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Abstract. Sibero MT, Frederick EH, Sabdono A, Wijayanti DP, Pringgenies D, Radjasa OK, Zilda DS, Murwani R. 2022. First report of
seaweed-associated yeast from Indonesia: Species composition and screening of their polysaccharides-degrading enzymes.
Biodiversitas 23: 1408-1419. Yeast has been widely utilized in various industries due to its enzyme properties. Therefore, plenty of
studies focus on exploring yeast biodiversity from diverse sources. However, there are limited reports regarding marine yeast
biodiversity and its potential from Indonesia. This study aimed to isolate and identify the seaweed-associated yeast from Jepara in
Central Java and Sepanjang Beach in Gunung Kidul, Yogyakarta, then examined their potential to produce extracellular
polysaccharides-degrading enzymes (EPEs). Marine yeasts were isolated using standard marine agar (STD) and potato dextrose agar
(PDA). All isolates were characterized by their salinity tolerance, morphology, and species confirmation using DNA barcoding. Three
EPEs consisting of agarase, alginate-lyase, and carrageenase were screened using polysaccharides-enriched agar media. A specific
agarase encoding gene was detected with specific primers. In total, 21 seaweed-associated yeast were successfully isolated from 6
seaweeds and noted as facultative marine yeast. The DNA barcoding study discovered that these yeasts belonged to 5 genera, consisted
of Aureobasidium, Candida, Debaryomyces, Hortaea, and Rhodotorula. Moreover, Candida was noted as the most abundant genus
(71.42%). It was noted that Hortaea werneckii MTJ.11 and MTJ.13 were positive for all enzymes; Aureobasidium melanogenum
MTGK.31 gave a positive result for agarase and carrageenase; while [Candida] zeylanoides MTGK.23 only exhibited alginate-lyase
activity. Unfortunately, none of the primers used to detect the presence of genes encoding polysaccharide-degrading enzymes were
successfully amplified.
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INTRODUCTION

Marine oligosaccharides are the converted products of
marine polysaccharides such as agar, carrageenan and
alginate. It is highlighted that marine oligosaccharides
contain hexoses sugar monomers (Stiger-Pouvreau et al.
2016; Jutur et al. 2016; Zhu et al. 2021). O’Sullivan et al.
(2010) reported these substances to have various biological
activities to support health. Marine oligosaccharides were
noted to increase the metabolism of digestive organs,
enhance the growth of beneficial microorganisms in the
colon, inhibit the growth of pathogenic agents, and prevent
intestinal inflammation (Ji et al. 2010; Kang et al. 2015;
Wang et al. 2021). Therefore, they have been utilized as the
central element of dietary supplements (Gurpilhares et al.
2019). Some studies have developed various
methodologies to produce marine oligosaccharides (Ren et
al. 2019). Simpson et al. (2012) reported that carbohydrase
is frequently used in the food industries. This enzyme
degrades polysaccharides into oligosaccharides through

hydrolysis that beneficial in functional food production
(Raveendran et al. 2018). These enzymes are classified as
extracellular enzymes since they are secreted outside the
cells (Tan and Zou 2001; Carrasco et al. 2012; Zhu and
Ning 2015; Sibero et al. 2019; Lee et al. 2019).
Interestingly, some marine microorganisms are found
producing suitable enzymes to produce the marine
oligosaccharides naturally and effectively (Chand et al.
2016; Davani-Davari et al. 2019). They have been widely
reported as carbohydrase producers, such as agarase,
amylase, alginate-lyase, carrageenase, cellulase, chitinase,
pectinase, phytase, and xylanase (Joseph and Raj 2007;
Carrasco et al. 2012; Zaky et al. 2014; Zhu and Ning 2015;
Zeng et al. 2016; Veliz et al. 2017; Zilda et al. 2019; Bruno
et al. 2019). Based on the research of Yopi et al. (2017) it is
known that Bacillus tequilensis can produce xylanase that
is able to hydrolyze xylan to produce oligosaccharides with
tri-hexasaccharide size as the main product. The production
of a specific component with these enzymes offers many
advantages, such as simple treatment, rapid multiplication
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under controlled conditions, salt-tolerant, and high yield
production (Zhang and Kim 2010; Bruno et al. 2019;
Ruginescu et al. 2020). More interestingly, most studies in
Indonesia only reported the potential of seaweed-associated
bacteria and filamentous fungi as the source of polysaccharides
degrading enzymes (Zilda et al. 2019; Hutapea et al. 2021;
Wijaya et al. 2021). Yet, the study of polysaccharides degrading
enzyme from Indonesia marine yeast has never been reported.

Despite its lack of studies, yeast is considered one of
the pioneers of applied microorganisms for the food and
beverage industries (Barnett 2003). This fungus has been
utilized in fermentation for many centuries to produce
bread, wine, and other liquors (Amoikon et al. 2019;
Walker and Stewart 2016). Based on the geological
distribution, it is classified into terrestrial yeast and marine
yeast (Branda et al. 2010; Kandasamy et al. 2012; Buzzini
et al. 2017; Aljohani et al. 2018). In fact, the terrestrial
yeasts have been dominated the studies, while marine
yeasts are rarely reported. On the other hand, Zaky et al.
(2014) stated that marine yeast has a range of benefits in
industrial applications, including enzyme producers. Also,
this microorganism is widely distributed and isolated from
various marine substrates, such as seawater, sediments,
vegetation, and vertebrates (Kutty and Philip 2008;
Kandasamy et al. 2012). In addition, the latest study about
marine yeast from Indonesia was conducted by Sumerta
and Kanti (2018). They successfully isolated 85 isolates
from the coastal area in Karimun Besar Island, Riau.
Thereafter, there is no other study that reports the diversity
of marine yeast from Indonesia. Regarding the lack
information about marine yeasts diversity and their
polysaccharide degrading enzymes from Indonesia, this
study was carried out to fill those information gaps.

MATERIALS AND METHODS

Seaweed collection
Sampling was conducted at Sepanjang Beach, Gunung
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(8°08'14,21”’S, 110°34'01,6”E); and two locations at Jepara
District, Central Java Province, Indonesia, namely Teluk
Awur  (06°36'58,6”S, 110°38'18,8”E; 06°37'16,7”S;
110°38'07,5°E) and Panjang Island (06°34'20,4”S,
110°37'36,4”E) (Figure 1). In total ten seaweeds were
collected in the zip lock bags then transported to the
laboratory, and processed on the same day. Photographs of
each sample were taken using Canon EOS 90D camera to
assist in seaweed identification. The identification was
carried out based on morphological and environment data
(e.g., substrate, holdfast, thallus form, and air bladder)
according to (Coppejans et al. 2017).

The sampling coordinate and environmental physical
properties were recorded. At each sampling location, the
dissolved oxygen and temperature were measured with a
dissolved oxygen meter (Lutron DO-5510). At the same
time, a refractometer was used for the salinity
measurement, and a GPS (Garmin 60i) was used for
marking the location coordinate.

Isolation, purification, and morphological
characterization

Algal samples were washed with sterile natural
seawater before proceed for fungal isolation. Standard
marine agar (STD) [37.5 marine agar (Difco), 5 g glucose
(Sigma Aldrich) 10 g yeast extract (HiMedia), 5 g beef
extract (HiMedia), 5 g peptone (HiMedia) per 1 L distilled
water] and potato dextrose agar (PDA, HiMedia) were used
as isolation medium. Chloramphenicol (1 mg/mL) was
added to the medium to eliminate the bacterial
contamination.

The swab tap method was carried out to isolate the
yeast. Algal samples were roughly ground aseptically then
transferred and inoculated evenly on the agar media. As a
control, environmental control plates were prepared. In
total a 100 pL seawater from the sampling location were
inoculated onto the agar media. Isolation was done with
two replications. Agar plates were incubated at 27°C, then
the colonies were checked each day after inoculation.
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Figure 1. Sampling location in Central Java (A) and Yogyakarta (B), Indonesia
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Each growing colony was purified and inoculated on
PDA using the four-quadrant streak method. Colonies were
distinguished based on colony size, margin, elevation,
color, and texture. In order to confirm the cell and budding
shape, microscopic observation was performed using
lactophenol cotton blue (HiMedia). In order to obtain the
seaweed-associated, hence the isolates that had same
characteristics with the yeast from the seawater were
discarded. A Canon EOS 90D camera took photographs of
agar plates while the budding shape with a microscope camera.

Salinity experiment

All isolates were cultivated onto PDA medium in
freshwater (0O ppm) and natural seawater (35 ppm). Isolate
that grew only on natural seawater PDA was considered as
marine obligate yeast, while isolate that grew on both
media indicated was considered as facultative marine yeast
(Wijaya et al. 2020).

DNA extraction

All isolates were cultivated for 3-Each yeast DNA was
extracted using a Quick-DNA™ Fungal/Bacterial Miniprep
Kit (D6005, Zymo Research). After extraction, each DNA
template was stored at -20°C until it was required.

Polymerase Chain Reaction (PCR) and sequencing
Internal Transcribed Spacer (ITS) region was used for
yeast identification with ITS1 and ITS4 primers (Schoch et
al. 2012) (Table 1). PCR mix composition and protocol
were carried out according to (Sibero et al. 2016). Each
reaction mixture had a total volume of 25 pL containing
125 pL GoTag Green Master Mix DNA polymerase
(Promega), 1 yL ITS1 primer, 1 pL ITS4 primer, 1.75 uL
nuclease-free water (Thermo Scientific), and 8.75 uL DNA
template. The amplification was carried out using a thermal
cycler machine (Bio-Rad T100™) following this condition:
35 cycles of denaturation at 95°C for 1 min, annealing at
50-55°C for 1 min, and extension at 72°C for 1 min while
the final extension was done at 72°C for 7 min. All samples
were continued to electrophoresis (Submarine electrophoresis)
to check the amplification quality. Then, the products were
sent and sequenced by 1% Base Laboratories Sdn Bhd,
Malaysia. The sequences were deposited as GenBank

Table 1. Primers that used in this study
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Accession Numbers. Then, all sequences were accumulated,
edited, and aligned with MEGA X and identified by the
Basic Local Alignment Search Tool (BLAST) in NCBI.
The phylogenetic tree was reconstructed using maximum
likelihood with bootstrap number 1000.

Screening of EPEs

The screening was performed according to (Hutapea et
al. 2021). The media were prepared to contain different
amounts of enzyme substances, as described below: (i)
Agarase: contained 2% agar, 0.1% yeast extract, and 0.5%
peptone. (ii) Alginate-lyase: contained 2% agar, 0.1% yeast
extract, 0.5% peptone, and 0.5% alginate. (iii)
Carrageenase: contained 2% carrageenan, 0.1% yeast
extract, and 0.5% peptone.

All isolates were cultivated on the medium then
incubated at room temperature for seven days. After
incubation, all plates were flooded with 1 mL of 2.5%
iodine solution, and the positive result was defined as a
clear halo around the colony. The enzymatic index value
was determined using a formula based on (Ayuningtyas et
al. 2021).

Screening of EPEs was also carried out using specific
primers to detect the encoding genes, as mentioned in
Table 1. The PCR conditions were adjusted following the
condition for the DNA barcoding.

RESULTS AND DISCUSSION

Seaweed collections and yeast isolation

Ten seaweeds were obtained from 3 different sampling
sites. They have consisted of six seaweeds from Gunung
Kidul, three seaweeds from Teluk Awur, and one seaweed
from Panjang Island. The water quality of each sampling
site had a different value of salinity, temperature, and
dissolved oxygen (Table 2). Based on morphological
identification, five seaweeds belonged to Phaeophyta, three
Rhodophyta, and two Chlorophyta (Table 2 and Figure 2).
Twenty-one yeasts have been successfully isolated from
these samples, which was consisted of 16 isolates on PDA
and 5 others on STD.

Primer’s

Oligonucleotides Target References
Name

ITS1 5-TCC GTA GGT GAA CCT GCG G-3 Fungal Barcoding Sibero et al. (2016)
ITS4 5'-TCC TCC GCT TAT TGA TAT GC-3'
Agad383F 5-TCATCA TAT GCAAGA TTG GGC ACA AAT TCC-3' B-Agarase encoding gene  Hou et al. (2015)
Aga4383F 5'-CGACAAGCT TTT ATT CTT TGATAATCC TCT G-3'
agaM1F 5-AGT AAG GAT CCC AAT ACG ACT GGG ATA ACATTG pB-Agarase encoding gene  Li etal. (2018)

CAATTCC-3
agaM1R 5-AGT AAG ACG TCT AGC TTT GTT AGT TTG CGA GTG

ACC C-3'
ZHO-1F 5-GGA TCC CAC CCC TTC GAC CAG GCC GTC GTG-3' Alginate-lyase encoding He etal. (2018)
ZH0-1R 5'-GCG GCC GCT CAG CTC GAG TGC TTT ACG TGG AG-3’  gene
CgkF 5-ATG AAA ATA AAT AAA CAG G-3' k-carrageenase encoding Kobayashi et al.
CgkR 5-ATT TAC CGT GAT CAT AAC CGT G-3' gene (2012)
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Yeast identification

The morphological characteristics dominated by
medium colony size, circular shape, entire margin, convex
elevation, smooth texture, and white cream color. All
isolates were dominated with ellipsoidal cell shape and
formed a monopolar type of budding (Table 3). The DNA
barcoding approach discovered that the 21 isolates
consisted of four isolates as Candida sake, ten isolates as
[Candida] zeylanoides, one isolate as [Candida]
santamariae var. membranifaciens, one isolate as
Debaryomyces prosopidis, one isolate as Rhodotorula
mucilaginosa, two  isolates as  Aureobasidium
melanogenum, and two isolates as Hortaea werneckii
(Table 4). The photograph of the seaweed-associated yeast
is shown in Figure 3, while Figure 4 shows the percentage
of yeast species. Based on the phylogenetic tree, four
clades  were  reconstructed  (Figure 5). The
Debaryomycetaceae clade contained the isolates with
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genera Candida and Debaryomyces, Saccotheciaceae
included genus Aureobasidium, Teratosphaeriaceae for
genus Hortaea, while genus Rhodotorula was separated in
a group of Sporidiobolaceae clade. Further, all isolates
were identified as facultative marine yeast from its ability
to grow both on freshwater and seawater medium.

Enzyme activity

A screening of EPEs was conducted to evaluate their
ability to produce four extracellular enzymes. The enzyme
activity is shown in Table 7, which is presented as
enzymatic index (EI) value. Four out of 21 isolates have
shown enzyme activity, with 2.55 as the highest El value
produced by MTJ.13 on alginate-lyase assay, whereas
MTJ.11 showed the lowest El with a value of 0.53. After
performing a molecular study to detect the encoding genes,
unfortunately the primers that we used could not amplified
any targeted genes.

Figure 2. Seaweed collections; A to F seaweeds from Gunung Kidul, Yogyakarta; G to | seaweeds from Teluk Awur, and J seaweed
from Panjang Island, Jepara, Central Java, Indonesia

Table 2. Sampling location, its physical property of seawater, seaweed samples, and seaweed-associated yeast

Physical Properties of Seawater

: - _ Dissolved Number of ~ Sample Suggested seaweed Number
Sampling location T(ig)p ' S(%Ir')r#]t)y Oxygen samples code identity of isolates
(mg/L)
Sampling site 1
Sepanjang Beach, 26.9 28 5.6 6 GK.1 Padina sp.1 12
Gunung Kidul GK.2 Codium repens 1
GK.3 Asparagopsis sp. 1
GK.4 Chondrophycus sp. 2
GK.5 Acanthophora spicifera -
GK.6 Chaetomorpha sp. 3
Sampling site 2
Teluk Awur, Jepara 27.1 35 7 3 JPR.1  Sargassum crassifolium 2
JPR.2  Padinasp.2 -
JPR.3 Sargassum sp. -
Sampling site 3
Panjang Island, Jepara 30.5 33 5.3 1 PP.1 Turbinaria decurrens -
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Figure 3. Morphological characteristics of seaweed-associated yeast
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Figure 4. Relative abundance of seaweed-associated yeast
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Isolate code

Macroscopic Identification

Microscopic Identification

Colony size Shape Margin Elevation Texture Color Cell Shape Budding Type of Budding

MTGK.2 Medium Circular Entire Pulvinate Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.3 Medium Circular Entire Pulvinate Smooth White Cream Sub globose Yes Monopolar
MTGK.4 Medium Circular Undulate Flat Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.5 Medium Circular Entire Pulvinate Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.20 Large Circular Entire Convex Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.21 Medium Circular Entire Convex Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.22 Large Circular Undulate Convex Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.34 Medium Circular Erose Convex Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.35 Large Circular Filamentous Flat Smooth White Cream Sub globose Yes Monopolar
MTGK.39 Medium Circular Filamentous Pulvinate Smooth White Cream Sub globose Yes Monopolar
MTGK.40 Medium Circular Filamentous Umbonate Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.59 Large Circular Filamentous Convex Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.10 Large Circular Entire Umbonate Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.37 Medium Circular Entire Umbonate Smooth Pink Cream Globose Yes Multilateral
MTGK.11 Large Circular Entire Umbonate Smooth White Cream Globose Yes Multilateral
MTGK.42 Medium Circular Entire Pulvinate Smooth White Cream Ellipsoidal Yes Monopolar
MTGK.12 Medium Circular Entire Convex Smooth White Cream Ellipsoidal Yes Polar
MTGK.23 Medium Irregular Undulate Convex Wrinkled White Cream Ellipsoidal Yes Monopolar
MTGK.31 Large Filamentous Filamentous Convex Smooth White Cream Ellipsoidal Yes Polar
MTJ.11 Large Circular Rhizoid Convex Smooth Black Ellipsoidal Yes Bipolar
MTJ.13 Large Circular Filamentous Convex Smooth Black Ellipsoidal Yes Bipolar
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Table 4. BLAST result of seaweed-associated according to ITS rDNA sequence
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Sequence Query Similarity . Submitted
Code Length Top BLAST Result Cover (%) (%) Accession no. Accession no.
MTGK.2 381 Candida sake 100 99.21 NR_151807.1 MZ891642
MTGK.3 382 Candida sake 100 98.95 NR_151807.1 MZ891700
MTGK.4 551 [Candida] zeylanoides 96 99.62 NR_131278.1 MZ891699
MTGK.5 561 [Candida] zeylanoides 94 99.63 NR_131278.1 MZz891701
MTGK.20 561 [Candida] zeylanoides 94 99.81 NR_131278.1 MZz891702
MTGK.21 557 [Candida] zeylanoides 94 99.81 NR_155224.1 MZ891990
MTGK.22 560 [Candida] zeylanoides 94 99.81 NR_131278.1 MZ891703
MTGK.34 377 Candida sake 100 99.20 NR_151807.1 MZ891991
MTGK.35 375 Candida sake 100 99.47 NR_151807.1 MZ891992
MTGK.39 561 [Candida] zeylanoides 94 99.81 NR_131278.1 OK078615
MTGK.40 554 [Candida] zeylanoides 95 99.81 NR_131278.1 MZ892384
MTGK.59 591 ~ [Candida]santamariae 99 99.83 NR_111300.1 MZ892389
var. membranifaciens -
MTGK.10 562 [Candida] zeylanoides 94 99.43 NR_155224.1 MZ892543
MTGK.37 679 Rhodotorula mucilaginosa 98 98.96 NR_073296.1 MZ892603
MTGK.11 715 Debaryomyces prosopidis 98 99.34 NR_077067.1 OK078616
MTGK.42 556 [Candida] zeylanoides 94 99.05 NR_155224.1 MZ892598
MTGK.12 560 Aureobasidium melanogenum 97 99.27 NR_159598.1 MZ905358
MTGK.23 570 [Candida] zeylanoides 93 99.81 NR_155224.1 MZ905369
MTGK.31 555 Aureobasidium melanogenum 98 99.27 NR_159598.1 MZ905360
MTJ.11 525 Hortaea werneckii 90 97.90 NR_145338.1 MZ892609
MTJ.13 521 Hortaea werneckii 90 98.52 NR_145338.1 MZ892612
MIGK.42
Candida zeylanuides NR 131278.1
MTGK 23
MTGK.21
MIGK.10
 MTGK 40
MTGK 39
MIGK.22
MTGK 20
MIGK S
| || MIGK 4
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Y| MIGK.59
Candida santamariae var membranifaciens NR 111300.1
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w| Debaromyces prosopidis NR 077067.1
o Debaryomyces roberisiae NR 138162.1
Candida linzhiensis NR 137676.1
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MIGK.34
% MIGK.35
Candida sake NR 151807.1
MIGK.12
~ MIGK.31
*) | Aureobasidium melanogenum NR 159598.1
Aureobasidium iranianum NR 137598.1
Recurvomyces mirabilis NR 137024.1
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Figure 5. Phylogenetic tree based on ITS rDNA sequence of the seaweed-associated yeast



SIBERO et al. — Species Composition and Screening

Table 5. Enzymatic Index (EI) value of prospective isolates

1415

Enzyme activity index

Code A B C
[C.] zeylanoides MTGK.23 - 1.66 -
A. melanogenum MTGK.31 2.07 - 1.30
H. werneckii MTJ.11 0.53 2.30 1.10
H. werneckii MTJ.13 1.79 2.55 1.46

Note: A. Agarase, B. Alginate-Lyase, C. Carrageenase

Discussion

Gunung Kidul and Jepara regions are well known for
their ecotourism site due to their bioresources.
Geographically, Gunung Kidul faces the South Java Sea,
while Jepara faces the North Java Sea. Sudaryatno (2016)
stated that the water characteristics in North and South Java
Sea have different characters. Waters in the South Java Sea
have more dynamic condition rather than in the North Java
Sea, including the pH, salinity, and dissolved oxygen. This
condition certainly affected the diversity and morphology
of the seaweed (Erlania and Radiarta 2017; Widyartini et
al. 2017; Romdoni et al. 2018). In addition, this condition
certainly affected the flora and fauna diversity in both
places (Putri et al. 2017; Utami et al. 2017; Rahmawati
2021; Sabdono et al. 2021). Previous studies have reported
that seaweed from Chlorophyta and Rhodophyta are
diverse in the Gunung Kidul region, while in Jepara is
dominated by the Phaeophyta division (Wulandari et al.
2015; Chasani and Suyono 2020).

In this study, we collected six seaweeds from Gunung
Kidul and four from Jepara (Figure 2). Based on the
morphological identification five seaweeds belong to
Phaeophyta, 3 Rhodophyta, and 2 Chlorophyta (Table 1).
Generally, all samples were found attached on dead corals,
pebbles, and sandy substrates. Our Phaeophyta were found
in dense population with horizontally spread, brown
thallus, and different shapes of blades (undulates, fan
shape, dentate, and fleshy). For Rhodophyta, they have
greenish to purplish red thallus, irregular branch, forming
up to 11 cm high. Moreover, Chlorophyta have light green
thallus, unbranched, and gregarious filaments. After
performed the isolation, we obtained 21 seaweed-
associated yeast. It was noted that the number of isolates
from each seaweed was varied.

Morphological description is very essential to support
yeast identifications (Nagahama et al. 2001; Singh et al.
2010; Francis et al. 2016). Therefore, morphological
characteristics such as colony size, shape, margin,
elevation, texture, color, cell shape, and type of budding
were performed (Table 3). Based on the directions where it
occurs, budding is classified as monopolar, polar, bipolar,
and multilateral or multipolar. Monopolar is budding that is
restricted to one pole of the cell, while budding that occurs
at both poles is called bipolar. Polar budding is a bud that
occurs on a narrow base and multilateral is budding from
various sites on the cell (Kurtzman et al. 2011). In addition,
we also conducted salinity experiment to determine their
obligatory. We found that all isolates could grow on fresh
and saline mediums. Therefore, all isolates were

categorized as facultative marine fungi (Gal-Hemed et al.
2011; Sibero et al. 2017). In addition, Buzzini et al. (2017)
reported their marine yeasts were classified as facultative
marine fungi as well. Marine fungi are suggested to be
carried from the terrestrial to the ocean through the
biological vector, rain, wind or other natural phenomenon
(Sibero et al. 2021). They are also equipped with special
mechanism to tolerate the environmental conditions, such
as morphology regulation, cell anatomy, cation transport
entity modulation, and secondary metabolite production
(Hohmann 2002; Arifio et al. 2010; Nagano et al. 2010;
Sharma and Sharma 2017). To adapt with the environment
conditions, several genera of yeasts (e.g., Candida spp.,
Aureobasidium spp., Hortaea spp., and Exophiala spp.)
could convert their budding shape into filamentous-like
shape called pseudohyphae (Branda et al. 2010; Novak
Babi¢ et al. 2016; Mukaremera et al. 2017). Therefore,
those yeasts are commonly called yeast-like fungi due to
their filamentous appearance (Kurtzman et al. 2011). This
understanding can explain that although the isolates
MTGK.12 and MTGK.31 were identified as A.
melanogenum, they had  different  macroscopic
characteristics.

The molecular study was conducted to gather more
accurate identification through a DNA barcoding approach.
ITS rDNA region was reported as a conservative and
recommended region to identify the fungi (Schoch et al.
2012). In addition, several previous studies also conducted
the molecular study using several regions and primers to
get appropriate result, such as nuclear ribosomal DNA, the
18s rRNA, and the 28s rRNA (Francis et al. 2016; Sumerta
and Kanti 2018; Kaewkrajay et al. 2020). This study has
successfully found that phylum Ascomycota dominated the
number of yeast strains, with the total of 20 ascomycetous
and 1 basidiomycetous yeast. In Table 4, it showed that
several isolates had similarity under 99%, which could be
expected there was a present of novel species and required
further analysis (Schlaberg et al. 2012; Raja et al. 2017).

Although the selection of isolates by morphology
characterization has been performed, [Candida]
zeylanoides was noted as the most dominant species with
12 number of isolates. According to Thompson et al.
(2011), Candida genera is equipped with a special
mechanism to modify their morphology. This mechanism
allows them to construct a special type of buds called
pseudohyphae. Besides functioning as a tool for taking
nutrition, this organ could increase its pathogenicity since
Candida genera are widely known as a pathogen. Based on
homology sequences with NCBI, we found that there was a



1416

bracket “[]” mark on [Candida] zeylanoides. This symbol
means that the name is waiting for appropriate action by
the taxonomist (Schoch et al. 2020). Hence, we
reconstructed the phylogenetic tree to determine the genetic
relationship among all isolates (Figure 5).

All yeast genera in this study have been previously
reported to have been isolated from various hosts both in
terrestrial and marine environment (Russo et al. 2008;
Romo-Sénchez et al. 2010; Carrasco et al. 2012; Francis et
al. 2016; Jamili et al. 2016; Yurkov et al. 2016;
Kaewkrajay et al. 2020). Previous studies stated that there
are a wide variety of well-known marine yeasts genera
such as Candida, Cryptococcus, Debaryomyces, Pichia,
Hansenula, Rhodotorula, Saccharomyces, Trichosporon,
and Torulopsis. In addition, ascomycetous yeasts are
dominantly found in shallow waters, whereas
basidiomycetous yeasts in deep waters (Kutty and Philip,
2008). Further, Francis et al. (2016) who studied the
seaweed-associated yeast reported total yeasts species in
their study were dominated by phylum Ascomycota. The
results of this study are clearly different from previous
studies, especially the total yeast isolates. We noted that
most of genera were previously reported as human
pathogens such as Aureobasidium, Candida and Hortea.
This result is presumably because the sampling locations
are impacted by anthropogenic activity such as tourism and
wastewater (Monapathi et al. 2020). It was noted that the
environmental conditions affected the yeast communities
(Jun et al. 2012; Hou et al. 2017; Stanaszek-Tomal 2020).

We also evaluated the biotechnological application of
the isolates as carbohydrase producer. Among all isolates,
only several yeasts showed their ability to secrete the
extracellular carbohydrase. It was noted that [C.]
zeylanoides MTGK.23, A. melanogenum MTGK.31, H.
werneckii MTJ.11, and H. werneckii MTJ.13. It was
highlighted that H. werneckii MTJ.13 showed the highest
enzymatic index with a value of 2.55 on the screening of
alginate-lyase, while MTJ.11 had the lowest enzymatic
index with a value of 0.53 on the agarase screening plate.
Moreover, the plate-based assay is a preliminary assay for
extracellular enzyme screening from microorganisms.
While for  confirmation, other method using
spectrophotometry is strongly suggested (Bhagobaty and
Joshi 2012). The difference in the results was affected by
various factors, such as pH, salinity, temperature, humidity,
and incubation period (Shahat 2017; Gomez et al. 2020;
Becker et al. 2021). Abdel-Raheem and Shearer (2002) also
stated that there are several explanations of the absence of a
positive result. It could mean that either the enzyme is not
produced; or it was not secreted from the cells into the agar
medium, or that it is produced and secreted, but the
medium inhibits the activity. Therefore, previous studies
frequently performed the production of extracellular
enzymes with the liquid medium (Bhagobaty and Joshi
2012; Lee et al. 2019; Zilda et al. 2019). Besides
confirmation with spectrophotometry, detection of the
encoding genes is another strategy to validate the activity
(Olempska-Beer et al. 2006; Harakava 2005; Kim et al.
2008; Sibero et al. 2019). However, after performing the
detection, all isolates showed no positive activity. The lack
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of positive result in the detection of the encoding genes
comes from the unknown mechanism replaces the encoding
genes (Soderholm and Jaakkola 2013) or the absence of the
encoding genes (Nakazawa and Honda 2015) or the
unspecific attachment of the primers (Kumar et al. 2017).
In this case, designing the specific primer is needed to
obtain the appropriate result (Xu et al. 2011).

In conclusion, this study is the first report of seaweed-
associated yeast from Indonesia’s waters. We successfully
isolated 21 seaweed-associated yeast and performed the
diversity study with Candida genera dominated the result.
Various ITS sequence similarity was observed during this
investigation. It is recommended to use more than one
locus to identify the yeasts. Although this study has
successfully examined the potential of seaweed-associated
yeast as carbohydrase producer, further studies are required
to support this result and produce the enzymes. More
comprehensive studies of marine yeasts from Indonesia

may provide further information regarding their
biodiversity, ecological role, and biotechnological
applications.

ACKNOWLEDGEMENTS

The authors thank to Universits Diponegoro, Semarang,
Indonesia for funding this research through Riset Publikasi
Internasional (RPI) scheme with contract number 233-
18/UN7.6.1/2020.

REFERENCES

Abdel-Raheem A, Shearer CA. 2002. Extracellular enzyme production by
freshwater ascomycetes. Fungal Divers 11: 1-19.

Aljohani R, Samarasinghe H, Ashu T, Xu J. 2018. Diversity and
relationships among strains of culturable yeasts in agricultural soils in
Cameroon. Sci Rep 8 (1): 1-11. DOI: 10.1038/s41598-018-34122-2.

Amoikon TLS, Aké MDF, Djéni NT, Grondin C, Casaregola S, Djé KM.
2019. Diversity and enzymatic profiles of indigenous yeasts isolated
from three types of palm wines produced in Coéte d’Ivoire. J Appl
Microbiol 126 (2): 567-579. DOI: 10.1111/jam.14154.

Arifio J, Ramos J, Sychrova H. 2010. Alkali metal cation transport and
homeostasis in yeasts. Microbiol Mol Biol Rev 74 (1): 95-120. DOI:
10.1128/MMBR.00042-09.

Ayuningtyas EP, Sibero MT, Hutapea NEB, Frederick EH, Murwani R,
Zilda DS, Wijayanti DP, Sabdono A, Pringgenies D, Radjasa OK.
2021. Screening of extracellular enzyme from Phaeophyceae-
associated fungi. In IOP Conf Ser: Earth Environ Sci 750 (1): 012005.
DOI: 10.1088/1755-1315/750/1/012005. [Indonesia]

Barnett JA. 2003. Beginnings of microbiology and biochemistry: The
contribution of yeast research. Microbiology 149 (3): 557-567. DOI:
10.1099/mic.0.26089-0.

Becker M, Litz S, Rosenthal K. 2021. Environmental assessment of
enzyme production and purification. Molecules 26 (3): 1-10. DOI:
10.3390/molecules26030573.

Bhagobaty RK, Joshi SR. 2012. Enzymatic activity of fungi endophytic on
five medicinal plant species of the pristine sacred forests of
meghalaya, India. Biotechnol Bioprocess Eng 17 (1): 33-40. DOI:
10.1007/512257-011-0453-4.

Branda E, Turchetti B, Diolaiuti G, Pecci M, Smiraglia C, Buzzini P.
2010. Yeast and yeast-like diversity in the southernmost glacier of
Europe (Calderone Glacier, Apennines, Italy). FEMS Microbiol Ecol
72 (3): 354-369. DOI: 10.1111/j.1574-6941.2010.00864 X.

Bruno S, Coppola D, Di Prisco G, Giordano D, Verde C. 2019. Enzymes
from marine polar regions and their biotechnological applications.
Mar Drugs 17 (10): 1-36. DOI: 10.3390/md17100544.



SIBERO et al. — Species Composition and Screening

Buzzini P, Lachance MA, Yurkov A. 2017. Yeasts in Natual Ecosystems:
Diversity. Springer Nature, Switzerland. DOI: 10.1007/978-3-319-
62683-3.

Carrasco M, Rozas JM, Barahona S, Alcaino J, Cifuentes V, Baeza M.
2012. Diversity and extracellular enzymatic activities of yeasts
isolated from King George Island, the sub-Antarctic region. BMC
Microbiol 12: 1-9. DOI: 10.1186/1471-2180-12-251.

Chand K, Kumar S, Asfag, Saxena D. 2016. Fermented foods and their
health benefits. Eur J Biotechnol Biosci 4 (9): 2-4.

Chasani AR, Suyono EA. 2020. Comparison of structure and composition
of seaweeds population in Porok and Greweng Coasts, Gunungkidul,
Indonesia. In  AIP Conf Proc 2260 (1): 020011. DOI:
10.1063/5.0016133. [Indonesia]

Coppejans E, Prathep A, Lewmanomont K, Hayashizaki K, De Clerck O,
Leliart F, Terada R. 2017. Seaweeds and Seagrasses of the Southern
Andaman Sea coast of Thailand. Kagoshima University Museum,
Kagoshima.

Davani-Davari D, Negahdaripour M, Karimzadeh I, Seifan M, Mohkam
M, Masoumi SJ, Berenjian A, Ghasemi Y. 2019. Prebiotics:
Definition, types, sources, mechanisms, and clinical applications.
Foods 8 (3): 1-27. DOI: 10.3390/foods8030092.

Erlania E, Radiarta IN. 2017. Observation of wild seaweed species in
Labuhanbua Waters, Indonesia: a preliminary assessment for
aquaculture development. Omni-Akuatika 13 (1): 13-25. DOI:
10.20884/1.0a.2017.13.1.172.

Francis MM, Webb V, Zuccarello GC. 2016. Marine yeast biodiversity on
seaweeds in New Zealand waters. N Z J Bot 54 (1): 30-47. DOI:
10.1080/0028825X.2015.1103274.

Gal-Hemed |, Atanasova L, Komon-Zelazowska M, Druzhinina IS,
Viterbo A, Yarden, O. 2011. Marine isolates of Trichoderma spp. As
potential halotolerant agents of biological control for arid-zone
agriculture. Appl Environ Microbiol 77 (15): 5100-5109. DOI:
10.1128/AEM.00541-11.

Gomez EJ, Delgado JA, Gonzalez JM. 2020. Environmental factors affect
the response of microbial extracellular enzyme activity in soils when
determined as a function of water availability and temperature. Ecol
Evol 10 (18): 10105-10115. DOI: 10.1002/ece3.6677.

Gurpilhares D de B, Cinelli LP, Simas NK, Pessoa A, Sette LD. 2019.
Marine prebiotics: Polysaccharides and oligosaccharides obtained by
using microbial enzymes. Food Chem 280: 175-186. DOI:
10.1016/j.foodchem.2018.12.023.

Harakava R. 2005. Genes encoding enzymes of the lignin biosynthesis
pathway in Eucalyptus. Genet Mol Biol 28 (3): 601-607. DOI:
10.1590/S1415-47572005000400015.

He M, Guo M, Zhang X, Chen K, Yan J, Irbis C. 2018. Purification and
characterization of alginate lyase from Sphingomonas sp. ZHO. J
Biosci Bioeng 126 (3): 310-316. DOI: 10.1016/j.jbiosc.2018.01.017.

Hohmann S. 2002. Osmotic stress signaling and osmoadaptation in yeasts.
Microbiol Mol Biol Rev 66 (2): 300-372. DOI:
10.1128/MMBR.66.2.300-372.2002.

Hou Y, Chen X, Chan Z, Zeng R. 2015. Expression and characterization
of a thermostable and pH-stable B-agarase encoded by a new gene
from Flammeovirga pacifica WPAGAL. Process Biochem 50 (7):
1068-1075. DOI: 10.1016/j.prochio.2015.04.005.

Hutapea NEB, Sibero MT, Ayuningtyas EP, Frederick EH, Wijayanti DP,
Sabdono A, Pringgenies D, Radjasa OK, Zilda DS, Murwani R. 2021.
Seaweed-associated fungi from Sepanjang Beach, GunungKidul,
Yogyakarta as potential source of marine polysaccharides-degrading
enzymes. In IOP Conf Ser: Earth Environ Sci 750 (1): 012007. DOI:
10.1088/1755-1315/750/1/012007. [Indonesia]

Jamili, Yanti NA, Susilowati PE. 2016. Diversity and the role of yeast in
spontaneous cocoa bean fermentation from Southeast Sulawesi,
Indonesia. Biodiversitas 17 (1): 90-95. DOI:
10.13057/biodiv/d170113.

Ji J, Wang L, Wu H, Luan HM. 2010. Bio-function summary of marine
oligosaccharides. Intl J Biol 3 (1): 74-86. DOI: 10.5539/ijb.v3n1p74.

Joseph I, Raj RP. 2007. Isolation and characterization of phytase
producing Bacillus strains from mangrove ecosystem. J Mar Biol
Assoc India 49 (2): 177-182.

Jun Y, Zhang Y, Lemian L, Changfu W, Xiaoging Y. 2012. Microbial
community and urban water quality. Bull Chinese Acad Sci BCAS 26
(1): 76-83.

Jutur PP, Nesamma AA, Shaikh KM. 2016. Algae-derived marine
oligosaccharides and their biological applications. Front Mar Sci 3: 1-
5. DOI: 10.3389/fmars.2016.00083.

1417

Kaewkrajay C, Chanmethakul T, Limtong S. 2020. Assessment of
diversity of culturable marine yeasts associated with corals and
zoanthids in the Gulf of Thailand, South China Sea. Microorganisms
8 (4): 1-16. DOI: 10.3390/microorganisms8040474.

Kandasamy K, Alikunhi NM, Subramanian M. 2012. Yeasts in marine
and estuarine environments. J Yeast Fungal Res 3 (6): 74-82.

Kang HK, Seo CH, Park Y. 2015. The effects of marine carbohydrates and
glycosylated compounds on human health. Intl J Mol Sci 16 (3):
6018-6056. DOI: 10.3390/ijms16036018.

Kim S, Lee C, Han B, Kim M, Yeo Y, Yoon S, Koo B, Jun H. 2008.
Characterization of a gene encoding cellulase from uncultured soil
bacteria. FEMS Microbiol Lett 282: 44-51. DOI: 10.1111/j.1574-
6968.2008.01097.x.

Kobayashi Y, Uchimura K, Koide O, Deguchi S, Horikoshi K. 2012.
Genetic and biochemical characterization of the Pseudoalteromonas
tetradonis alkaline x-carrageenase. Biosci Biotechnol Biochem 76
(3): 506-511. DOI: 10.1271/bbb.110809.

Kumar VP, Kolte AP, Dhali A, Naik C, Sridhar M. 2017. Use of gene
specific universal primers for isolation of DNA sequences encoding
laccase enzyme from a wild isolate of Schizophyllum commune.
Biotechnol J Intl 20 (2): 1-11. DOI: 10.9734/BJ1/2017/37022.

Kurtzman CP, Fell JW, Boekhout T. 2011. The Yeasts, a Taxonomic
Study, 5th ed. Elsevier, USA.

Kutty SN, Philip R. 2008. Marine Yeasts - A Review. Yeast 25: 465-483.
DOI: 10.1002/yea.1599.

Lee S, Park MS, Lee H, Kim JJ, Eimes JA, Lim YW. 2019. Fungal
diversity and enzyme activity associated with the macroalgae,
Agarum clathratum. Mycobiology 47 (1): 50-58. DOI:
10.1080/12298093.2019.1580464.

Li L, Qu W, Jin M, Di W, Zeng R. 2018. Extracellular expression of
agarase rAgaM1 in Bacillus subtilis and its ability for neoagaro-
oligosaccharide production. J Basic Microbiol 59 (4): 359-367. DOI:
10.1002/jobm.201800442.

Monapathi ME, Bezuidenhout CC, Rhode OHJ. 2020. Aquatic yeasts:
diversity, characteristics and potential health implications. J Water
Health 18 (2): 91-105. DOI: 10.2166/wh.2020.270.

Mukaremera L, Lee KK, Mora-Montes HM, Gow NAR. 2017. Candida
albicans yeast, pseudohyphal, and hyphal morphogenesis
differentially affects immune recognition. Front Immunol 8 (629): 1-
12. DOI: 10.3389/fimmu.2017.00629.

Nagahama T, Hamamoto M, Nakase T, Takami H, Horikoshi K. 2001.
Distribution and identification of red yeasts in deep-sea environments
around the northwest Pacific Ocean. Antonie van Leeuwenhoek 80:
101-110. DOI: 10.1023/A:1012270503751.

Nagano Y, Nagahama T, Hatada Y, Nunoura T, Takami H, Miyazaki J,
Takai K, Horikoshi K. 2010. Fungal diversity in deep-sea sediments -
the presence of novel fungal groups. Fungal Ecol 3 (4): 316-325.
DOI: 10.1016/j.funeco.2010.01.002.

Novak Babi¢ M, Zalar P, Zenko B, Dzeroski S, Gunde-Cimerman N.
2016. Yeasts and yeast-like fungi in tap water and groundwater, and
their transmission to household appliances. Fungal Ecol 20: 30-39.
DOI: 10.1016/j.funeco.2015.10.001.

Nakazawa T, Honda Y. 2015. Absence of a gene encoding cytosine
deaminase in the genome of the agaricomycete Coprinopsis cinerea
enables simple marker recycling through 5-fluorocytosine
counterselection. FEMS  Microbiol Lett 362 (15). DOI:
10.1093/femsle/fnv123.

Novak Babi¢ M, Zalar P, Zenko B, Dzeroski S, Gunde-Cimerman N.
2016. Yeasts and yeast-like fungi in tap water and groundwater, and
their transmission to household appliances. Fungal Ecol 20: 30-39.
DOI: 10.1016/j.funeco.2015.10.001.

O’Sullivan L, Murphy B, McLoughlin P, Duggan P, Lawlor PG, Hughes
H, Gardiner GE. 2010. Prebiotics from marine macroalgae for human
and animal health applications. Mar Drugs 8 (7): 2038-2064. DOI:
10.3390/md8072038.

Olempska-Beer ZS, Merker RI, Ditto MD, DiNovi MJ. 2006. Food-
processing enzymes from recombinant microorganisms - a review.
Regul Toxicol Pharmacol 45: 144-158. DOLl:
10.1016/j.yrtph.2006.05.001.

Putri AC, Nugroho IC, Firdaus NUN, Puspita NOJ, Fajrin SAR, Hamzah
SDA. 2017. Diversity and abundance of chlorophyta in Krakal Beach,
Gunung Kidul, Yogyakarta. In IOP Conf Ser: Earth Environ Sci 89
(1): 012033. DOI: 10.1088/1755-1315/89/1/012033. [Indonesia]

Rahmawati YF. 2021. Macroinvertebrates diversity in Sundak Beach,
Gunung Kidul, Yogyakarta. Jurnal Biota 7 (1): 36-41. DOI:
10.19109/Biota.v7i1.6974. [Indonesia]



1418

Raja HA, Miller AN, Pearce CJ, Oberlies NH. 2017. Fungal identification
using molecular tools: A primer for the natural products research
community. J Nat Prod 80 (3): 756-770. DOI:
10.1021/acs.jnatprod.6b01085.

Raveendran S, Parameswaran B, Ummalyma SB, Abraham A, Mathew
AK, Madhavan A, Rebello S, Pandey A. 2018. Applications of
microbial enzymes in food industry. Food Technol Biotechnol 56 (1):
16-30. DOI: 10.17113/fth.56.01.18.5491.

Ren Y, Bai Y, Zhang Z, Cai W, Del Rio Flores A. 2019. The preparation
and structure analysis methods of natural polysaccharides of plants
and fungi: A review of recent development. Molecules 24 (17): 1-26.
DOI: 10.3390/molecules24173122.

Romdoni TA, Ristiani A, Meinita MDN, Marhaeni B, Setijanto. 2018.
Seaweed species composition, abundance and diversity in drini and
kondang merak beach, Java. E3S Web Conf 47 (03006): 1-8. DOI:
10.1051/e3sconf/20184703006.

Romo-Sanchez S, Alves-Baffi M, Arévalo-Villena M, Ubeda-lranzo J,
Briones-Pérez A. 2010. Yeast biodiversity from oleic ecosystems:
Study of their biotechnological properties. Food Microbiol 27 (4):
487-492. DOI: 10.1016/j.fm.2009.12.009.

Ruginescu R, Gomoiu I, Popescu O, Cojoc R, Neagu S, Lucaci I,
Batrinescu-Moteau C, Enache M. 2020. Bioprospecting for novel
halophilic and halotolerant sources of hydrolytic enzymes in brackish,
saline and hypersaline lakes of romania. Microorganisms 8 (12): 1-16.
DOI: 10.3390/microorganisms8121903.

Russo G, Libkind D, Sampaio JP, Van Broock MR. 2008. Yeast diversity
in the acidic Rio Agrio-Lake Caviahue volcanic environment
(Patagonia, Argentina). FEMS Microbiol Ecol 65 (3): 415-424. DOI:
10.1111/j.1574-6941.2008.00514 x.

Sabdono A, Radjasa OK, Trianto A, Sibero MT, Martynov A, Kristiana R.
2021. An ecological assessment of nudibranch diversity among
habitats receiving different degrees of sedimentation in Jepara Coastal
Waters, Indonesia. Intl J Conserv Sci 12 (1): 291-302.

Schlaberg R, Simmon KE, Fisher MA. 2012. A systematic approach for
discovering novel, clinically relevant bacteria. Emerg Infect Dis 18
(3): 422-430. DOI: 10.3201/eid1803.111481.

Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque A,
Chen W, Consortium FB. 2012. Nuclear ribosomal internal
transcribed spacer (ITS) region as a universal DNA barcode marker
for Fungi. Proc Natl Acad Sci U S Am 109 (16): 6241-6246. DOI:
10.1073/pnas.1117018109.

Schoch CL, Ciufo S, Domrachev M, Hotton CL, Kannan S, Khovanskaya
R, Leipe D, Mcveigh R, O’Neill K, Robbertse B, Sharma S. 2020.
NCBI Taxonomy: a comprehensive update on curation, resources and
tools. Database 2020: 1-21. DOI: 10.1093/database/baaa062.

Shahat AS. 2017. Production of extracellular hydrolytic enzymes by yeast
grown on commercial media. Ann Biol Res 8 (3): 12-20.

Sharma A, Sharma SC. 2017. Physiological basis for the tolerance of
yeast Zygosaccharomyces bisporus to Salt Stress. HAYATI J Biosci
24 (4): 176-181. DOI: 10.1016/j.hjb.2017.11.001.

Sibero MT, Triningsih DW, Radjasa OK, Sabdono A, Trianto A. 2016.
Evaluation of antimicrobial activity and identification of yellow
pigmented marine sponge-associated fungi from Teluk Awur, Jepara,
Central Java. Indones J Biotechnol 21 (1): 1-11. DOI:
10.22146/ijbiotech.26058.

Sibero MT, Sahara R, Syafigoh N, Tarman K. 2017. Antibacterial activity
of red pigment isolated from coastal endophytic fungi against multi-
drug resistant bacteria. Biotropia 24 (2): 161-172. DOI:
10.11598/bth.2017.24.2.725.

Sibero MT, lgarashi Y, Radjasa OK, Sabdono A, Trianto A, Zilda DS,
Wijaya YJ. 2019. Sponge-associated fungi from a mangrove habitat
in Indonesia: species composition, antimicrobial activity, enzyme
screening and bioactive profiling. Intl Aquat Res 11 (2): 173-186.
DOI: 10.1007/s40071-019-0227-8.

Sibero MT, Pribadi R, Larasati SJH, Calabon MS, Sabdono A, Subagiyo
S, Frederick EH. 2021. Diversity of sponge-associated fungi from a
mangrove forest in Kemujan lIsland, Karimunjawa National Park,
Indonesia. Biodiversitas 22 (12): 5695-5705. DOl:
10.13057/biodiv/d221256.

Simpson BK, Rui X, Klomkao S. 2012. Enzymes in Food Processing. In:
Simpson BK, Nollet LML, Toldra F, Benjakul S, Paliyath G, Hui YH.
(eds) Food Biochemistry and Food Processing. 2nd Ed. John Wiley &
Sons Inc., USA. DOI: 10.1002/9781118308035.ch9.

Singh P, Raghukumar C, Verma P, Shouche, Y. 2010. Phylogenetic
diversity of culturable fungi from the deep-sea sediments of the

BIODIVERSITAS 23 (3): 1408-1419, March 2022

Central Indian Basin and their growth characteristics. Fungal Divers
40: 89-102. DOI: 10.1007/s13225-009-0009-5.

Soderholm H, Jaakkola K, Somervuo P, Laine P, Auvinen P, Paulin L,
Lindstrom M, Korkeala H. 2013. Comparison of Clostridium
botulinum genomes shows the absence of cold shock protein coding
genes in type E neurotoxin producing strains. Botulinum J 2 (3/4):
189-207. DOI: 10.1504/TBJ.2013.055662.

Stanaszek-Tomal E. 2020. Environmental factors causing the development
of microorganisms on the surfaces of national cultural monuments
made of mineral building materials-review. Coatings 10 (12): 1-19.
DOI: 10.3390/coatings10121203.

Stiger-Pouvreau V, Bourgougnon N, Deslandes E. 2016. Carbohydrates
from Seaweeds. In: Fleurence J, Levine I. (eds) Seaweed in Health
and Disease Prevention. Elsevier, USA. DOI: 10.1016/B978-0-12-
802772-1.00008-7.

Sudaryatno. 2016. Drought vulnerability mapping with geomorphological
approach in Yogyakarta Special Region (DIY) and Central Java. IOP
Conf Ser: Earth Environ Sci 47 (1): 012023. DOI: 10.1088/1755-
1315/47/1/012023. [Indonesia]

Sumerta IN, Kanti A. 2018. Taxonomic approach for species diversity of
yeasts and yeasts-like fungi through D1/D2 region of large subunit
ribosomal DNA sequences. Biosaintifika: J Biol Biol Educ 10 (1): 72-
78. DOI: 10.15294/biosaintifika.v10i1.11588.

Tan RX, Zou WX. 2001. Endophytes: A rich source of functional
metabolites. Nat Prod Rep 18 (4): 448-459. DOI: 10.1039/b1009180.

Thompson DS, Carlisle PL, Kadosh D. 2011. Coevolution of morphology
and virulence in Candida species. Eukaryot Cell 10 (9): 1173-1182.
DOI: 10.1128/EC.05085-11.

Utami S, Anggoro S, Soeprobowati TR. 2017. The diversity and
regeneration of mangrove on Panjang Island Jepara Central Java. Intl
J Conserv Sci 8 (2): 289-294.

Veliz EA, Martinez-Hidalgo P, Hirsch AM. 2017. Chitinase-producing
bacteria and their role in biocontrol. AIMS Microbiol 3 (3): 689-705.
DOI: 10.3934/microbiol.2017.3.689.

Walker G, Stewart G. 2016. Saccharomyces cerevisiae in the production
of fermented beverages. Beverages 2 (4): 1-12. DOl
10.3390/beverages2040030.

Wang M, Chen L, Zhang Z. 2021. Potential applications of alginate
oligosaccharides for biomedicine - A mini review. Carbohydr Polym
271:1-4. DOI: 10.1016/j.carbpol.2021.118408.

Widyartini DS, Widodo P, Susanto AB. 2017. Thallus variation of
Sargassum polycystum from Central Java, Indonesia. Biodiversitas 18
(3): 1004-1011. DOI: 10.13057/biodiv/d180319.

Wijaya AP, Bondar KG, Frederick EH, lgarashi Y, Sibero MT. 2020.
Identification of marine bacteria HPP.4A and HPP.T13 and its
anticancer activity against P388 murine leukaemia cell. In IOP Conf
Ser: Earth Environ Sci 584 (1): 012005. DOI: 10.1088/1755-
1315/584/1/012005. [Indonesia]

Wijaya AP, Sibero MT, Zilda DS, Windiyana AN, Wijayanto A,
Frederick EH, Murwani R, Wijayanti DP, Sabdono A, Pringgenies D,
Radjasa OK. 2021. Preliminary screening of carbohydrase-producing
bacteria from Chaetomorpha sp. in Sepanjang Beach, Yogyakarta,
Indonesia. In IOP Conf Ser: Earth Environ Sci 750 (1): 012027. DOI:
10.1088/1755-1315/750/1/012027. [Indonesia]

Woulandari SR, Hutabarat S, Ruswahyuni R. 2015. Effect of flow and
density distribution substrates against seaweed waterway Panjang
Island in the West and South. Diponegoro J Maquares Manag Aquat
Resour 4 (3): 91-98. [Indonesia]

Xu PJ, Li T, Xiao JH, Murphy RW, Huang DW. 2011. Universal primers
for amplifying the complete coding sequence of cytoplasmic heat
shock protein 90 (HSP90) in Lepidoptera. Eur J Entomol 108: 164-
168. DOI: 10.14411/eje.2011.020.

Yopi, Djohan AC, Rahmani N, Jannah AM. 2017. Isolation and
characterization of mannanase, xylanase, and cellulase from marine
bacteria Bacillus sp. Biofarmasi (Rumphius J Nat Prod Biochem) 15:
15-20. DOI: 10.13057/biofar/f150103.

Yurkov AM, Wehde T, Federici J, Schafer AM, Ebinghaus M, Lotze-
Engelhard S, Mittelbach M, Prior R, Richter C, Rohl O, Begerow D.
2016. Yeast diversity and species recovery rates from beech forest
soils. Mycol Prog 15 (8): 845-859. DOI: 10.1007/s11557-016-1206-8.

Zaky AS, Tucker GA, Daw ZY, Du C. 2014. Marine yeast isolation and
industrial application. FEMS Yeast Res 14 (6): 813-825. DOI:
10.1111/1567-1364.12158.

Zeng C, Zhang L, Miao S, Zhang Y, Zeng S, Zheng B. 2016. Preliminary
characterization of a novel p-agarase from Thalassospira



SIBERO et al. — Species Composition and Screening 1419

profundimonas. SpringerPlus 5 (1): 2-9. DOI: 10.1186/s40064-016-
2748-6.

Zhang C, Kim SK. 2010. Research and application of marine microbial
enzymes: Status and prospects. Mar Drugs 8 (6): 1920-1934. DOI:
10.3390/md8061920.

Zhu B, Ning L. 2015. Purification and characterization of a new k-
carrageenase from the marine bacterium vibrio sp. Nj-2. J Microbiol
Biotechnol 26 (2): 255-262. DOI: 10.4014/jmb.1507.07052.

Zhu B, Ni F, Xiong Q, Yao Z. 2021. Marine oligosaccharides originated
from seaweeds: Source, preparation, structure, physiological activity
and applications. Crit Rev Food Sci Nutr 61 (1): 60-74. DOI:
10.1080/10408398.2020.1716207.

Zilda DS, Yulianti Y, Sholihah RF, Subaryono S, Fawzya YN, Irianto HE.
2019. A novel Bacillus sp. isolated from rotten seaweed:
Identification and characterization alginate lyase its produced.
Biodiversitas 20 (4): 1166-1172. DOI: 10.13057/biodiv/d200432.



