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Abstract. Macroalgae that found in Pantai Barat Pasir Putih Pananjung Pangandaran, West
Java is quite diverse. The three main classes of macroalgae are Clorophyceae,
Rhodophyceae, and Pacophyceae found there. Five species including Ulva fasciata,
Gelidiella acerosa, Halimeda sp., Turbinaria sp., and Chaetomorpha sp. representing the
three main classes. Currently, marine endophytic is an interesting new source for its
potential. This research was conducted to find out various endophytic microorganisms
(endophytic bacteria and endophytic microfungi) that live in macroalgae’s tissue through
the direct seed planting method on agar medium and their potential as antibacterial against
Escherichia coli. The endophytic microorganisms obtained were purified through gram
staining on bacterial isolates and moist chamber for microfungi isolates to be further
identified under the microscope. Endophytic bacteria obtained as many as 17 pure isolates
consisting of gram positive and negative bacillus and cocci bacteria, whereas five
endophytic microfungi obtained from these macroalgae were obtained by five genera
suspected of Paecilomyces sp., Mycelia sterilia, Geomyces sp., Penicillium sp., and
Cladosporium sp. The endophytic bacteria isolates obtained were tested for their
antibacterial activity against E. coli. The results obtained showed that there was an average
of the largest inhibition zones with sensitive categories of macroalgae Halimeda sp. that is
equal to 10.33 mm.
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1 Introduction

One of the low-level flora that lives in the coastal area is macroalgae. Macroalgae are
marine flora that can grow in shallow and intertidal seabed[1] Macroalgae generally grow
attached to certain substrates such as corals, mud, sand, rocks and other hard objects[2].
Indonesia is famous for its tropical climate which makes it easy for macroalgae species to
grow and live along sea travel. Naturally the spread of macroalgae is scattered throughout the



clear area, usually a ship that is rocky and which has a limestone foundation, namely in the
intertidal area or areas that have tides. Even Indonesia has the top position in the row of
macroalgae producers in the world. Some macroalgaes in Indonesia are beneficial because of
their unique and special potential to be developed. Until now there are many more macroalgae
that have not been identified and are known for their potential.

Recent estimations show that the planet contains around 300,000 plant species, most of
which contain endophytes[3]. When endophytic microorganisms are observed, we can know
their role in the plant tissue that is boarded. Because of this role, the attention of endophytic
microorganisms continues to increase in the past few years because these endophytic
microorganisms have several important functions such as extracting plant nutrients, helping /
increasing growth and also plant vigor and potentially providing resistance to host plants to
fight pathogenic infections. And as a source of secondary metabolites. Marine endophytes are
very attractive as new and rich sources of biologically active products. They live in close
association with soft-bodied marine plants, which do not have a clear structural defense
mechanism, and thus rely on chemical defense by the production of bioactive secondary
metabolites, either by themselves or by related microflora, to survive in their extreme
habitats[4]. Endophytic microorganisms have great potential in finding new sources of
medicine. Macroalgae is a natural source that has the potential to produce secondary
metabolites that produce abundant bioactive compounds in Indonesian merine, making it a
great opportunity for new drugs. Several studies have shown that besides being a producer of
antibiotics, endophytic microbes are also capable of being anticancer[5], antihypertensive and
antimalarial. In line with the statement[6] that endophytes have biological activities for
treatment such as anticancer, immunomodulators, and anti-inflammation. In addition,
microorganisms have advantages compared to other organisms such as easy to develop and
multiply, relatively short life cycles, produce large amounts of bioactive compounds, and are
easy to find because they are abundant in nature. Marine endophytic microorganisms consist
of bacteria and microfungi, most of them are attached and live on soft marine plant bodies.
Marine endophytic bacteria contain chemical compounds from secondary metabolites that
have the opportunity to be used as raw materials for new drugs, nutritional supplements,
cosmetics, agrochemicals, and chemical probes from enzymes. The role of endophytic bacteria
in enhancing plant growth is also supported by its ability to dissolve nutrients, tether nitrogen
in the air, produce plant growth hormones, and control plants from disease attacks[7]. The
reciprocal relationship between endophytic microfungi and hosts can activate the gene-
silencing mechanism or gene dam immersion followed by activation of specific biosynthesis
which results in the structure of functional secondary metabolites. Macroalgae is a potential
source of marine microfungi, this is because macroalgae are able to adapt to high salinity
levels, nutrient limitations, low light exposure, or lack of oxygen which triggers endophytic
pressure to produce bioactive compounds secondary metabolites as host plant defense
mechanisms[8].

The main objective of this study was to determine the various endophytic
microorganisms (endophytic bacteria and endophytic microfungi) that live in macroalgae
through the direct seed planting method on agar medium and their potential as antibacterial
against Escherichia coli.



2 Materials And Methods
2.1 Study area

Materials and Methods should emphasize on the procedures and data analysis. For field
study, it is better if study site is included (Figure 1).

2.2 Location

The location of research was done on Pantai Pasir Putih Pangandaran,West Java (Figure
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Fig.1 Map of Location of West Beach Pasir Putih Pangandaran, West Java. 7 039°30” — 7044°00 " South
Latitude and 108035°00” — 108042°00” East Longitude.
source: www.googleearth.com

2.3 Materials

The materials used are 1000 ml erlenmeyer flask, alcohol 70%, alcohol, 96% aluminum
foil, analytic balance, aquades, autoclave, bacterial and beaker glass, Bunsen, carbol violet,
chloramphenicol, coloring tray, cool box, cotton, discs, drop pipettes, filter paper,fucshin
water, fungal incubator,glass objects, gloves, spirtus, heater,hygrometer, immersion oil,
ketocenazole, labels, lugol,lux meters, macroalgae identification sheets, macroalgae
sampels,magnetic stirers, microscopes, NA powder and PDA, petri dish, pH meter, plastic
wrap , raffia , refractometers, round ose, scissors, secawater, spatulas, plugs, spray bottle,




stakes, thermometers, stirring rod, stopwatches, streptomycin, test tube racks, tide
tables,tweezers, UC bottle, vaseline,wooden clamp, ziplock plastic.

2.4 Methods

The method used in this research is roaming method and descriptive method. The
roaming method was carried out for macroalgae inventory in the West Coast area of Pasir
Putih, Pananjung Pangandaran. Descriptive method was carried out to obtain and identify
various macroalgae endophytic microorganisms obtained and the antibacterial activity of
endophytic microorganisms to Escherichia coli.

2.5 Procedures

2.5.1 Laboratory Preparation

Laboratory preparations are making medium NA (Nutrient Agar) and PDA (Potato
Dextrose Agar) and sterilizing work equipment and medium on autoclaves at a temperature of
121°C 1atm pressure.

2.5.2 Macroalgae Sampling

Macroalgae sampling on West Java White's sand Coast of Pananjung Pangandaran
Beach was carried out during low tide conditions, according to, which stated that macroalgae
grows or not. Then the macroalgae is taken from all parts of the thallus intact using latex
gloves. Then, the macroalgae obtained was inserted into the plastic sample and put in a cool
box.

2.5.3 Isolation of Endophytic Macroalgae Microorganisms

Isolation of endophytic microorganisms is carried out by direct seed planting according
to[9]. All thallus macroalgae are rinsed with sterile seawater, soaked in distilled water and in
70% alcohol. Then, macroalgae intact thallus is cut into 8 small parts using sterile scissors.
Pieces of macroalgae is implanted into the NA medium and the PDA uses the direct seed
planting method on the four equal parts of the petri dish. After that, petri dishes were
incubated in at 37°C for 24 hours for bacteria and at room temperature for 48-72 hours for
microfungi.

2.5.4 Identification of Endophytic Bacteria

Identification of endophytic bacteria was carried out using gram staining to group
bacteria based on the structure of cell walls into gram-positive bacteria and gram-negative
bacteria. Gram-positive bacteria will appear purple and gram-negative bacteria will appear
red.

2.5.5 Identification of Endophytic Microfungi

Identification of endophytic microfungi was carried out with two observations, namely
macroscopic observation and microscopic observation. Macroscopic observations include



colony color, colony shape, elevation, margin, and size of colonies. Meanwhile, microscopic
observations were carried out using the Moist Chamber technique and a comparison of the
literature referring to[10] with the title "Pictoral Atlas of Soil And Seed Fungi Morphologies
Of Cultured Fungi And Key Species".

2.5.6 Bacterial Suspension

The making of bacterial suspension test was carried out by homogenizing Escherichia
coli with physiological NaCl 0.9% sterile. Turbidity used in the antibacterial activity test was
equated with McFarland 0.5 (9 x 108 cells / mL sample).

2.5.7 Antibacterial Activity Testing

Antibacterial activity was carried out by the disc (Kirby Bauer) method on endophytic
bacteria isolated from various macroalgae against E. coli. The parameters observed were the
diameter of the inhibition zone / clear zone formed around the disc. The diameter of the
inhibitory zone formed was measured and grouped in sensitive groups very strong, sensitive,
semi-sensitive and resistant referring to[11] as in table 1 :

Table 1. Category of Growth inhibition zones antibacterial activity

Growth inhibition zones Category
>20 mm Strong
10-20 mm Sensitive
5-10 mm Less sensitive
<5 mm Resistant

Source: (Davis dan Stout, 1971)
2.6 Data analysis

Data analysis was carried out descriptively based on the macroalgae biodiversity data on
the West Coast of Pananjung Pangandaran White Sand and macroalgae endophytic
microorganisms, and the antibacterial activity of endophytes against E. coli

3 Results And Discussion

Results and Discussion should be written as a series of connecting sentences, however, for
manuscript with long discussion should be divided into subtitles. Results should be clear and
concise.

3.1 Result-1

Community macroalgae are found on the West Beach Pasir Putih Pananjung
Pangandaran has considerable diversity. Intertidal zone on the West Coast White Sand has a
substrate in the form of dead coral and rocks. This allows many macroalgae grow there,
because it indicates that the flow or movement of sea water big and good. macroalgaeobtained
from the West Coast White Sand Pananjung Pangandaran, in Events during low tide at 16:30



pm with the condition of seawater pH 8.1, 63% humidity levels, light intensity of 5.83 x 100
lux, 35.6 %o salinity, and temperature water 39 °© C are summarized in table 2

Table 1 Physical and Chemical Conditions of West Beach Pasir Putih Pangandaran, West Java

pH Humidity Light intensity ~ Salinity =~ The water temperature
8.1 63% 5,83 x 100 lux 35.6 %o 39°C

Acerosa Gelidiella macroalgae, Ulva fasciata, Halimeda sp., Turbinaria sp., and
Chaetomorpha sp. a few macroalgae obtained at Pasir Putih Barat, Pangandaran, West Java.
Gelidiela acerose has the characteristics of a relatively small size, red-brown colored thallus,
thallus stems grow upright with pinnate branching as forming tiny barbs.

Ulva fasciata is one of the most common green algae and happens almost every season
on the Indian coast [, or sea lettuce Ulva (sea lettuce) is a seaweed belonging to Chlorophyta
division because cells contain many contain chlorophyll that gives green. Thallus morphology
is in the form of thin, flattened like a sword consisting of two layers of cells.Halimeda sp.
having the green colored thallus with Holdfast discoidal type, thallus on macroalgae have a
shape such as a coin, branched, growing in a clump. The outside of the cube-shaped cell
network and meeting, part of the cortex cells slightly rounded shape then the medulla part
cylindrical cells are located irregularly.

Results Isolation of Endophytic Bacteria red macroalgae (Gelidiella acerosa),
Green (Ulva fasciata, Halimeda sp., and Chaetomorpha sp.), And Brown (Turbinaria sp.)

Macroalgae endophytic bacteria red, green, or brown isolated from several colonies
that grow around thallus grown on NA medium. Endophytic bacterial colonies that grow
around macroalgae differentiated according to form colonies, elevation, or margins or edges
and be purified. Results purification identified microscopically through Gram stain. The
endophytic bacteria macroalgae Gelidiella acerosa gained 3 pure isolates of endophytic
bacteria. Based on the results of gram staining gram-positive bacillus bacteria identified are
suspected as Bacillus sp., Other than that obtained cocci gram negative bacteria and bacteria
bacillus gram on other isolates.

The endophytic bacteria macroalgae Ulva fasciata identified by observation through
gram stain acquired 4 pieces of pure isolates, namely Bacillus sp.1, Bacillus sp.2, Bacillus sp.3
and Bacillus sp.4. All isolates were observed microscopically has the same shape (rod) but the
size is different.

Endophytic bacteria isolated from macroalgae Halimeda sp. consists of three isolates of
bacteria isolated from three different colonies around thallus Halimeda sp. Endophytic
bacteria isolated Halimeda sp. obtained 3 isolates comprising 1 isolate gram positive and 2
isolate gram negative. Endophytic bacteria isolated macroalgae Turbinaria sp. consist of 3
pure isolates suspected of Bacillus sp gram-positive and 2 isolates gram positive cocci shaped
and gram negative.

Results of Isolation of Microfungi Endophytes of Red Macroalgae (Gelidiella
acerosa), Green (Ulva fasciata), and Chocolate (Halimeda sp. And Turbinaria sp.)

Endophytic microfungi isolated from various macroalgae grown on PDA media with
the direct seed planting method in the form of several colonies around macroalgae and
differentiated according to hyphae color, elevation, margin, shape and size. The pure isolates
obtained were identified using the Moist Chamber method. Based on the results of the



acquisition of the microalgae isolates of the macroalgae Gelidiella acerosa, there were 3
different microfungi colonies. and the results of the identification of microfungi were
suspected as Penicillium spl, Mycelia sterilia, and Penicillium sp2.

Endophytic microfungi isolated from macroalgae Ulva fasciata were obtained from
various different colonies around the macroalgae thallus. There are 3 pure microfungi isolates
obtained which are thought to be Paecilomyces sp., Mycelia sterilia, and Geomyces
pannorum. Endophytic microfungi isolated from the Halimeda sp. Macroalgae. which was
identified, namely 1 pure isolate which showed that the genera of microfungi through
macroscopic observation (direct observation) and microscopically with the Moist Chamber
technique, Penicillium.

There is 1 pure isolate of macroalgae endophytic Turbinaria sp. suspected as
Cladosporium sp. based on the results of macroscopic observations on colonies and
microscopic  observations through the Moist Chamber technique. Morphological
characteristics of bacteria and endophytic microfungi of various macroalgae are shown in
table 3 below:

Table 3. Microfungi Endophytic Bacteria which Isolated from macroalgae (Ulva fasciata, Gelidiella
acerosa, Halimeda sp., Turbinaria sp.)

Class Macroalg Endophyti  Morphologica Endophytic = Morphological
ae c 1 Mikrofungi  Characteristic
bacteria Characteristic s of
s of Endophytic
Endophytic Mikrofungi
Bacteria
Chlorophyceae  Ulva fasciata Spl The shape is Paecilomyces  Black, insulated
bacil with  sp. hyphae,  with
medium  size scattered
and violet color conidia
(gram (+)) elliptical shape.
Sp2 The shape is Mycelia Visible  white
small rod bacil sterilia huddled hyphae
with violet branch, and not
color found a box as
(gram (+)) well as spores.
Sp3 The shape is Geomycessp. Looks like
small single dark-colored
bacil with microscopic
voilet color tree.  Conidia
(gram (+)) small size
wedge flat

surface, conidia
grow from the
tip conidiospor.

Conidiospor
branched.
Sp4 The shape is
diplobacil,
streptobacil,

medium and




Rhodophyceae

Halimeda sp.

Chaetomorph
a sp.

Gelidiella
acerosa

Sps

Sp6

Sp7

Sp8

Sp9

Sp10

Spll

Sp12

Sp13

long size with

violet color
(gram (+))
The shape is
small violet
coccus  (gram
)

The shape is
long single

bacil with red
color (gram (-))
The shape is
short single
bacil with red
color (gram (-))

The shape is
short red bacil

(gram(-))

The shape is
long thin red
rod (gram(-))
The shape is
rod with long
thin size and
violet color
(gram (+))
The shape is
short bacil with

violet color
(gram (+))

The shape is
single bacil
with violet
color (gram
()

The shape is
single red
coccus (gram (-

)

Penicillium
spl

Mycelia
sterilia

Penicillium
sp2

mycelia
sterilia

White colonies,
medium-sized,
filaments

White
colonies
resemble  the
fibers of cotton,
medium-sized,
filamentous
shape, angle of
elevation of
convex and
entire margin

colored

Dark green
colored
colonies, large,
circular-shaped,
have a convex
elevation and
entire  margin
smooth or.
Yellow colored
colonies, small,
circular-shaped,
has a flat
elevation and
smooth or
entire margin.




Phaepophycea
e

Turbinaria sp.

Sp14

Spls

Sp16

Sp17

The shape is
red single bacil
smaller than

Sp.5 (gram (-))

The shape is
bacil with
moderate  size
and violet color

(gram (+))

The shape is
single violet
coccus(gram
)

The shape is
single red

coccus (gram (-

)

Penicillium
spl

Cladosporiu
m sp.

Colonies
colored white,
large,
filamentous
shape, elevation
umbonate, and
margins lobate
Colonies of
black color.
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Fig. 3 Endophytic microfungi from different types of macroalgae (A).Paecylomices sp. (B). Mycelia
sterilia



(C). Geomyces sp. (D). Penicillium sp. (E). Cladosporium sp.

Antibacterial activity of macroalgae

The antibacterial activity of macroalgae Gelidiella acerosa, Chaetomorpha sp.,
Halimeda sp., And Turbinaria sp. are shown in Table 4 as follows:

Table 4. Antibacterial Activities of Endophytic Bacteria macroalgae

Species Macroalgae Endophytic Growth inhibition zones X Category
bacteria (Mm)
1 2 3

Gelidiella Aceros sp.1 10 6 6 7.3 LS

sp.2 6 6 8 6.7 LS
Chaetomorpha sp. sp.1 9 10 9 9.3 LS

sp.2 6 6 7 6.3 LS
Halimeda sp. sp.1 11 10 10 10.33 S

sp.2 10 11 9.5 10,16 S
Turbinaria sp. sp.1 9 10 10 9.7 LS

Notes: VS : Very sensitive, S: Sensitive, LS

: Less Sensitive, R: resistance

Results of testing the antibacterial activity of endophytic bacteria macroalgae according

diameter clear zone formed around the disc drive is shown in Figure 5 as follows:




Fig. 4 Endophytic Bacteria Inhibition zone (4) .Gelidiella acerosa sp.1 (B). G. acerosa sp.2 (C).
Chaetomorpha sp. sp.1 (D). Chaetomorpha sp. sp.2 (E). Halimeda sp. sp.I (F) Halimeda sp. sp.1 (G).
Turbinaria sp. sp. !

3.2 Discussion

Macroalgae U. fasciata, G. acerosa, Chaetomorpha sp., Halimeda sp., and Turbinaria
sp. have various endophytic bacteria, consisting of gram-positive bacteria and gram-negative
bacteria with different characteristics. Endophytic bacteria isolated from thallus in
macroalgae.

Gram-positive bacteria have thick cell walls consisting of peptidoglycan and teicoic acid,
so that the pores of gram-positive bacteria will close and keep the first dye complex as
primary dye, namely crystal violet even when decolorizing or rinsing uses 96% alcohol.
According to[12], gram-positive bacterial cell walls contain peptidoglycan, teicoic acid, and
teicuronic acid. Therefore, the cell wall of gram-positive bacteria is composed of the majority
of polysaccharides, whereas negative bacterial cell walls have only a small amount of
peptidoglycan which is located between the outer membrane and the membrane in the cell
wall. Gram negative bacteria have an outer cell wall consisting of a phospholipid component
and several proteins also called auto layers.

According to, the cell wall of gram negative bacteria consists of 3 layers. The outermost
layer is a lipoposaccharide (lipid) which is likely to be washed or decolorized by 96% alcohol
as a decolorization agent, so that when stained with a second dye, air fuschin will be absorbed
and become red. Gram negative bacteria look red because they contain higher amounts of
lipids and fats when compared to gram-positive bacteria. In addition, according to 17, gram
negative bacteria have a lower or less peptidoglycan layer compared to gram-positive bacteria.
This difference in the structure of bacterial cell walls causes the classification of bacteria into
gram-positive or gram-negative bacteria. Based on the results of observations, it is evident that
isolates of endophytic bacteria 2 belong to gram negative bacteria with a coccus or round
shape.

The research found that Bacillus spp. wild type induced in growth in the Ulva fasciata
thallus. According to[4] said that Bacillus spp. involved in the differentiation and growth of
Ulva fasciata even in previous studies also mentioned that Bacillus spp. also influenced the
morphology and growth of Ulva fasciata more than the growth of Ulva pertusa. So that it can
be said that the bacteria of the genus Bacillus are more predominantly living in the macroalgae
Ulvaceae.

Endophytic microfungi isolated from various types of macroalgae U. fasciata, G.
acerosa, Chaetomorpha sp., Halimeda sp., and Turbinaria sp. consists of five genera which
are thought to be Paecylomices sp., Mycelia sterilia, Geomyces pannorum, Penicillium sp.,
and Cladosporium sp. The five genera are mostly found as endophytic marine plants. Living
marine endophytic microfungi colonize the internal tissues of host plants in a mutually
beneficial manner and usually do not cause symptoms of obvious damage to the host plants
they occupy. Endophytic microfungi have been proven to be a source of bioactive compounds
from natural products with unique structures and high pharmaceutical activity. The interaction
of endophytic microorganisms on host plants can occur symbiotic, that is, host plants will



provide nutrients for endophytic growth, while endophytes will reward by producing
substances that can provide protection that support the growth of their host plants[9].

Isolates obtained from Turbinaria sp. identified as Cladosporium sp. According to [8]
Cladosporium is an endophytic fungus isolated from macroalgae Sargasum sp. and Turbinaria
sp. which were tested using UV spectrophotometer. Microfungi can tolerate relatively harsh
environments and adapt to pressures heavier than most microorganisms. Halimeda sp. known
to contain antimicrobial components and contain polyphenol components that play a role in
inhibiting tumor development in animals[13].

From the results above shows that the macroalgae bacteria Gelidiella acerosa,
Chaetomorpha sp., Halimeda sp., and Turbinaria sp. has antibacterial potential because it
produces a zone of inhibition that appears as a clear area around the paper disk againts
Escherichia coli bacteria. Although, the inhibition zone category is different. The largest
inhibition zone is indicated by the macroalgae Halimeda sp. sp.1 with a zone of inhibition
zone of 10.33 mm which is categorized as sensitive. The inhibition zone produced from
endophytic bacteria is a sign that endophytic bacteria produce secondary metabolism as an
antimicrobial compound. An antimicrobial compound can be known to inhibit or kill target
microbes, including by disrupting cell metabolism, disrupting cell membrane permeability and
can inhibit cell protein synthesis[14].

According to[15], states that the ability of bacterial isolates capable of inhibiting target
microbial growth is a form of antagonistic activity carried out by these isolates by producing
antimicrobial compounds. An active substance is said to have high potential as an antibacterial
if at low concentrations it has a large inhibitory effect. Bacteria have different sensitivity
levels where generally gram-positive bacteria are more vulnerable than gram-negative bacteria
that are naturally more resistant. Important targets for antibiotics are bacteria, ribosomes, cell
walls, cytoplasmic membranes, fat biosynthetic enzymes, and DNA replication and
transcription[16].
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