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COMPARATIVE STUDY OF CELLULOLYTIC ACTIVITY OF
THREE RUMEN FUNGI ON DIFFERENT SUBSTRATES

ABSTRACT: Anaerobic chytridiomycete fungi are found in the gastrointestinal tracts
of many domesticated ruminant and nonruminant herbivores and of a wide variety of wild
herbivorous mammals. They produce high levels of cellulases and hemicellulases; these
enzymes are regulated by substrate (especially soluble sugars) available to the organisms.

The aim of this paper was to do a comparative study of cellulolytic activity of three
rumen fungi on carboxymethyl cellulose and Avicel. The capacity of enzymes was deter-
mined by monitoring the growth on carboxymethyl cellulose (CMC) and Avicel. Enzyme
activity was detected extracellularly in culture supernatants after vegetative growth. All of
the isolates degraded CMC and avicel, and exhibited cellulolytic activities (carboxymethyl
cellulose-(CMC-ase) and avicelase).

'Y WORDS: anaerobic fungi, cellulases, gas production, Neocallimastix, Piromyces

INTRODUCTION

All animals, including humans, need to consume food on a fairly regular
basis in an effort to assimilate specific essential nutrients necessary to support
body structure and functions. Fortunately, not all animals attempt to consume
the same foods in order to obtain these essential nutrients. Otherwise, tremen-
dous competition would occur for available food reserves resulting in minimi-
zation of species diversity. The greatest amounts of stored nutrients in the
world are in the form of plant cell wall material, which is indigestible by all
mammalian digestive enzymes. Only bacteria and fungi possess the capacity
to degrade plant cell wall materials.

The rumen is a highly complex ecosystem that contains different micro-
bial species. Ruminant’s performance depends on the activities of their micro-
organisms to utilize dietary feeds. The rumen microbial ecosystem is comprised
of at least 30 bacterial (10" to 10""/ml] rumen fluid) (Stewart etal., 1997),
40 protozoa (10° to 10" (Williams and Coleman, 1997), and 6 fungal
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species (<10°) (Ozkose etal,2001;Nagpal etal, 2009b). Bacteria, fungi,
and protozoa are responsible for 50 to 82% of cell-wall degradation (Lee et
al., 2000).

Anaerobic fungi inhabit the gastrointestinal tract of herbivores, especially
ruminants, and make a significant contribution to rumen metabolism, particu-
larly to the digestion of plant structural biomass. Rumen fungi can even colo-
nize highly recalcitrant material, including wheat and rice straw, maize stems,
soybean hulls, temperate and tropical grasses or palm press fiber (Ho et al.,
1991; Roger etal., 1992; Lee etal., 2000). These properties make anaerobic
fungi interesting for the scientific community.

Besides digestive tract and faeces (Davies etal., 1993), anaerobic fungi
have also been isolated from saliva of a sheep (Low e et al., 1987a).

Rumen fungi produce a wide range of polysaccharide degrading enzymes
(such as cellulase and xylanase) that degrade lignin-containing plant cell walls
and have the ability to degrade up to 65% of dry weight of plant tissues in pure
cultures (Orpin andJoblin, 1988).

MATERIALS AND METHODS
Isolates

The anaerobic fungi used were isolates OEM1, C1 and Gl, isolated from
faeces of Cervus dama (from the Skopje ZOO), domestic cow and domestic
goat, respectively. The methods used for isolation from the faeces, as well as
the maintenance of pure fungal cultures, have been already described (A tan
asova—Pancevska,2006). Strain OEMI resembled N. frontalis (H e a
thetal, 1983; O rpin, 1975), whereas strains C1 and G, resembled P. com-
munis (O rpin, 1977) and P. mae (L i et al., 1990), respectively.

Culture purity

Fungal isolates were routinely checked for purity by examination of wet
mounts, Gram staining and transfer of isolates from liquid culture to agar
plates containing medium with 0.2% cellobiose to check the bacterial colony
formation.

Medium

Complex medium for growth and maintenance of fungi was medium 10
of Caldwelland Bry ant(1966), except that glucose (4 g/1) was the only
sugar present, and 10% (v/v) of clarified rumen fluid was added. The pH was
adjusted to 7.0-7.2. Medium was prepared anaerobically using cysteine — HCI
(0.05%) as reducing agent.
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Culture conditions

Incubations were carried out in 20 ml flasks closed by butyl rubber stop-
pers, under O,-free CO, atmosphere. The medium (15 ml) was inoculated by
1 ml of 3 days old fungus culture. The cultures were examined in triplicate.
Inoculated cultures were grown at 39°C for 4 days.

Assay of cellulolytic enzymes in culture supernatants

Avicel and carboxymethyl-cellulose (CMC) were used as growth substrates
for the production of cellulolytic enzymes. The inoculated serum bottles were
incubated at 39°C for 12, 24, 36, 48, 72 and 96 hours. Enzyme activities were
measured at the end of each incubation period. The utilization of the substrates
was assayed at each time point using three biological replicates per fungal
isolate. Five uninoculated serum bottles were used as negative controls.

After incubation, the medium was centrifuged at 1500 g for 15 minutes,
and the supernatant was tested for the presence of active enzymes.

With CMC as the substrate, 0.2 ml of supernatant was incubated with 1.8
ml of 50 mM citrate-phosphate buffer (pH 6.8) containing 10 mg of CMC for
30 minutes at 50°C. The reaction was terminated and reducing sugars were
detected by the addition of 3 ml of dinitrosalicylic acid reagent (DNS). The
AS550 values were read with glucose representing the standard.

With Avicel, 0.25 ml of culture supernatant was incubated with 50 mg of
substrate in 1.75 ml of 50 mM citrate-phosphate buffer (pH 6.6) at 40°C for 4
hours. The reaction was terminated by placing the reaction tubes in boiling
water for 5 minutes. The samples were centrifuged to pellet the residual Avicel,
and the reducing sugars that were liberated were analyzed with DNS.

In vitro gas production

The total gas production during fermentation was measured with a 25-ml
glass syringe connected to a needle, which pierced through the butyl stopper
into the head-space of the flask.

RESULTS

This is relatively new area of rumen microbiology in Macedonia because
of lack of information about cellulolytic activity of rumen fungi (Atanaso-
va-Pancevska andKungulovski,2003/2004; Atanasova-Pan-
cevska,2006;Atanasova-Pancevska andKungulovski,2008).
In the present study, three monocentric type ruminal fungi were isolated from
ruminant herbivores. These isolates were characterized by their morphologies,
gas production, and production of cellulolytic enzymes.
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Anacrobic fungi are obligate anaerobes and gain energy from the fermen-
tation of carbohydrates (O r p i n, 1994).

The changes of pH in cultures of the three fungi are shown in Table 1 and
Figure 1. The pH of OEMI cultures grown on Avicel was the lowest, while C1
cultures grown on CMC had the highest peak after 24 h of incubation, fol-
lowed by gradual reduction to the final pH value of 7. The pH of all other
cultures was virtually identical.

Tab. 1 — pH of cultures of isolates OEMI, C1 and G1, grown on CMC and Avicel

pH CMC Avicel
OEM1 C1 Gl OEM1 Cl1 Gl
0 71 71 7.1 71 71 71
12 715 7.19 712 713 715 7.14
24 72 747 7.27 7.15 7.21 723
36 7.23 739 72 7.15 718 7.18
48 72 74 7.16 712 7.16 7.16
72 71 7 7 71 6.98 6.99
76
7 A~
74 —
73
7 e
z m
E)
71
7 2
69
68
67 T T T T 1
0 12 2] 36 4 7
incubation time (h)
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Fig. 1 — pH of cultures of isolates OEMI, C1 and Gl, grown on CMC and Avicel
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Fungal growth in cellulose cultures was measured by gas production dur-
ing fermentation of CMC and Avicel. The amount of gas produced was deter-
mined after 12, 24, 36, 48, and 72 hours. The results are shown in Table 2 and
Figure 2.

Tab. 2 - Gas production by OEMI, C1 and Gl, grown on CMC and Avicel

gas (mL) CMC Avicel

hours OEMI Cl Gl OEMI1 Cl Gl
0 0 0 0 [ 0 0
12 5 4 3 6 S S
24 32 28 25 29 27 26
36 30 27 24 27 28 26
48 15 13 13 15 12 13
72 9 7 6 8 7 8

0 T T T T |
0 12 % 36 48 n
incubation time
(h)
—#—0OEMI-CMC Cl-CMC GI-CMC

—%—OEMI-Avicel —#—Cl-Avicel ~——GI-CMC

Fig. 2 - Gas production by OEMI, C1 and G1, grown on CMC and Avicel
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The isolates were initially isolated on medium M10 with glucose as a sole
carbohydrate source, and were then grown on Avicel (crystalline cellulose)
and CMC, as a growth substrate. All isolates produced an array of enzymes
that allowed them to hydrolyze plant cell walls. The enzymatic activity was
simultaneous with the growth of the isolate (Table 3), as it was the case with
other ruminal fungi (Lowe etal, 1987b; Mountfort and Asher, 1985).

The activities of CMC-ase and Avicelase of OEMI, C1 and G1 grown on
both media proceeded in a similar manner (Table 3). After an initial lag phase
of about 12-24 h, the activity of enzymes increased rapidly, reaching its max-
imum in 96" hour. The increase in the production of total gas for all strains
was accompanied by an increase of enzyme activity.

Tab. 3 — Activities for carboxymethylcellulose (CMC-ase) and avicelase of OEM1, Cl and G1
grown on M10 medium with CMC and Avicel

3 ;
Fungal i e T R o e
isolate period (b) on CMC on Avicel on Avicel
[H] 0 0 0.1910
2 0.0461 0.1966 02865
. 36 0.5730 0.2865 03820
OkMI 4 0.6685 0.2865 03820
7 0.8596 0.3820 06685
9 08596 08596 06685
12 02865 0 0
2 05730 0 00225
o 36 06685 02865 0.1461
3 0.6685 03427 03820
72 0.7640 0.3483 0.6685
9% 07697 04775 07640
2 0 03820 0 0
2 0 05730 0 00225
o 36 00506 05730 0.1517 02865
3 04352 05730 02865 04775
72 0.4775 0.6685 0.4382 0.7640
9 0.5281 07191 0.6685 08596
pH cMC Avicel
OEMI1 Cl1 Gl OEMI1 Cl1 Gl
0 71 71 71 71 71 71
12 715 719 712 713 715 714
2 72 747 727 715 721 723
36 723 739 72 715 78 718
48 7.2 74 7.16 712 7.16 7.16
7 71 7 7 71 698 699
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DISCUSSION

The rumen provides an environment rich in nutrients and cofactors, in-
cluding aminoacids, peptides, vitamins, and minerals, required by microor-
ganisms for fermentation and growth (Hungate, 1966).

The three fungal isolates from facces used in this study belong to the
groups of morphologically similar fungi.

The in vitro growth of the ruminal fungi followed a pattern typical of a
wide variety of other fungi. When introduced into fresh media, these fungi
proceed through a succession of phases beginning with a lag phase, continu-
ing with a growth phase and then a stationary phase, and ending with a death
phase (Griffen, 1981). Often, the initial growth can be exponential, and it
1s usually followed by a longer period with a declining growth rate, which can
appear as linear growth (Figures 1 and 2).

During the last 3 decades, measurement of in vitro microbial gas produc-
tion (MGP) has received great impetus and become increasingly popular for
determining the rate of fermentation (M enkeetal, 1979; Theodorou
etal, 1994;Daviesetal., 2000).

The syringe system is used widely to record the gas values at different
times of incubation (D u a n et al., 2001

This method for measuring gas production as an index of activity in vitro
was first described by Menk e etal. M enk e et al., 1979).

Changes in pH and total gas production of the culture were closely re-
lated to the extent of CMC and Avicel digestion. After an initial lag period of
12 hours, the fungal gas increased rapidly between 12 and 24 h and reached
its maximum. After that, the stationary perlod of about 12 hours occurred,
followed by a decrease to 6 mL gas at 72™ hour. Subsequently, the pH de-
creased rapidly between 48 and 72 h before stabilizing. The production of gas
was identical, with slight differences (Figure 2)

The fermentation rate of various carbohydrates was present during the to-
tal gas production. As it was expected, gas production increased simultaneously
with enzyme production in all the tested isolates (Figure 2). Isolates OEMI, C1
and GI produced a maximum of 32, 28 and 25 ml gas, respectively, when incu-
bated on M10 with CMC as the sole energy source, and 29, 27and 26 ml gas,
respectively, when incubated on M10 with Avicel as the sole energy source.

The effectiveness of anaerobic fungi in ruminal cellulolysis depends on
their ability to degrade complex polysaccharides which occur in plant cell
walls. In addition to utilizing cellulose, N. patriciarum utilizes xylan and oth-
er grass hemicelluloses (Orpinand L e tcher, 1979). Cultures of N. patri-
ciarum, Piromyces communis, and Sphaeromonas communis (O r p in, 1984),
as well as several unnamed isolates of ruminal fungi which morphologically
resemble Neocallimastix spp. or S. communis (Gordon, 1985;Gordon
and A s h es, 1984), all degrade various polysaccharide components of wheat
straw cell walls. About half of the total cell walls, including about half of the
cellulose and hemicellulose components, were lost from 4 to 5 days old cul-
tures of Neocallimastix and Piromonas spp., whereas only smaller proportions
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of these cell wall components disappeared from Sphaeromonas cultures grown
for the same period of time (Gordon, 1985, O rpin, 1984).

The extent to which ruminal fungl dlgest substrate depends on both the
strain of fungi and the type of substrate. Cellulolytic enzymes were produced
by our isolates after growth on CMC and Avicel. The effect of growth substrate
on enzyme production by isolates OEM1, C1 and G1 was examined (Table 3).
Although, cellulose was expected to be better inducer of cellulolytic enzymes,
avicelase and CMC-ase activities were almost identical. Enzyme production
was substrate dependent but differences were less obvious than in the case of
ruminal Piromyces species (W illiamsand Orpin, 1987a, b)

The anaerobic fungi produce a wide range of polysaccharide degrading
enzymes. Enzymes have been found associated with the rhizomycelium and
many were also secreted into the surrounding environment (Williamsand
Orpin, 1987; Loweetal, 1987d; Bretonetal, 1995, Gerbietal,
1996a). The presence and activity of some surface associated enzymes fluctu-
ated according to the stage of the life cycle (Bretonetal. 1995;Gerbiet
al. 1996a). Also, the growth conditions greatly influence enzyme production,
with three times the level of fibrolytic enzymes being produced in a stirred
fermenter compared with static batch cultures in bottles (Dijkermanet
al., 1996a), whereas other continuous flow cultures produced up to twenty
times the level of enzymes of batch cultures (Z h u et al., 1996). Fibrolytic
enzymes were generally repressed by the presence of the sugar monomers
resulting from degradation of polysaccharide: glucose for cellulases and xy-
lose, and arabinose for xylanases (M ountfort, 1994).

CONCLUSION

Increased interest and research activities in the anaerobic gut fungi in the
last decade or so have provided much information on their biology, taxonomy,
physiology and enzymology. However, at present, there is still very little in-
formation on the range and diversity of fungal species inhabiting different
host species, different substrates and different parts of the alimentary tract. It
is not known whether the gut fungi are host or substrate specific. Further
work is needed to elucidate this and some other aspects of their life, but in
order to achieve these more specific techniques, involving molecular biology
and molecular biotechnology, will be required.
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HEJIYJIUMTUYKA AKTUBHOCT TP BPCTE PYMEHCKHUX
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CVIICTPATUMA — KOMITAPATUBHA CTYJIHJA
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Pesume

PyMeH IPE/ICTABIbA H3PA3HTO KOMIUICKCAH EKOCHCTEM KOJH CapiKH Pa3IIHINTS
Bpere Mukpoba. [Tepopmance pyMeHa 3aBUCE 0 AKTHBHOCTH M CIOCOOHOCTH HCTOBHX
MMKPOOpraHu3ama y yTHIN3aluji HyTpUTHjeHaTa. PyMEeHCKH MUKPOGHHM eKocHcTeM
canpxn 6ap 30 Bpera 6axtepnja (10'° 1o 10'"/ml pymencke Teunoctn) (Stewart
ctal., 1997), 40 pcra nporosoa (10° 10 10’ (Williams and Coleman, 1997), n
6 Bpcra miechn (<10°) (Ozkose etal, 2001; Nagpal et al,, 20096). Baktepuje,
TICCHU M MPOTO30MCKH OPTaHM3MH Cy OIrOBOPHH 3a nerpaianujy on 50 1o 82%
henmjexor 3uma (L ee etal., 2000).

AnaepoGHe XHTPHIHOMHLETHE IUICCHH Cy NPOHAleHE y racTpO-MHTCCTHHAI-
HOM TPAKTY BEJIMKOr Opoja ioMahnX pyMHHEHTHHX H HEDYMHHCHTHHX XePOHBOPHHX
KMBOTHH:A KAKO M KOJI BEMTMKOT GPOjy MBIbHX XepOHBOpHUX cucapa. OBe TecHu npo-
M3BOJIE BE/TMKE KOJIMYMHE CH3HMA LETyIa3e H XeMHIIEITyJ1a3e, PEryTHCaHHX O] CTpa-
He cyneTpara (I10ceGHO 0 CTPaHe PACTBOP/LHBUX wichepa) 0CTYIHUX OPraHH3MYy.

{16 OBOT pajia je Jia ¢ OPC/IH LCIYIOTUTHYKA AKTHBHOCT KOJl TPH BPCTE Py-
MEHCKHX TJIECHH KYJIT] Ha Kap! ninenynasuoj (CMC) i Avicel-ckoj
noasiosu. EH3uMcKa aKTHBHOCT je ISTEKTOBaHA €KCTPAlleNyIapHO Y CyTNepHaTaHTy
KyITypa HakoH BeretatuHor pacta. Ceu nsonaru jaerpaaupajy CMC u Avicel u mo-
Kasyjy UCNYJIONHTHYKY aKTHBHOCT (KapBOKCHMETHII LIC/TyJ1a3a M aBHIE/a3a).
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