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Abstract

This research has been conducted to isolate and identify cellulolytic bacteria from peatland
in Pontianak, Kalimantan Barat. We found that 9 of 18 bacterial isolates possessed cellulolytic
activity. Active isolates showed hydrolytic zone around bacterial colonies on agar plates when they
was grown on media containing of 1% of carboxymethyl cellulose (CMC). Three isolates, namely
Yersinia pseudotuberculosis RAG21, Yersinia pseudotuberculosis RAG25, and Proteus penneri
RAG31 displayed largest diameter ratio of hydrolytic zone to colony, which were 2.73+0.15,
2.61+0.15, and 4.14+0.30 respectively. The cellulase produced and exhibit activity in acidic medium
containing humic substances.
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Abstrak

Riset ini dilakukan untuk mengisolasi dan mengidentifikasi bakteri dari tanah gambut Kota
Pontianak, Kalimantan Barat. Sebanyak 9 dari 18 isolat bakteri diketahui memiliki aktivitas
selulolitik. Isolat aktif tersebut menunjukkan terbentuknya zona hidrolisis di sekitar koloni bakteri
ketika ditumbuhkan pada media mengandung karboksimetil selulosa 1%. Tiga isolat yaitu Yersinia
pseudotuberculosis RAG21, Yersinia pseudotuberculosis RAG25, dan Proteus penneri RAG31
menunjukkan rasio diameter zona hidrolisis terhadap koloni, dengan rasio sebesar 2,73+0,15,
2,61+0,15, dan 4,14+0,30 secara berturut-turut.

Kata Kunci: bakteri gambut, humat, selulase, Yersinia pseudotuberculosis, Proteus penneri

INTRODUCTION

Bioethanol grows more consideration to replace non-renewable petroleum-based fuels as
major energy resources. Bioethanol was produced through fermentation carbohydrate substrates such
as sucrose, starch (1) and cellulose (2, 3). Cellulose is the most promising substrate due to its
abundance in most of plant biomass. However, extensive pretreatment in acid is needed to hydrolyze
B-glycosidic bond in cellulose (4).

B-glycosidic bond can be hydrolyzed in mild condition by cellulase (5). Cellulase is
hydrolytic enzyme produced by fungi and few bacteria. Bacteria were minor sources of cellulase,
but often they provide cellulase possessing interesting characteristic, for example heat resistance or
extreme pH resistance (6, 7). These characteristic are significant for cellulase implementation in
bioethanol industries. Cellulase-producing bacteria can be isolated from soil. Cellulomonas sp.
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isolated from soil in Indonesia produced cellulase which was able to hydrolyze simple cellulose
substrate such as carboxymethyl cellulose, avicell, and whatman paper, or more complex substrate
from agro-industrial wastes (8).

A peatland is an area is an area with or without vegetation with a naturally accumulated peat
layer at the surface (9). Peat is highly organic content and very acidic environment which allow only
limited number of bacteria to grow (10, 11). However, few bacteria was able to inhabit peatland,
notably Arthrobacter sp., Aquaspirillum sp., Cellulomonas sp., Curtobacterium sp. dan Rhodococcus
sp. (12). These bacteria lived by degrading organic substances in peat using hydrolytic enzyme, for
example cellulase (13, 14), xylanase dan protease (15).

In this researched, we explored peatland in Pontianak, Indonesia to isolate cellulase-
producing bacteria. We expected to find acidic resistances which was able to produce cellulase.

MATERIALS AND METHODS
Materials

Materials that were used in this research are peptone, yeast extract, iodine (I.), potassium
iodide (KI), natural humic water, and sets of biochemical test kits for bacterial identification. Natural
humic water was collected during samples collection in runnel which located 1 m from sample
collection spot. Set of biochemical test kits was provided by Clinical Laboratory Unit Kalimantan
Barat Province, Indonesia. Other chemical was purchased from Merck Millipore. Solid and broth
mediums for bacterial growing were modified from nutrient agar medium (NA) (16). First, one part
nutrient medium mixed with nine part of distilled water and supplemented with 1%CMC (NA-
1+19%CMC). Second, nutrient medium enriched by natural humic water (NG). Third, one part NG
mixed with nine parts of natural humic water (NG™). Fourth, NG* supplemented with 1% of CMC
(NG+1%CMC).

Procedure
1. Bacteria isolation from peat

Peat was collected from peatland at April 17 2014 in Parit Tokaya village, South Pontianak
District, Pontianak, Indonesia. It was dug 5-10 cm underground and then was put on aseptic bottle.
The bottles were kept on ice bottle for transferring onto laboratory. During sample collection,
temperature and pH were measured and was about 31°C and 4.01.

In the laboratory, peat was suspended onto serial dilution of aseptic natural humic water. The
suspensions were inoculated on solid NG medium and incubated for 5 days. Each day during
incubation colonies formed were observed. Each distinctive colony was purified for the next step.
2. Cellulase-producing bacteria screening

Screening of cellulase-producing bacteria was carried out according to previous method on
variety of medium (17). Bacteria were grown onto solid medium and incubated for 2 days. After 2
days, the medium was flooded by gram iodine reagent for 3-5 minutes. Colony of cellulase-producing
bacteria formed clear hydrolytic zone around the colony. Colony and hydrolytic zone diameter were
measured. Cellulase activity was determined based on ratio of hydrolytic zone diameter to colony
diameter.

3. Identification of cellulase-producing bacteria

Promising cellulase-producing bacteria were identified based on macroscopic and
microscopic examination, as well as biochemical characterization. Microscopic test included gram
staining and shape. Biochemical tests included carbohydrate utilization, catalase activity, oxidase
activity, aerobic and anaerobic fermented oxidation test of glucose, indole, H2S, urease, citrate
utilization, motility, decarboxylase activity and growth test in TCBS medium. The result of
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macroscopic, microscopic and biochemical characters were compared to the identification keys on
Bergey’s Manual of Systematic Bacteriology.

RESULTS

Bacteria Isolation from Peatland

Based on shape, diameter size, elevation, and margin, we isolate 18 bacteria from peatland in
Pontianak, Indonesia. Isolates were encoded RAG01 RAGO01, RAG02, RAG03, RAG19, RAG20,
RAG21, RAG22, RAG23, RAG24, RAG25, RAG26, RAG27, RAG28, RAG29, RAG30, RAG3L,
RAG32, and RAG33. Mostly isolates were aerobic, while only RAGO2 isolate was anaerobic and
grew under medium. The shape, majorly circular, with colony diameter around less than 1 mm to 4

mm (Table 1).
Table 1 Morphology of isolate colonies
Code Shape Diameter Color Margin Elevation
RAGO1 circular Less than White Entire Convex
1,0 mm
RAGO02 circular Less than White Entire Convex
1,0 mm
RAGO03 circular 2,0 mm White Entire Convex
RAG19 circular 2,0 mm Cloudy Wavy Convex
RAG20 circular 3,0 mm White Filiform Convex
RAG21 circular 2,0 mm White Wavy Convex
RAG22 circular 3,0 mm Cloudy Entire Convex
RAG23 circular 3,0 mm Cloudy Entire Convex
RAG24 Irregular 4,0 mm Yellowish white  Filiform Convex
RAG25 Circular Less than White Entire Convex
1,0 mm
RAG26 Circular 3,0 mm White Entire Convex
RAG27 Circular 3,0 mm Translucent Entire Convex
RAG28 Irregular 3,0 mm Yellowish white  Filiform Convex
RAG29 Circular 4,0 mm White Filiform Convex
RAG30 Irregular 1,0 mm White Entire Convex
RAG31 Circular 3,0 mm Cloudy Entire Convex
RAG32 Circular Less than White Entire Convex
1,0 mm
RAG33 Circular 2,0 mm White Entire Convex

Cellulase-producing bacteria screening

The result showed that 9 of 18 isolates were able to perform cellulase activity after incubated
in solid NG1+1% namely, RAG01, RAG02, RAG20, RAG21, RAG23, RAG25, RAG29, RAG31,
and RAG33. The highest ratio of hydrolytic zone diameter to colony diameter was possessed by
RAG31 that was 4.14+0.30 (Table 2).
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Table 2 Ratio of Hydrolytic Zone Diameter to Colony Diameter

Isolates Ratio of Hydrolytic Zone

Diameter to Colony
Diameter

Average Standard

Deviation
RAGO1 2,51 0,04
RAG02 2,70 0,12
RAG20 1,00 0,00
RAG21 2,73 0,15
RAG23 1,00 0,00
RAG25 2,61 0,15
RAG29 1,20 0,25
RAG31 4,14 0,30
RAG33 1,67 0,14

Identification
Identification results of three isolates, namely RAG21, RAG25 and RAG31, involved
morphology and biochemical characteristic were displayed in Table 2. The data was compared to
Bergey’s Manual of Determinative Bacteriology, so we can conclude that RAG31 was Proteus
penneri, while RAG21 and RAG25 were Yersinia pseudotuberculosis.
Table 3 Identification of Bacteria

Morphology and Biochemical Characteristic = RAG21 RAG25 RAG31

Gram Stain negative negative negative
Cell shape basil basil basil
Motility immotile immotile motile
Catalase positive positive positive
Oxydase negative negative negative
Catabolism of Carbohydrates and derivative
a. Glucose positive positive positive
b. Lactose negative negative negative
c. Maltose positive positive positive
d. Mannitol negative negative negative
e. Sucrose positive positive positive
Citrate test negative negative negative
Indol test negative negative negative
Urea test positive positive positive
H.S test negative negative negative
Decarboxylase test
a. Lysine negative negative negative
b. Arginine negative negative negative
c. Ornithine negative negative negative
DISCUSSION

This research was preliminary effort to explore cellulase produced by peatland bacteria. Our
finding showed about a half of all isolates were produced cellulase. Active isolates produced cellulase
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and released it to surrounding medium, so it might perform hydrolytic activity to break 3-glycosydic
bond in CMC to meet their requirement of carbon sources. This activity was observed by clear
hydrolytic zone around isolates colony (Figure 1), while the rest of medium showed dark red color
as the result of CMC-iodine complex formation (17). But, two of our cellulase producing isolates,
RAG20 and RAG23 showed hydrolytic zone that were precisely fitting the colonies. We assumed
that cellulase produced was not released on the surrounding environment. It possibly was bound on
bacteria plasma membranes (18) or possessed very huge complex structure enzyme (cellulosome)
(19), so it was not able to diffuse on the medium.
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Figure 1: Hydrolytic zone

Three isolates were investigated thorough, namely Yersinia pseudotuberculosis RAG21,
Yersinia pseudotuberculosis RAG25, and Proteus penneri RAG31. These isolates were also grown
in media NA+1%CMC to screen their cellulase-producing activity. The results showed that isolates
were not not able to produce cellulase without supplementation of natural humic water. We expected
humic substances play role in cellulase production. Our result was confirmed by previous report that
humic substances might affect metabolism of bacteria and stimulated their growth (20-22). Some
mechanism to explain humic substances interaction to organism has been investigated (23). Yet, their
specific mechanism is still unclear.

Our investigation discovered peatland bacteria as alternative sources for cellulase. Cellulase
was produced and exhibited activity in the NG+1%CMC media contained humic substances. The
media was acidic with 4 in pH. It is clear indication that cellulase worked in acidic environment.

CONCLUSION

In this research we isolated 9 cellulase-producing bacteria from peatland in Pontianak,
Indonesia. The cellulase produced and exhibit activity in acidic medium containing humic
substances. Further investigated are needed to characterize cellulase produced.

ACKNOWLWDGEMENT
This research was supported by the Direktorat Jendral Pendidikan Tinggi Indonesia



Majalah llmiah Al Ribaath, Universitas Muhammadiyah Pontianak
Vol 12, No. 1, Juni 2015, Hal 1 -7
ISSN: 1412 - 7156

REFFERENCES

[1].

[2].

[3].

[4].

[5].

[6].
[7].

8.
[al.

[10].

[11].
[12].
[13].
[14].

[15].

[16].

[17].

Pimentel D, Patzek TW. Ethanol Production: Energy and Economic Issues Related to U.S.
and Brazilian Sugarcane dalam Biofuels, Solar and Wind as Renewable Energy Systems:
Benefits and Risks. Boston: Springer; 2008.

Rajesh ARR, E.M. Rajesh, R. Rajendran, Jeyachandran S. Production of Bio-Ethanol from
Cellulosic Cotton Waste through Microbial Extracellular Enzymatic Hydrolysis and
Fermentation. Electronic Journal Environmental Agricultural Food Chemistry. 2008;7:2984-
2992.

Demirbas A. Bioethanol from Cellulosic Materials: A Renewable Motor Fuel from Biomass.
Energy Sources. 2005;27:327-337.

Bensah EC, Mensah M. Chemical Pretreatment Methods for the Production of Cellulosic
Ethanol: Technologies and Innovations. International Journal of Chemical Engineering.
2013;2013:21.

Attwood TK, Campbell PN, Parish JH, Smith AD, Stirling JL, Vella F. (editor). Oxford
Dictionary of Biochemistry and Molecular Biology. Revised ed. London: Oxford University
Press; 2006.

Kuhad RC, Gupta R, Singh A. Microbial Cellulases and Their Industrial Applications. Enzyme
Research. 2011;2011:10.

Fujimoto N, Kosaka T, Nakao T, Yamada M. Bacillus licheniformis Bearing a High Cellulose-
Degrading Activity, which was Isolated as a Heat-Resistant and Micro-Aerophilic
Microorganism from Bovine Rumen. The Open Biotechnology Journal. 2011;5:7-13.
Meryandini A, Widosari W, Maranatha B, Sunarti TC, Rachmania N, Satria H. Isolasi Bakteri
Selulolitik dan Karakterisasi Enzimnya. Makara Sains. 2009;13:33-38.

Joosten H, Clarke D. Wise Use Of Mires And Peatlands. Totnes: International Mire
Conservation Group and International Peat Society; 2002.

Fierer N, Jackson RB. The diversity and biogeography of soil bacterial communities.
Proceedings of the National Academy of Sciences of the United States of America.
2006;103(3):626-631.

Rousk J, Baath E, Brookes PC, Lauber CL, Lozupone C, Caporaso JG, et al. Soil bacterial and
fungal communities across a pH gradient in an arable soil. ISME J. 2010;4(10):1340-1351.
Dobrovolskaya TG, Golovchenko AV, Pozdnaykov Al. Vertical Structure of Bacterial
Communities in Peats of the Yakhroma River Floodplain. Biol Bul. 2007;34 526-531.
Pankratov TA, Dedysh SN. Cellulolytic streptomycetes from Sphagnumpeat bogs and factors
controlling their activity. Microbiology. 2009;78:227-233.

Pankratov TA, Dedysh SN, Zavarzin GA. The leading role of actinobacteria in aerobic
cellulose degradation in Sphagnum peat bogs. Doklady Biological Science. 2006;410:564-567.
Pankratov TA, Kulichevskaya IS, Liesack W, Dedysh SN. Isolation of aerobic, gliding,
xylanolytic and laminarinolytic bacteria from acidic Sphagnum peatlands and emended
description of Chitinophaga arvensicola Ka'mpfer. International Journal Systematic
Evolution Microbiology. 2006;56:2761-2764.

Atlas RM. Handbook of Media for Environmental Microbiology. 2 ed. Florida: CRC Press;
2005.

Kasana RC, Salwan R, Dhar H, Dutt S, Gulati A. A rapid and easy method for the detection
of microbial cellulases on agar plates using gram's iodine. Curr Microbiol. 2008;57(5):503-
507.



Majalah llmiah Al Ribaath, Universitas Muhammadiyah Pontianak
Vol 12, No. 1, Juni 2015, Hal 1 -7
ISSN: 1412 - 7156

[18].
[19].

[20].

[21].
[22].

[23].

Kim Y-K, Lee S-C, Cho Y-Y, Oh H-J, Ko YH. Isolation of Cellulolytic Bacillus subtilis
Strains from Agricultural Environments. 2012;2012:1-9.

Doi RH, Kosugi A, Murashima K, Tamaru Y, Han SO. Cellulosomes from Mesophilic
Bacteria. Journal of Bacteriology. 2003;185(20):5907-5914.

Sidorenko ML, Buzoleva LS, Kostenkov NM. The Effect of Soil Properties on the
Preservation and Reproduction of Listeria and Yersinia. Eurasian Soil Science.
2006;39(2):211-217.

Donderski W, Burkowska A. Metabolic Activity of Heterotrophic Bacteria in the Presence of
Humic Substances and Their Fractions. Pol J Environ Stud. 2000;9(4):267-271.

Visser SA. Effect of humic acids on numbers and activities of micro-organisms within
physiological groups. Organic Geochemistry. 1985;8(1):81-85.

Steinberg CEW, Kamara S, Prokhotskaya VY, ManusadZIanas L, Karasyova TA, Timofeyev
MA, et al. Dissolved humic substances — ecological driving forces from the individual to the
ecosystem level? Freshwater Biology. 2006;51(7):1189-1210.



