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Abstract: Agarolytic bacteria use agarase to utilize agar as sole source of carbon. It is usually observed in life 

sciences labs that lot of agar medium needs to be thrown after its usage. The media gets solidified and clogs the 

drainage systems. Hence there is a need to isolate agarolytic bacteria and use them to solve this pertinent 

problem for efficient and eco-friendly disposal of agar in labs. Further the enzyme that these organisms produce 

would also help to harness its several applications in food, cosmetic and medical industries as agarase 

produces oligosaccharides with remarkable activities after breaking down agar. In this study agarolytic 

bacteria were isolated from marine water source.  The three isolates were able to grow on a media that only 

had agar as a carbon source. Agarase activity was visualized by using Lugol’s solution. By DNSA method it was 

found that the organisms produced reducing sugars. Effect of various parameters was also checked. 

Immobilization of isolates was carried out and consortium of organisms was also made to see its effect on agar 

degradation. MALDI characterization of the two isolates was carried out and 16S rRNA analysis of one of the 

isolates was carried out.  
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I. Introduction 

Agar is the main component of the cell wall of some species of algae that belongs to the phylum 

Rhodophyta. These algae are commonly known as agarophytes 
[1]

. The percentage of agar present in the cell 

wall of the algae varies according to the growth and environmental conditions, it is found to be that around 60% 

of the dry weight of the red algae consists of agar 
[2]

. Agar is made up of agarose and small molecules called 

agaropectin. Generally red algae are the one from which agar is extracted, Gelidium and Gracilaria are the one 

that are used commonly 
[1]

. Agarivorans sp., Cytophaga sp., Alteromonas sp., Bacillus cereus, 

Pseudoalteromonas sp., Pseudomonas sp., Vibrio sp., are various bacteria found to produce agarase and have 

been isolated from various environment 
[1], [3]

. Agarases catalyze agar hydrolysis and are of two type α-agarase 

and β-agarase depending on the pattern of its cleavage 
[1]

. Agarooligosaccharides is produce when α- Agarases 

cleave α-1, 3 linkages of agar polymer and neoagarooligosaccharides is produce when β-agarases cleave β-1, 4 

linkages of agar polymer 
[1], [2]

. Agarases are produced extracellularly accept few that are been produce 

intracellularly 
[1]

. As far as the knowledge many bacteria produces this enzyme agarase and these bacteria are 

isolated from various environments like seawater, soil, marine sediments 
[1]

. 

Agarase have many applications 
[1]

. They have been used for agar hydrolysis for production of 

oligosaccharides, which have essential physiological and biological activities that are helpful for human health. 

Even protoplasts from seaweeds have been obtained by using agarase 
[1], [4]

 and for DNA recovery from agarose 

gel 
[1]

, and for understanding the composition and structure of cell wall of seaweeds 
[1]

. Recent advances like 

cloning and sequencing of these enzymes has made it possible for its structure-function analysis 
[1]

. This in turn 

will provide valuable understanding of this enzyme and also understanding use of this enzyme 
[1]

.  

So isolating organisms producing agarase would be of great importance in medical, cosmetic, life sciences and 

industrial fields.  

 

II. Materials And Methods 
1. Source 

Agar degrading bacteria are found mostly in marine water, so water samples were collected from Arabian Sea 

and Indian Ocean.  
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2. Enrichment 

Enrichment media used was sea water (sample water) and 0.5% agar was added to the media as carbon 

source for agar utilizing bacteria. 0.25% of agar was added to 12.5ml of distilled water and autoclaved and to 

this 37.5ml of the sample was added, total volume of 50ml was used. The medium after inoculation was kept on 

shaker for 48hrs at 30
0
-31

0
C under aerobic conditions. 

 

3. Isolation of Organism 

Isolation of organisms was carried out on media that had agar as the only carbon source. Medium B, 

Zobell’s agar media, basal salt media are been used for isolation of agar degraders in the research till now 
[5, 6]

, 

but media used for isolation was Kadota’s media it was observed that all the required nutrients are present in the 

media. One set for isolation was made by media modifications were instead of distilled water artificial sea water 

was made and used for preparing the media to mimic sea water conditions. On both this medium spread plate 

method was used to get isolated colonies.  

 

4. Screening of Organism 

Literature survey suggests that 25
0
C- 40

0
C is the temperature suitable for the growth of agar degrading 

organisms. Temperature preferred for isolation of agar degrading bacteria was 30
0
C. Hence, inoculated plates 

were incubates at 30
0
C for 48hrs. All the colonies that were observed were isolated on the same media in 

duplicates. One set was used to perform Lugol’s iodine test.  

 

Iodine test for selection of potential agarase producing strain by plate method  

The test is performed to shows that agarase diffuses out from the colonies, and that the properties of the 

gel are changed before it is degraded by the bacteria. Zone of clearance around colonies on agar plates treated 

with iodine shows that the properties of the gel are changed by the action of agarase diffusing out from the 

bacterial colonies 
[5]

. The binding of iodine to agar gels to give a specific color depends on the structure of the 

gel matrix 
[5]

.  This test is basically used to detect agarase activity 
[1]

.  

All the bacterial strain that were observed after 48hrs of incubation were further screened for 

confirmation of agarolytic activity by plate method. After incubation for 48hrs at 30
0
C, the plates were flooded 

with Lugol’s iodine and observed for the zone of clearance around the bacterial colonies. Colonies which 

showed zone of clearance were selected as potential strain for further studies.  

 

5. DNSA Method for identification of reducing sugarsThis method can be used for the detection of reducing 

sugars that are produce due to degradation of agar 
[5]

.  

As agar is a polysaccharide it cannot be detected by DNSA method. But when organism degrades agar 

large amount of oligosaccharides are produced with galactose at one end which can be detected by DNSA 

method. D-galactose was taken as standard 
[1]

. 

 

6. Physical Parameters 

pH range that were checked were from 7-9. 28
0
C, 30

0
C, 37

0
C and 55

0
C were the temperature at which growth of 

organism was checked.   

 

8. Gram nature  

Gram staining and KOH test were carried out.  

 

9. Growth on other Media 

Nutrient agar  

Basal salt media 

 

Immobilization 

Immobilization of cells and enzyme is carried out for many industrially important cultures and 

enzymes as this process helps in long term utilization of these cultures and enzymes. Hence, immobilization of 

all the three isolates was carried out using sodium alginate and calcium chloride.  

 

10. Consortium 
Many a times effect produce by single organism increases when the organism works in consortium 

with other organism, similarly the effect can be reduced by other organism, so to check if such effect increases 

agar degradation consortium was of all the three isolates was made and this was used to see whether organisms 

degrade agar when used together or is there ability inhibited by the other organism. Consortium of all the three 
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isolates was made by using suspensions of all the three cultures. 0.5ml of each culture suspension was used in 

the consortium.  

 

11. MALDI Analysis 

Matrix- assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOF MS) 

coupled to analysis software is one of the method which identifies and classifies the organism according to its 

ribosomal protein spectral profile. The method is well known as MALDI biotyping 
[7]

. For Identification isolates 

designated as S2 and ISO were given for MALDI analysis at NCMR, Pune. 

 

12. 16S rRNA 

Isolate designated S1 was identified by 16S rRNA analysis.  

 

III. Results And Discussion  
1. Result 

1.1. Source 

Sample that was collected from of Arabian Sea (sample 1) and Indian Ocean (sample 2) had a pH of 7.2 and 7.1 

respectively. The sample was directly used for enrichment without any treatment.  

  

1.2. Enrichment 

Enrichment of the sample was done for 48hrs at 30
0
C-31

0
C. From this enrichment using spread plate method, 

isolation of agar-degrading bacteria was carried out. 

 

For all the media that were used spread plate technique was used to get isolated as well as separated colonies of 

agar degrading bacteria if present.  

 

1.3. Isolation of organisms 

Growth was observed on modified medium that is Kadota’s media made using artificial sea water. Plate was 

incubated at 30
0
C for 48hrs.  

 

 
Figure 1: Plate showing growth of colonies isolated from sample 1 

 

Two colonies were observed on the media inoculated with sample 1 and one colony was observed on 

plate inoculate with sample 2. These three colonies were given designation as S1, S2 and IOS respectively. All 

the three colonies were isolated on same media for carrying out iodine test to observe agarase activity.  

 

Table 1: Colony characteristics of the three isolates: 

 
 

1.4. Screening of organism 

Iodine test for selection of potential agarase producing strain by plate method 

After incubation for 48hrs at 30
0
C, the plates were flooded with Lugol’s iodine and observed for the 

zone of clearance around the bacterial growth. As mentioned before agarase enzyme change the gelling 

properties of agar due to which its property to bind with iodine and form a color complex changes due to which 
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a clear zone is observed around the colonies which produce the enzyme. Hence, colonies which showed zone of 

clearance were selected as potential strain for further studies.  

 

  
        Fig 2 (a)                                     Fig 2 (b) 

Figure 2: Iodine test for testing agarase activity: a) Clearance zone observed in plate inoculated with IOS and 

no zone of clearance observed in control plate. b) Clearance zone observed for both S1 and S2 culture. 

 

1.5. DNSA method for identification of reducing sugars 

   
Figure: 3 a) S1 and S2                                                Fig: 3 b) IOS 

Figure 3: a and b) DNSA Method to check for the production of reducing sugars 

 

All the three isolates S1, S2 and IOS produce reducing sugar. Reducing sugar is absent in media 

control which confirms that agar in the test is degraded by the organism to produce different oligosaccharides 

(having reducing ends). These isolates that were able to produce reducing sugar were used for further analysis 

and experiments. Only qualitative analysis can be done using DNSA method for quantitative analysis methods 

like HPLC and ESI-MS 
[8]

 are used using standards. These methods were not carried out due to unavailability of 

standards.   

 

Table 2: Characteristics and tests 

Characteristics and tests 
Organisms 

SI S2 IOS 

Catalase + + + 

Oxidase + + + 

KOH + + + 

Physical parameters 

Temperature 
Growth 

S1 S2 IOS 

280C + + + 

300C + + + 

370C - + + 

550C - - - 

pH 
Growth 

S1 S2 IOS 

7 + + + 

8 + + + 

9 + + + 

Growth on other media 

Nutrient agar + + + 

Basal salt media + + + 
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1.6. Immobilization 

Immobilization of all the three isolates was carried out using sodium alginate and calcium chloride. It was for 

the first time that immobilization of agar degrading bacteria was carried out.   

For the immobilization process 20 beads were transferred to 50ml of semi- solid media. Production of 

reducing sugar was to be detected. After 2 days of incubation DNSA assay was carried out for detection of 

reducing sugar, no reducing sugar was produce in 48hrs so further incubation of 48hrs was carried out. 

It was seen that immobilization of cell was not effective in agar degradation. Other method of immobilization of 

cells needs to be developed where enzyme or the substrate can move easily through the immobilization matrix. 

Another method that can be used is that enzyme can be purified and then this purified enzyme can be 

immobilized and checked for effective agar degradation and its long term usage.  

 

1.7. Consortium  
Consortium of all the three isolates was made to see whether organisms degrade agar when used 

together or is there ability inhibited by other organism. Consortium of all the three isolates was made by using 

suspensions of all the three cultures. 0.5ml of each culture suspension was used.  

 

 
Figure 4: Consortium of all the three isolates 

 

It was observed that consortium of Alteromonas marina SW-47(T) and Pseudomonas stutzeri showed less 

degradation as compared to other three tests.  

 

1.8. MALDI analysis 

Recently it is mentioned by Neelja Singhal et al that matrix assisted laser desorption ionization-time of 

flight mass spectrometry (MALDI-TOF MS) has emerged as a potential tool for microbial identification and 

diagnosis. During the MALDI-TOF MS process, intact cells or cell extracts are used for identification 
[9]

. The 

process is rapid, sensitive, and economical in terms of both labor and costs involved 
[9]

. Nowadays the 

technology has been readily used by Microbiologists.  

Isolates S2 and IOS were identified using MALDI at NCMR, Pune. S2 was identified to have best 

match with Vibrio alginolyticus CCM 7037 CCM and second match with Vibrio alginolyticus CCM 2578T 

CCM and IOS was found to have best match with Pseudomonas stutzeri B367 UFL and second match with  

Pseudomonas stutzeri 040_W09 NFI. 

      

1.9. 16S rRNA analysis  
S1 sample was sent for 16S rRNA analysis to NCMR, Pune. The culture was identified to be Alteromonas 

marina SW-47(T). 

 

1.10. Deposition at NCMR depository 

All the three isolates were deposited in general depository at NCMR, Pune.   

 

IV. Discussion 
Three isolates able to produce agarase were isolated from marine environment.  

Agar is considered as a “generally recognized as safe” (GRAS) food additive and it is widely used as 

gelling agents, in diet foods,  for icings, glazes, processed cheese, jelly sweets, and marshmallows 
[1]

. It is also 

been used in microbiological media preparation and for agarose gel electrophoresis and in various 

chromatographic techniques. The oligosaccharides that are produce from agar degradation have several 

biological functions 
[2]

. Agarooligosaccharides (AOs) produced by hydrolysis of the α-1, 3 glycosidic bonds of 
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agar, were reported to have anti-tumor promoting activities against mouse skin carcinogenesis, antioxidant 

activity, and hepato-protective potential. Neoagarooligosaccharides (NAOs) produced by hydrolysis of the β-1,4 

glycosidic bonds of agar, were reported to inhibit the growth of bacteria, inhibit the degradation of starch, and 

function as low-calorie additives for improving food quality. These NAOs also show moisturizing and 

whitening effects in melanoma cells. Therefore, these oligosaccharides produced from agar have wide 

applications in the food, pharmaceutical, and cosmetic industries 
[10]

. So agarase enzyme can be used to produce 

these oligosaccharides in an eco-friendly way. 

It is clear that alga-associated microorganisms are a major resource for the discovery of novel specific 

enzymes and secondary metabolites 
[11]

. So isolating these organisms and using these organisms to degrade the 

agar waste that is generated and produce oligosaccharides which have wide applications can be carried out. 

The organisms (S1, S2 and IOS) that were isolated in this study were showing agarase activity which 

was confirmed by Lugol’s iodine test. S2 and IOS was identified by MALDI analysis to be Vibrio alginolyticus 

and Pseudomonas stutzeri respectively, S1 was identified by 16S rRNA analysis and was found to have % 

similarity of 99.84 to its closest neighbour Alteromonas marina SW-47(T). M. Lakshmikanth et al have reported 

isolation of pseudomonas sp able to degrade agar and tolerage pH range of 7-9. All the three isolates were able 

to tolerate pH range from 7-9 which is observed in many agar degrading bacteria. It was even reported that 

Anashi et al have isolate agar degrading bacteria that tolerate alkaline pH, Fangyuan Cui et al isolated organism 

that can tolerate pH range of 7-9 and was able to degrade agar at this pH range, so the isolated organisms can be 

used for production of oligosaccharides from agar waste generated in life sciences laboratories, this 

oligosaccharides can be identified and can be used in various industrial, cosmetics and medical applications. It 

was seen that Pseudomonas stutzeri showed rapid growth when peptone was added to the media. Organisms 

were able to grow in the temperature range from 28
0
C, 30

0
C and 37

0
C but were unable to grow at 55

0
C.  

Immobilization was carried out of these agar degrading bacteria. But it was seen that no reducing 

sugars were produce, there can be various reason that agar was not degraded, first reason could be the enzyme 

that is produce is membrane bound due to which there was no enzyme substrate interaction as agar was not 

penetrated through the pores in the bead, second reason could be that very minute quantity of reducing sugar 

were produced which were not detectable by DNSA method but could have be detected by HPLC (if standards 

were available). Third reason could be that organisms were not viable after immobilization for long time enough 

to degrade agar. Hence, methods like surface immobilization of cells on matrix can be used or enzyme can be 

purified and used for immobilization studies. Immobilization of agar degrading bacteria was carried for the first 

time as far the knowledge. Consortium of all the three isolates was made and it was seen that media containing 

1% agar was not solidified at the top layer of the tube when consortium was used and the organisms used in the 

consortium were also viable when grown on plate, the cells also showed lateral and vertical growth in the media, 

it concludes that the organisms are motile and turbidity of the media was also reduce. Though for consortium of 

Alteromonas marina SW-47(T) and Pseudomonas stutzeri , media was solidified at the top layer, it can be due to 

inhibitory effect of either Alteromonas marina SW-47(T) on Pseudomonas stutzeri  activity or vice versa.  

 

V. Conclusion 
Three agar degrading organisms (Alteromonas marina SW-47(T), Vibrio alginolyticus and 

Pseudomonas stutzeri ) were isolated from different marine environments.  All three isolates were able to grow 

on alkaline pH from range 7-9 and all were utilizing agar as the carbon source.  The three isolates were able to 

produce extracellular neoagarooligosaccharide. Two of the isolate S2 and IOS were identified to be closely 

related to Vibrio alginolyticus CCM 7037 CCM and Pseudomonas stutzeri B367 UFL respectively, Vibrio 

alginolyticus CCM 2578T CCM and Pseudomonas stutzeri 040_W09 NFI respectively. Isolate S1 was 

identified by 16S rRNA analysis and it had close % similarity of about 99.84 with Alteromonas marina SW-

47(T). Immobilization method was carried out for the first time and it was seen that it is not effective as there 

was no degradation of agar. It may be due to semi-solid nature of agar that the substrate was not able to 

penetrate through the pores. As an alternative method immobilization of enzyme can be carried out to see 

whether agar can be degraded, instead of using porous beads for immobilization surface immobilization of 

enzyme can be carried out, so that the immobilized enzyme can be used for long duration of time. Consortium of 

organisms was made and it was seen that media in the tubes was not solidified at the top layer. Hence, 

consortium of agar degrading bacteria can be used to reduce solid waste generated in life sciences laboratories at 

the same time care should be taken that the organisms are separated when disposing the liquefied waste.  

 

VI. Future Prospects 
The organisms that were isolated can be used in future studies aimed at enhancing the production of 

agarase in order to carry out complete degradation of agar so that solid waste generation in all life sciences 

laboratories can be reduced. The neoagarooilgosaccharieds produced from the waste can be used by food, 

pharmaceutical, and cosmetic industries. It was seen in the studies carried out that immobilization of cell was 
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not effective in agar degradation. Other method of immobilization of cells needs to be developed where enzyme 

or the substrate can move easily through the immobilization matrix. Another method that can be used is that 

enzyme can be purified and then this purified enzyme can be immobilized and checked for effective agar 

degradation and long term usage. If immobilization of agar degrading bacteria is achieved then filters can be 

designed so that blockages of pipe due to agar disposal can be prevented. Even these organisms along with other 

agar degrading organisms can be used in consortium to increase its effect for agar degradation. This consortium 

can be used to increase production of agarase. SDS-PAGE needs to be carried out to find out the type of agarase 

that is been produce by the organisms isolated. Zymogram analysis needs to be carried out.   
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