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ABSTRACT

The rumen anacrobic fungus Orpinomyces joyonii A, was grown in a complex medium with
ghucose, xylosc, microcrystalline cellulose or waste paper. The fungus produced significantly {P<{.(5)
mere formate, acetate and ethanol, but less lactate from xylose than from glucose. Protein content
and yields of dry matter and protein in cells grown on glucese and xylose were not significantly
diffcrent. Fungal cells contained 64.8% of crude protein, but only 34.9-35.2% of true protein deter-
mined according to Lowry. In dual-substrate fermentation both sugars were utilized simultaneously.
Q. jovonii A efficiently metabolized microcrystalline cellulose and milled office paper (up to 41.1
and 38.0 mmol of fermentation end-products per L, respectively). Its growth on newspaper was poor
{13.4 mmol of fermentation end-products per 1). Glucose accumulated in fungal cultures with cellu-
lose (2.55 g/1) and office paper (0.60 g/1) at the end of the incubation.
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INTRODUCTION

Anacrobic fungi arc inhabitants of the digestive tract of herbivorous mammals,
both ruminants and non-ruminants. In the rumen and hindgut, anacrobic fungi se-
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crete a broad range of polysaccharide-degrading enzymes and contribute signifi-
cantly to the digestion of fibre. Fibrolytic enzymes of anaerobic fungi have high
specific activitics compared with those of acrobic fungal strains, thus anaerobic
fungi could be interesting for several biotechnological applications (reviewed
by Teunissen and Op de Camp, 1993). The atm of our study was (/) to investigate
fermentation characteristics of fibre monomeric components (glucose and xy-
lose) in cultures of a polycentric rumen fungus Orpinomyces joyonii A, and (ii)
to compare its growth on microcrystalline cellulose, office paper and newspaper.
In addition, (i) we attempted to establish a co-culture of the fungus and a yeast.
Presumably, the yeast should metabolize soluble sugars (by-products of cellu-
lase digestion) to cthanol.

Several authors investigated growth of rumen monocentric fungi on glucose
and xylose. Mountfort and Asher (1983) found that glucose was the preferred
substrate compared with xylose in Neocallimastix frontalis PN-1. Xylose utili-
sation was inhibited in the presence of glucose. In contrast, in experiments of
Lowe ctal. (1987), glucosc and xvlose were utilized simultancously 1n a culture
of Neocallimastix spp. R1, although metabolite profiles differed. Williams et al.
(1994) reported higher biomass yicld of foregut and hindgut isolates Neocalli-
mastix spp. and Piromyces spp. on glucose than on xylosc. There are numerous
reports on degradation of plant cellulosic materials, but no reports on digestion
of waste paper by anacrobic fungi. A report on digestion of office paper, news-
paper and magazine paper by the cellulolytic rumen bacterium Fibrobacter suc-
cinogenes was published recently (Martin and Martin, 1998).

MATERIAL AND METHODS
Organisms and growth conditions

0. joyonii A, was isolatcd in this laboratory from the rumen fluid of a camel.
The strain was subcultured every 3 days. The complex medium for maintenance
and growth cxperiments was medium 10 of Caldwell and Bryant (1966) with
15% rumen fluid, medified as described by Kopeény and Hodrova (1995). The
medium was preparcd anacrobically, using cysteine hydrochloride (0.5 g/l} as a
reducing agent. Fungi were grown in 100 ml serum bottles closed by rubber
stoppers, under a CO, atmosphere. Ninety ml of the medium containing glucose
or xylose at 4 g/l were inoculated with 1 ml of 2 3-day-old fungus culture. Onc
hottle of inoculated medium was immediately frozen. Other bottles were incu-
bated at 39°C for 4 days, Cultures werce grown in four replicates. The dual-sub-
strate utilisation pattern was investigated using the same growth conditions. Glu-
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cose and xylose were supplied at 2 g/l. Again, one inoculated bottlc was imme-
diately frozen. Other moculated media were incubated for 1,2, 3, 4 and 5 days in
four replicates.

Cellulosic substrates included microcrystalline cellulose, analytical grade from
Lachema (Brno, Czech Republic), used office paper and newspaper {the Metro
daily). Office paper and newspaper were milled using a mill for grinding dry
plant samples. type QB 136 (Labor MIM, Esztergom, Hungary). Cellulosic sub-
strates were added at 5 g/l to the same medium. Inoculated cultures (40 ml) were
incubated for 1-6 days in two replicates. Metabolite production instead of sub-
strate utilisation was measurced in these cultures as the fungal mycelium was
inseparable from undigested solid substrate,

Thermotolerant yeast Kluvveromyces marxianus var marxianus strain CY'Y
51-1-1 was purchasced from the culture collection of the Institute of Chemistry
(Bratislava, Slovakia). The yeast was maintained in a medium containing {(g/1):
(NH,),S0O, 1.5 yeastextract, 5; peptone, 3; enzymatic hydrolysate of cascin, 5;
glucosc, 10. Fungal cultures were inoculated with the yeast 2 days after the start
of the incubation. In a separate experiment, the growth of this yeast under acro-
bic and anacrebic conditions was compared, using medium 10 with 10 g/l glu-
cose and the above-described medium for yeast.

Analyses and calculations

The cultures were centrifuged at 6000 g for 15 min. The cell dry mass was
determined after washing with rinsing solutions (Jenkinson et al., 1975), and
drying at 105°C overnight. Cell protein was extracted with 1 M NaOH (100°C;
1 I, and determined according to Lowry {Herbert ¢t al., 1971). The remaining
analyses were done on frozen samples after thawing. Formate was determined
colorimetrically (Slcat and Mah, 1984}, ethanol and acctate by gas chromatogra-
phy on a column of Chromosorb WAW with 15% SP 1220 and 1% H,PO,
{Supclco, USA), and lactate in microdiffusion units {Conway, 1957). Residual
xylose was estimated by the orcinol reagent (Herbert et al., 1971), glucose,
enzymatically using a commercial kit {Lachema, Czech Republic). Carbon and
nitrogen contents were determined using a Perkin Elmer 2400 elemental analy-
zer in freeze-dried cells grown on glucose + xylosc. Waste paper was analyzed
by standard ACAC techniques (AOAC, 1984).

Growth yields and production of metabolitcs arc expressed per gram of sub-
strate utilized. Carbon recovery was calculated from the metabolic products and
carbon content of cells. The calculation was based on the presumption that
acctate, lactatc and cthanol originate from a common 3-carbon compound
(pyruvate). The significance of differences between glucose- and xylose-grown
cultures was evaluated by the t-test (SAS, 1989).
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RESULTS

Whereas glucose was utilized completely (99.8%), significant amounts of xy-
lose (42.3%) were left in four-day culturcs of O. joyonii A (Table 1). The fungus
produced more formate, acetate and ethanol, but less lactate from xylose than from
glucose (P<0.05). Cell protein content and growth yields of dry matter and protein
in cells grown on glucose and xylose were not significantly different. Carbon re-
covery in O. joyonii A, culturcs was incomplete, i.e. lower than 100%. In dual-
substrate cultures both sugars were utilized simultancously (Figure 1). In these
cultures xylose was utilized betler, as only 12.6% of the mitial amount of xylosc
was left after 4 days of incubation. The composition of waste paper uscd as a
substrate of fungal cultures 1s shown in Table 2. Tt follows from the data i Tablc 3
that O. joyonii A, metabolized microcrystalline cellulose and office paper well.
but its growth on newspaper was poor. There was po difference in growth on white,

TABLE |
Parameters of growth and metabolism of rumen anacrobic fungus O. joyanii A, on glucose and
xylose!

Substrate
Parameter
Glucose Kylose

Substratc used, mg/l 3950 £ 0 2282 £ 3707
Metabolites, mmol per g substrate used

formate 4.8 £ 0.1 7.1 2 1.5

acetate 29+0.1 3807

lactate 31202 P71

cthanol 1.9+0.1 30 +£06
Cell dry weight. mg/] 436 £ 8 233 £25°
Cell composition, % DM

protein (Lowry) 352+02 3491203

carbon 40.24

nitrogen 10.37
Yiclds, mg per g substratc used

DM 1102 102 +27

protein 9+ 3610
Carbon recovery. % 825+3.1 8651119

' means of four cultures + SD

* DM. dry matter
* signtficantly different from the corresponding glucose value at P<0.05



KOVARL. ET AL. 731

black-and-white and coloured parts of the newspaper. At the end of the incubation
a high concentration of glucose (2.55 g/l) was found in fungal cultures supplied
with cellulose. Glucose was also detected in fungal cultures grown 6 days on of-
fice paper, but not in those grown on newspaper. The yeast, Klyuveromyces mar-
xianus var marxianus, did not grow under strictly anaerobic conditions. Anaerobio-
sis prevented growth of the yeast both in the medium for yeast and in medium 10.

Glucose or xylose, g/l
o |

O 1 T
0 1 2 3 4 5

Time of incubation, days

Figure 1. Time course of glucose (®) and xylose (O) utilisation in culture of O. joyonii A,

TABLE 2

Composition of waste paper, g/kg

Fraction Office paper Newspaper

Dry matter 970 957

NDF 765 855

ADF 726 753

Hemicellulose (NDF-ADF) 39 102

Lignin 7 170

Ash 147 56
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TABLEL 3
Production of metabolites (mmol/1) and glucose {g/t) in cultures' of O. jovonii A, grown on micro-
crystalline cellulose, milled office paper and newspaper?

Time of incubation

days Cellulose Office paper Newspaper
1 Formate 2.0 2.1 i}
Acetate 0.9 0.9 0
Lactate 1.5 2.7 0
Ethanol 1.3 ¢.6 0
Total metabelites 5.7 6.3 0
Glucosc 0 0 0
2 Formate 8.2 2.6 1.6
Acctalc 25 2.0 0.8
Lactate 8.6 2.1 0
Ethanol 9.1 1.2 0.5
Total metabolites 28.4 7.9 2.9
Glucose 0 0 0
3 Formate 95 8.8 5.5
Acetate 29 319 1.3
Lactate 10.8 9.8 2.8
Ethanol 17.7 98 1.7
Total metabelites 409 323 11.3
(ilucose 0.59 0 0
6 Formate 95 8.8 5.5
Acetate 29 39 1.3
Lactate 10.8 10.3 4.2
Ethanol 17.9 15.0 24
Total metabolites 41.1 38.0 13.4
Glucose 2.55 0.60 0

' means of two cultures
2 substrates were added at 5 g/l

DISCUSSION

Digestion of fibre is the pivolal part of the metabolism of rumen fungi. More
attention has been given so far to the fungal decomposition of cell wall polysac-
charides than to the metabolism of fibre monomeric constituents. The Embden-
Meyerhof glycalytic sequence is the primary pathway of hexose catabolism in
Neocallimastix patriciarum (Yarlett ct al., 1986),N. frontalis (O Fallonetal,, 1991),
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and undoubtedly also n other specics of anaerobic fungi. The invelvement of non-
glycolytic pathways in carbohydrate metabolism of anaerobic fungi has not been
described, but can not be excluded. The metabolism of pentoses is less understood
than the metabolism of hexoscs in ruminal organisms. In accordance with results
of Lowe et al. (1987), growth of O. joyonii A, on glucose produced more lactate
and less acetatc than growth on xylose. Whether a 2-3 cleavage of xylose oc-
currcd, however, remains to be determined in a future study. Fungal cells con-
tained 64.8% of crude protein (N x 6.25), but only 34.9-35.2% of true protein
determined according 1o Lowry. It follows from thesc data that cclls contained
about 46% N as non-protem N, presumably chitin and nucleic acid N. The carbon
recovery was incomplete in all cultures, probably because of secretion of soluble
products of fungal metabolism, other than formate, acctate, lactate and cthanol,
into the medium.

O. jovonii A, grew well on office paper. but not on newspaper. Obviously, the
printing ink did not inhibit the growth of strain A as the fungus grew poorly both
on white and coloured parts of newspaper. Office paper contained more ash (filler)
and less hemicellulose than newspaper {Tablc 2). The hemicellulose content in
newspaper does not differ much from that in filter paper (Collings and Yokoyama,
1979). The principal rcason, however, why newspaper and office paper were di-
gested so differently, seems to be the much higher content of lignin in the former
material (170 vs 7 g/kg). Large amounts of glucose were found 1n fungal cultures
grown on cellulose {Table 3). Apparently the rate of cellulose hydrolysis in these
cultures was higher than the rate of utilisation of cellulose degradation products,
QOur observation 15 not unique. In previous experiments, the polycentric fungus
O. joyonii A, extensively degraded cellulose and large amounts of glucosc and
cellodextring accumulated in the medium (Hodrova et al., 1995). In co-cultures of
this fungus with rumen bacteria Megasphaera elsdenii and Eubacterium limosum,
glucose and cellodextrin concentrations decreased by 68-86%, and consequently
the extent of cellulose digestion increased. Similarly, Tanaka et al. (1980) found
a high concentration of glucose (6.9 g/l) in starch-grown culturcs of a mould,
Aspergillus awamori IFO 4033,

The aim (/i) of this study was to establish a co-culture of the fungus and an
ethanol-producing thermotolerant yeast. Our attempt was unsuccesstul becausc of
the tnability of the ycast to grow under anacrobic conditions, which were neces-
sary for growth of the fungus. Mixed cultures that obtained relatively good results
were those using starch as a substrate for solvent production. Tanaka ct al. (1986)
fermented potato starch to cthanol by a co-immobilized mixed culture of an acro-
bic mould Aspergillus awamori and an anaerobic bacterium Zvmamaonas mobilis.
Similarly, Abouzied and Reddy (1987) produced cthanol from unhydrolyzed starch
using a co-culture of an anaerobic yeast Saccharomycopsis fibuligera and a yecast
Saccharomyces cerevisiae,
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In experiments of Martin and Martin (1998), Fibrobacter succinogenes S85
efficiently digested filter paper. but was unable to degrade office paper, newspaper
or magazine paper. Our results thus indicate that the ability of O. jovonii A, 10
digest wastc paper was better than that of ¥ succinogenes S85. We can conclude
that rumen anaerobic fungi have the potential to convert some waste cellulosic
substrates into certain value-added products. This was suggested carlier by ather
researchers, too: Selinger et al. (1996) proposed improving the Trichoderma
cellulase system with ruminal fungal cellulases by using recombinant DNA tech-
nology, and Nakashimada et al. (2000) converted cellulose to methane by means
of co-cultures of a rumen anaerobic fungus N. frontalis and methanogens. Further
experiments should examine a system for conversion of cellulosic materials to
ethanol, based on a co-culture of an anaerobic cellulolytic fungus and an anaerobic
cthanol-producing bacterium, e.g. Zymomonas mobilis.
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STRESZCZENIE

Rozklad glukozy, ksylozy, celulozy i odpaddw papierowych w zwaczu przez beztlenowe grzyby
Orpinemyces joyonii A,

Zwaczowe beztlenowe grzyby Orpinomyces joyonii hadowano na zlozonym podtozn, zawieraja-
cym plukozeg, ksyloze, mikrokrystaliczna celuloze lub odpady papierowe. Grzyby produkowaly istot-
nic wigeej (P<0.05) mréwczanu, octanu i etanolu, natomiast mniej mleczanu z ksylozy niz z glukozy.
Zawartosc biatka oraz produkcja suchej masy 1 biatka grzybéw rosnacych na pozywkach z tymi cu-
krami nic roznila sig. Komorki grzybow zawicraly 64.8% bialka ogdlnego, lecz tylko 34,9-35.2%
bialka wlasciwego oznaczonego wg Lowry. Obydwa cukry byly rezktadane rownoczesnic na podto-
zu zawicrajacym te dwa substraty. O. jovomii A, efektywnie rozkladat mikrokrystaliczna celulozg
i zmielone odpady papicrowe (do 41,11 38,0 mmola koficowych produkiow fermentacji na litr. odpo-
wiednio). Wzrost grzybow na podlozu z odpadami papierowymi byl staby (13,4 mmel koncowych
produktow fermentacji na litr). Koncowe stezenie glukozy w kulturach grzybéw rosnaeych na po-
zywkach z celulozg wynesilo 2,55 g/1, a z papierem 0,60 g/1.



