacterium as protection, and in return the host provides a

rient rich environment for the growth of the bacterium (Lin et al., 2001).
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The rest of the bacterial species isolated from the H. leucospilota PPA a
were Vibrio maritimus isolated from gastrointestine of PPA, as Well@zllus
thuringiensis and Acinetobacter schindleri from the Cuvierian tubul coelomic
fluid of PPB respectively. The bacteria A. schindleri found in the co¥n1'c fluid of H.
leucospilota PPB is similar to the same bacterial species i in the seawater
sample surrounding PPB at Teluk Nipah Beach, Pangkor Is che 1'5 likely obtained

by the sea cucumber from its surrounding. The genera oba erWillus were
[

Yw
da et jal., 2006} gé}et al.,
i 1ed 'm\;'rmed sea

common among sea cucumbers in previous studies
2014; Wibowo et al., 2019). B. thuringiensis i
cucumber Apostichopus japonicus from %
possible different stages of skin ulcera Y

of disease in sea cucumbers due to dlerz an ri gj@ s have been reported

to date. There is also little 1nf ab the semaa(.' f V. maritimus with sea
cucumbers, and a novel stra%_ sp]c asjbeen @ted by Chimetto et al. (2011)
from a coral species in alythod cari e!y

N0 O

f_
4.3.2.2 Identlficatlon of Bacterial Samples from Manukan Island, Sabah

Altogj t re are 3 &erla@uns identified using BLAST analysis for the

olated from sea é\s%ﬁmbers in Manukan Island, Sabah including their

%dlng seawater and sediments, which include 15 isolates of Bacillus cereus, three
\isolates of Staphylococus saprophyticus, two samples each of Bacillus megaterium,
Acinetobacter pittii, Staphylococcus warneri and Paracoccus zeaxanthinifaciens, and
one sample each of Bacillus wiedmanii, Bacillus vietnamensis, Staphylococcus
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pasteuri, Staphylococcus warneri, Staphylococcus equorum, Pseudomonas aeruginosa,

AN

Pseudomonas  stutzeri, Microbacterium oxydans, Brevundimonas vesicularis,

Exiguobacterium profundum and Stenotrophomonas maltophilia (Table 4.5).,

The dominant genus identified from samples collecte@mvukan Island,

Sabah is Bacillus, which include 52.8% of the total bacter lates from Sabah

samples. Bacillus spp. were found from body parts of

which is also consistent with the bacteria identified £rom t

and seawater samples, particularly the seawater es surroungdin

B. vinv}?s PMB. In

, cogrising of 42% of

and H. atra PMD as well as sediments nearby dulis
terms of bacterial species, Bacillus cereu 18 0s

the total bacterial species identified from Sabah samples rth&rQre, two samples of

N\Y )4

Bacillus megaterium were 1dent1ﬁed which were 1s01ated from coelomic fluid of H.

edulis PMA and cuticle of K a P Other l@s spp. include Bacillus
vietnamensis 1isolated from iCle o nd Bacillus wiedmanii from
seawater samples surroundlng B. vitién ya@ Q/

Bacterla he ge llus @reviously indicated to form a major
group in the ej/ %t;( engﬁ et al., 1996). Even though studies have
demonst %e'epl ical an athogenes1s effect B. cereus to humans (Rasko
et al. 0 some strains of &n’.@ species have also been characterized for various

thl’lS including for productions of numerous enzymes and metabolites, removal
2 rious heavy metals and persistent organic pollutants, besides promoting growth of

Omals and plants as probiotics (Liu et al., 2017). Marine bacteria from the genus
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Bacillus isolated from sea cucumber Aspotichopus japonicus have also been stu?ﬂr

their effectiveness to be used as probiotics for sea cucumbers. %\

For example, Lu et al. (2021) demonstrated that dietary composition that include

B. licheniformis and B. amyloliquefaciens at an optimal conc@-can enhance

growth performance, up-regulate innate immunity and alter al colonization in

cs wm farms.
Similarly, Li et al. (2015) demonstrated that 4. japonicus feed containi ' sztb{@nd

the gut of sea cucumbers, hence can be used as thej

B. cereus can stimulate non-specific immune onses and enhance tH&growth

performance of sea cucumbers and was effecth control.in ections?wlsed by V.

alginolyticus (,}z ) §

Furthermore, B. cereus ad d with die LWar yeast polysaccharide

. > S
were also shown to improve th nt&tlnal ho@, and immune responses
of juvenile A. japonicus (Yang et al., 2015). 1nce ‘1§)st of the bacterial samples

identified from the int% y parts ‘)f se c rs from Manukan Island, Sabah

in this study are fromythe Bacil theref@g, these Bacillus spp. could be further

characterized fw deV &éﬁd as probiotics for improving the health

of sea cucuml&) Malays o'
&FIrs
\ &
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Table 4.5. Closest Relatives of Bacteria Isolated from Sea Cucumbers and Surrou Water and Sediments in Manukan Island, Sabah
. V‘
Sea Cucumber Sources Isolates Corresponding Match in Genbank (NCBI) Query Identity Genbank
Cover (%) Accession
| I T, ‘c}v number
Holothuria Sediment PMAS1  Bacillus cereus strain HBEIC2-7 | 7 "~ 100%  99.86% = MT605417.1
(Halodeima) ~ Coelomic fluid PMACOE2  Bacillus cereus strain 88~ ~" 5 100%  100.00% MT611946.1
edulis Coelomic fluid  PMACOE3 | Bacillus megateriumstidin PF18X . I 99% 99.82%  MK574950.1
(PMA) Polian vesicle =~ PMAP2  Bacillus cereussstraiyS8 16S._ 9~ 4 100%  99.92% = MT611946.1
b FEN s Wi

Bohadschia Water PMBW!1  Bacillus cer&b@ram&lﬁ@b, & 100%  99.91% = MT229271.1
vitiensis Water PMBW2  Bacillus wiedmunnii strain-SN2-2 100%  100.00% MTO071682.1
(PMB) Sediment PMBS2  Bacillus céreus stiainT1Y S0y 99% 99.82%  MF101471.1
Sediment PMBS3  Staphylbloccus|pas ?u:ri‘s@'n F71053 99% 99.56%  HQ908689.1

Cuticle PMBC1  Bacillug)cereus strainrJS10 100%  99.71% = MT102922.1

Cuticle PMBC2  Bueillus dereusstraimHZLIC 2-7 100%  100.00% MT605417.1

Tentacle PMBT ,’szlzus@@{s strfmﬁvFSI 4 100%  100.00% MG737476.1

NN Y

Holothuria Cuticle PMCC 1}" PseJdOaO)as‘é?/’ugmosa strain MLTBM2 100% 100.00%  MT646431.1
(Halodeima) Cuticle PMCC2 2)"  Plrgebatus geaxanthinifaciens strain ATCC 21588 100%  99.32%  NR 025218.1
atra Cuticle PMCC3  Bacillus géjéus strain FSI-4 99% 99.81%  MG737476.1
(PMC) Tentacle PMCT1  Microbacterium oxydans strain E3 100%  99.56%  KC967221.1
Tentacle  , “€PMCT2  Brevundimonas vesicularis strain BAC1070 100% 99.90%  HM355660.1

Coelomic fluid 'PMCCOE2  Bacillus cereus strain JS10 100%  100.00% = MT102922.1

N~
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Holothuria
(Halodeima)

atra

(PMD)

Holothuria hilla
(PME)

Holothuria
(Halodeima)

atra

(PMF)

Water
Sediment
Sediment

Cuticle
Cuticle
Cuticle

Cloaca

Tentacle
Coelomic fluid
Gastrointestine
Polian vesicle

Cuticle
Cuticle
Tentacle
Tentacle
Respiratory tree

Coelomic fluid
Gastrointestine
Respiratory tree

PMDW
PMDS1
PMDS2
PMDC2
PMDC3
PMDC4
PMDL
PMDT1
PMDCOE
PMDG
PMDP

PMEC1
PMEC2
PMEL1
PMET1
PMER2

NS

Bacillus cereus strain HZLJC 2-7 i‘)
Acinetobacter pittii strain BGRI EBC %4.8—'88
Pseudomonas stutzeri strain U2-n-1a_ )
Acinetobacter pittii strain NQ—QOS;
Paracoccus ZeaxanthinzfacienN& ATCC 21588
Bacillus megaterium strain@ v. \' A
Staphylococcus saprophyticus §’B4'0—5 g\e'.ﬁe"\‘("
Staphylococcus sapropl@b? straill IE’éW—@ ‘
Staphylococcus warne@mQKi&J/ \T
Bacillus cereus strain H"M&E\

Staphylococcus, Ci?,op 16 al
NFCBW33 N7 _f O
O ) ’/\

ereilsstrafn HYM88 '

Bacillus ¢
Exiguobdeteiium profitdum sttain APBSDSB170
StegoﬁWmm,as @a’to@a strain IJAM 12423
&%Bereu;'é’l}? 25779
szﬂ)cpt‘%s\%arn@stram AW 25
N‘ 1 ’ Q/

PMFCOE! ‘s‘apgyzoc)qls aqsfrbmm strain PA 231
PMFG‘\_ J?aczilus;c}’eu&@rram CUMB NS 07
PMFRZ\ Bdc%vz:etm‘i%ensis strain 15-1

Y.

AY

N
S

O
N
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100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

100%
90%
100%
99%
100%

99%
100%
100%

100.00%
99.90%
97.91%
98.96%
99.81%

100.00%
99.75%
99.90%
99.90%
100.00%
98.91%

100.00%
81.82%
98.69%
99.73%
100.00%

100.00%
100.00%
98.77%

MT605417.1
MK332521.1
MT126494.1
CP035109.1
NR_025218.1
MK966390.1
LC511705.1
KY218803.1
MT642942.1
KT982245.1
MT734014.1

KT982245.1

MG705716.1
NR_041577.1
NR_074540.1
NR_025922.1

NR_027520.1
MN197732
NR_024808.1



Staphylococcus spp. is the second major genus identified from Sabah s ,

comprising of 19.4% of the total bacteria from Sabah. This inn%\'three

Staphylococcus saprophyticus isolated from tentacle, cloaca and poliﬁ*cle of H.

——
atra PMD, while two samples of Staphylococcus warneri were isolated from coelomic

fluid of H. atra PMD and respiratory tree of H. hilla PME. In q&ditl , Staphylococcus

A
equorum and Staphylococcus pasteuri were isolated from coelomic fluid of H. atra

1V l
] »
PMF and sediment surrounding B. vitiensis PMB, respectively. The association of
Y1 o"°*X
| N @ -~

Staphylococcus spp. with sea cucumber is in line with a previous study that detected

-
Staphylococcus spp. from samples of the sea cu A. 1@ om{(‘g{h Korea,

in particular S. warneri and S. sciuri (KM al., ~In ad@mg: an orange
pigmented S. kloosii was also isolatedwa respirato e o@eucospilom from

Teluk Nipah Island, Pangkor Island@sk (Kamhm_ig?t .),@7'3).
NS s S

- o'
Other bacterial species identified include two sam‘Ples of Acinetobacter pittii

N ,ﬁ‘ ~\
isolated from H. atra PMDW and its su ndin@diment, while two samples of

g P

Paracoccus zeaxanthinifaciens were isolated from cuticle of H. atra PMC and PMD.
a 7T XXV ¢V
The rest of identified species occur as singletons, which are Pseudomonas aeruginosa,
& - Ly

N N W

Pseudomonas  stutzeri, Microbacterium oxydans, Brevundimonas vesicularis,
g B "
o Y P o e

Exiguobacterium profundum and Stenotrophomonas maltophilia isolated from external

J Ny 4
, !
body parts of H. atrc{ PMC, F. at@\/lD and H. hilla PME. Pseudomonas spp. have
V N
als previously isolated“&am the coelomic fluid of H. leucospilota and in the
%ne of Stichopus japonicus (Lukman et al., 2014; Gao et al., 2017), which are both

0 internal parts of the sea cucumbers unlike the two Pseudomonas strains that were

isolated from the sea cucumber external parts in this study.
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Bacteria from genera Staphylococcus and Pseudomonas have 10
associated with human diseases, however, there are also strains from th@\erlal
group that are known to be non-pathogenic and may act as good probﬂ‘&o humans
or animals (Khusro ef al., 2018; Divya et al., 2018; Sung et al., 20 or example,

Staphylococcus sp. bacteria have been isolated from the intesti y ucospilota and
tg

H. atra from Bandengan Beach, Jepara, Indonesia, with t tial rs probiotics for
human health, besides other bacteria such as Micrococc . R hz.a\sp‘dd Baczllus

sp. (Pringgenies et al., 2020). Gao et al. (2014

demonstra t‘at_éqentlal
% e g@ the sea

4 Ch'Ta, ich ioédYe. the genera

Pseudomonas, Bacillus and some lactwacteria. O<<

(. YY)~

Likewise, members of the genus Acmetobacter have been known as important

opportunistic human pathog ; the Species’ A. @as been isolated from a
diseased fish Megalobr chph’zla i 1n6%gestmg that it is pathogenic to

the fish (Li et al., 201 eV T, sfudbby Bunnoy et al. (2019) isolated a

probiotic candidates for aquaculture applicati

cucumber A. japonicas from Shandong

new bacterial straj clo relzlted to pzttz m the skin mucus of healthy catfish in

Thailand, chwe terltla prob1ot1c in catfish farming and have

antagonls@ty against ya ‘E&l’{ pathogens. The strain is also believed to be
4

safe f and hu Hgalth\"\‘Bunnoy et al. 2019). Bacteria from the genus

L—.
Acinetobacter were also prev1ously detected in asymptomatic sea cucumbers collected

mfrom the suburbs of Dalian in north-eastern China and were not detected in symptomatic

diseased sea cucumbers (Li et al., 2010). This suggests that Acinetobacter spp. are

not associated with diseases of the sea cucumbers.
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Apart from that, the presence of E. profundum on cuticle of H. hzlw

-

concurs well with a previous finding of the same species on the surface o s%\mbe
Stichopus badionotus collected from the west coast of peninsular Mal@&A lipiah et

al., 2016). Similarly, the existence of S. maltophilia on tentacle of H. hilla PME

NJ‘
speéies was shown to
acte’lquomonas

confirms previous results by Lukman et al. (2014) in which

be present in the coelomic fluid of H. leucospilota from

Kedah among other genera including Bacillus, Exi

Stenotrophomonas and Vibrio. The authors also repo at the S. maltophilia sjlowed
=
moderate resistance towards the antibiotic stre n a% esist@ towards

. N
kanamycin. é
\('}, : A

Three other bacterial specws identified from the Manukan Island samples, which
INON ) Vo

are Paracoccus zeaxanthszaczens Mlcrobacterlum oxydans and Brevundimonas

vesicularis, all of which we l\ ed fi external é@s (tentacle and cuticle) of

Holothuria atra (PMC), hav W b% pr umented to be associated with

sea cucumbers as to our%edg ubacterla from the genus Paracoccus have

V

previously been &\bot@spzlo d S. vastus from Lampung, Indonesia,
N
which exhibi Nn fty owo et al., 2019). Besides, Yang et al.
’

(2015) showed that a straln of Paracoccus marcusii could act as a probiotic along with

2.N 2 ' /.7

B. cereus and showed a positive effect on the growth performance and immune response
w
in coelomocytes and the intestine of A. Jjaponicus. Bacteria from the genus

mMicrobacterium spp. have been indicated to be present in the digestive tracts of juvenile

VA. japonicus in Qingdao, China (Sha et al, 2016). Meanwhile, the genus

Brevundimonas has not been previously found to be associated with sea cucumbers,
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although B. vesicularis has been detected from the surface water of pond in Gw

(Beilstein et al., 2006). q
& :

4.3.3 Phylogenetic Analysis and Overall Evaluation of Bacteri_ai Isolates from

Pangkor Island, Perak and Manukan Island, Sabah l
Phylogenetic analysis combining both bacterial isolateS%rom [Pan gan%_and
- Wi o
Manukan Island was carried out to analyse the ial¥isolate§ relat€d ess\between
’ A¥

these two different locations and to confirm the relationship between bacterial isolates
) § N\

and known reference strains from NCBI database. ﬁre hyloge analysis was

'v
performed with the neighbour-joininNa using th

(Kimura, 1980). A number of 75 %nd 952 Xger
0 5

positions were involved in the @set Of th SWaX@ taxa were corresponding

sequences from the Genba uents T he preSent study are in code, whereas

-
@esenting aligned base

(

the corresponding seqL%( om Gip ankfage sl@h with their full name.

The opti@ith L sumyof bra ength =2.32369329 is shown in Figure

e
" 2
4.2. The perc% f repliéat ?'in (vgiéh the associated taxa clustered together in
the boots QK (i.e., 1000/te ic@" are shown next to the branches (Felsenstein,
hg

1985)! e was drawn to s Kwith branch lengths in the same units as those of

3

and missing data were eliminated. Based on the sequence similarity and confirmed

t Mutlonary distances useho infer the phylogenetic tree. All positions containing
S

0 the phylogenetic clustering, the most closely related type strains of all isolates were



-

determined. The taxonomic relatedness of bacterial isolates between two dw

locations which are Pangkor Island and Manukan Island were also shown.%\

The tree demonstrated that the bacteria isolated from sea cu?tgr specimens
as well as the sediment and seawater samples belonged to four classes of three bacterial

phyla, the  Firmicutes  (Bacilli), = Proteobactetia haproteobacteria,

e Qyimicutes

was represented by 37 strains from three genesa Bacillus, | Stap co%cuﬁplnd
L

Exiguobacterium in class Bacilli with 93% boot suppor:6 th Bacil usY~ ing the

dominant genus. Meanwhile, class Alphaprthe N amma}?\efeobacteria

Gammaproteobacteria) and Actinobacteria (Actinoba

were clustered together under phylum Pr% ria bootstrap support. Five

cuS d Brevundimonas

= No

strains consisting of representatives o enew
belonged to class Alphaproteobag%th 9%’ p &p rt and 29 strains from

7]
four genera Stenotrophomon imetoba P. ud(@aas and Vibrio belonged to

o Ny :
Gammaproteobacteria 1th?)’ootst*p su lrtg%‘o was the dominant genus from
’h I

the phylum Proteobacteria. The othes” ﬁ&elonged to phylum Actinobacteria.

They were afﬁli@n th@\/icro erium from class Actinobacteria with

N

eighbolir ing method grouped the identified bacterial

z

Q

99% bootstracm. €
1solates w@corre ondingjrefe e strains from the GenBank in similar clusters.
B o

Only two erial isolates, PPAS'afid PPBG from sediment and gastrointestinal of H.

Ay
‘g

leugospilota were grouped dif}érently by NIJ tree.

N



4
N\

PMBI2
Bacillus cereus ATCC 14579
PMAP2
PMDW
PMACOE2
Bacillus wiedmannii FOGU0S
PPBV
SE-I—PMJSI
PMCC3
 PMETI
PMECI
PMDG
PMFG
PMBWI
% | PMBT
PMCCOE2
PMBS2
Bacillus thuringiensis ATCC 10
PMBCI
PMFR2
S;(Bac illus vietmamensis PBChS1
PMACOE3
;‘ PMDC4
99! Bacillus megaterium ATCC 14581
Staphylococcus warneri DSM 203
*| pyEr2
%} PMDCOE
PMBS3
S pasteuri ATCC 51129
988 Staphylococcus equorum C8025
PMFCOE
Staphylococcus saprophyticus ATCC 15305
PMDL
%\ PMDTI
%! PMDP

4[7 PMEC2
99 L Exiguobacterium profundum 10C

PMDC3
Paracoccus zeaxanthinifaciens ATCC 2158
% PMCC2
PMCT2
99! Brevundimonas vesicularis N4
PPBCOE
PPBIV

56|

18

Acinetobacter pittii ATCC 19004
PMDSI

PMDC2

Pseudomonas stutzeri DSM 5190

93 - PMDS2

Stenotrophomonas maltophilia K2794
93! PMELI

PPATV

PPAG3

{ Vibrio maritimus S114

Vibrio parahaemolyticus ATCC 1
PPATI
51l ppar
PPAG2
PPAGI
Si4 PpaL
PPACOE
PPAC2
4| ppEP2
PPEC
PPBS
PPBTI
1| PPBT2
PPBL2
Vibrio harveyt ATCC 14126
79l PPACI

Microbacterium oxydans DSM 20578
93" PMCTI

| PPBG

%l PPAS

-

)

Alphaproteobacteria

S

S

&

9

— Gammaproteobacteria

Actinobacteria

Gammaproteobacteria

gre 4.2. Phylogenetic tree built with the neighbour-joining method with the aligned

S rRNA gene sequences of bacterial strains associated with the sea cucumbers from

Pangkor Island and Manukan Island.
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Figure 4.3. Overall order of identified bacteriatisol sea @rbers and
surrounding sediments and seawater fro rl :Iﬁi, k ane‘ nukan Island,
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igure 4.4. Bacterial genera identified from samples collected at Pangkor Island,
Perak and Manukan Island, Sabah
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Overall, the bacterial isolates can be assigned to three different phyla, coﬁsisting

of nine different orders (Figure 4.3). The dominant phylum is Proteobaetefia, with the
\'
highest abundance of samples from Pangkor Island, Perak. This concurs with previous

e
studies that showed the dominance of Proteobacteria associated with sea cucumbers

LN\
(Gao et al., 2016; Alipiah et al., 2016; Kim et al., 2017; Xu et al., 2019; Zhang et al.,

A
2019). Microbacterium oxydans is the only representative of p ¥lum Actinobacteria in

B
this study. This observation is consistent with prev1ous ﬁndln S by W1b0w0 et al.

*X

(2019), in which Actinobacteria were represented b a small number of assomated

bacteria as compared to the overall sea cucu 1cr blg S. vq@; and H.
leucospilota, with the majority of bacterla th@Y Prot teria.

In terms of composition of the ba r1a1 0 as_§9ted with the eight
sea cucumber specimens, divers ed between the two
locations i.e., Pangkor Island; and sla abah rather than between

sea cucumber spec1meE at?&me r’glon § For example, sea cucumber

samples in both locations hgrrboured different bacterlal communities, with Bacillus and
.\ ] \\U \(J

Acinetobacter are the only bacterial genera that were detected in both sites.

Furthermore, e Island sa

main bact us fo nd 1

le|; v&%«bredommated with Vibrio spp., while the

a ﬁ( Island, Sabah is Bacillus spp. This indicates

geogr. arlatlon tefﬁls offthe sea cucumber-associated bacterial species, as
: § >4

Cco o variation of bacterial communities between different sea cucumber species.

0& This geographical difference could be due to environmental factors such as

ter quality, location, depth, temperature, and the presence of other sessile organisms

in close proximity (Morrow et al., 2012). Furthermore, Taylor et al. (2005) suggested
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that allopatric speciation or changes in environmental gradients may also dr

specificity of associated bacteria, although its underlying mechanism is n@own

Besides, this difference of sea cucumber-associated bacterial species Pangkor
Island, Perak and Manukan Island, Sabah could also be due tomfference of
anthropogenic activities at both locations. This is because Pan Ekor and is known to

be one of the leading tourist destinations in Malaysia, whiletManukan Island has been
v l
|
gazetted as a National Park which could be more properly managed, hence this may

have significant effects on the microbial dlvers1ty¢ I } ’ _\
.' -

The prevalence of pathogenic members of Vibrio s have also been reported

"\
' N \ [
in Stichopus horrens collected from Pangkor Island, Perak (Chanderan et al, 2019).

- 7 X
This pathogenic bacterial outbreak may also be caused by the warm temperature of the

r =N\ ?)A

marine environment along with poor hyg1en1c practices at the location (Elhadi et al.,
0 =T 9
2004). Therefore, information on bacterial species associated with sea cucumbers in this
- .

] a
study could be helpful for developing proper intervention procedures to protect sea

G 8 I 21N

cucumbers and consumers, spemﬁcally in Pangkor Island, Perak.
) Y
AT O
The diversity of bacterlal communities associated with the sea cucumbers as

oY NN

well as seawater and sediment is also predlcted to be much higher at both Pangkor

a ) I -\N°¢

Island, Perak and Manl‘lkan Island, Sgbah than was observed in this study. This is
OY oSy R
because not all of the isolated bacte\;ia were successfully identified. Besides, the culture-
o)

dependent technique used in this study may allow only a small proportion of the total

@niw in the marine environment to be identified (Nugraheni ez al., 2010), and the

ual diversity of bacterial community in sea cucumber can be further characterized

using culture-independent techniques of the next generation sequencing along with
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increasing the sample size. Nevertheless, the isolated cultivable bacteria foun s
study can be further characterized for their potential benefit such as b%\ and

probiotic activities, besides investigating their potential pathogenicity cumbers

and consumers.
VT
\Y
. o

4.4 Conclusion
D |18
J

A total of 58 bacterial samples isolated from in nd e% a cucu(ylt:ers body
o
parts, surrounding seawaters and sedimextw an d, P and Manukan

Island, Sabah were successfully ideN sing 16S A sequencing and
> -~ 2 ) A

phylogenetic analysis. The identified bacteria are from three phyla, which are
N7V &S

Proteobacteria (52%), Firmicutes Q6%) and Actinobactgga (2%), and comprising of

]

nine genera. Genus Bacillus is the major bacterial strain found associated with the six

r X IR

sea cucumber specimens in Sabah, while Vibrio is the main genus found from the two
. 4NN

H. leucospilota collected in Pangkor Island, Perak. Other genera include Acinetobacter,
AN L O
SN &)

Staphylococcus, Pseudomonas, Microbacterium, Brevundinomas, Exiguobacterium

l°* V' &G
and Stenotrophomonas. Results suggested that there is geographical variation between

N 71N

the sea cucumber-associated bacterial community at the two locations. Further studies
\Yv v T Al
are needed to determine the potential pathogenicity of associated bacterial species and
o .

r .
to further characterize the non-pathogenic bacteria for various applications.

S
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