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2.1 Sea Cucumber Q: l
The holothurians or sea cucumbers are marine benthic inverteb tebgﬁe{?nder

| &
the phylum Echinodermata. Echinoderms includ%ﬁfferent lasses, WhY—} are the
rino!'d%'crinoids or

a cucumbers) (Pagan-

Asteroidea (sea stars), Echinoidea (sea urchins a sand

sea lilies), Ophiuroidea (brittle stars) and th

S nigr Aspidochirotida,

Jiménez et al., 2019). The holothurlarmlst ?
did

Apodida, Dactylochirotida, DenEC 1 tld%, a Molpadiida (Conand,
2004). Most of the harvestabl S ofs%jlber ‘o@ong to the seven genera of
the Aspidochirotida 1nE1udeohad,:hza (Holothuridae), Actinopyga,

Isostichopus, Stzchopus Pa stlc opil. Tfelé@ta (Stichopodidae). There are also

some sea cucumb S tha' have ot yek’z’%l systematically identified, since there
N

are relatwely rn r of ho lm@ga&onomlsts (Bruckner et al., 2003; Bordbar

et al., 201 (J

' 4
S%cumbers obtain {oﬂ&@%y ingesting marine sediment, or by filtration of

Sf r (Sulardiono et al., 2020) The holothurians are distributed in oceans all over
\the world, and generally inhabit near the coral reefs, rocky ground, or sea weeds in
arm shallow waters of the sea (Mehmet et al., 2011; Ridzwan, 2007). One of the

common tropical holothurian species, Holothuria leucospilota is widely found in



shallow reef areas such as the reef flats, shallow coastal lagoons and seagrass yof

the tropical and sub-tropical Indo-Pacific region, including the Red Sea (P@i and

\

Arifin, 2018). Sea cucumbers are an important component that contribute to the well-

being of marine ecosystem. They play an essential role as keystone spegies, bioturbators

|

Sea cucumbers have also been suggested to be involved in protecting coral reefs
& N\ A
from the devastating effects of climate change. According to Schneider ef al. (2011),
Y» &
corals need to survive by accumulating their key component, calcium carbonate at an

N 2'J YT

equal or better rate than losing them. Sea cucumbers contribute by ingesting and

PO T R N

digesting carbonate sand and defecate calcium carbonate as part of their digestion by-
hd i

products, as were demonstrated by Stichopus herrmanni and Holothuria leucospilota in

r T =N\?)A
One Tree Reef, Australia. Additionally, ammonia waste released from the digestion
—u" 4 I .=

process serves to fertilise the surroundirig,/providing nutrient for coral growth

and recyclers of lagoons (Lampe, 2013).
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(Schneider ef al., 2011)(0 Y} le §
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In Mala siarl seawaters, approximately 80 species of sea cucumbers have been reported,
- .

which\are distributed from the intertidal zones to deep sea (Kamarudin et al., 2010). A

%f 52 morphospecies of sea cucumbers from four orders comprising of twelve

era were documented. These include 38 sea cucumber species recorded in Sabah

followed by 24 species in Peninsular Malaysia, 10 species in both regions, while nine



other species required further taxonomic works for their identification. Sea cucumbers
of the order Aspidochirotida and genus Holothuria are generally the domi%\on in
Malaysia seawater, while Holothuria (Mertensiothuria) leucospilota ( , 1835) is
the most dominant species (Kamarudin et al., 2015). Among the spech%m the order

Aspidochirotida  documented in Malaysia seawaters_ _inclide Holothuria

(Mertensiothuria) leucospilota (Brandt, 1835), Holoth ECFterlsiothuria) hilla
er, b 1

(Lesson, 1830), Holothuria (Metriatyla) scabra Molothuria
X
and

ima) edulis ( 0#,@
7 2015, &
NG

Sea cucumbers are highly ValuabIWOrgani m having a(iong history in the

& ~

fishing industry and are the most consumed echinoderms. Locally, sea cucumbers are
v

NP
known as timun laut, bat, balat, t bru 1 n@wi shen (Yasoda et al.,
0 - ﬂ%

2006). A mass of harvestable spec‘i'es has been exploitedyfrom Malaysia seawater to

(Halodeima) atra (Jaeger, 1833), Holothuria (Halo

Bohadschia vitiensis (Semper, 1868) (Kamarudi

[ -
meet the growing market demand due to their food and pharmaceutical uses. The major

c_ N | 210N

species being harvested are from tl_le families of Holothuriidae and Stichopodidae
TN\ O
(Bruckner, 2003),%1:\ sea cucuniber aqua.qéiture in Malaysia was initiated in 2012
to meet the zN e ar&d
t

establishe@ countrie nand&ﬂ)04).
LY Sy D

A

Even though sea cucumbers are highly important marine organism, their
. 5 N
)

populations are facing great threats caused by overexploitation and pollution in many

azlan egcbﬂashim, 2015) and this has been well
4

Q&es around the world including in Malaysia (Purcell et al., 2012). In 2013, 16 sea
Vucumber species were listed as threatened with extinction, in which seven of them

considered as endangered and nine as vulnerable on the [IUCN Red List (Hamel and



Mercier, 2013). Factors that can lead to species declines include direct explaitation,

AN

habitat loss and degradation, and introduced species (Gaston and Spicer, :%_(_)04). This

becomes worse with the proximity of surrounding islands to the mainland and the

——
negative effects from the tourism developments (Kamarudin et al., 2009). Illegal fishing

a
in Sabah of East Malaysia operated by illegal immigrants from the Philippines has also

been suggested to contribute to this problem (Choo, 2004). '

. 4

The survival rate of sea cucumber in marine water of Pangkor and Langkawi

| \ I Yi:1 &

Island of Peninsular Malaysia were also affected by poor manager'nent development that
’ b 9
erefore, ef@ﬂ! are being

d otﬁaountries. For

cause sedimentation due to land clearing (Panwm :

taken to conserve and sustain sea cucu%\'ﬁ Ma

example, the Langkawi Development A ty (LA

sea cucumber species via sea r % in I&%ux
0
0O

Langkawi Island, Kedah (Sha\ sman, 2016). Theréare also other sea cucumber

ranching projects being con in a few places in@ah.
N
S

o

Sea cucu
% S
midlimetres to a metre (Backhtb&, 1977; Lawrence, 1987). They are soft and cylindrical-
N
mbodied echinoderms that are related to starfish and sea urchin due to some common
Vharacteristics they share that include radial symmetrical body and having a coelomic,

water vascular system. Morphological characteristics can be used as a basis to



distinguish the orders of sea cucumber such as the tentacles, the presence or absence of

AN

respiratory tress, and the presence and distribution of podia on the trunk (Kumar, 2012).
The outer surface of its body wall is known as cuticle (Table 2.1) (Yang, ), and the
mouth of a sea cucumber at its anterior end generally has tentacles thaQre extended for

feeding purposes, mainly to obtain particulate organic matter (EWI al., 2012).

|

The internal body of a sea cucumber houses its dliestlve system and connected

\ A

organs. This includes a long and coiled alimentary canal of intestlne that is connected

| \ I Y. &

to the anus through rectum and cloaca (Kamarudin and Rehan, 2018). The body cavity
- N 2'7 ¥

of sea cucumber is filled with coelomic fluid, covering the internal organs and forms a
P T N
fluid medium (Shi et al., 2020). Individuals are also characterised by having evolved

A TJ X
skeleton recognised as ossicles and the ancient-looked resplratory system called

MEANN J

respiratory tree possessed by a few spemes (Lambert 1997) 'S‘«he respiratory tree is a

specialized organ for gas ex retl 1n %ucumbers which is also

connected to the cloaca by ive \,

sue @Y ang, )
S \.-Jf-g
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Figure 2.2. Sea cucumber anatomy (Mashjoor and Yousefzadi,v2019)
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Table 2.1. General description f sea

;
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E

50

Body parts g
L S

Cuticle he dy sur ce spa@ mber was covered by a thin
| \" oy
Tentacle m@mouth%ea cucumber are bushy tentacles use
to

arti ToS of food

Coelomic ﬂ!%\ iled fcavﬁylhat acts as hydrostatic skeleton

Cloaca % 0 eﬂﬁgpemng that brings water in and out for
% d p'u‘

atIOIY-

G estine The d@ve tract that looped within the coelom
tory tree Attached to posterior cloaca and function in gas exchange
%nan tubules Specialized defence system that are attached to the basal part
0 of left respiratory tree
Polian vesicle Sacs that are associated with the ring canal and serve to

maintain the fluid pressures within the water vascular system
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Sea cucumber also possesses a complicated water-vascular system, which

\

involve a unique arrangement of fluid-filled coelomic passages and associated parts (Li

——
etal.,2013). One of the main accessory structures of its water-vascular system is polian

o Y

vesicles, which are a bag-like tissue that consists of a thin inner epithelium wrapped by

A
a thick muscular wall (Baccetti and Rosati, 1968). Polian vesicles are also considered

— Y
i p
to play important roles in inflammatory response of the sea cucumber (Shi ef al., 2020).
v v e
. I o7 *. X
Another important feature of this organism is their defence mechanism called

- T

evisceration, the ability to expel their sticky Cuvierian tubules under stress conditions,
< » >
Y7~ N\Y v
which are then regenerated (Hashim, 1993). The Cuvierian tubules are present in only

l

several species of family Holthuriidae such as from Holo a a@%hadschia species

(Flammang et al., 2015), ‘%(,) >7 §
X
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2.4 Uses and Benefits of Sea Cucumber (J

ZIP)
& ~ 4?
Apart from 1ts important roles in the marine ecology, sea cucumbers also provide
l1°* Y &
economic 51gn1ﬁcance in foods ;nd p%rmaceutlcal sectors. Sea cucumber is an edible
F
organism W;e ofth srcon@lalised seafood products in the food industry in
Asi ing in Malaysia. Tb&m: products have benefited many coastal communities
r .
of Sabah as their source of income (Choo, 2004). Some sea cucumber species have long
\been considered as priced delicacy since they are believed to have aphrodisiac qualities

(Al-Haj et al., 2009). The processed sea cucumbers are considered as luxury seafood

sold at high price in Asian stores alongside other dried seafood. Nutritionally, sea

13



cucumbers provide a rich source of nutrients such as Vitamin A, Vitamin B1 (thi;mine),

Vitamin B2 (riboflavin), Vitamin B3 (niacin) and minerals especialli calcium,

magnesium, iron and zinc (Rahman, 2014). *

In addition to their good flavour, sea cucumbers are also used in traditional and

modern-formularized medicines (Lukman et al., 2014). In wmr Malaysia, sea
cucumbers are prized for their medicinal properties, %mmo‘ﬂy used for the
preparation of traditional medicinal products like gamat o1l'¥Thei cMﬂui Iso

A S

known as gamat water, has traditionally been u post-natal tr ent-by ‘Malay
. o & >

society (Lukman et al., 2014; Al-Haj et al., 200 1S aw OWQ}s'a tonic by

ercuﬁsbs, stomach and

Chinese folks for its efficiency against as Weuma?}\sm

duodenum ulceration, diabetes, cuts an s, impoten

2014). Apart from that, sea c s a Q}otential as functional
([ A

ingredients in cosmetics (Siahadnyet al., .The @acturing of gamat-based

health products through mTechn’logi i ls@actised by several multi-level
: l

marketing (MLM) companieés such t Q/ s Sdn Bhd (GESB) and Luxor

O

Network Sdn Bh(K\ | \ %
Previc%\arc es? h jl'so orted on compounds extracted from sea

cucumb@' exhibit timicrobal, anti-inflammatory, antiviral, antitumor,
b 4

anticafiger antifertility properties (Bordbar ef al. 2011). Echinoderms also showed
. 9

7y

%est antibacterial activity ‘compared to other marine organisms such as porifera,

0zoan, mollusca and corals (Shakouri ef al., 2009). The beneficial health properties
Vf Malaysian sea cucumbers have also been reported including their antioxidant

activity, analgesic, therapeutic and anti-anaphylaxis effects (Ridzwan et al, 1995;



Fredalina et al., 1999; Khartini et al., 2003; Osama et al., 2009). Sea cucum?e
also a rich source of functional ingredients of biomedical products suchﬁ%\ctive
peptides, vitamins, minerals, fatty acids, saponins, carotenoids, collAgelatines,
amino acids and fatty acids (Kim and Himaya, 2012). Significant amw carotenoids
were also documented from H. leucospilota that include P- M, -echinenone,
canthaxanthin, phoenicoxanthin, astaxanthin, lutein, zeaxanthi angclstuti and Arifin,
2018). The synthesis of these compounds may also con ibw‘bacterial

communities that live symbiotically with the sea c@ns (Farjami al’, %@
s b 4§

NV

~
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2.5 Marine Bacteria % \? ,'\&
o ?‘ S
Bacteria are single cell prokar& icro%misfwiﬂ&o&lcleus, whose membranes
ee

are made of peptidoglycan y, 2010): @ce of microscopic organism,

l Q
formerly referred as an%les wasgdisc pd@' nthony van Leeuwonhoek in the

17" century (Pace&klMicrl)org isms ar%&}iespread in nature, for example in the
n

soil, air, W&tﬂ# y,an ninal étg)/licroorganisms also dominate the oceans
'

in the maj%)' ts bigmass, since oceans form the largest habitat on earth that

suppo wlversi{/ afine 1% Glockner et al., 2012). Hence, the oceans turned

ou\ attractive field forﬁé@archers as many mysteries regarding microorganisms

%lr metabolites have yet to be discovered. This is in line with the development of

Qdem technologies that allow access to the indisputable rich biodiversity

environment, leading to a deeper exploration on marine microorganisms by scientists.



Marine bacteria can be different from their terrestrial relatives as a r f
adaptation to their respective environmental conditions (Bhakuni and R%\OOS).
The complexity and dynamic system of the marine environment ca essful to
resident organisms, which makes them acquire the ability to produce secondary

metabolites with stronger bioactivities, more novel and conta{'ew structures that

inhibit the growth of other microorganisms (Bultel et al., 1 ehe'rt, 2000). These

tremendous surroundings have also resulted in the metabolic diffe of marine
[

microorganisms as compared to those in terrestrial e ment (Sc rt‘m&ﬁm etal.,

2001). Most marine bacteria have been report Gr% i rodg,;r'ld it was

hypothesised that their outer membrane st re)hias adTpte voluti ly to the low

nutrition, high pressure and high salinwaions (Solieyet al.@%’ 1).

ilit resourcegli tion 1 'ﬁutrient and space have

In addition, the variabili 0)
. . . 7]
obliged the marine mlcroorﬂgs to %am@emselves, and acts as a

selection pressure that faw!-prod ctio na products with medical and

>

e
industrial values (Armstronglet al., 2001 i@g acteria have become a promising

source for a Varie@licati‘nsi\edicin%nd industrial processing (Maas, 2006).

N
This is becau Melr b11‘1ty

rqdu&()gecondary metabolites with the potential to
be develo@' icanger diugs and eat antibiotic resistant infections (Avendano-
% “ €

5
co metabolites are produced as a response against

Herrer, 1.52005)
ot ietoorganisms or predators in their environment, as a defence mechanism and

%’Vival (Petersen et. al., 2020). Marine bacteria have also been shown to be

ibiotic producers (Wiese and Imhoff, 2019).



Even though bacteria have often been viewed as harmful microorganrvt
they have also been acknowledged to provide great contributions in tk%\glcal
stability. Bacteria promotes decomposition of matter, mineral cycle a‘ﬂ*natlon of
sediments in the marine environment (Das et al., 2006). The contihuity of living
organisms is also dependent on some bacteria that carry out photosyfithesis to produce
oxygen (Staley et al., 1997). Besides, the activities of ¢ %c.ter a in the marine

ecosystem can also produce phosphorus and nitrogen, w ro de f nutrlents

to the reef sediment, and in turns, coral releases muc reef meta srfl %tﬁerves

ree lﬁ or in close
n eQbrates, such as the

sponges and sea cucumbers (PagahsJiménez eral;2019; El@ak etal.,2018; Gao et
[
24 Qs

ines were shown to harbour complex communities
S N e
of microorganisms (O’hara and Shanahan, 2006). These bacteria were consumed and

\4

passed along in the food chain of m\ arJSWDas et al., 2006). Furthermore, the

presence of bene mcte@ gast@estinal tract of humans and animals
facilitate the1®oh proces hn@‘gié wide range of diet also shaped the gut

m1cr0b10 et al 200’) hﬁb{lcterla -host interactions and their impacts on

(gysti,@"have also been discovered with the help of

enﬂ ntal genomics appr% (Azam and Worden, 2004).

N

as a growth substance for bacteria (Das et al.,

Bacteria in the marine enVHOl%N

association to a variety of marine an1mal ts includi

al.,2014). Likewise, the anim&

anima. p tlon an

17



2.6 Bacteria Associated with Sea Cucumbers T

Sea cucumbers are among marine animals that act as a host to a wide vari cteria.
Sea cucumbers obtain food by the ingestion of marine sediment o .b%tratlon of
seawater (Ward-Rainey et al, 1999), and consuming microo anisms, melofauna
decaying organic debris, inorganic components, and dissolvedwic matters that are

accessible on surface sediments (Roberts et al., 2001; Gao“et al., kOlO). Bacterial

A
communities inhabiting seafloor are extremely diverse in their identities and have been

considered either as a direct food source or a at inJre lf ‘?1&: sea

4 b 3
t availab Ama;s\et al., 2009;
N N
Gao et al., 2010). These bacteria associate marlne organisms have also been

discovered to produce diverse and novel natvural products (Konig et al., 2006; Brady et
.\
al., 2009, Piel, 2009). \
0

Previous studies have ated th%j ono teria with different species

of sea cucumbers, most on'the J apangse s l umber Apostichopus japonicus
(Table 2.2). Characterlsatl c cg nity in A. japonicus collected from

Primorskii kral a po t

cucumbers with essential nutrients that are othe

’i’«a

*

1st of facultative anaerobes from the

e}

env1r0nment en 0 an

potential lat d Dl(y
4‘3! e

inc udﬁg illus  sp., actlc\? cid bacteria (Lactobacillus, Lactococcus and

S. ococcus) and Pseudomhs (Gao et al., 2014). Potentially metabolically active

16) Furthermore, bacteria with probiotic

A. japonicus from Shandong Province, China

A;g(w

0 eria of Epsilonproteobacteria and Rickettsiales in the coelomic fluid of A. japonicus

m Japan were also found (Enomoto et al., 2012). It has also been suggested that

sampling time and sites are the contributing factor for the fluctuations in microbiota

18



composition in A. japonicus samples (Kim et al., 2017). Bacteria that ma e
diseases of 4. japonicus have also been reported, for example, Gram-neg%\teria
that belong to the genera Vibrio, Shewanella, Serratia, Pseud onas or

Flavobacteria were isolated from diseased A. japonicus specimen from Dalian, China

(Li et al., 2010). ‘ \/
Bacteria have also been isolated and detected @ea c*umber species,
mainly focusing on their gut or intestine. Gut bacteria is known t p:ay\'(@ianﬁwles
N

on the host health (Liu et al., 2011). Zhang et al. ( reported the enl:e-étﬂ?erobic
o ' iy
culturable bacteria from intestine of HolothurichpilM agasak?\_}apan. High

bacterial abundances have also been recoﬁme guts -sea(?othurians from

the north-east Atlantic (Roberts et al., 2 urth<mo Gam@roteobacteria and
=\
Vibrio sp. were identified as th ina siin otlg\intestine of Stichopus
[

Jjaponicus from Coast of Dalik'na (Wﬂ‘)‘ 16 the other hand, bacterial
composition of the microbiTHol1huri ulo@d Holothuria forskali showed
o
Bac %J n-Palmero et al., 2018).

a predominance of the te\;@ @E%’
K
N O §
L5
\ S
N
O
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Table 2.2. Some studies exploring the association of bacteri% gea cucumbers

-4

Sea Cucumber Location Body parts / Source Vﬁated Bacteria Reference
Holothuria Playa Pifiones, Puerto Intestine Bacteria fr yla [Proteobacteria, Pagéan-Jiménez
glaberrima Rico Bacteroidetes, Firnii etal., 2019
Apostichopus 11 farms located in the | Surface mucus, skin | 31 isol beloiged nera of Vibrio, Lietal., 2010
Jjaponicus suburbs of Dalian, China | ulcerations,  coelomic ‘@ Senra Ij ehdoalteromonas or

fluid, viscera of sea FI ct \/
cucumbers, the nets, W e"’\ é\v
water and sediment fﬂ—) &
culture areas. L, N _\O
Apostichopus Funka Bay and Ainuma | Small intestine, tha M;ﬁb%rs‘of’t@s%eneraRoseobacter, Shewanella, | Enomoto et al.,
Jjaponicus fishing port, Hokkaido, | intestine, coeloméd Pseu lte@nonas, Vibrio and Flavobacterium. | 2012
Japan and body surface\ y onp\&%obacteria and Rickettsiales
I el g with antibacterial compounds were
qupd:
Apostichopus Bottom enhancement | Sedime foreg}l %@Jf)redominant classes include Holophagae, | Gao et al., 2014
Jjaponicus area Qingdao, Shandong hlndg Q G mmaproteobacteria,
Province, China B ’l cDeltaproteobacteria.
Apostichopus Alekseev Bay ud)f 11"d 'l}a a@ Facultative anaerobic bacteria. Bogatyrenko
Jjaponicus and  Kiyevka  Bay, % vvh;gct‘at é and Buzoleva,
(Primorskii krai, Russia)%, c._\/T 2016
Apostichopus Four different areas wi& hole body N Alpha-, Beta- and Gammaproteobacteria were | Kim ef al., 2017
Jjaponicus maximum producti i common dominant classes found.

Korea

N
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Ay

Stichopus Coast of Dalian, China Intestine Vibrio sp., Pseudom&es’sp., Shewanella sp., | Gao et al., 2016
japonicus Leisingera sp., AIis?@ sp., Propionigenium sp.,
Arcobacter S% Pseudoalteromonas  sp.,
Ferrimonas sppandRhodobacteraceae
Holothuria Coastal waters of Intestine The phyl }&fmiiutes, Proteobacteria and | Zhang et al.,
leucospilota Nagasaki, Japan Actinob a. 2012
Holothuria iMARE Natural S.L. | Intestines, coelomic | 27 isolate oa&%i-microbial activity, | Leon-Palmero et
tubulosa, facilities (Motril, | fluid and feces dominatedby t Jﬁébzllus. al., 2018
Holothuria Granada, Spain) b 4 X~
. N
forskali . 2 *\\ ", o
Holothuria atra | Pangkor Island, Perak, | coelomic fluid, stomach, @‘N b c‘ﬁar' strasns including halophilic | Farouk et al,
Malaysia intestines, inner body \ ebsiellazand Bacillus sp. 2007
. N
tissue, brown ¢ \? /Q\
gastrointestinal tiss o " Yy S
. 9 Q-
and outer skin layer \; &)

Stichopus Dayang Bunting Island, | coelomic fluid o "_B\a ba Q‘rial communities associated with H. | Lukman et al.,
chloronotus, Yan, Kedah; C)Y~ I }uba@vlom were dominated by Pseudomonas | 2014
Holothuria Tioman Island, Pahang, \"‘D" afl “Bacillus, while all bacterial isolates from S.
leucospilota Malaysia A\ X l \ g{ezbronotus are Micrococcus.
Stichopus West coast of Peninsular Surfa&i&aﬁoci ' ':_7;2 bacteria from three main classes: | Alipiah et al,
badionotus Malaysia bacteri i s C Y Gammaproteobacteria, Firmicutes and | 2016

'Q’ : ) W | Alphaproteobacteria,
Holothuria Pangkor Island, Perak, ‘Wointésﬂlﬁsf Y> 6 genera i from H. leucospilota: Bacillus, Kamarudin and
leucospilota, Malaysia \"}/ Brevibacillus, Lysinibacillus, Staphylococcus, Rehan, 2018
Stichopus y Dermacoccus and Micrococcus; 3 genera from
horrens S. horrens 1.e., Bacillus, Brevibacillus and

Lysinibacillus

N
S
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Few studies have also been carried out to determine bacteria associated a
cucumbers in Malaysia. A total of 30 bacterial strains was isolated fr@rﬁsh,
Holothuria (Halodeima) atra Jaeger, 1833 from Malaysian waters (Farﬂ&l., 2007).
Lukman et al. (2014) studied microbes inhabiting the coelomic fluid of Holothuria
leucospilota and Stichopus chloronotus, two local species of sea¥cucumbers from

&

Malaysian waters. From the coelomic fluid of H. leucos, ':)acterial genera

were isolated, which are Bacillus, Exiguobacterium, Pse onas, Mkamonas,
and Vibrio, whereas from S. chloronotus three bact%;&enera erg i olat mely
Kytococcus, Micrococcus and either Kocuria o?m; . li;{a . (2@. assessed
the potential of surface-associated bacteria% froﬂ\ Stichgpus b@‘rfotus species
from Port Dickson, west coast of P@ Malaysia™ySix g@‘% were identified

namely Vibrio, Planococcus, Exi%cterium,\?@%o @,’ Pseudoalteromonas

and Sphingomonas. Recently, din z?nd Réhan (%@3;83 reported the culturable

bacteria from the gastrointe%@i jA spilota an%z hopus horrens. The bacterial
he gene

1solates were afﬁlia% ra Balci Brevibacillus, Lysinibacillus,

4 ¢ &
Staphylococcus, D WCCMS rﬁ%&ococéﬁér H. leucospilota.
b

a - A
Bacteria inhabitin'g the internal fluid of sea cucumbers have also been shown to
-

P o e
exhibit antimicrobial activity. For instg?ce, Farouk et al. (2007) have isolated bacteria
r X LU /7D
from the coelomic fluid of H. atra Jaeger, which shows antimicrobial activity against
\ v N b
. N
pathogenic bacteria that include P. vulgaris, K. pneumoniae and S. typhimurium. These

O\ ‘ .
activities were proven to be from the bacterial secretions, and not from the sea

N

8 cucumber’s coelomic fluid that showed no activity. Furthermore, pigmented bacteria

were also suggested to be present in sea cucumbers from Malaysia seawaters. For
example, Staphylococcus kloosii exhibiting orange colony colour was isolated from

22



respiratory tree of H. leucospilota from Pangkor Island, Perak (Kamarudin ez al., .
while a red pigmented bacteria that showed antimicrobial activity against@ﬁchia

coli and Candida albicans was isolated from a sea cucumber in Tin d, Johor

(Jafarzade et al., 2013). q

2.7 Pigment-Producing Bacteria \\d
[
Bacteria are known to produce secondary metab@t include pi 1nts_{§ are
thewor

considered as a source of natural colours amo ganiSms s a@, insects
and plants (Venil et al., 2013). Pigments fwt obi

and benefits over artificial and inorgafii ours, and

=

ces have gteat potential

natural sources (Francis et al., 2000. This is b

advantages due to their indepen. m s€hson

can be rapidly grown on inex;&re T i

safe to use (Bat and KHan z). | 0
s ' $ &

Pigments f&&ural sPur\ttch as @noids and anthraquinones have been
r

documented sin&e storic thmes: in 1(8’)(@4\1;‘{@ world’s first synthetic colour, mauve,
( %
was accidentally discovered ir‘:N(l_i}m Henry Perkin and led to the emergence of

NS
the syntheti our ifid [ al@ 1980). The extensive history of synthetic colour

usa ue to their ease e@’oductlon, sustainability, inexpensive and superior

co\!?; g properties (Tuli et al., 2014). However, over a period of time, these man-
a

d e colorants were conferred as harmful to human beings and imparting non-

environment friendly impact (Malik et al., 2012). These negative effects have increased

the global demand for natural sources.
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In countering the ill effect of synthetic colorants, many researchers haveWh
immense interests in understanding bacterial pigments since it offer% ising
opportunities for various applications such as in food, cosmetics, pha ticals and
nutraceutical industries (Charu et al., 2011; Azman et al., 2018). B¥?1a have been
shown to produce many types of pigment molecules such Mnoids, melanin,
flavins, phenazines, quinones, bacteriochlorophylls, mona %;aclein, prodigiosin

or indigo (Dufosse, 2009). These coloured pigments sess b}./\ba#ia obliges

™ .
etal )20 "lih@nents

d somg\ti an a@g a shield
X

othe acten@%zman et al.,
e a@*been reported act

important roles in cellular physiology and survival

also exhibit antibiotic activity against other ba

2018). The antimicrobial activities 0&'

against a wide range of pathogens,%e have t gnt' 1 @medical applications
n \

!‘i@f‘geen conducted, the exact

(Narsing Rao et al., 2017). Alt

mechanisms of antibacteria %' of @ poorly understood (Celedon
(,) N

& Diaz, 2021).
NG,
Pigments &}1 b l‘]acter' in the@nne environment are of current interest

N
to be explore(heir roducti n.'(!f cﬁ%dally and industrially important secondary

metabolite%ﬂheir ntimicr iilééﬁticancer, photoprotective, antiparasitic, and
4
mmures

itigs Q{Bﬁesh et al., 2019; Velmurugan et al., 2021).

Fu%m re, secondary meta%‘htes produced by marine bacteria can be different as

red to their terrestrial counterparts due to their unique metabolic activities to

Opt and function in the marine environments, especially bacteria associated with

marine host (Fitri et al., 2017; Joint et al., 2010). The marine-derived bacterial pigments
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were also shown to have broad-ranging pharmacological activities and math

unique colours (Soliev et al., 2011). \

One of the primary tools for characterization of pigments esp carotenoids
is to study the UV-visible absorption spectrum of the or&?otent extract
(Rodriguez-Amaya et al., 1999; Godinho and Bhosle, 2008). Wts can selectively
absorb some wavelengths of light while allowing o o be r ﬂ‘:cte and their
absorption profile depends on their underlying chemistry (Hill er al., 'Sh&'v‘key
and D'Alba, 2017). Variation in chemical structa 0mp0s1t10 and the @ence of

specific chromatophores resulting in pigment d1 sity.

2.8 Bacterial Identification \$ /‘\&
0
Bacteria isolated from Vario es ca tlﬁ é&ng different approaches,
commonly via phenotypic le ar-b met@s Bacterial identification and
I
classification based on phe types (ﬁ ered classical analyses that involve
morphologlcal e n pilysw 1cal s1s and biochemical profiling. Such
methods incl e amsstainin bs n of colony morphology, growth on
selectlve d numerops cal reactions (Bergeron and Oullette, 1998;

4
Felsk 998). E tl£ug enotyplc bacterial classification is favourable by
e &

researchers due to thelr\‘;a cost, they have their own limitations. For example,

%yplc methods have low reproducibility and are rarely able to identify the bacteria

Qto species level (Aguilera-Arreola, 2015). Therefore, molecular techniques have

been developed to overcome these limitations and hence provide higher accuracy in



bacterial identification. In practice, both techniques are usually applied, with pheWc

identification done for preliminary screening of numerous isolates prior to @ation

through genetic-based methods. A

Molecular-based bacterial identification employs a %rie of markers.

Markers derived from ribosomal genes especially 16S rRNA gefi€gssthe most frequently

used to characterize and determine the phylogenetic e@mic Slatus, as well as

relationship of the bacterial isolates since it is universally preésent i pMOS (\%érta,

2012; Normand et al., 1996). Ribosomal RNA is% componentfor r’be&?w and
’ b 4§

ribosomes have the same function in protein SWS inw . her,g_o(e, the 16S
rRNA gene tends to be conservative en%’ poss%se

than nuclear genomes. This gene is hig

aster evolutionary rate

r

nserved with, nine @ervariable regions

A

which allow researchers to study, 1 entif)bvi a?omy (Ahmadian et al.,
0

2006). The 16S rRNA gene is als ardedas a reli bi‘e mﬁ&r because of its functional

consistency and its length o nce (appr atel 00 bp) amplified by universal

I
primers is large enougl%}duct the bioi o;m&tﬁi,c analysis (Janda and Abott 2007).

Bacterial @aﬁ is lly using the polymerase chain reaction
3
'geﬁe’ NA sequencing, sequence alignment with

(PCR) amplifi eh)f the 16
@

known s &! in Puyt a@nd interpretation of results (Barghouthi, 2011).
PCR 11% lify"th t:

[

o amplify arge\t‘FBS rRNA gene using sequence specific universal

5
p s (Lima-Bittencourt et ck 2007). The presence of the appropriate amplified PCR

uct confirms the presence of the organisms. Information obtained from the
Qluences is then analysed and compared with other known sequences in public
databases such as GenBank using Basic Local Alignment Search Tool, BLAST
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derived from phylogenetic studies ar

(Altschul et al., 1990). The DNA sequence

to facilitate rapid identification

in public databases

different ecological niche (D'Auria et. al., 2006).



