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FED-BATCH CELLULASE

TRICHODERMA AND

PENICILLIUM

PRODUCTION BY
STRAINS

Estella P Ocreto and Ernesto J. del Rosario®

Fed-batch cellulase production by

viride PxF, and Penicillium sp. 86 (a local
carbon source with pA controlled at 5.0 in a 3.5-liter airlift fermenter.
11460 showed the highest volumetric acti-

three fungal strains tested, T. reesei
vities, t.e.,

Trichoderma reesei NRRL 11460,

1.34 I.U./mL on filter paper

‘ Trichoderma
reolate) was etudied using corn cobe as
Of the

and 13.38 I.U./ml on CM-cellulose at a

total subetrate level of 80 g/L after 9.5 daye of fermentation.

Fed-batch cellulase production by T. reesei 11460 was further studied using
"Bagras” (Eucalyptus deglupta Blume) and "Putian” (Alangium meyeri Merr) wood pulp

as subetrate.

When the organiem was cultured on "Putian” wood pulp,

mazimm volu-

metric activities were obtained after 10 days of fermentation, namely 3.53 I.U./nL

on filter paper and 63.36 I.U./rL on CM-cellulose.

Maximal epecific activitiees of

0.84 I.U./mg and 12.10 I.U./mg were observed using filter paper and CM-celluloee as
subgtrate, respectively, after 1-2 days fermentation.

INTRODUCT ION

Cellulose forms the bulk of the
cell wall of higher plants. It can be
fermented to products 1like alcohol and
sugar. Wastes from farms, forests, and
population centers provide an inexpen-
sive and renewable source of food and

energy.

Some microorganisms secrete enzymes
which digest cellulose (1). The enzyme

cellulase is a complex made up of at

least two components with multiple

activity like endoglucanase, exogluca-
Endogluca-

nase, andf -glucosidase.
nase (1,4-/-4-glucan glucanohydrolase)

forms free reducing ends by random
cleavage of the internal 2 (1-4) bonds
of cellulose. Exoglucanase (1,4-/ -4-
glucan cellobiohydrolase) forms mainly
cellobiose by endwise hydrolysis of the
free reducing ends of cellulose or
cello-oligosaccharides . -glucosidase

~-glucoside glucohydrolase) forms
glucose by endwise cleavage of cello-
oligosaccharides {2.3):

Some fungi synthesize and release
into solution several cellulolytic
enzymes (4,5,6,7,8). The present study
evaluates three fungal strains for fed-
batch cellulase production on corn cobs.
The fungal strain yielding the most
cellulase is further evaluated using
two types of sulfate wood pulp as subs-
trate.
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MATERIALS AND METHODS

Three fungal strains
Trichkoﬁma reesei  NRRL
Trichoderma viride PxF (10), and Peni-
cillium sp. 86 (11). Culi&res of ::ch
organism were maintained on potato
dextrose agar (PDA) slants at room
temperature, about 30°C,

viere used:
11460 (9),

Corn cobs and wood pulp were used
as substrate. Corn cobs were ground
first on a Hammer mill and then on a
Wiley mill to a size of 40-mesh (12)
Sulfate wood pulp, "Putian" (AZangiuﬁ
meyeri  Merr) and "Bagras”(Eucaluptue
deglupta  Blume) were cut into small
pieces and ground to pass a 40-mesh
sieve on a Wiley mill (13).

For each organism, the medium used
was similar to the standard salts
medium for T. reesei (14) with in-
creased levels of nutrients at high
cellulose concentrations. The culture
medium in g/L consisted of: (NH4)2504,
1.4 g; urea, 0.3 g; KH2P04, 2.0
MgS0,.7H,0, 0.3 g; CaCl,, 0.3 g. The
pH wgs adjusted to 4.0 5ith HC1. The
carbon source was 1% unless otherwise
stated.

A spore suspension was used in the
inoculum buildup. Spores from 7-to 10-
day-old cultures, which were grown on
PDA slants at room temperature, were
harvested by adding to the slants
sterile distilled water adjusted to pH
5.0 and scraping the spores with a
sterile wire loop. One mL of spore
suspension was used for spore counting.

A sterilized culture medium Wwas
incubated for 1 to 2 days on a rotar
shaker at room temperature. Five m
of. inoculum suspension (concentration
108 spores/mL) was added to 45 mL of

culture medium.

Fermentation was done at room tem-
perature using a 3.5-liter airlift
fermenter (Fig, 1). Aeration was at
1.0 volume of air per volume of medium
per minute (vwvm). The fermenter con-
tained 300 mL inoculum. Culture medium
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was then fntroduced, ub

20 q/L was introduced, aor;t:zggtrazg
was added after 48 h, and subsequentli
at intervals of 10-24 h whenever qrowth
Qecreased as demonstrated by a decreas-
ing rate of base addition. The total
level of added substrate was 80 g/L.
Ammonium hydroxide was added to the
medium for control at pH 5.0, and for
nitrogen supplementation. Samples were
analyzed for enzyme activity and
soluble protein content, and then
frozen until further analysis.

vegetable oil
{ontifoom )

[ —

e [
+— qir

Figure 1. The fed - batch fermentation assambly.

Cellulase activity was assayed by
the Mandels method (15) with filter
paper as substrate. A 1 x 6 cm strip
of Whatman No. 1 filter paper weighing
50 mg was incubated with 0.5 mL enzyme
solution and 1.0 mL of 0.05 M citrate
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buffer, pH 4.8
> a e The reducin
g;:g:igg ; by A cellulase act?on was
; ¥y using the dinitrosali
i?hs) method (16). 1 enzyme 91§§;3§?
ons were diluted to give the amount

of 91Urosn up to .
. SRR wh
ion was linear, 1ch glucose product-

sugar

Filter paper volumetri ivi
$E?VA) was expressed in I.ﬁ. a;:;v;ﬁy
i1 %ea Paper specific activity (FPSAi
n I.U. per m? protein. The inter-
national unit (I.U.) of cellulase acti-
Vily is defined as the number of micro-
moles of reducing sugar produced per
minute under standard assay conditions.

Cellulose activity on soluble
cellulose substrate was measured using
carboxymethylcellulose (CMC). To 0.5 mL
of 1% CMC were added 0.5 mL of diluted
enzyme solution and 1.0 mL 0.05 M cit-
rate buffer, pH 4.8. The mixture was
incubated for 30 min at 50°C. DNS
reagent was used for analysis of reduc-

ing sugar. Standard runs were done
using standard glucose solutions
instead of enzyme solution. CMC cellu-

lase volumetric activity (CMCVA) was
expressed as I.U. per mL; CMC specific
activity (CMCSA) was expressed as I.U.
per mg protein.

Soluble protein was determined
using the Lowry method (17). Bovine
serum albumin was used as standard. ATl
analyses were carried out in duplicate.

RESULTS AND DISCUSSION
Cellulase Production on Corn Cob.

Cellulase from Trichoderma  SP
showed a maximum of 0.44 FPYA and 6.25
CMCYA obtained after 9.5 days of

fermentation (Fig. 2). CMCSA peaked on

the second day. The initial I"'ISE.Of

volumetric activities followed by wide
fluctuations as values approached the
maximum may be attributed to adsorption
and immobilization of the enzyme on the
cellulosic substrate parallel to addi-
tions of substrate. Adsorption removes
the enzyme from the system (18,19).

o8k A—A cMCvA T
A—a Ccmcsa
0—O FPvA oLoa
07 ®—e® Fpsa | ds
Eos- | . ﬁa&
~5 %
3 £
: ARl
< 0.5f A \ <
w
= \h -4§
ad a 3
04} by
T Qﬂ\ﬁ 43
Sosf / o9 | F
Zoo AN G AN 2
< —
a a vl 2
w 0.2+ /0/ 3 g
4 WO
0i1f % . . 1
F’Q."" Nl
&8:. 1 gy ey N e Ll 1

A
2.0 304050 6Th029,10.-11 .92
Fermentation Time (Days)

Figure 2. ff’lm of .nr¥mp octglsﬂol vs. flormonteﬂog "Tt.h
or Penigill L] own In corn cobs []
when sugnlrugl 'lp!di n&'hd is indicated by arrows)

Cellulase from T. vpiride PxF
showed maximal FPVA, CMCVA, CMCVA
values after 9.5 days of fermentation
(Fig. 3). A Tlag phase of 6 days
indicates time needed by the organism
to adjust to the medium, after which a

sharp increase in activity is evident.

Cellulase from 7. reeset 11460
showed maximal CMCVA and FPVA va]ues_at
9.0 and 9.5 days, respectively, while
CMCSA and FPSA peaked at 1.5 and 3.0
days, respectively (Fig. 4).

activities hquicklgnd g;
radually increased on the sec :
%hird daz parallel to the 1ncreasgt;n
substrate level, cons1ste2t pW111u
previous observations for, Spglgt
¥iger (20) and for penieiliiun (21).
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'[he ti;reetgtralns showed maximal Trichoderma cellulases may be due to
protein tg cretion after 9.5 days of the increasing resistance of residual
fermentation (I:'NJ- 5). The Trichoderma substrate to hydrolysis, product in;:i-
species, especially T. reesei, produced bition, and enzyme i;nactivation as

fermentation proceeds (23).

From‘ the preceding results
T, rpeesei 11460, a mutant strain from

——0 Tr 11
o r 11460 In corn cobs the parent QM6A, appears to be superior

A——20 Tv P F in corn cobs in cellulase production. The strain
ol O—0O Pe 86 In corn cobs produces a _complete extracellular
ce'lh_ﬂase with all the components
o-C\ required to hydrolyze crystalline
\ o, cellulose. High yields of cellulase
ol g®0 A g, protein are attainable with this
D/ /\ 0o strain (24).
o
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Lium. Exo-ﬂ-1,4-g1ucanases (cellobio- 7 10;
hydrolases EC 322.1-91) have been found > 4.0 ' P 9
to be associated with 70 percent of the u« A i A" \ o
Twichoderma proteins, and endo- -1,4- . sae® A\H
glucanases (EC 3.2.1-4) with 30 per-  ost | 8¢ “e- ’*.1_.:. -
cent (22). °
Cmparison Of CE1'!U101‘yt-iC aCtiv‘i'— t‘ioi 1 1 1 1 1 1 1 1 L 1
ties of the three fungl, with co;ntcﬁs e P AT T 71 CRALE ShLa
as carbon source 1nd1_cates tha 1€ Fermentation Time (Days)
performance of T. recéet Was highest in
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PxF grown in corn:cobs-{time

when substrofe mn added is indicated by
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Figure 4. Prol of enzyma activities vs. fermentation time
for T reesei 11460 grown in corn cobs.(time
when subsfrate was odded is indicated by

arrows ), arrows )

Cellulase is not the only protein protein, indicates the relative purity
released by fungi  into solution. of cellulase. T. reesei 11460 showed
Specific activity, expressed asMm of higher values *of FPSA and CMCSA com-
reducing sugar produced per min per mq pared to those of the other strains

(Table 1).
Table 1. Maximum cenulolytw actwihes and soluble protein produced by three funga] strains.
MAXIMUM VOLUMETRIC MAXIMUM SPECIFIC MAXIMUM LOWRY
ACTIVITY (IU/ml)* ACTIVITY ﬁFU/mg PROTEIN
FUNGAL protef (No. of days)
SUBSTRATE STRAIN
FP (No. of cMC (No. of FP (No. of CMC (No.
days) days) days) of days)
Corn cobs Pe 86 0.438 (9.5) 5 246 (9.5) 0,108 (4 5) 2 175 (2.0) 4.62 (9.5)
Tv PxF 0.412 (9.5)  6.105 (9.5) 0.055 (6.5) 0.742 (9.5) B.23 (9.5)
Tr 11460 1.345 (9.5) 13.379 (9.0) 0.254 (3.0) 2.707 (1.5) 9.26 (9.5)
“Bagras'wood pulp Tr 11460 2.003 (10.0) 30.710 (9.5)  0.817 (1.0) 10.006 (9.0) 3.740 (100)
"Putianwood pulp Tr 11460 3,529 (10. 0) 63.363 (10.0) 0.836 (1,0) 12,096 (2.0) 6.50 (10.0)
LT TERL SRR i e N | =]

*IU - International unit defined as the number of pmoles reducing sugar produced per minute under

standard assay conditions.

Number of days of fermentation when activity value was determined is indicated in parentheses.

Biochem, S0C:
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and FPVA peak gl A

/A peaked at 9.5 and 10 days

respectively, while FPSA and CMCSA
pgaked at 1.0 and 9.0 days, respec-
t1v¢1y. These results sungest acces-
51p111py of substrate to the enzyme.
Th1§ discrepancy in the activities can
again be attributed to enzyme adsorp-
tion on the substrate and inactivation
with increasing Tlevel of substrate.
Cellg]ase from T. reesei qrown on
wpytian" wood pulp showed both CMCVA
and FPVA values at a maximum on the

tenth day, while FPSA and CMCSA values
were highest on the first and second
days, respectively (Fig. 75 The
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CMCVA(IU/mI) CMCSA (TU/mg)

of enzyme activities vs. _farmonlullon time
in ‘Putian’ wood pulp.
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Figure 8. Plot of Lowry rronln vs. fermentation time
for 1

460 grown on the subsirafe
tested.

enzymatic activities showed that there
was a substantial increase in amounts
of cellulose parallel to the increase
in carbon substrate concentration.

When protein production was com=
pared among the substrates (corn cob,
wputian," "Bagras"), more protein was
observed for corn cobs (Fig. 8). A
maximum of 9.26 mg protein/mL wWas
obtained at day 9.5 for corn cobs: a
maximum of 6.5 mg protein/mL at day 10
for "Putian"; a maximum of 3.74 mg
protein/mL at day 10.5 for "Bagras."

The proximate chemical composition
of the corn cobs and wood pulp used in
this study is shown in Table 2. Several
studies on cellulose have been done on
forest and agricultural wastes (25,26,
27). The ideal substrate should be
cheap, available in large quantities



9. Obtained from the Agricultural Research

Table 2. Proximate chemical composition of Service North Central Region, Northern
some lignocellulosic materials. Regional Research Center, Peoria, Illinois,
U.S.A.
10. Obtained from the National Instityte of Bio-
CONTENT PUTIAN* BAGRAS* CORN technology and Microbiology, University of
C0BS the Philippines at Los Bafios (UPLB),

.09 0.66 4.58 11, Obtained from the Hydroecology Pregram at
iy : Putinglupa, Mount ﬁak111ng, Losgguﬁos,
Holocellulose 69.63 70.8B0 -— Laguna.

12. The Hammer mill was provided by the Insti-

fEess and Bevan CElin)occl e foic tute of Animal Science, C?lleqe of A$51§ug-
S ture, UPLB. The Wiley mill was provided by
tignin 24.52 £ 26.33 $.15.60 the Biofuels Laboratory, National Institute
Pentosan 13.73 16.10 s of Biotechnology and Microbiology, UPLB,

13. "Putian" and "Bagras" wood pulp was pro-
vided by the Forest Products Research and
Development Institute, UPLB. '

:‘ Baglgn (28) (29)
del Rosario et al.
14. Mandels M, Reese E. Induction of cellulase

in Trichoderma viride as influenced by

year-round, and requiring little or no carbon sources and metals. ‘- J. Bacteriol,
pretreatment. While two of the subs- 1957 73:269-278

trates used in this study required che- 15. Mandels M, Andreoti R, Roche C. Biotech,
mical pretreatment (sulfate pulping), Bioeng. Symp 1976; 6:21-33.

they gave a relatively high yield or 16. Miller G. Use of dinitrosalicylic acid

active cellulase system, Based on reagent for determination of reducing sugar.
these results, promising substrates Anal. Chem. 1959; 31:426-429,
would be paper pulp mill wastes and 17. Lowry O, Rosebrough N, Farr A, Randall R.

. Okada G, Nisizawa K, Suzuki H.

assorted wood wastes.

choderma viride: separation of components
involved in the solubilization of cotton,
Biochem. J. 1967; 104:716-724,

Cellulase
components from Trichoderma viride J, Bio-
chem. 1968; 63:591-607.

perties of the C, component of Trichoderma
komingii cellulasd. Biochem. J. 1972; 128:
1183-1192.

18.
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Protein measurement with the folin phenol
reagent. J, Biol. Chem. 1951; 193:265-275.

Castanon M, Wilke C. Effects of the sur-
factant Tween 80 on enzymatic hydrolysis of

newspaper. Biotech. Bioeng. 1981;23:1365-
1372.
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PROSTAGLANDIN SYNTHETASE FROM

PHILIPPINE GORGONIANS

Gisela P Concepcion® and Lourdes dJ. Gruz

Optimum extraction and assay conditions for prostaglandin (PG) synthetase from

Echinogorgia sp., @ Philippine coelenterate, were studied.

The co-oxidation of

L-epinephrine with arachidonic acid to adenochrome (ADS . maz480 nm) was used to
assay PG synthetase activity. Optimum assay temperature was 22°C. Enayme activity

s associated with the microsomal-cytopla
pH 7.0. The enzyme was most stable in Tris

smic fraction.

Maximen activity was at
buffer at pH 8.0 mized with 0.1% Triton

X-100. Optimum extraction temperature was 0-4°C. Purification was done by sequen-
tial Sepharose 4B gel filtration, DEAE-cellulose chromatography, and polyacrylamide

gel electrofocusing. A 1920~ fold purtfication was achieved.
higher than 7.5 but the upper limit 18 wncertain.

at 160,000 by Sepharose 4B gel filtrati
nic actid to be about 10~5M; Vpy about

INTRODUCTION

Prostaglandins (PG) are synthesized
from polyunsaturated fatty acids. The
first stage of synthesis is mediated by
PG endoperoxide synthetase. This enzyme
is present in most mammals, other
vertebrates, and marine coelenterates
(1,2,3). The presence of PG in phyloge-
netically simple organisms suggests
that PG may be involved in the requlia-
tion of such processes as ion and water
transport, reproduction, and defense

7,1 June 1987

Isoelectric pH was
Molecular weight was estimated
Kinetic studies showed Km of arachido-

n
03 Jimol epinephrine oxidized per min per mg
protein; turnover number about 10° per min.

against predation or parasitism (1,4,5).

Mammalian PG synthetase has been
purified from bovine and sheep vesi-
cular gland microsomes. The bovine
enzyme is a membrane-bound complex with

The authors are in the Department of Bioche-
mistry and Molecular Biology, College of Medi-
cine, University of the Philippines, Manila.

This article is taken from the Masteral Thesis
of GP Concepcion.
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