CHAPTER FIVE

SPECTROPHOTOMETRIC ANALYSIS AND ANTIBACTERIA VITY

SCREENING OF MARINE PIGMENTED BACTERIAL EXTRACT

5.1 Introduction ‘\d. S

The marine environment is complex and dynamic, xtreme ari 10n in pressure,

salinity and temperature, which can lead to th ve op e nlque abolic and

physiologic capabilities of the 1nhab1t1n%y

their s 1va1 in these

&Qroductlon of new

conditions (Balraj et al., 2014). Th1s als\res
T’&xhose originated from

metabolites by the marine mlcr m% er fr
terrestrial environment, as p e1r uni ab(&ﬁx (Fitri et al., 2017). Some

microbial communities lso?ﬁlsh S)"l\

marine ecosystem to adapt

ela @hlp with other organisms in the

eq'l &y competitive environment (Jensen

and Fenical, 199 Varllety 0 nlque ndary metabolites associated with this
symbiotic rel ealso eell di ered with significant biological properties
(Zhang et al

cumbers are amoxag’j; marine invertebrates that offer desirable nutrient-

tat for the prohferatlon of microorganisms (Velho-Pereira and Furtado, 2012).
cucurnbers are also well-known for their secondary metabolites and pigments such
arotenmds (Pangestuti and Arifin, 2018). Biosynthesis of these compounds may also

be contributed by the symbiotic or associated microorganisms, or derive from a diet of
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microorganisms (Farjami et al, 2013). Thus, marine invertebrate-as ?!d
microorganisms are considered important sources of bioactive compounds@v

al., 2019).

v g

During the past two decades, research on marine bacteria has highlighted the

tremendous potential of these microorganisms as a source of new secondary

metabolites. This includes a wide variety of microbial pigments such as carotene,

o

melanin, phenazine, pyrrole, violacein, and quinones (Velmurugan et al., 2020).
Y &

Pigments produced by marine bacteria are considered as the bioproducts with great

Y

potential for various industrial applications (Usman, 2017). For example, carotenoid

\ ‘
pigments have been proven to possess s wloxicativ tiVitlegand have been

used commercially as food colorarN al feed plem@ as well as for

nutraceuticals, cosmetic and ph (& tlcal%eS( s@haran et al. 2013). In

é
addition, the phenazine- b ocyani,_ pi ent @ can be produced by

I

due to their capablht%nerate cti ,oxzégh species (Hassani et al, 2012).

Pseudomonas sp. are also culat’ interest smc y have antitumor bioactivity,

Pyocyanin can a 1 sed els bi nsors,{\i the potential to be applied in the

agricultural, al, aid envi n}en@o(ﬁc\lds (Priyaja, 2013).

‘Y2
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Several marine bacterial p\gments have demonstrated various biological

Ny TS

activities such as antimicrobial, anticancer, and immunosuppressive activities (Soliev
N
ﬁml 1). Bacterial pigments were also shown to display strong and broad range of

Wivbiotic activities (Holmstrom et al., 2002; Bruhn ef al., 2007). Therefore, pigmented
bacteria from the marine sources have become an important target for the discovery of

new bioactive compounds, which can be utilized to overcome the antimicrobial



resistance crisis. Antimicrobial resistance (AMR) is a critical global threat

decreases the opportunities for the treatment of infectious diseases cause@uses,

bacteria, and fungi (Guo et al., 2015). A

One of the primary diagnostic tools for identification of microbial pigments

—

especially carotenoids, is to study the spectrum of the or&anic solvent extract
i

| \

(Rodriguez-Amaya et al., 1999). For example, analysis of the pigments’ UV-visible

absorption spectra may provide an insight into the p@&ent characteristics, since it may
-~
\

assist in determining the pigment structure (Godinho and Bhosle, 2008). In this chapter,
Y TS Y
the crude methanolic extract from pigmented bacterial strains isolated from sea
= A
ALY x N D
cucumbers and surroundings were analysed, and their antibacterial activity were

J - &

screened against Gram-positive and Gram-negative bacterial representatives.
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5.2 Materials and Meeods Ql §
i \01:‘Ki ent:

5.2.1 Production a Extractl

A

Distinct colonE' wact ia‘w lpcticgbased on the pigmentation and sub-cultured
:
tr

onto freshQi' agat media (Me armstadt, Germany). A loopful of bacterial

isolate ¢ further gr id’5 miNutrient Broth (Merck Darmstadt, Germany) at 180
p C for 24 h using rotsb shaker. Each pigmented culture was transferred into
eckman centrifuge bottle and centrifuged at 10,000 rpm for 10 mins. Then, the

ulting supernatant were collected and filtered through Whatman filter paper.
Following that, the filtrate was concentrated using a rotary evaporator and 5 ml of
methanol was added for further extraction at the ratio of (1:1, v/v). The methanolic
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extract were reconcentrated using rotary evaporator to obtain minimal VOIY!f

extract. @
<

5.2.2 Analysis of Pigment Extract using UV-Visible Spectrophotometer

The extracted pigments were analysed using UV-Visible, spe¢trop gter (UV-
iy . . ] O

Visible 3600, Shimadzu Spectrophotometer, Jap termine t 1g‘ng‘if%roﬁle

between the range of 200 nm to 800 nm and wa i trip@ I eac Y;ple, 100

Yv
ul was used by keeping methanol as refer lank. °\ é
AN
&
S
\m &
5.2.3 Preparation of Test Ve. fo, tib ter@tivity

o
A colony of each bac%solate was | qalqt& in Mueller-Hinton broth (MHB,

Oxoid, USA) at &x/ith Jentle gitatio(:?vemight. The bacterial growth was

monitored by Nng eop i dpns'&%} 600 nm using BioPhotometer (Eppendorf
4
AG, Ham@man . nce{édtion of bacterial cultures were determined by

referri cFarlzf:ﬂw&rd rt as shown in Appendix A. All bacterial cultures
N
were r diluted to 0.5 Maﬁ(arland with the same medium.

\

N
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5.2.4 Screening of the Bacterial Isolates for Antibacterial Activity Y’

Antibacterial activity of the pigmented bacterial strains’ extracts were scS%gainst
h

five pathogenic bacterial type strains that were obtained from _the collection of
Microbiology Lab, Faculty of Science and Technology, Islamic% University of

Malaysia. The selected test bacteria include two represent of Gram-positive

fie\alijdand three
p...Sal atyphi-and

representatives of Gram-negative bacteria, which are Shige/ld sp. p\i?-a
Escherichia coli. ' .{')

First, 100 pl of test bacteria was spread ozo Mu \-Pﬁnton g&ﬂate (MHA,

bacteria, which are Staphylococcus aureus and Strept

Oxoid, USA). Sterile paper disk cont 'ni@ of Wba ria%@lates were placed

on the respective agar surface. The plates were thefrincubate ai;&)"c for 24 h. Bacterial
A
ibipjthe test acter@rowth will display clear

“ &

isolates that have the ability to ki

transparent zones around the spots of inocu he z&‘t’)f inhibition was measured,
\

and antibacterial active' wai studied.,In t qss@' olates were regarded as being

antibacterial if inhibition zéhes c gr‘g han 9 mm around the paper disk

&

(Burgess et al., 2& hreereplicates we rried out for each antibacterial activity

N
test. Methano%\ed S fh%gat'iv ('njtrol, while and the Streptomycin sulphate
solution %as the posifiv co@l.
&
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5.3 Results and Discussion T
5.3.1 Morphological Observation of Pigmented Bacteria : %

A total of seven out of 58 bacterial isolates were observed to displ

coloration when grown on solid growth media, indicating the bactesial
pigments. All seven pigmented bacterial samples were isolated Qm sea cucumbers and

sediment samples collected from Manukan Island, Table wwever, no
1 2

pigmented bacteria were isolated from Pangkor Islan@s sea cucumber mples\Y'
IO

v/
The seven pigmented bacterial SW er@\tho isolatéfgc:m cuticles,

tentacles and polian vesicles of Holothuria atrd (PMC an D)@tle of Holothuria
A

N
hilla (PME) and from the sedimen%cted suh\u:d%g [Bohadscia vitiensis (PMB)
from t

(Table 5.1). Six bacterial sampl solatgd e e&;@al parts of sea cucumbers

including one isolate from.sediment, I ¢ only or@memed bacterial strain was

isolated from the inte f a sea cucdmbe wspecifically from Polian vesicle of
' $ &

Holothuria atra (PMDQhes@cterial nies displayed certain colours on the

media which are ye gr and ge (Figure 5.1). The yellow pigmented
| -
bacteria inc %étaphylococcus pasteuri (PMBS3), Paracoccus zeaxanthinifaciens
E I

(PMCC2), icrobacterlu'y_m ‘oxydans__ (PMCT1) and Staphylococcus saprophyticus

(PNQThe sample Acinetob\&gter pittii (PMDC2) colonies displayed pink colour,
N

Pseudomonas aeruginosa (PMCC1) displayed green colour, while Exiguobacterium

——

rofundum (PMEC?2) showed orange-coloured colonies.
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Table 5.1. List of pigmented marine bacteria associated with sea cugmber samples.

N,

Bacteria ID Bacterial Species Color Sources of isolates
PMBS3 Staphylococcus pasteuri Yellow N ediment surrounding Bohadscia vitiensis (PMB)
B oo i
PMCC1 Pseudomonas aeruginosa Green < 2 ! 7 ‘Cuticle of Holothuria atra (PMC)
ey D ‘\‘;‘
PMCC2 Paracoccus zeaxanthinifaciens Yell\ovz’; u\‘\\ é\‘(‘ Cuticle of Holothuria atra (PMC)
PMCT1 Microbacterium oxydans aYellow : " é& " Tentacle of Holothuria atra (PMC)
PMDC2 Acinetobacter pittii (’.’Plng T &\ Cuticle of Holothuria atra (PMD)
A —
PMDP Staphylococcus saprophyticus QYE&W} 4 <i3 Polian vesicle of Holothuria atra (PMD)
PMEC2 w Cuticle of Holothuria hilla (PME)

Orange &0
‘ Y

Exiguobacterium profundum %

.
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AP

Staphylococcus pasteuri PMBS3 Pseudomonas aeruginosa PMCCI\: , Paracoccus z\e/axanthinifaciens Microbacterium oxydans PMCT1

% :. T’) é‘PMccz

Acinetobacter pittii PMDC2 Staphylococcus saprophyticus PMDP Exiguobacterium profundum PMEC2

Figure 5.1. P@ted bacteria isolated from sea cucumbers that display vivid coloration on media.
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Colours observed from each bacterial sample are similar with pre@
recorded colours of each pigmented bacterial species. For example, @from

Pseudomonas aeruginosa species are known to produce pigments fro henazine

compounds and the most widely studied phenazine is the water W blue-green

pyocyanin (5-N-methyl-1-hydroxy-phenazine). Many phenaziqi Ero cing bacteria are

also commonly found associated with host organis%

consistent with the green coloured Pseudomonas aerugvnosa (P that was

[
Y
isolated from cuticle of Holothuria atra (PMC) in thi ")
er m oxy

One of the yellow-coloured bacterla PMCTl

lPlerson 2010),

isolated from the tentacle of HolothurzacMC)

colonies with a marine isolate of the sa
(Leiva et al., 2015). It has been tha a tem@boxydans is one of the

0
Gram-positive bacteria that ¢ duce caroten plg@ (Aruldass et al., 2018),

which also have an ant10x1GTlhty red q@’ etal, 2016).

Apart from that two bacterlal isolates from the Staphylococcus genus also
SN NI &/

exhibited yellow colour Wthh are S. pasteurz PMBS3 isolated from sediments

surroundlng ia pitiensy ;M@&ﬁd S. saprophyticus PMDP from Polian

vesicle o urza )ﬂgen though many staphylococci are known to

displa 0 gmented lomes,t\h¥r~e are species that have the characteristic of yellow-

co onies or exhibiting ye owish pigmentation (Becker et al., 2014). S. pasteuri

mong the yellow staphylococci (Savini et al., 2009), which explains the observation

of yellow colonies for S. pasteuri PMBS3.
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For S. saprophyticus, the colony pigments have been reported to be varia
most strains are not pigmented, while some may have a slight yellm%\rhich
increases in intensity with age (Health Protection Agency, 2007). In this study, S.
saprophyticus strain PMDP was observed to display yellow colonmwever two
other S. saprophyticus isolates which are PMDL and PMDT/ straiis only displayed
white colour on the LB and NA growth media, suggesting IYT

w1 strains are non-

pigmented. One possibility of the pigment compound resp0n51b1e for the 4110w colour

~
of S. pasteuri (PMBS3) and S. saprophyticus (P@ls staphirloxanthl‘n glce this

T

pigment has widely been reported to be produced b staph@c1 1nclud1r‘1§ S. aureus
(Mohammadi, 2012; Alshamaa & Issam, 2017) and S. %um (Barretto & Vootla,

2018). However, further studies are needed to 1dent1fy the yellow elﬁment compound.

The bacteria Paracoccus zeaxanthmz aczensv& “%blated from Holothuria
atra (PMC) cuticle is anoth@ thatexhibited ye:l@ -coloured colonies. This
corresponds to previous stTn mfl tes ,@P zeaxanthinifaciens with the
ability to produce a ye%a oured garot q!d gent zeaxanthin (Raguénes et al.,
2004; Berry et al. N Zea)‘a 18 mogst.%(p}roduced by cyanobacteria to provide
protection agt ot 1dat1 ejila @l , 2008). Interestingly, another isolate of

zeaxanthml aciens PJ p only white colonies, which may suggest that

there 1:% Varlat:o thfs sp s with regard to their ability to produce the yellow

DC2 isolated from H. atra PMD cuticle, but the pink colour was not observed for

§ Similarly, pink coloured colonies were observed for Acinetobacter pittii

another sample of Acinetobacter pittii PMDSI isolated from sediments surrounding the



H. atra PMD. Bacteria from the genus Acinetobacter have long been known to be non-

AN

pigmented (Wong ef al., 2017), and there is lack of information on pigments produced
by Acinetobacter sp. However, a recent study by Liu et al. (2020) found the presence

of an Acinetobacter pittii strain G61 isolated from the gut of golden Qllops collected
a

from Shen’ao Bay of Guangdong Province, China that exhibit orange pigmentation,

A

which are likely to be carotenoids. Hence, strains of Acinetobacter pittii may also be
4 l

varied in terms of their pigment producing ability, as study for

samples PMDC2 and PMDSI. é } | & _\
- " g

Other than that, another bacterial isolate Enguobacterzum profundum PMEC2

A\

was observed to exhibit orange-coloured won growth,media. 'E. profundum has

previously been known as moderately ophilic

morphologically characterised %w o%e
0

conditions (Crapart et al., 20

profundum isolated from a1 s,@ed deep orange pigmentation

i
when cultured on NA %Jm which a po&tv ely to be carotenoid pigments.

um s@m BC2-11 with the ability to produce

Similarly, an Exi &Nerlurr‘ pm

orange-colour %ﬂzabo te Jwas-also) 15@)} from the terrestrial soil samples of steel
mills (Ma 2 Exlguobacterzum sp. isolated from the marine samples

of Indi ular egiof alSo @ed orange-coloured pigments that likely belong

to tenoid family (Balr al 2014).
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5.3.2 UV-visible Absorption Spectra of Crude Pigment Extracts T

Crude pigments of the seven pigmented bacterial samples were eﬁ% using
hi

methanol as a solvent. Methanol was chosen because it is a hydrophilic s6lvent that

were previously shown to be suitable for extraction of mar% of pigments,
0

especially polar pigments such as carotenoids (Henriques 07). The crude

pigments obtained were further characterized using UV- spectlophotometer in

the visible range between the wavelengths of approxima 200-80 .Fro?.the

| | | 1S

seven pigmented bacterial samples, the methan xtracts of] fivéJisolates.showed
4

results when analysed using the UV-visible spe otorﬂ'et{( le S@gure 5.2),

while two other samples failed to productwdin ,Whi re tl}iﬁxtracted from

~
Paracoccus zeaxanthinifaciens PMCC2 Staphylococcus pasteuri (PMBS3).

NS
SEG

|
Table 5.2. Abso(% ks of ?Lha li 8{};&5 from pigmented bacteria
(

Isolate &Nl Spdc;;s ‘“'Coloué;'i{l pigment | Absorption maxima
Number ) . & (Amax) (nm)
PMCC1 uginosd J ) “) Green 2.69 (207)

: oxyzans JS"’ Yellow 0.25 (467)

A. pittii Jf Pink 0.13 (402)

B E. pmfunah@" Orange 0.20 (563)
PMDP S. saprophyticus Yellow 0.48 (460)




Absorbance

2.5

1.5

0.5

-0.5

04 \ 03
0.25
0.3
o 0.2
(]
g 02 2 0.15
£ 5
% 0.1 s 01
5
’ < 0.05
0 0
300 350 400 450 500 550 600
200 300 400 500 ol 0.053%0 400 500 600
Wavelength (nm) ' Wavelength (nm) 1 Wavelength (nm)
Pseudomonas aeruginosa PMCC1 Microbacterium oxydans PMCTI v Acinetobacter pittii PMDC?2
% Yy Y &7
0.25 \
) 0.6
0.2 r o\ 0.5
8 0.15 - o 04
g ] 9
o) g 03
s 01 g0
2 o)
2 0.05 } z 02
. (<o
0 iyt e b
400 500 600 700 800 ¢ 0

_0‘1350 400 450 500 550 600

-0.05 %(
Wavelength (nm) (\Q Wavelength (nm)
/ Staphylococcus saprophyticus PMDP

Exiguobacterium profundum PMEC2
.| 7) §J
Figure 5.2. UV absorption speg@he extractedq;rgment for samples PMCC1, PMCT1, PMDC2, PMEC2 and PMDP
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Crude pigment extract from P. aeruginosa PMCCI1 exhibited abs?ﬂh
maxima at three peaks, which are 207, 278 and 387 nm (Figure 5.2). Thi@ance
spectrum corresponds to a previous finding by Ohfuji et al. (2004 yocyanin
methanolic extract especially at the range of 200 to 400 nm. The aumported five

characteristic peaks of pyocyanin methanolic extract of 201, 2Z§EN:3 11 and 887 nm.
a

The result is also comparable to the one reported by El-Fo (2015), in which the

characteristic peaks of pyocyanin were observed at 367 awilm when
dissolved in methanol. Furthermore, Darwesh et al (2019) show f(ﬂlr@m of
pyocyanin after complete purification and diss % ol, V@ﬁ showed

maximum wavelength at 280, 325, 495 an 10 Tﬁlﬂese esp hg absorbance

spectra suggested that the green plgm\acted from eru@ a PMCCI1 could

also be pyocyanin or other phenazn%te pig T ,<\
S
For Microbacterium s P 1, ax1muﬁéﬁ1bsorption of its yellow
methanolic extract were det?bt pe pon to 437, 441 and 466 nm. This
l

absorbance spectrum correlates with M ue i et al. (2016) for purified yellow

\

pigment from a M erium oxydans stra lated from a decomposing tree stump
that exhibited &at 415, 4 d 46&)@1 In addition, Ojha et al. (2018) reported
that the m %plg Et fr Ga.a novel Microbacterium paraoxydans isolated
from s e exh &ks 7,436 and 466 nm. This range of 400 to 500 nm

n well-conserved m-carotene-related molecules (Meddeb-Mouelhi ef al.,

odinho & Bhosle 2008).

The methanolic extract of pink bacterial isolate Acinetobacter pittii PMDSI1 also

showed a reading when measured from 300 nm to 600 nm. The highest absorbance
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value was observed at 402 nm, which suggests that the pigment is in the car
group. This is because one of the characteristic features of caroten@light
absorption in the high-energy zone of the visible region, which is in t&e of 400—

500 nm due to the long conjugated double bond system (Zaghdoﬁ et al., 2017).

N

A
However, this absorbance value of 402 nm for the pink extraﬁ{ of Acinetobacter pittii

PMDSI1 is slightly different than the maximum value of 4 revif)usly shown for

an orange carotenoid pigment extracted from Acinetoba ittii WCted using
®
| " J N

acetone (Liu et al., 2020). This difference in maximum absorbance value QOLIE be due

to the different types of carotenoids produced by the two strains. \‘/r
AN\,
The UV-visible spectrophotometric analysis O.f the crude orange pigment

&
extracted from Exiguobacterium profundum PMEC2 onies@owed the highest

{ i \K ? )*
absorbance peak at 563.0, when analysed between 400 to 800 nm. This absorbance peak

= 0 ¥ 3
is different compared to the study szalraj etal. (2014) @ obtained the highest peak

[ -
at 450 nm for the orange pigment purified from a marine Exiguobacterium sp., or the

I
usual peaks reported arptenoid pigm grglig . One possibility is that this may

indicate different @pigmﬁnts\uee%@t"ﬁe two strains of Exiguobacterium sp.
Furthermore, ENme a le‘as

carotenoid@ etic ;ﬁthyy m@rganisms (Godinho and Bhosle, 2008), hence
: dé

qaroé;)@\n’ds characterized from two of the known
4

of caroteddiddpig s may show absorption at different wavelengths.

N

differe
Evéh carotenoid pigmén%?were usually reported to exhibit peaks between 400—

%‘\, however some pigments may absorb light at higher wavelength. For example,
0 absorbance curve of purified -carotene globules from algae were observed at the
range of 350-550 nm (Kleinegris et al., 2010). Besides, this may also indicate other

types of pigments produced by E. profundum PMEC2.
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For Staphylococcus saprophyticus PMDP isolated from Polian ves f
Holothuria atra (PMD), analysis of the yellow pigment extract showed a%\ption
maximum at 469 nm. This is comparable to a previous study by Alsha\mag & Issam
(2017) that reported a peak at 460 nm for the orange-carotenoid ths extracted

from Staphylococcus aureus, which is likely to be a golden tritwnoid carotenoid

staphyloxanthin. In fact, an orange pigmented Staphyloc osil' have also been

isolated from H. leucospilota from Teluk Nipah, Pangkes Island a ethanohc
extract showed maximum absorption at 426, 445 and arudin ‘et @013)
Other researchers also reported 51rn1 SO

ectrur%\.df purified

staphyloxanthin, such as those extracted Mhyloacc

at 463 and 490 nm (Pelz et al., 2005), w om a strain S. au@ exhibiting a peak

n@m has been extensively
)

g e
u Fa
studied in S. aureus and some tapw Sp. g/[ ohammadi, 2012; Alshamaa

& Issam, 2017; Barretto & Vootla 201 ), @estrng that Staphylococcus
saprophyticus PMDP %nay als'o' ro (“a aphyloxanthin that is responsible for

the yellow colou@er t(i dat here a report from previous studies on the

characteristrcs low igme ro[iucegbyS saprophyticus.

T ente Pll)a}rl @b&és did not show readings from UV-visible

S ectr etry analyses, w R?tre P. zeaxanthinifaciens PMCC2 and S. pasteuri
P ry

arnosus,showing peaks

at 478 nm (Clauditz et al., 2006)

P ne possibility coulXe that production of pigments from these two strains
o be enhanced prior to extraction or purification to obtain sufficient amounts of
ments to be read through the UV-visible spectroscopy. The pigments produced by

these bacterial strains may also be subjected to oxidation, which decrease the colour.
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Clauditz et al. (2006) elucidated that the absorption maxima of purified staphylow
from S. aureus showed significant reduction in absorbance readings at 4@hen
subjected to oxidation by hydroxyl radicals generated in a Fenton reacﬂ&part from
that, solvent used for extraction may not be suitable to obtain high amagnts of pigment.

uNown to produce

i mert was shown to

For example, some strains of P. zeaxanthinifaciens are previ

zeaxanthin (Raguénes et al., 2004; Berry et al., 2003), an.

be most soluble in ethanol instead of methanol in the stu Liand rﬁh (2018).
Hence, optimization of the conditions of pigment @on and ext i(tl @Yt:) be
performed to analyse these pigments. 4 \,T

R AN,

Overall, the UV-visible spectrophotomev&y anal;llsis suggested that the yellow

&
pigment produced by Staphylococcus saeroph@s DP @ Microbacterium

A

oxydans PMCT1, as well as the pi %nentQAcinetobacter pittii PMDSI could
i O g A

be from the carotenoid groups, Whilg the green pigmént frq(m P. aeruginosa PMCCI1 is

N

likely to be phenazine or py(%anin compound. However, further analyses are needed

to identify the pigments.ﬁ s ) & &
s
S8
¢ :' (,)

&
5.3.3 P@'y §l: Dﬁdf of ibacterial Activity of Pigmented Bacterial

Extrac \(_}f

Th\?en pigmented bacterial strains were further screened for their antibacterial
tivi

N,

include two Gram-positive bacteria (Staphylococcus aureus and Streptococcus faecalis)

ty against five standard pathogenic bacteria using disc diffusion method, which

and three Gram-negative bacteria (Shigella sp., Salmonella typhi and Escherichia coli).
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Upon incubation for 24 hours, the crude methanolic extract displayed various r. Tf
antibacterial activity against the pathogenic bacteria (Table 5.2). As expe%&w

carried out in triplicates (Appendix D), the zone of inhibition was expré?& standard
deviation values. Among the seven bacterial isolates, four strains ex Wlntagomstlc

activity against at least one test bacterium.

In particular, the crude methanolic extract from udomonas aerugmosa

PMCCI and Paracoccus zeaxanthinifaciens PMCC2 displayed antlb 1a1 aQ’wity
N

l
against more than three pathogenic bacteria, Staphylococcus saprophyticus

|
PMDP and Exiguobacterium profundum PMEC ific @n}@on against
he e@ ts of another

Mlcrobacterlum oxydans

Shigella sp.. No zone of inhibition (> 9 1& recoﬁied

&
three isolates which are Staphylococcus pasteurz PM

)

PMCT1 and Acinetobacter pittii agai S d
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Table 5.3. Antibacterial Activity of Crude Methanolic @wt of Pigmented Bacteria
!

&/

Culture supernatant Mean,of zones ‘(:31‘r lfi%ﬁ]on + SD (mm)
\
Gram positive bacteri ~  Gram negative bacteria
P S~ N d b'] \/Y- 5
S. aureus S. faecalis ,,\\\ igella sp. S. typhi E. coli
- v i
Positive control 11.6+0.57 4@} 1.73 O‘<17.6 +1.15 14.6+0.57 | 19.0+0.00
Negative control - )~ - - -
SIS
S. pasteuri PMBS3 - \‘e \-}“ 4 ._}ig' - - -
P. aeruginosa PMCC1 21.6 + 0.5Tcphe ?2.03{’1.0 17.6 £ 0.57 12.6 £ 0.57 20.0 +0.00
f = N
P. zeaxanthinifaciens PMCC2 9.33 + 0:57) " \"W * 1.00 13.6+0.57 - 12.6+0.57
& g ¢
Y d

M. oxydans PMCT1 ,Q Q{ \} § - - -
A. pittii PMDC2 C\ |+ P :| - - - -

. 7 "] )
S. saprophyticus PMDP "Q- P I / é\ - 11.6 £0.57 -
E. profundum PMEC?2 - wE c\/T - 10.0 +1.00 - -

A"
Ny

Note. (-) indicates that no inhibition zone;wbserved

S
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P. aeruginosa PMCC1 showed relatively high antibacterial activity agwl
five tested pathogenic bacteria with the highest zone of inhibition against S.@s and
S. aureus with 22.0 £ 1.00 mm and 21.6 + 0.57 mm respectively, fol y E. coli

with 20.0 = 0.00 mm, Shigella sp. with 17.6 £ 0.57 mm and S. typhiqnh 12.6 +£0.57
A

a
mm (Table 5.2). This broad antibacterial activity exhibited bx P. aeruginosa PMCC1

agrees with previous studies regarding the inhibition rinel pigmented P.
i

V.
aeruginosa strains against selected pathogenic bactctia_(Darwesh et al., 2019;

sp. a t‘ t@duce
ibiotic Ifo ies (Isnansetyo and
Kamei, 2009). \ ég

| Y 9 <

The antibacterial effect of P. aeruginosa PMCC lgagainst ureus and E. coli

t ki \\ ? )&
is also similar with the study by4DaerSh et al. (2019) on tl.le inhibitory activity of
0

Darabpour et al., 2010). Some strains of Pseudo

pigments such as the phenazine compounds wi

. X R 9.
pyocyanin extract from P. aeruginosa st 1 1s0t&1 from water samples of
v

A th@archers’ P. aeruginosa OSh1
QN

Qar‘vze/tsh et al., 2019). On the other hand,

El-Fouly et al. (%&Nporte‘ tha\yocya(;néguriﬁed from P. aeruginosa isolated

}7' hié()}ltimicrobial activities against Shigella sp.

Mediterranean Sea, Alexan: ypt. ’H

strain showed no effectagainst Shigeﬂ S

from soil and glinigal sp irzle
among otk@h' enic bacteri ucl&{sﬂ aureus, E. coli and S. typhi (El-Fouly et al.,
2015), s%to the ‘:e fotind in-this study. Pyocyanin has been revealed to have a

N
po inhibitory effect on\@cterial growth and/or their biofilm forming ability,

%an have the potential to be developed as new drugs for treatment and prevention

ifferent bacterial infections (Feghali and Na'was, 2018).
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For P. zeaxanthinifaciens PMCC2, methanolic extract of the yellow

showed inhibition against four bacterial indicators with the zone of inhibit@ 33+

0.57 mm for S. aureus, 17.0 = 1.00 mm for S. faecalis, 13.6 = 0.57 for a sp. an

——
12.6 £0.57 mm for E. coli. Wibowo et al. (2019) had previously identiﬁe‘d four bacterial

strains of the Paracoccus genus isolated from the sea cucumbers opus japonicus
aeteri

and H. leucospilota from Lampung, Indonesia that sho@ al activity against
]

y
Bacillus subtilis and S. aureus. In addition, a strain of Paracoccus marcusii was also

v v .
[ I oT *. X
reported to enhance the growth performance and immunity of juvenile sea cucumber

- T

Aspotichopus japonicus, hence are being develc%d as pOtel’ltlalJDI”OblotICS for the sea
\\ & V"'

cucumbers (Yan et al., 2014; Yang et al., 2015) However these other Paracoccus sp.

have not been reported to be pigmente&at much st i ha@%en carried out on
A\

antibacterial activity of yellow-pro P. zeaxanthm aczens
0 q
Some strains of P. zeaxanthznzfaczens e pr sly revealed to produce
zeaxanthin, a yellow-colou tenaid pigment. Z@anthin is known for its strong
[

antioxidant and anti-ca operties, he ,!s lso used in the food, pharmaceutical

and nutraceutical Mes iheh al., .ég). Since the crude extract from P.
&
zeaxanthznzfaczens{ S naggmon against Gram positive and Gram-
cte

J'
negatlve ic b abléj’ 2), therefore further determination of its
antimi al activity als?. be beneficial for its potential use in the

gical industries.

Another two pigmented bacterial isolates namely the yellow-coloured S.
saprophytzcus PMDP and orange bacterial strain E. profundum PMEC2 showed

inhibition only against Shigella sp. with 11.6 + 0.57 mm and 10.0 = 1.00 mm
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respectively. Even though there are yet no research found regarding antib

g |

activity of pigmented S. saprophyticus, previous studies have docum%\ the
antimicrobial activity of non-pigmented marine S. saprophyticus is A recent
study by Bibi et al. (2020) reported that a S. saprophyticus strain isolated from marine

sponges in the Red sea in Jeddah, Saudi Arabia did not show inhibitidfi on S. aureus, E.

coli and E. faecalis, but displayed antagonistic activity funfi Phytophthora

] o
capsici and Pythium ultimum. However, another study by Mani et al. (2016) showed

v v ¢
- I o X
that a novel biosurfactant-producing S. saprophyticus strain isolated from"cogﬁt; sites

of Puducherry, India exhibited excellent antibacterial and antifugal activities, such as

\ g

inhibition against Klebsiella pneumoniae, WHXnd

In addition, the yellow staphylo n pigment
sp. was previously elucidated to %tinnli@yar?d strogg antioxidant activities
(Liu et al., 2005). For exa %ﬁe taph ogan@ from a S. aureus strain
displayed antibacterial acti inst ’hige ysen@among other bacterial species
including Staphylococcus epidermidis, Aci t’bgger baumanii and Proteus mirabilis

' % =
(Alshamaa & Issam, 2017). Besides, staphydexanthin pigment from Staphylococcus

Al\ h\ \
gallinarum was also shown to have m‘vitecggu icancer activity against 4 different cancer

- &
4
cell lines a@' ytot{dci? &/irs@\&&nbrmal non-cancerous cell lines, suggesting its

potent'(% a therap ctgentxéBarretto & Vootla, 2018), providing its safety has
: S
been assessed. N

% The antibacterial activity of E. profundum PMEC?2 isolated from H. hilla cuticle

Qainst Shigella sp. in this study is in line with a previous study by Balraj et al. (2014)

for the activity of orange pigment purified from a marine Exiguobacterium sp. isolated
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from the Peninsular Region of India. However, the authors’ strain also w
antimicrobial activity against other bacteria including E. coli and S. aureu@\sting
with this study. This could be due to the different pigments produced b o strains,
consistent with the observation of the different maximum absorption peak when
analysed using UV-visible spectrophotometer (Section 5.3.2). Anether research by
Alipiah et al. (2016) have also isolated a strain of E. profu tt e surface of sea
cucumber Stichopus badionotus from the west coast of pehinsulat M which did

[
not exhibit antagonistic effect against four patho Vibrio [sp. w’sv@e E.

profundum strain was not reported to be pigmen?. \‘. \‘,T
Y.

y, thesGram-negative

From the antibacterial activity M in
f centi

Shigella sp. was observed to be the m ceptible t bact@ to crude pigment

¢’ _

extracts since it is affected by P. aerugiﬁosa P Jzea 'Sﬁhinifaciens PMCC2 S.
@

saprophyticus PMDP and E. {ofgndum EC2. Mo@er, the Gram-positive S.

pi t extract from P. aeruginosa

aureus and S. faecalis WGI‘TIY affecte
l Q
PMCCI. This Variati%t e sely' ivity' or é‘gs eptibility towards antimicrobial

compounds could N the h@:es inJ@'L(r content of cell wall of Gram-positive

and Gram-ne N)ac:itia‘ (El-Fouly ez al_,_ 2015). However, certain other factors can

% ' A
also affec@ antinmlicro 'g res ﬁvby disc diffusion technique including the
’ 4

inocul wia compositioh andydepth, delay between application of the disc and
ak o
in\ \

temperature, atm ere and duration of incubation, generation time, the
iotic concentration of the disc and the method of reading zone (Hedges, 1999;
uld, 2000). Therefore, further evaluations are needed for verification of antimicrobial

activity of these pigment extracts against pathogenic bacteria.
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5.4 Conclusion Yv

Seven pigmented bacterial strains isolated from sea cucumbers and marine sediment
were evaluated in terms of their colony colours observation, :;roxpotometrlc
analysis of the crude pigment extracts and screened for their@e.rial activity.
Extracts from two of the yellow bacterial strains which are S. sa{Ophyticus PMDP and
M. oxydans PMCT], and the pink 4. pittii PMDSI1 sho or(lce ﬁaks at the

region of 400 to 500 nm on UV-visible spectrophotometry, whiih are ]in the range of
NV
visible spectra for carotenoid pigments, while the Qen extrac't from P.' aét;?ginosa
4

PMCCI1 exhibited absorbance spectrum resenw p%{ip?)r/othﬁ\.f)henazine-
: N

A ©r
based pigments. However, further analyses are required to confirm these pigments such

A™ NJ A

as using HPLC and GCMS, as well as to determine the orange pigment extract from E.
.. T WY

profundum PMEC2 and optimize yeHo“Lplgment productlon and extraction by the other

two bacterial strains, P. zeaxanthmzfaczens CC %:d S. pasteuri PMBS3.

Preliminary analysis of the zwﬂlterla'actl f cr@mgment extract suggested that
l

P. aeruginosa PMCCI nd P. zeaxanthszaczens CC2 have efficient antibacterial

activity against @m-posh@d Gr@eganve pathogenic bacteria, while S.
saprophyticus N E. pro undun_t)(BMEC2 have antibacterial activity against
Shigella s@er evaluation is qﬁeﬂed to verify the antimicrobial activity by
evalu mlmmu bltolq"concentratlon (MIC) and minimum bactericidal
co A

~

rified and characterized for their potential use in industries.

S

on (MBC) of these\cp?gment extracts. These pigments can also be further

111



