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Abstract

Macro- algae are a good source of agar oligosaccharides, which can be obtained through bacterial enzymatic hydrolysis. The 
agarase enzyme secreted by the micro- organisms cleaves the cell wall of the algae and releases agar oligosaccharides as 
degradation products with various applications. Agarolytic bacteria were isolated from the marine algae Kappaphycus sp., 
and Sargassum sp., and studied for their agar- degrading properties. Among the 70 isolates, 2 isolates (A13 and Sg8) showed 
agarase activity in in vitro assays. The maximum agarolytic index was recorded in the isolate Sg8 (3.75 mm and 4.29 µg ml−1 
agarase activity), followed by the isolate A13 (2.53 mm and 2.6 µg ml−1 agarase activity). Optimum agarase production of isolate 
Sg8 was observed at pH7 and at a temperature of 25 °C in 24–48 h, whereas for isolate A13 the optimum production was at pH7 
and at a temperature of 37 °C in 48 h. The identities of the agarolytic isolates (Sg8 and A13) were confirmed based on micros-
copy, morphological, biochemical and molecular analysis as Shewanella algae [National Center for Biotechnology Information 
(NCBI) GenBank accession number MK121204.1] and Microbulbifer elongatus [NCBI GenBank accession number MK825484.1], 
respectively.

INTRODUCTION
The marine ecosystem is ubiquitously distributed with a wide 
variety of organisms such as seaweeds, zooplankton, bacteria, 
fungi and crustaceans, containing various insoluble complex 
polysaccharides. Agar is one of the most significant and produc-
tive cell- wall polysaccharides obtained from the red seaweed 
Rhodophyaceae. The chemical constituents and composition of 
the agar were determined by Araki and Arai [1], and the agar 
has been defined as belonging to a family of polymers with a 
common backbone of neoagarobiose (O–3, 6-α-anhydro- l- 
galactopyranosyl O-β- d- galactopyranose [1–3]) linked through 
β 1, 4 bonds [2]. These polysaccharides present in the cell walls 
of some red macro- algae can be degraded by a number of bacte-
rial strains from marine and other sources. The majority of the 
agar- hydrolytic bacteria (AHB) are from aquatic, particularly 
marine, environments. The efficiency of agar hydrolysis depends 
on the properties and relative concentrations of the agarase 

enzymes produced by AHB. These bacteria are divided into 
two groups based on agarase enzyme activity and liquefaction 
of the agar. Type 1 soften and cause depression of solid agar, 
while type 2 cause extensive liquefaction of agar [3]. Many agar- 
hydrolysing bacteria have been identified and reported from 
seawater, marine sediments, marine algae, marine molluscs, 
freshwater and soil [4], but the bacteria associated with seaweeds 
show a major ecological role in polysaccharide carbon recy-
cling; the close association of AHB, nitrogen- fixing bacteria and 
algae co- existence have been also specified previously [5]. The 
first agar- degrading marine bacteria, 'Bacillus gelaticus' from 
the Norwegian coast, was isolated by Gran in 1902 [6]. Many 
researchers have reported several agarolytic bacteria, such as 
Vibrio FLB-17, Vibrio sp. JT0107, Bacillus cereus ASK 202, 
Pseudoalteromonas agarivorans, Agarivorans JA-1, Pseudoaltero-
monas CY-24, Thalassomonas agarivorans, Pseudomonas aerugi-
nosa AG LSL-11, Vibrio sp. V134 and Simiduia agarivorans strain 
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SA1, that were isolated from different seawater samples [7–14]. 
Several authors also reported that Pseudoalteromonas sp. strain 
CKT-1, Microscillia sp., Microbulbifer thermotolerans strain 
JAMB- A94, Agarivorans sp. JAMB- All, Thalassomonas sp. strain 
JAMB- A33 and Microbulbifer agarilyticus strain JAMB- A3 were 
isolated from different marine sediments [15–17]. Agarase is 
mainly utilized for the production of oligosaccharides that 
have potential applications in agar and medical industries. The 
agarase enzymes produced by the AHB have several properties 
and applications, such as the release of protoplasts for develop-
ment of commercially valuable products [18], and purification 
of DNA molecules [7]. Some agar oligosaccharides obtained 
with agarase enzyme have anti- oxidative, anti- bacterial, anti- 
mutagenic and immune- modulating properties [19]. In a 
continuation of our earlier research [20] on the isolation of 
potential seaweed- associated micro- organisms (SWAM) for 
Plant growth promoting regulator (PGPR) potential, the present 
study was carried out to isolate AHB, from red and brown 
marine macro- algae, and screen for agarolytic activity; thus, 
considering a wide range of properties.

METHODS
Seaweed collection and isolation of AHB
Seaweeds were collected from Munaikadu, Mandapam coast 
and Rameshwaram, Ramanathapuram district of India, 
and identified by the Centre of Advanced Study in Marine 
Biology (CASMB), Annamalai University, Chidambaram, 
Tamil Nadu, India, as Kappaphycus sp. and Sargassum sp. 
Both the seaweeds were washed with sterile water and stored 
at 4 °C.

Ten grams of washed Kappaphycus sp. and Sargassum sp. 
were homogenized in a sterile mortar and pestle, individu-
ally, under aseptic conditions. The samples were enriched in 
sterilized Bushnell Haas broth (BHB; HiMedia) containing 
50 % seawater along with 0.2 % agar (HiMedia) as the sole 
carbon and energy source. The flasks were incubated in an 
orbital rotating shaker at 150 r.p.m. for 48 h at 28 °C. Following 
incubation, the BHB broth was serially diluted and plated on 
nutrient agar (HiMedia) with 50 % seawater for screening the 
AHB. A clear zone around a colony indicates the presence of 
AHB [21].

Optimizing growth conditions for AHB
The potent AHB were identified based on the zone of clear-
ance and sub- cultured into selective medium, Zobell marine 
agar (ZMA; HiMedia), and stored at 4 °C. The growth and 
agarase activity of the isolates were studied at different pH 
values (3, 5, 7 and 9) and temperatures (25, 30, 37 and 42 °C) 
in Zobell marine broth (ZMB; HiMedia). Overnight culture 
was inoculated in ZMB medium, adjusted to different 
pH levels and incubated at the respective temperatures 
for 24–72 h. After incubation, the optical density value 
at 540 nm was determined in a spectrophotometer and 
agarase determination was carried out with a standardized 
procedure.

Qualitative screening for agarase enzyme
A qualitative test for agarase enzyme was performed with 
iodine using Lugol’s staining process. An identified isolate 
was grown in ZMB pH 7.6±0.2, an 8 mm well was cut in 
the agar, and 100 µl broth culture was added into the well 
and incubated at 30 °C for 3 days. After incubation, the 
agarolytic activity was tested by adding 2 ml Lugol’s iodine 
on the entire surface of the plate and leaving it for 15 min. 
The other process used for screening was streak plating – a 
single line streak from the broth culture was inoculated 
onto the agar medium and incubated at 30 °C for 3 days. 
After incubation, the plates were observed for zones of 
clearance on flooding with Lugol’s iodine. The agarolytic 
index (AI) was calculated as the ratio between the diameter 
of the clear zone and the colony. It is the index that denotes 
the ability of the bacteria to produce agarase enzymes [2]. 
AI (mm) = clear zone diameter (mm) – colony diameter 
(mm)/colony diameter (mm).

Determination for agarase activity
The quantitative estimation of agarase enzyme activity was 
carried out in standardized production medium (glycerol – 
8.00 ml l–1, yeast extract – 2.00 g l–1, bacteriological peptone 
– 3.00 g l–1, beef extract – 0.50 g l–1, NaCl – 4.00 g l–1, MgSO4 
– 20.00 g l–1, MgCl2 – 1.50 g l–1, KCl – 0.20 g l–1, CaCl2 – 
0.01 g l–1, CaCO3 − 1.00 g l–1) by incubating at 30 °C with 
150 r.p.m. for 3 days. Subsequently, the culture broth was 
centrifuged for 15 min at 10 000 r.p.m. at 4 °C. The agarase 
enzyme activity was estimated by the 3,5- dinitrosalicylic 
acid method [22] with 2.5 ml agarose (0.1, 0.25 and 0.5%) 
in 20 mM Tris HCl buffer pH 8.00. The OD540 value was 
determined using a spectrophotometer. The agarase activity 
was expressed as units ml–1. One unit of agarase enzyme was 
expressed as the amount of enzyme required to release 1 µM 
galactose equivalent min–1 at 30 °C [2].

Biochemical characterization for A13 and Sg8
The identities of the potent AHB (A13 and Sg8) were studied 
through microscopy, biochemical tests and molecular 
analysis. Microscopic views of both isolates were analysed 
by Gram staining and culture morphology was observed on 
ZMB. Biochemical tests included indole production, methyl 
red, Voges Proskauer, citrate utilization, starch hydrolysis, 
cellulose hydrolysis, pectin hydrolysis, lipase hydrolysis, 
triple sugar iron, catalase, oxidase and lactose fermentation.

16S rRNA gene sequence analysis
The genomic DNA of the isolates (A13 and Sg8) was 
extracted [23, 24] and the 16S rRNA gene for each was 
amplified using 27F and 1492R primers (Sigma-Aldrich) 
in a Bio- Rad T100 thermal cycler. The amplified products 
were purified and sequenced by Macrogen (South Korea). 
The resulting 16S rRNA gene sequences were evaluated 
by comparing them with those sequences previously 
submitted to public databases using the National Center 
for Biotechnology Information (NCBI) (http://www. ncbi. 
nlm. nih. gov/) Basic Local Alignment Search Tool (blast) 

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/


3

Kandasamy et al., Access Microbiology 2020;2

and Ribosomal Database Project (RDP) sequence match 
tools. The phylogenetic trees were reconstructed with the 
closely related sequences retrieved from the NCBI nucleo-
tide databases using the maximum- likelihood algorithm 
with bootstrap values based on 1000 replications in mega 
version 5.1.

Extracellular crude agarase enzyme production
The extracellular agarase enzyme was prepared in standard-
ized production medium supplemented with agar. After 
incubation, the medium was centrifuged at 6000 r.p.m. for 
30 min. The supernatant was used as crude extracellular 
agarase enzyme, and examined for its agarase activity both 
qualitatively and quantitatively.

RESULTS
Isolates Sg8 and A13
Among the microbes isolated [20] from Kappaphycus sp. 
and Sargassum sp., two isolates (Sg8 and A13) showed 
significant agarolytic activity, and it was evident by the 
formation of a visible depression and softening of the 
agar medium with the formation of a brown colour after 
staining with Lugol’s iodine solution. The optimum growth 
of the bacterial isolates (Sg8 and A13) was recorded at pH 7 
after 72 h of incubation. The optimum temperature for the 
growth and agarase activity of the isolates (Sg8 and A13) 
was found to be 25 and 37 °C for 48 h, respectively.

Qualitative test for agarase enzyme activity of the 
selected isolates
The clear zone demonstrated that the isolates were able 
to hydrolyse agar and is expressed in terms of AI. The AI 
values of the Sg8 and A13 isolates were found to be 3.75 and 
2.53 mm, respectively.

Determination of agarase activity
The isolates showed agarase enzyme activity in all concen-
trations of agar, but production was found to be high at 
0.5 % (Sg8 4.29 µg ml−1, A13 2.6 µg ml−1) when compared 
with 0.2 % (Sg8 3.84 µg ml−1, A13 1 µg ml−1) and 1 % (Sg8 
3.9 µg ml−1, A13 2.4 µg ml−1). The AI of the Sg8 crude agarase 
enzyme was 3.4 mm, and the activity of the agarase was 
higher in Sg8 compared to A13 (Figs 1 and 2).

16S gene sequence analysis and biochemical 
characterization
Based on the microscopic view, and morphological, 
biochemical and molecular analysis, the isolates Sg8 and 
A13 were identified as Shewanella sp. and Microbulbifer 
sp., respectively. The Shewanella sp. (Sg8) was observed 
as Gram- negative, rod- shaped bacteria showing negative 
results for IMViC tests and with alkaline slants being posi-
tive for H2S production in triple sugar iron (TSI) agar. The 
16S rRNA gene sequences of Sg8 showed 99 % similarity 
with the genus Shewanella and 0.0 E values. Phylogeneti-
cally, Sg8 was clustered with different species of Shewanella 
with the distance of 0.002, showing the closest similarity 
with Shewanella algae (Fig. 3a), and was checked for its 
biochemical characteristics. Both the strains shared the 
same morphology and characteristics – growth temperature, 
pH, catalase and oxidase reactions with H2S production.

The isolate A13 was observed as Gram- negative, rod- 
shaped bacteria, positive for amylase and catalase enzyme 
production, and able to utilize citrate, ferment lactose and 
produce acid slant and butt in TSI medium; and belonged 
to the Microbulbifer clade, which was further confirmed 
through molecular analysis. A homology search indicated 
that the sequence of the isolate (A13) was homologous 
to the members of the gamma subclass of Proteobacteria, 
and in particular to the genus Microbulbifer. Phyloge-
netically, A13 clustered within the clade of type strains of  

Fig. 1. Effect of pH on the growth and agarase activity of the isolates 
(Sg8 and A13) after 48 h incubation. The cultures showed a broad range 
of pH (5 to 9). Good growth and enzyme production were seen at pH 
7.00. The enzyme activity was low at pH 3 due to denaturation.

Fig. 2. Effect of temperature on the growth and agarase activity of the 
isolates (Sg8 and A13) after 48 h incubation. The highest growth and 
agarase enzyme activity generated by Sg8 was at 25 °C, whereas A13 
showed highest growth and activity at 37 °C.
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Microbulbifer elongatus with 99.9 % similarity, with the 
distance values of 0.003 and 0.001 (Fig. 3b). The 16S rRNA 
sequences of the isolates Sg8 and A13 have been submitted 
to the NCBI under the GenBank accession numbers 
MK121204.1 and MK825484.1 respectively.

Extracellular crude enzyme for Sg8 and A13
A clear zone was observed on agar plates with crude enzyme 
of either isolate, indicating the agar had been hydrolysed 

and which is expressed in terms of AI. The AI values of the 
crude enzymes for Sg8 and A13 were found to be 3.4 and 
3 mm, respectively (Fig. 4). The agarase enzyme activity was 
determined for crude enzyme in 0.2, 0.5 and 1.0 % agar (Sg8 
1.1, 1.45 and 1.2 µg ml−1 and A13 0.85, 1.00 and 0.75 µg ml−1, 
respectively).

DISCUSSION
Marine environments with miscellaneous niches are unre-
fined sources of bacterial enzymes that can be subjugated 
for novel applications. Carrageenan and agar are algal 
polysaccharides extensively present in the cell wall of 
red algae that are utilized by various seaweed- associated 
micro- organisms (SWAM) for carbon recycling [25]. In 
the present study, bacterial communities associated with 
seaweed for degrading agar were isolated using the enrich-
ment method. Fresh seaweeds were aseptically rinsed and 
subjected to subsequent enrichment in mineral medium 
supplemented with seawater and agar. For selective isola-
tion and primary screening of AHB, ZMA was used. As 
a result, the growth of 70 bacterial isolates was observed 
that had no clearance or zone around the colonies, whereas 
2 isolates (Sg8 and A13) showed significant depression 
and zone clearance. Most AHB are consistently screened 
by flooding Lugol’s iodine on the surface of agar plates to 
visibly confirm the zone of clearance or depression of the 
medium. The isolates Sg8 and A13 on consequent subculture 

Fig. 3. Maximum- likelihood phylogenetic trees of (a) Sg8 and (b) A13, and their NCBI blastn relatives based on 16S rRNA gene sequences. 
●, Sg8 and A13 sequences. Bootstrap values (1000 resamples) are given as per cent values at the nodes of the tree (>80 and >90). Bars, 
0.02 nucleotide substitutions per nucleotide position.

Fig. 4. Determination of the agarase activity for the crude enzymes for 
Sg8 and A13.
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and screening showed zone clearance and depression by 
softening of the agar at all given concentrations (0.1, 0.25 
and 0.5 % agar). This indicates the utilization of the agar by 
both isolates through the production of agarase enzyme [3]. 
The biochemical and molecular investigation helped in the 
classification of the isolates from vast microbial communi-
ties as Shewanella algae (Sg8) and M. elongatus (A13). The 
isolates were able to grow in an extensive range of pH from 
6.00 to 9.00 and showed optimum growth at pH 7.00. The 
optimum temperature for Sg8 was recorded as 25 °C and 
for A13 as 37 °C; the enzyme activity was found to increase 
with temperature, but later decrease at higher temperatures 
due to denaturation [26]. The agarase enzyme produced by 
the isolates was induced by the agar present in the culture 
medium, signifying the increase in agarase activity through 
increase in agar concentration. The optimum concentration 
of agar for higher enzyme production was recorded as 0.5 %; 
however, on additional increase of the agar concentration, 
the gel proportion of the medium increases and complexity 
in hydrolysis was found [27].

In conclusion, the agarolytic bacteria isolated from red and 
brown marine seaweeds were identified as S. algae (Sg8) 
and M. elongatus (A13), respectively. The agricultural use 
of these isolates needs further investigation, and the evalu-
ation of the agar oligosaccharides generated as carrageenan 
and galactans for induction of systemic- acquired resistance 
in plants are planned in forthcoming work.
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