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Cellulase and xylanase are main hydrolysis enzymes for the degradation of cellulosic and
hemicellulosic biomass, respectively. In this study, our aim was to develop and test the
efficacy of a rapid, high-throughput method to screen hydrolytic-enzyme-producing microbes.
To accomplish this, we modified the 3,5-dinitrosalicylic acid (DNS) method for microwell
plate-based screening. Targeted microbial samples were initially cultured on agar plates with
both cellulose and xylan as substrates. Then, isolated colonies were subcultured in broth
media containing yeast extract and either cellulose or xylan. The supernatants of the culture
broth were tested with our modified DNS screening method in a 96-microwell plate, with a
200 µl total reaction volume. In addition, the stability and reliability of glucose and xylose
standards, which were used to determine the enzymatic activity, were studied at 100ºC for
different time intervals in a dry oven. It was concluded that the minimum incubation time
required for stable color development of the standard solution is 20 min. With this technique,
we successfully screened 21 and 31 cellulase- and xylanase-producing strains, respectively, in
a single experimental trial. Among the identified strains, 19 showed both cellulose and xylan
hydrolyzing activities. These microbes can be applied to bioethanol production from cellulosic
and hemicellulosic biomass.
Keywords: Bacteria, fungi, screening, cellulase, xylanase, 3,5-dinitrosalicylic acid

Introduction
Cellulase is an enzyme that hydrolyzes the β-1,4-glucosidic
bond present in cellulose, which is the main component of
the plant cell wall [2]. Xylanase similarly metabolizes β-1,4xylosidic linkages found in xylan, which is the second most
abundant natural polysaccharide behind cellulose [7]. Such
enzymes that are capable of hydrolyzing polysaccharides
have tremendous potential for numerous industrial
applications, including food processing [4, 11], bioethanol
development [5, 9, 18, 25], pulp and paper processing [15,
23], and animal feed manufacturing [3, 17, 32]. Many
microorganisms are known to produce cellulases and

xylanases to degrade cellulose and xylan, and ultimately
utilize the hydrolyzed products as its carbon source [13, 22].
In previous studies, various screening methods have
been suggested for the detection of polysaccharidedegrading microbes. These methods usually utilize agar
plates with application of different types of stains, such as
Congo red or Gram’s iodine [12, 14, 30, 31]. Polysaccharidedegrading strains are distinguishable on these stained
plates as clear zone forms along with the growth of the
colony. Efforts were made to improve the efficiency of
these test methods by adopting microwell plate-based
colorimetric strategies [8, 10, 19, 27, 34, 35]. One of the
widely used quantifiable screening methods for cellulaseNovember 2014 ⎪ Vol. 24 ⎪ No. 11
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and xylanase-producing microbes is the 3,5-dinitrosalicylic
acid (DNS) method. The DNS method was originally
proposed to test the sugar contents in diabetic patients’
urine [28, 29], reliably identifying the presence of glucose
in urine samples by color reaction. This method has also
been widely used in testing the presence of different
polysaccharides, such as cellulose, mannan, xylan, laminarin,
agar, and sucrose, as the DNS solution reacts with reducing
sugars in the sample [1, 16, 19, 20, 21, 24].
Our key aim was to develop and test the efficacy of a
rapid, high-throughput method to screen hydrolytic-enzymeproducing microbes. The microwell plate-based DNS
screening method demonstrated in this study allows efficient
high-throughput screening of microbial strains that produce
hydrolytic enzymes. This DNS-based screening method
detects simple sugers produced by microbial enzymatic
reactions. The microbes with polysaccharide hydrolyzing
enzyme production identified with this procedure can be
further investigated for industrial applications.

Materials and Methods

or xylanase was done by collecting degraded plant materials and
herbivorous insects. Samples were categorized as either terrestrial
or marine samples based on their site of collection.
Two types of agar plates were prepared to grow microbes of
interest: ground water (GW) for terrestrial samples and sea water
(SW) for marine samples. The names of each plate indicated the
base water used to prepare those agar plates. Plates were designed
to contain 0.1% of carboxymethyl-cellulose (CMC) sodium salt
(Sigma, Germany) and 0.1% of xylan from beechwood (TCI, Japan),
along with 2% of Bacto agar (BD Biosciences, USA), to selectively
grow cellulose- and xylan-degrading microbes, respectively.
Suspensions of minced terrestrial and marine samples were
diluted and spread on the appropriate type of agar plates and
incubated at 30ºC for 2-3 days. Successfully isolated colonies
were cultured in two different types of liquid broth. First, 0.1% of
CMC sodium salt and 0.1% of yeast extract (BD Biosciences, USA)
broth was used to culture cellulase-active microbes. Microbes
with xylanase activity were cultured in medium containing 0.1%
of xylan and 0.1% of yeast extract. Both batches were incubated at
30ºC with agitation (200 rpm) for 48 h. Finally, crude enzyme
solution was extracted by taking the supernatant of the cultured
broth after centrifugation at 12,000 rpm for 1 min. The overall
experimental procedure is provided as a flow chart in Fig. 1.

Microbes Sampling and Culture
Microbial samples were collected on islands located on the west
coast of South Korea. Sampling for microbes that produce cellulase

DNS Solution Preparation
DNS solution was prepared by dissolving 0.25 g of 3,5dinitrosalicyclic acid and 75 g of sodium potassium tartrate in

Fig. 1. Schematic flow chart of novel screening method for cellulase- and xylanase-producing microbes.
Ground water and sea water were the type of basal waters used to prepare the agar plates or broths. Cellulose, xylan, and yeast extract were used
of 0.1% concentration in all media.
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50 ml of 2 M sodium hydroxide solution. Then, the final volume
was brought up to 250 ml using distilled water. Prepared solutions
were stored in the dark.
DNS Standard Curve Development
Sterilized polystyrene 96-well plates (SPL, Korea) were used to
carry out the DNS reactions. Series of glucose and xylose
standards were independently prepared for the cellulase and
xylanase experiments. Standard solutions each contained 0, 0.2,
0.4, 0.6, 0.8, and 1 µmole of D(+)-glucose monohydrate (Sigma,
Germany) or D(+)-xylose (Sigma, Germany) in 40 µl of distilled
water. Then, 160 µl of DNS solution was added into each well,
yielding a final volume of 200 µl. The microwell plate, with its top
covered to minimize evaporative loss, was wrapped with
aluminum foil to prevent the plate from melting from the direct
contact with the dry oven. The optimal reaction time for standard
curve stability was tested at 10, 20, and 30 min in the 100ºC dry
oven. Finally, the test plates were analyzed with a microplate
reader (Bio-TEK Instruments, USA) to determine the optical density
of each sample at 570 nm.
Screening of Cellulase- and Xylanase-Producing Microbes
CMC and xylan 1% substrate solutions were prepared to test
cellulase and xylanase activity, respectively. In each well, 20 µl of
crude enzyme solution and 20 µl of appropriate 1% substrate
solution were added. The negative control mixture contained
20 µl of distilled water with 20 µl of 1% substrate solution. The
enzymatic reaction was carried out by incubating the microplate
with its cover tightly sealed at 40ºC, by floating in a water bath for
1 h. The DNS reaction was carried out at 100ºC for 20 min
(previously determined optimal time) in a dry oven and analyzed
as described earlier.
Strain Identification
Genomic DNA was isolated from microbial strains identified to
express cellulase and xylanase. The 16S ribosomal DNA was
amplified with a pair of universal primers (16S-27F: 5’-AGAGTT
TGATCMTGGCTCAG-3’; and 16S-1492R: 5’-TACGGYTACCTT
GTTACGACTT-3’) for bacterial identification. Fungal identification
was performed by amplifying the internal transcribed spacer (ITS)
region using a set of primers (ITS1: 5’-TCCGTAGGTGAACCTGCG
G-3’; and ITS4: 5’-TCCTCCGCTTATTGATATGC-3’). Amplified
products were sequenced (Macrogen Inc., Seoul, Korea) and
analyzed using the BLASTn algorithm of National Center for
Biotechnology Information (NCBI, http://blast.ncbi.nlm.nih.gov/).

Results
Microwell Plate-Based Cellulase and Xylanase Assay
The minimum reaction time required for DNS standard
curve stability at 100ºC was determined to be 20 min
(Fig. 2). Both glucose and xylose standard curves showed

Fig. 2. Standard curves of glucose (A) and xylose (B).
The optimal condition test for the DNS reaction was performed at
100ºC in a dry oven for 10, 20, and 30 min. The actual color gradation
that developed in the series of standard solutions resulting from the
DNS reaction is shown at the bottom right corner of each graph.

instability when reacted for only 10 min, whereas little
variation when reacted for 20 min or longer. Consequently,
we concluded that 20 min is the most effective time period
to stabilize the color development of the standard curve.
As the DNS method detects the presence of reducing
sugars in samples by colorimetric response, microbes
producing extracellular cellulase and xylanase were easily
detected even with the naked eye when the DNS reaction
was completed (Fig. 3). Among 116 strains tested, 21
showed some degree of cellulase activity: J16, J29, J30, J42,
J46, J48, J49, J53, J58, J59, J64, J65, J78, J81, J82, J90, J103,
J104, J109, J113, and J115. For xylanase, the following 31
strains showed a detectable level of enzymatic activity: J8,
J16, J19, J27, J29, J30, J34, J42, J46, J47, J48, J49, J52, J53, J57,
J58, J59, J61, J64, J65, J78, J85, J89, J90, J92, J96, J103, J104,
J109, J113, and J115.
A greater number of microbes produced xylanase than
cellulase in general. In addition, the overall enzymatic
activities of xylanase-producing isolates were higher than
cellulase-producing isolates. Notably, strain J113 exhibited
the strongest cellulase activity as well as the xylanase
activity; it hydrolyzed 17.90 µmol/ml of cellulose and
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cellulase and xylanase activities, resulting in noticeable
color change in DNS analyses.
The relative enzymatic activity of each strain determined
by our screening method is summarized in Fig. 4. From 116
strains screened, we found 19 strains exhibiting both
cellulase and xylanase activities. There were 12 strains solely
secreting xylan-degrading enzyme, and 2 strains with
cellulase production only.
Strain Identification
Based on 16S rDNA and ITS sequence analyses, we
were able to identify 10 fungi and 21 bacteria strains.
Unfortunately, two strains (J8 and J89) were not identifiable
as they were unable to be re-cultured. Table 1 summarizes
the successfully identified strains that secrete cellulase or
xylanase. Vibrio, Bacillus, Alternaria, Graphium, Planococcus,
Nectria, Trichoderma, Streptomyces, Ochrobactrum, Frondihabitans,
Cryptococcus, Cladosporium, and Cellvibrio produced both
extracellular cellulase and xylanase. Pseudoalteromonas,
Glaciecola, Staphylococcus, Xanthomonas, and Rhodococcus were
determined to solely secrete xylanase, and Psychrobacter
only cellulase.
Fig. 3. Conspicuous color changes developed in the microwell
plates after the DNS reaction had been carreid out for (A)
cellulase activity and (B) xylanase activity.
The color intensity of each sample indicates the relative enzymatic
activity under the given condition in this experiment. Some strains,
such as J48, J49, J103, J04, and J113, showed both active cellulase and
xylanase activities.

61.49 µmol/ml of xylan per 1 h. Other samples, such as J48,
J49, J103, and J104, also displayed relatively strong

Discussion
Traditionally, cellulase- or xylanase-producing microbes
were screened on agar plates with Congo red or Gram’s
iodine stains [12, 14, 30, 31]. These methods require more
effort and time compared with our new method, particularly
when there are a large number of samples requiring highthroughput screening. Our study demonstrates a method
that allows efficient screening and detection of microbes
that produce extracellular saccharification enzymes by
modifying the customary DNS method. Instead of using

Fig. 4. Comparison of relative cellulase and xylanase activities.
J113 processed 17.90 µmol/ml of cellulose and 61.49 µmol/ml of xylan in an hour, establishing the strongest relative enzymatic activity among the
strains. Cellulase activity was weaker than xylanase activity overall. A total of 9 strains displayed xylanase activity greater than 20 µmol/ml/h,
whereas none expressed cellulase activity greater than 20 µmol/ml/h.

J. Microbiol. Biotechnol.

Screening of Cellulase and Xylanase Producing Microbes

1563

Table 1. Description of the bacteria and fungi used for the novel screening method.
Strain
J8

Accession number
-

Similar strain

Similarity (%)

UIa

-

Enzyme produced
Xb
c

Classification
-

J16

JX976295

Vibrio campbellii 5

99.9

C,X

Bacteria

J19

JX976296

Pseudoalteromonas mariniglutinosa GN-7

99.7

X

Bacteria

J27

JX976297

Glaciecola siphonariae JJM10T

99.8

X

Bacteria

J29

JX976298

Bacillus circulans NBRC 13634

100

C, X

Bacteria

J30

JX976299

Bacillus circulans NBRC 13634

99.9

C, X

Bacteria

J34

JX976300

Pseudoalteromonas elyakovii H-4

100

X

Bacteria

J42

JX976316

Alternaria alternata 12/17

100

C, X

Fungi

J46

JX976317

Graphium penicillioides OTU32

100

C, X

Fungi

J47

JX976301

Bacillus megaterium S10103

100

X

Bacteria

J48

JX976302

Planococcus rifietoensis SAL-15

100

C, X

Bacteria

J49

JX976318

Nectria haematococca MAFF 840047

100

C, X

Fungi

J52

JX976303

Bacillus megaterium UT10

100

X

Bacteria

J53

JX976319

Trichoderma saturnisporum T163

100

C, X

Fungi

J57

JX976320

Trichoderma saturnisporum T163

99.8

X

Fungi

J58

JX976321

Trichoderma saturnisporum T163

100

C, X

Fungi

J59

JX976304

Streptomyces parvus sj38

99.7

C, X

Bacteria

J61

JX976322

Trichoderma saturnisporum T163

100

X

Fungi

J64

JX976305

Ochrobactrum haematophilum HPG70

100

C, X

Bacteria

J65

JX976306

Frondihabitans australicus E1HC-02

98.3

C, X

Bacteria

J78

JX976307

Vibrio alginolyticus J608

99.9

C, X

Bacteria

J81

JX976308

Vibrio alginolyticus HN08801

99.7

C

Bacteria

J82

JX976309

Psychrobacter marincola C-G-MA3

99.5

C

Bacteria

J85

JX976310

Staphylococcus capitis subsp. capitis JCM 2420

100

X

Bacteria

J89

-

UI

-

X

-

J90

JX976311

Streptomyces venezuelae ATCC 10712

100

C, X

Bacteria

J92

JX976312

Xanthomonas translucens NBRC 13559

99.6

X

Bacteria

J96

JX976313

Rhodococcus fascians HLSBA48

99.5

X

Bacteria

J103

JX976314

Streptomyces padanus PMS-702

100

C, X

Bacteria

J104

JX976323

Cryptococcus saitoi ANT03-190

100

C, X

Fungi

J109

JX976324

Cladosporium cladosporioides C48

100

C, X

Fungi

J113

JX976325

Trichoderma saturnisporum T163

100

C, X

Fungi

J115

JX976315

Cellvibrio gandavensis R-4069

96.8

C, X

Bacteria

The strain number, GenBank accession number, similar strain identified along with its similarity percentage match, type of enzyme produced, and classification are
category displayed. As a whole, 21 bacterial strains and 10 fungal strains were identified. Two strains (J8 and J89) were unable to be identified. UI, unidentified; X,
xylanase; C, cellulase.

reaction tubes and a convential spectrophotometric analysis,
we tested the efficacy of 96-well microplates and a
microplate reader to carry out the experimental procedures.
It requires fewer reaction steps and chemicals compared
with the conventional method, reducing the labor input,
time, and cost needed for these assays. Microwell platebased DNS experiments have been criticized for their

longer incubation time than the traditional DNS method
[34] and for poor representation of the stoichiometric
amount of sugar [6, 26]. Despite these criticisms, we
successfully demonstrated that our microwell plate-based
method can detect the presence of extracellularly secreted
cellulase and xylanase in samples.
We initially cultured our microbial isolates on agar
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media with both CMC and xylan to support efficient
growth. Subsequently, isolated colonies were subcultured
in CMC and yeast extract broth or xylan and yeast extract
broth to selectively grow enzyme-specific strains. Every
microbial strains used in this study (a total of 116 strains)
were cultured based on this procedure. CMC and xylan
included in culture broths are expected to induce the
production of cellulase and xylanase in microbes. Yeast
extract was added as a complex nitrogen source to facilitate
microbial growth.
We additionally studied the optimal reaction time for
this microwell plate-based DNS method. The traditional
DNS method suggests a 10 min reaction time at 100ºC, as
the reaction chambers are directly heated in boiling water.
However, in our new method, the DNS reaction is instead
carried out in a dry oven using air as the heating medium.
This allows the plate to react at 100 ºC without having to
boil water, but we do recognize that air has a lower heat
conductivity than water. Adjustment of the reaction time
was necessary as a result, and the optimal incubation time
was determined. We concluded that 10 min was insufficient
to fully develop the coloration in the samples and that
minimum of 20 min is required. However, extending the
incubation time to 30 min was unnecessary as there were
subtle difference in color development beyond a 20 min
incubation time. As this DNS assay procedure depends on
the absorbance value to determine the amount of reduced
sugars in each sample, it is advised that microwell plates be
handled with care, avoiding contamination or damage to
the bottom surface in particular.
Our key aim of this study, establishing a high-throughput
colorimetric screening of strains of interest, was successful.
However, as the optimal reaction condition for each
enzyme was not determined, we recognize that the color
intensity of the samples itself does not indicate the absolute
magnitude of enzymatic activity of each sample. Enzymatic
reactions are sensitive to a number of environmental factors,
such as temperature and pH, and the given condition in
this experiment is most likely not the optimum. Thus, color
changes observed after the DNS reaction simply indicate
the presence of hydrolyzed sugars produced by saccharification
enzymes. The intensity of color and calculated crude
enzyme activity described in this study are not the absolute
standard for determination of the enzymatic activity level.
Our high-throughput method will be beneficial in
identifying industrially useful strains. For example, cellulase
and xylanase, the enzymes of interest in this research, are
both widely used in many applications, including food
processing and pulp treatments [4, 15, 23]. Moreover, such
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saccharifying enzymes are expected to be valuable in
industrial biofuel research that is increasingly gaining
popularity. Polysaccharide hydrolyzing enzymes play a crucial
role in processing raw biomass to produce biofuel [33].
Although we applied the method only to search cellulaseand xylanase-yielding microbes, we expect this method to
be effective in screening other types of saccharification
enzyme-producing microbes as well. Agarase, amylase,
laminarinase, or mannanase may also be studied by using
this method when the respective saccharide substrate
solutions are readily available.
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