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Katarzyna GRATA

DETERMINING CELLULOLYTIC ACTIVITY
OF MICROORGANISMS

Abstract: Decomposition of cellulose to glucose requires iem cooperation of glycoside hydrolase enzymes.
As a result of glycosidg-1,4 bonds hydrolysis, shorter chains of cellulagigodextrin, cellobiose and glucose
are created. A number of bacteria and fungi dematesthe capacity to degrade cellulose. Their dgtean be
assessed with the use of qualitative and quangtatiethods. Qualitative methods with the use aof @ango red,
are used in screening studies, however, they doprmtide information about the quantity of the proed
enzyme. Spectrophotometric methods are more aecarat they measure the quantities of reducing suggin

the use of appropriate substrates, e.g. carboxyicetlulose is used to determine endoglucanasegelav
cellulose to determine exoglucanases and Whatritangiaper to determine total cellulolytic activif§ctivity of
microorganisms depends not only on their specietyme but also, among others, on substratum cortiposi
cultivation conditions and the appropriate selecttbparameters of the carried out enzymatic reasti
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I ntroduction

Cellulose, which is part of the lignocellulosic triass, is a common and easily
accessible polymer in natural environment. It isoaganic compound, which is the main
component of plant cell walls. It creates the mesistant and stable skeleton built from
cellulose fibrils, so called microfibrils and matibuils. Hydrogen bonds occurring between
the neighbouring hydroxyl groups and Van der Wdalses ensure stabilisation of
cellulose fibres and the required conformation hfcgse particles. Its content in plants
depends on their age, plant type and parts. Fomgbeait is 45-50 % in leafy stems,
40-55 % in woody stems and 15-20 % in leaves [1-4].

Cellulose is a non-branched polysaccharide budimfrseveral hundred to several
thousand D-glucose groups, connectedBkl;4 glycoside bonds. Cellobiose is the basic
unit in the cellulose chain. A cellulose chain hagducing and non reducing end Cellulose
fibres contain areas with ordered structure andlf@hrmicrofibrils, so called crystalline
regions and the areas with loose microfibrils, atbed amorphous regions. Additionally,
they may contain various irregularities, e.g. tedstmicrofibrils, micropores or empty
spaces. These different areas occur alternately.cbmplex structure of cellulose and the
percentage content of crystalline and amorphoussateve a major impact on the
properties of the polymer. The increase of the eanbf crystalline areas in cellulose
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increases rigidity of cellulose fibres and theisistance to chemical and enzymatic
decomposition [1, 2, 4-7].

Cellulolytic microorganisms

As the main source of carbon generated by phothegit, cellulose is a nutrient for
cellulolytic microorganisms using lignocellulosicionass. Cellulose decomposition
undergoes through hydrolysis pfl,4 glycoside bonds. However, due to stabilisatbn
cellulose microfibres with these bonds, cooperatidérseveral enzymes is required for
effective decomposition. Cellulose is mineralisgdcbllulolytic microorganisms belonging
to various groups: fungi, aerobic and anaerobit¢dvic[4, 6, 8, 9].

Each group of microorganisms uses different methodscellulose decomposition.
Thanks to generation of mycelium hyphae, fungi pammeate through capillaries and
pores in lignocellulose, exposing cellulose dingtdl the generated and supplied enzymes.
Fungi with the capacity of cellulose hydrolysis presented in Table 1.

Table 1
List of most efficient cellulose degrading fungi
Type of fungi Microbial strains References
Aspergillus A. niger, A. fumigatus, A. flavus, A. hortai, A. terreus, A. oryzae [4, 8, 10-14]
Penicillium P. brazlianium, P. purpurogenum, P. chrysogenum [8, 15]
Mucor Mucor sp. [11]
Rhi zopus Rhi zopus sp. [12]
Trichoderma T.reesel, T. harzianum, T. viride [2, 8, 10, 13, 16-18]
Fusarium F. solani, F. oxysporum [8, 13]

Aerobic bacteria usually release free cellulolgidracellular enzymes. They can also
be present on cell surface in the form of enzymetimplexes, increasing the efficiency of
hydrolysis. In the case of anaerobic bacteria,uttde decomposition is carried out by
a system of complex enzymes, occurring in the fofm protrusion of a cell wall, so called
cellulosomes. Their structure resembles a fist,clvtopens upon contact with cellulose
[4, 19, 20]. The most active producers ffl,4-glucanases are aerobic and anaerobic
bacteria, among other€ellulomonas, Cytophaga, Micromonospora, Bacillus, Clostridium
(Table 2).

Table 2
List of most efficient cellulose degrading bacteria
Typeof bacteria Microbial strains Refer ences
B. pumilus EB3,B. subtilis, Bacillus sp. Y3, Bacillus sp. RK3,
Bacillus Bacillus sp. AR03 Bacillus licheniformis KIBGE-IB2, [3, 8, 15, 21-25]
Bacillus cereus, B. mojavensis, Bacillus BS-2
Paenibacillus P. terrae, P. cellulose [8, 26]
Cellulomonas Cellulomonas uda, C. thermocellum, Cellulomonas sp. ASN2, 8, 27, 28]
Cellulomonas sp.
Cellulomvorans Cellulomvorans sp. [8]
Burkholderia Burkholderia sp.,B. cepacia [26]
Pseudomonas Pseudomonas sp.,Pseudomonas sp. MN34 [8, 15, 26]

Cellulolytic microorganisms produce a number of ptementary enzymes, despite the
fact that cellulose decomposition requires breaking bond [9].
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Céellulolytic enzymes

Cellulolytic enzymes can be divided into three greutaking into consideration their
structure, enzymatic activity, specificity and aeticentres. Cellulolytic enzymes are made
of so called domains - catalytic and binding castvhtes (CBM, Cellulose Binding
Module) and have a characteristic shape activet petnich determines their activity. CMB
domain influences binding with cellulose surfaced das located on the C-terminus of
enzyme, connected with the catalytic domain at m&eus. These enzymes
(endoglucanases and exoglucanases) act in a conaagx resulting in shortening of
cellulose chain, single units of cellobiose andcghe.p-glucosidase is part of cellulolytic
enzymes complex. The enzyme does not attack cediuboit it decomposes cellobiose and
reduces its blocking activity towards cellobiohyldse and endoglucanase (Fig. 1; Table 3)
[2, 5-8, 14, 22, 29].
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Fig. 1. Model of enzymatic cellulose degrading [30]

Synthesis and activity level of cellulolytic enzysnelepend on the presence of
inhibitors and inductors as well as other physarad chemical parameters. Cellulose with
appropriate structure, low content of lignin andcaptible to the influence of enzymes or
the presence of substrates, among others carbolyloeliulose (CMC), hay, bran and
marc, is a very good biological inductor of micralbigical cellulases. The products of
cellulose hydrolysis are most often inhibitors eflalases. Cellobiose inhibits activity of
endoglucanases and exoglucanases, whereas thenq@ese glucose may repress the
activity of B-glucosidase. Other compounds, among others saslvehénol compounds and
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surfactants can also be inactivators. It is a dahtarestic quality not just for
a microorganism type or species but a strain. Gelas generated by various
microorganisms usually differ in the optimum corais for their highest activity.
Simultaneously, these conditions may consideralifgrdfrom the optimum conditions of
growth and development [27, 32, 34].

Table 3
Characteristics of cellulolytic enzymes [2, 5, 628, 31-33]
Enzymes Enzymes characteristics and activity mechanism
A deep crack, which can hold a cellulose chaiensyme active centre.
Endoglucanase (cellulase), Carboxymethylcellulose may be the substrate.
endo-1,48-D-glucanase, They decompose long cellulose chains in the inteamaorphous part of
CMCase cellulose.
(EC 3.2.1.4) Oligosaccharides (soluble celodextrins) and indelétagments of cellulose
are created.
Exoglucanase, The enzyme active centre is a widened loop, whiehtes a tunnel for one gf
glucan-1,48-glucosidase the hydrolised ends of cellulose chain.
(EC 3.2.1.74) They act at external parts of crystalline cellulose
Exo-1,48-D-glucanase Shorter chains of oligosaccharides are generated.
(cellobiohydrolase | - CBI, They release single units of cellobiose or gluasée main product.
cellobiohydrolase Il - CBII) Cellobiohydrolases | act on non reducing chain end.
(EC 3.2.1.91) Cellobiohydrolases Il act on reducing chain end.
They do not have the carbohydrates binding module.
. Their active centre is in the form of a pocket.
ﬁ-glupoadase, They are frequently bound to the cell surface dfitd#ytic organisms and
B-glucoside hydrolase, . . .
(cellobiose) they_ are pre_sent in cytopla_lsm of anagroblc bacte_rla
They act on oligodextrins (cellodextrins) and daitse, releasing glucose
(EC 3.2.1.21) h - p -
particles prior or during transport to a cell inver
They remove glucose particles from non reducingend

The most frequently used quantitative and qualigatmethods for determining
cellulolytic activity of microorganisms will be desbed below.

Methodsfor determining cellulolytic activity of microorganisms

There are cultivation and spectrophotometric methading various substrates,
relevant for determining activities of individuaiz/mes.

Supernatants are most frequently the source ofreegyn the research, obtained from
bacteria or fungi cultures carried out in optimuntowth conditions for each
microorganism, centrifuged at 5000-12000 rpm for200min at temperature 4 °C [22, 24,
26, 27].

Cultivation methods

Cultivation methods are part of quantitative methagoup, which do not provide
information on the quantity of the generated enzyftey are commonly regarded as the
best methods to identify potential producers oflutate enzymes and determine their
cellulolytic activity. Solid mediums containing treppropriate substrate can be used in
these studies in assessing the activity of micramisms or their supernatants’ colonies
activity. The most frequently used is carboxymetbilulose (CMC) or sodium
carboxymethylcellulose (CMC-Na) in concentratioronfr 0.1 to 1.0 %. Media may
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additionally contain other ingredients, among othgeast extract, peptone, mineral salts
(Table 4) [21, 26].

Table 4
Examples of media for the cultivation of cellulatymicroorganisms
Composition of the medium Reference
CMC-agar [g/dm for bacteria: KHPQ, 1.0; MgSQ- 7H,0 0.5; NaCl 0.5; FeSEO7H,0 0.01;
MnSO, - H0 0.01; NHNO; 0.3; CMC 10.0; Agar 12.0; pH = 7.0 (plate staimeéth a Congo [21]
red)
CMC-agar [g/dm for bacteria: (NH);SQ; 0.5; KH,PQ, 10.0; KHPQ, 5.0; MgSQ 0,1; NaCl [22]
0.2; yeast extract 10.0; CMC 3.0 (plate staineth @iCongo red)
CMC-agar [%)] for bacteria: NaN®,2; KHPQO, 0.1; MgSQ 0.05; KCI 0.05; CMC-Na 0.2; [15, 35]
pepton 0.02; agar 1.7 (plate stained with a Coedoor Gram'’s iodine) ’
CMC-agar for fungi [%]: water agar 1.6, CMC 1.0nkaycin (50 pg/cr) [36]

Study material in the form of cultures, fungal sggr supernatant obtained after
centrifuging a microorganism culture, is pooled the medium surface or inserted into
wells cut in the medium with a cork borer. Cultieats are incubated for a definite time,
depending on the origin of the biological materiscteria at 30 °C for 48 h [27], 37 °C for
24 h [24] and fungi at 28 °C for 48 h [11], 25-30D for 5-7 days [37]. Cellulolytic activity
can be measured in time intervals, e.g. after 34,72 h, etc. After incubation, various
substances are added to the medium, in order talige hydrolysis zones of the substrate
present in the medium. The solution of Congo rethenconcentration from 0.1 % [16, 24,
38] to 1.0 % [3, 11, 27, 37] is most frequently dis€he dye is left for 15 min [3, 11, 24,
27], the excess is removed and the medium is reevered with 1M solution of NaCl for
15-20 min [3, 10, 15, 21, 37]. The medium can ddednundated with iodine solution for
5 [39] -10 min [15, 35] or trypan blue [40]. Diffie;m of CMCase enzyme to the medium
decomposing CMC substrate results in generatiorthef substrate hydrolysis zones.
After a definite incubation time and appropriateeithg, in each case the diameters of
hydrolysis zones are measured in two perpendiditas. The measure of cellulolytic
activity is the calculated cellulolytic inde&] [21, 41]:

cl = diametr of zone — diametr of bacterial colony (well)

diametr of bacterial colony (well)

In the case of cellulolytic activity assessmentaofungi colony, enzymatic index,
El may be calculated, which is the ratio of a hydsa@yone to a diameter of a colony [42]:

__ diametr of dyhrolysis zone

"~ diametr of fungal colony

These methods are not sensitive enough and daoatp information on the quantity
of the generated enzyme. They can be used in pnglign studies on the detection and
definition of cellulolytic activity. Therefore, quétative methods based on the
measurement of the generated quantities of redstiggrs are most frequently used for the
purpose of determining cellulolytic activity.

Spectrophotometric methods with the use of DNS reagent

Spectrophotometric methods focus on determiningulogftic activity based on the
quantity of the generated reducing sugars. Appat@rsubstrates are used, depending on
the enzyme, which is determined. Carboxymethyltedel (CMC), CMC sodium salt or
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amorphous cellulose are used in measuring actofitgndoglucanase. Avicel cellulose is
used in determining activity of exoglucanase [48)]. 4n order to assess total activity of
cellulose (FPase), Whatman filtration paper is uaed in assessment of cellobiose -
p-nitropfenylB-D-glucopyranoside [44].

Endoglucanase activity - deter mining CM Case activity

The most frequently used method is the one preplayelliller in 1959 [44], using
3.5-dinitrosalicylic acid (DNS), which is often mitidd by researchers. In literature, the
study procedure is the same, however, the methoddifier with regard to the quantity
and type of the used buffer (0.05 M sodium citragel, = 4.8; 0.1 M sodium acetate
pH = 5.0), substrate concentration CMC (0.5-2.0 &tjantity of the used DNS reagent,
quantity of the biological material used in reastimixture (0.2-1.0 cf) and incubation
conditions: temperature (30-50 °C) and reactioret{h0-30 min) [12, 14, 21, 23, 26, 32,
45]. The following description presents the modifimethod, which is used to determine
activity of endoglucanase generated by bacteriseedbamples are prepared in the method
with DNS reagent: control sample, actual sampleraadent sample, which is measured by
spectrophotometry. In the control sample, 0.25° @h 1 % carboxymethylcellulose
prepared in the buffer of 0.05 M sodium citrate pH4.8 is placed in a test tube and
incubated at temp. 50 °C for 30 min. First 1.5°@hDNS reagent and next 0.25 taf
supernatante are added after incubation. The ogadtixture is heated in water bath at
temperature 100 °C for 10 min and next cooled dofvsimilar procedure applies to the
actual sample, however, supernatante is added tG €dution before adding DNS. All is
incubated at temp. 50 °C for 30 min and furthepstare the same as in the control sample.
Next, both for control and actual samples, 8.6 ofrsterile HO is added and absorbance is
measured at wavelength of 540 nm. The generatediciregl sugars (glucose,
oligosaccharides) cause transformation of DNS @m®io, 5-nitrosalicylic acid, which
causes the change of colour from yellow to oramgk-depending on the quantity of the
generated reducing sugars (Fig. 2) [46].

CHO COOH
COOH COOH
H—— 0 H=——1—0H
OH OH
HO—T—H HO——1T——CH,
+ > +
H——1——0H HyG—— OH
QN NG, o.M NH, *
H————0H H,y——t——0H
CH;OH CH,0H
3,5-dinitrosalicylic acid glucose 3-amino, 5-nitrosalicylic acid gluconic acid

Fig. 2. DNS reaction for glucose detection and tjtieation [47]

A standard curve, with glucose as the model, (1.0.5 mg/cm) is prepared, in order
to determine activity. Figure 3 presents a modeletor glucose (1.0 mg/cin
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Fig. 3. Glucose standard curve for DNS test

The following formula may be used to calculatewellytic activity, Act [48]:
2 W -1000
CEVEwm

where:W - the amount of released glucose equivalents, the-molecular weight of the
glucose)V - the volume of the measured samplethe reaction time.

After determining the amount of reducing sugars, @ Case activity is determined
and expressed in units (IU). One unit of enzymadttvity corresponds to the amount of
enzyme required to liberate 1.0 umol of glucoselpain under the test conditions [23].

Exoglucanase activity - determining Avicelase activity

Exoglucanase activity is assessed by using micstaltine cellulose (Avicel PH101)
as a substrate [26, 35, 39, 40]. The method inwoimeubation of 0.5 cfof the enzyme
with 0.5 cni 1.0 % of Avicel cellulose in 0.05 M buffer Tis-H@H = 8.5 at temp. 70 °C
for 10 min [39]. The measurement of activity acéogdto Kim [40] and Ray [43] is based
on preparation of a reaction mixture consisting0d cn? enzyme, 1.0 g Avicel and
1.5 cni 0.1 M sodium citrate buffer, pH = 5.0, which iimated for 60 min at temp.
50 °C. After that, it is centrifuged for 5 min & 000 rpm and 1.0 chof supernatante is
sampled. Both procedures assess quantity of reglscigars by DNS method, as in the case
of assessment of endoglucanase activity. Avicedadwity is defined as the quantity of
enzyme, whiclreleases 1 pmol of reducing sugars during 1 mithénconditions of the
experiment [43].
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Total cellulolytic activity of microorganisms - deter mining FPase
activity

Another method of cellulolytic activity assessméentletermining of FPase, so called
total cellulolytic activity. Similarly to assessmewnf CMCase activity, volumes of
individual components of the reaction mixture {cof enzyme, buffer, DNS, @) and
reaction time may slightly differ [10, 16, 21, 28}, 49].

The substrate in this method is a strip of Whatfilgration paper no. 1 (1.0 - 6.0 cm)
with 50 mg mass. The actual sample contains ad@hper slip, 1.0 ci0.05 M sodium
citrate buffer pH = 4.8 (or 0.05 M acetate buffad p= 4.8). All components are
pre-incubated for 5 min, next 0.5 trof supernatante is added and all is incubated for
60 min at temp. 50 °C. In order to stop the react®0 cni of DNS reagent are added and
all is heated in water bath at temp. 100 °C foi05+iin. After cooling the reaction mixture,
20 cm of sterile HO is added, test tube content is mixed and speudtometric
measurement of the reagent sample is carried dhtwavelength of 540 nm. A control
sample is prepared in the same way as the actumplsa however, supernatant is
introduced after addition of DNS reagent [2, 12,27, 45].

On the basis of the standard curve, in which gladdsO mg/ cr) is the medium, the
guantity of the generated glucose [ug] during #ction is determined. The value of the
control sample should be deducted from the valud@fictual sample. The value of FPase
is expressed by g of reducing sugars by 1.afrthe enzyme solution or in international
units (IU = pM/cn¥/1 min) [27].

Activity of FPase can also be determined by miatgmethod, using 96-well titration
plates (MFPA - microplate filter paper assay) [#1]. 0.032 crisupernatante, filtration
paper disc with diameter 7 mm and 0.064 €95 M of sodium citrate buffer pH = 4.8 are
inserted into wells. After incubation for 60 min @mp. 50 °C, 0.050 chof reaction
mixture is transferred to a new 96-well titratioatp with previously introduced 0.1 érof
DNS reagent. All is incubated at temp. 95 °C fdk(Bmin. After that period, 0.036 ¢rof
the mixture is transferred to a new plate contarri6 cm H,O in each well. Absorbance
is measured at 540 nm wavelength. FPase actiRYl, can be calculated with the use of
the following formula [17]:

FPU = ( Ag,osample )(555 le/mg) ( 1 )(1)
" \As4o/mg standard/ * HMOIe/ME) " \ 60 min/ \X
where: As4o Sample - the absorbance obtained from DNS assagdich cellulose assay,
As4/mg standard - the absorbance for 1 mg of glucestesaved from the glucose standard
curve, 5.55 pmole/mg - the number pmoles of gludos& mg, 60 min - the assay
incubation time X - the volume of suitably diluted cellulose thataissayed [cf (in the
standard and 96 mtRPA assays is 0.5 ¢rand 0.032 crij respectively).

Deter mining activity of p-glucosidase by spectrophotometric method

p-nitropfenylB-D-glucopiranoside (pNPG) is used as a medium is thethod and
p-nitrophenol is released in consequence of hydimlyReaction mixture containing
0.5 cm pNPG (1 mg/cr), 0.5 cni 0.05 M sodium acetate buffer pH = 5.0 was incubate
at temp. 50 °C for 1 hour. Enzymatic reaction wasrminated by adding
2.0 cni 1M NaCO;,, absorbance was measured at wavelength of 40@ativity unit of
B-glucosidase was defined as the quantity of enzymkeich released 1umol of
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para-nitrophenol during one minute [40]. In thisthesl, incubation can take 30 min and
the medium solution concentration and volume many a1, 32, 35, 50]. Cellulolytic
activity of microorganisms depends on their typémnay also be a species characteristics.
The influence of such factors as, among othersguluon density of microorganisms,
source of carbon and nitrogen, metal ions, ageuttire, pH and temperature is also
emphasised in all carried out studies [10, 14, 2B24]. Therefore it is important to
properly select the composition of medium and naoganisms cultivation conditions as
well as the selection of parameters of the cawigdenzymatic reactions.

Conclusion

Cellulose as the main source of carbon is decongpdse the enzymes which
hydrolyse -1,4 glicosyde bonds. The ability to synthesis utalies is shown by both
bacteria, among others Bacillus, Cellulomonas, @sewwnas, and fungi Aspergillus,
Trichoderma, Penicillium. In order to isolate pdiehproducers of cellulases and initial
assessment of their activity, cultivation methodhwtihe use of Congo red dye can be
applied. However, the information on the quantityenerated enzyme cannot be obtained.
Therefore, so called spectrophotometric methodsldhme used, based on the measurement
of the quantity of the generated reducing sugarsthim presence of DNS reagent.
The activity of endoglucanases, exoglucanases atal tellulolytic activity can be
determined. These procedures have been preciséhedghowever, they may differ by,
among others, buffer type, medium type and conatatr as well as the process
conditions. Therefore the process parameters shmmifatoperly selected, in order to obtain
the maximum cellulolytic activity of the studied erdorganisms.
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