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There is 2 growing demand for specific, efficient and cheap cellulases and hemicellulase for use in formulation of washing
powders, in textile production, in pulp and paper industry and for degradation of lignocellulosic material in production of

bio-ethanol.

It is therefore of interest to gain moere information about the production of these enzymes by the

microorganisms and the regulation during growth on different carbon and nitrogen sources.

The production of these enzymes is normally measured by enzymatic assays, which is time consuming and often not
specific for just one enzyme. In this study, the enzyme production in the filamentous fungi Penicillium brasillanum (IBT
20888) on different carbon and nitrogen sources was investigated. The production of enzymes was measured using
traditional enzymatic assays as well as by capillary electrophoresis.

P. brasilianum was cultivated on different carbon
and nitrogen sources in well-controlled bioreactors
for 165-185 h. The highest enzyme activities
measured in the cultivation broth during the
cultivations are summarised in table 1.

As expected, the production of hemicellulases was
increased 2.6 to 10 fold on the medium containing
3 mixture of cellulose and xylan compared to
cellulose alone. However, the activities of the
cellulases were reduced by 15 to 40%.

The type of cellulose also had an effect on the
enzyme production. With the exception of the -
glucosidase activity, all measured enzyme
activities were 25 to 50% lower on Sigmacell
compared to Solka-floc.

The use of corn steep liguor as nitrogen source
resulted in an increased production of hemi-
cellulases but unchanged production of cellulases.

Table 1: Highest enzyme activities obtained during cuitivation of P. brasifianum (IBT
20888) on medium with different carbon or nitrogen sources.
Ezyme  FAlerpeper Bndo- Cellobio- B- Endo-

f- oL -arabino-

aetivity acvity glucanase hydmolase glucosidase  xylanase  xylosidase furancsidase
@ o mi M
Solka-fioc 087 %5 057 175 182 0.116 0.009
Sigmacelt 0.55 45 n.d. 3.52 0.64 0.093 0.006
Solkafloc + . .
ylan 089 57 0.37 152 941 0299 0087
Sofiafloc +
win seep 152 B 0.65 172 114 0.146 0.033
Hquor

Cultivations with celluiose (Solka-floc FCC 200 or Sigmacell type 20) and cellulose +
xylan {Sigma oat spelt xylan) were performed in @ mediuvm containing the nutrients:
ammonium sulphate, yeast extract, peptone and urea. In the cultivation with
cellulose and corn steep liquor no other nutrients were added. ’

The mixed carbon source cultivation contained 10 g I'! of cellulose and 10 g I'? of
xylan. All other cultivations contained 20 g 1! of cellulose.

n.d. = not determined.

in capillary eiectr_ophoresis Table 2: Enzyme activities (U mi'1) after 65 or 123 h of
{CE), the proteing  are cultivation of P. brasilianum on medium containing
separated on the basis of the [ either celiulose or cellulose + xylan as the carbon
differences in the size to | ; source.
charge ration between the - ! Substrate Cellulose Cellulose + xyfan
proteins  and  after the ¢ ' Time 65h A 123h
separation they are detected & o .
by UV detection. The technique ;. L Endoglucanase 113 [IEZERNMEEEM 432
offers fast and automatic 2 Cellobiohydrolase  0.07 [P BEEEE o.30
analysis of large numbers of p-glucosidase Q.28 1.09
samples. Opposite to enzy- ™ ) . Endoxvianase i1 mm 456
matic assays, it is possible - . ioimse 2 % i
with CE to distinguish between - prxylosidase; " HEISS 0=
different enzymes with similar Figure 1: Protein separation using CE. The a-L-arabino-

. colors used in the figure and table 2 refers to furanosidase 0.000 0.081
activity  and the,refore _to the same sample. The separation was performed
extract further information sing a 60 cm capitiary (50 pm ID), 50 mM The colors used in the figure 1 and the table refers to

about changes in the enzyme
production during growth on
complex substrates.

potassium phosphate buffer pH 7.0 with 5 mM
1,3 -diamonopropane and 5% acetonitrile.

the same sample.

CE has been explored as a technigue to separate and measure the proteins produced by P. brasifianum. The obtained
electropherograms (Figure 1) show clear differences in the protein pattern between samples from a cultivation on only cellulose
{green and blue)} and a cultivation on both cellulose and xylan (red and turguoise). The resulfts obtained by CE is supported by
the measurement of the activities In the samples (Table 2).

» P, brasilianum is able to produced a broad range of enzymes with cellulase

and hemicellulase activity.

«The production of hemicelluiases is strongly induced by the addition of
hemicellulose (xylan} or the use of corn steep liquor as nitrogen source.

*CE has been used as a fast method to analyze the proteins pattern in
samples from the cultivations.

«The preliminary results obtained using capillary electrophoresis showed a
correlation between protein pattern and measured enzyme activities.

« Identification of the peaks obtained using
the CE. This requires purified enzymes.

» Study the correlation between peak area
measured on CE and the measured
enzyme activity.

# Study the protein pattern under different
growth conditions using the CE method.

Future work



