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ABSTRACT

The laboratory-scale preduction of the enzymes cellulose, glucoamylase and
alpha-amylase was optimized in terms of substrate composition and concentration,
inoculum size, pH and other parameters.

A local isolate of Penicillium was found to produce a higher cellulase activity
when grown on nuotrientsupplemented sugarcane bagasse compared to Tricho-
derma reesef strains QM 9414 and NRRL 11485. Batch culture of the Peniciflium
in an airlift fermenier at pH 4.5 for two days resulted In maximum activities on
filter paper and carboxymethylcellulose.

Aspergilfus awamori NRRL 3112 produced the highest glucoamylase activity
after four days of baich growth in an airlift fermenter using as substrate a mixture
of cassava root flour and rice bran (1:2 weight ratio). The optimal conditions
were pH 5.5, 30°C, 20% solids level of substrate and 10% imoculum size,

Alpha-amylase was produced by Bgeillus subellis NRRL 3411 in an airlift
fermenter using as substrate a mixture of cassava root flour, rice bran, fish teal
and soybean meal. After three days of fermentation the enzyme was harvesied,
concentrated and stabilized, Alternatively a solid enzyme powder was preparcd,

Intreduction

Plant biomass, which is produced by photosynthesis, is the world's most
important renewable material and energy resource. It could serve as partial substi-
tute for fossilized biomass such as petroleum, coal and natural gas whose reserves
are continually being depleted. Being dependent on land area, plant biomass
production is limited and its utilization for {ood or fuel is governed by socio-
economic and geo-political factors.

The important constituents of plant biomass are carbohydrates ar lignin.
Included in the former are cellulose, hemicellulose, starch and sugars, Cellulose and
starch are polymers of glucose, while hemicellulose includes pentosans or polymers
of pentoses (fine-carbon sugars) and pentose derivatives as well as hexans or
polymers of hexose (six-carbon sugars) other than glucose. On the other hand, lignin
is a complex material of high molecular weight consisting of phenylpropane units
linked together by a variety of bond types. Cellulose, which is usually tightly
complexed with lignin and hemicellulose, is the most abundant organic substance in
the world. It makes up approximately 50% of the cell wall material of wood and
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5 me 1. Chemical structures and complete hydrolytic reactions of amylopeciin and cellulose.

plants and between 25 to 30% (dry basis) of wood, sugarcane bagasse, rice straw,
corn cobs and other lipnocellulosic materials. Starch is the primary carbohydrate in
cereal  ains and staple crops such as cassava and sweet potato. Approximately 25%
of fresh cassava and sweet potato is starch.

The chemical structure of cellulose and starch and the r  tion scheme
[or their complete hydrelysis into glucose, through the action of acids or enzymes,
are shown in Scheme 1. Starch consists of two types of polymers, namely amylose
and amylopectin. The former is a linear polysaccharide linked by alpha-14 bonds
while  : latter, which is shown in Scheme 1, is a branched polymer containing
both alpha-1,4 and alpha-1.6 glucosidic bonds. On the other hand, cellulose is a
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Figure | Fnzymatic hydrolysis of cellulase (schematic).
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linear polysaccharide linked by beta-1.4 glucosidic bonds (Roberts and Caserio,
1964).

The enzymatic hydrolysis of cetlulose, as schematically shown in Figure
1, is generally believed to occur through the action of at least three components of
the cellulase enzyme complex, namely exo beta-14-glucanase (or 1,48-glucan
cello-hiohydrolase), endo beta-1 4-glucanase (or 14-f-glucan glucano-hydrolase)
and (-glucosidase. The endo-glucanase attacks the amorphous region of the cellulose
fibrils by splitting internal glucosidic bonds thereby increasing the number of
non-reducing ends. In turn, the exo-glucarase hydrolyzes a penultimate glucosidic
bond of the expust non-reducing ends and releases cellobiose which is further
degraded to glucose by @glucosidase (Figerstam et al, 1977). Detailed studies on
the mechanism of action of the cellulase enzymes have been described in the
proceedings of several symposia (Hajny and Reese, 1969; Wilke, 1975, Dailey et al,
1975; Gaden et al.,, 1976; Ghose, 1977; Ghose, 1981).

The enzymatic action of amylases on starch is schematically shown in Figure
2. After gelatinization or swelling in water, starch is dextrinized or converted into
smaller fragments through the action of alpha-amylase and beta-amylase. The latter
is an exo-glucanase and splits off maltose from the non-reducing end of starch,
while the former randomly hydrolyzes an interpal alpha- 1.4 plucosidic bond, The
resulting dextrins are hydrolyzed by glucoamylase into glucose.

Cellulase Production

Previous work done by the author on cellulase production dealt with
semisolid cultures of several strains of the cellulolytic mold Trichoderma viride
reesef) using, as carbon substrate, mixtures of rice bran with either rice straw or
tice hulls (Vilela et al., 1977). Although reasonably high enzymatic activities were
obtaine in the culture filtrates, at least seven days of culturing were needed and
the semisolid technique for enzyme production was found difficult to scale-up in
later studies.

Our more recent work has concentrated on cellulase production in a locally-
fabricated laboratory-scale fermenter using as substrate sugarcane bagasse or rice
straw, which was supplemented with other nutrients {Bondoc, Bondoc, 1982; E.J.
del Rosario and D.M, Marquez, unpublished data)., An airlift fermenter, which is
shown in Figure 3, was used in the fermentation studies. Aeralion and agitation of
the culture medium in the fermenter was simultaneously brouglit about by filtered
air through an ‘airlift effect’. The latler refers to the upward flow of the air-
entrapped liquid inside the inper tube of the fermenter followed by the downward
liquid flow in the outer annular region after air release such that a continuous loop
motion of the liquid is obtained.

Using as substrate a mixture of NaOH-treated sugarcane bagasse and rice bran
(1: 1 w/w) at 5% solids level and initial pH of 5, two strains of Trichoderma reesei
and a loc  isolate of Pewicilliurr (kindly given by Dr. Irenco Dogma, Jr.) were
compared in terns of cellulase production. Although slightly different initial spore
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Figure 3. The airlift fermenter

concentration of the three microorganisms werc wused, much higher
carboxymethyicellulose (CMC) volumetric activities (abbreviated as CMCVA) were
obtained with T, reesei NRRL 11485 as shown in Figure 4. The effects of substrate
composition on cellulase production by this microbial strain using either
alkali-treated or untreated bagasse are summarized in Table 1. 1t is seen in the table
that unireated bagasse is a better substrate than alkali-treated bagasse for ceflulase
production in terms of filter paper (FP} and CMC enzymatic activities in the
fermentation medium. This result could be explained by the property of untreated
bagasse » induce ceilulase production by T. reesei; apparently, the highly resistant
nature of the substrate forces the microotganism to secrete a more active enzynie
for cellulose breakdown. In the case of alkali-treated bagasse, the partially deligni-
f | material is less efficient in inducing cellulase production by the microorganism.






. del Rosario, Laboratory-Scale Production of Enzymes

Table 1. Etfect of  strate composition on filter paper (FP) and carboxymethylcellulose (i )
volumetric activities of culture filtrates of T, reesei NRRL 11485 grown on untreated
ot alkali-trcated bagasse®.

Substrate Protein FP CMC
Composition™* Concentration Valumetric Volumetric
T Activity Activity

fU/mi Tl

Untreated bagasse:

Bagasse only 6.7 0.000 )25
98: IRB 6.9 0.008 0.041
88: 2RR 6.2 0.033 0.044
58: SRB 4.9 0.064 0185
Medium E 6.7 0.058 0.496

Alkali-Treated bapasse:

Bagasse only 7.0 {4,009 0.034
98: IRB 6.5 0410 0039
EB: IRB 1.0 0015 0.033
58: SRB 5.5 0.036 0.132
Me mkE 4.4 { | 0.176

= Substrate: 5% (w/v) solids: initial inoculum count-3 x 108 spores per shake flask culiure
spores per shake flask culture: incubation time: 2 days.
**9B: [RD (bagasse: rice bran 9: 1 w/w): BB: 2RB (bagassc: rice brun 8:2 w/w); 5B SRB
gasse: rice bran 5:5 w/w): Medium L (constituents in ¢ prr 100 ml: bagasse, 5.00; (NHy) ;-
§Qy4, 0.14. KIPOy,, 0.20, urea, 0.03; Cacly, 0.03 MgS0y. 7H,0, 0.03),

Tat 1, Effect of substrate composition on filter paper (I'P) and carboxymethylcellulose (CMC)
volumetric activities of culture filtrates of T, reesei QM 94 14 grown on untreated

bagasse*
Substrate Protein FP CMC
Compuosition** Cancentration Volumetric Volumetric
e Activiry ity
i fmt 1U/mi
Bagasse anly .1 001t {1.045
9B: 1RB 7.9 0.2 0.012
8B: 2RB 7.8 0.022 0.092
5B: 5RB 9.2 0.045 0.1t1
Medium 9.4 1,038 0.116

*Substrate: 5% (w/v) seolids; ipitial inocuinm count -3.6.\:1(]8 spores per shake flask
turc; incubation time-2 days,
**Plesse see fooinote of Table | for details.
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Table 4. Compusition of Filter Paper activities und protein concentration of culture
filtrates of three (ungal strains,

Filrer Paper Activity

Fungal Strain Culture Culmere  Volumetric Specific Provein
Substrate Tinte, Acrivty Acrivity Concentrution
day's U ml) (U g protein) o

T. reesei Medium E using 2 (.049 91132 4.4

y - 11485 alkali-treated
bagasse

T. reesei NERL  Untreuted bagasse: 2 (1.064 0130 4.9

11485 rice bran (5:5)

T, reesei OM9413 Untreated bogusse: 2 (i.nas 0.049 9.2
rice bran (5:53)

Penicilfien sp. 86 Medium E using 4 165 0.275 5.0

untreated bagasse

FRVA
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Figure 5. Plot of FPVA vs, incubation time for Penicidinee sp. 86 grown on untreaied hagasse
at various solids levels tested wusing an airlil1 fermenter.
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Figure 6. Plot of CMCVA v incubation tune for Pemiciltivm sp. 86 grows on untreated
B: seab various solids levels tested using an airlift fermenter,

the pH imization studies, which are given in Figures 7 and 8. show thal maximal
cel ase production was achieved at pld 4.5 alter 48 hours incubation using 2%
untreated bagasse as carbon substrate. In swnmary, maximal production of cellulase
was obtained by c ing Pesicillium sp. 86 on 2% untreated sugarcane bagasse
supplementc  with 0447 {NH, 1,850, 0.20% KH, P0G, 0.03% urea, Q037 Cacl,
and 0.03% Mg80,. 7H,0 and with the pH controlicd at 4.5 and agration at I vvm
{volume of air per velume of fermentation medium per minutc) in an ai  ft fer-
menter al room {emperature (ca. nN°C).

(rlucoamnyvlase Production

The bateh production of the enzyme plucowmyluse  w amytoglucosidased
has been optimized in our laboratoery using the amyioly tic mold Aspergilius awamori
NRRL 3112 {Acabal, 1983} The optimumn temperature, plU solids level, and
inoculum size were determined for enzyme production in an aithift fermenter
using a mixture ol cassava root four and rice bran {1.2 weighi ratio) as subsirate.
The experimental resuits for ihe glucoamylase activity of the culture filirate  a
function of weebation time are presented in Figure @ 1t is seen in the Fipure that
areater volumetric and specific activities of the enzyme were obtained at 30°C
compared to 35°C,

The affect of pH on glucoamylase production by 4. awameori NRRL 3112 at
30°C is shown in Figure 10, The oplimat pH was found to be 3.5, A comparison
of enzyme activity data at 20 and 25% solids level, whicl is drawn in Figure 11
shows thie advantage of using the lower solids level. The results  this study are
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Figure 12, Valumetric activity of glucoamylase during continuaus production by A. awarnori
NRRL 3112 at 30°C and pH 5.5 using 20% solids level of substrate.

agreement with those obtained by Smiley (1974} and Oscrio {1981} using the same
strain of mold. Furthermore, lower glucoamylase activities were abtained at 15%
ang 25% solids level (Smiley, 1974). Unfortunately, cur studies on the cffect of
¥ and 20% inoculum sizes, corresponding to initial values of 7.20x10° and
1.5x10% spores per ml of the medium were not conclusive. Continuous-flow
glue.  nylase production at 30°C and pH 5.5 using 20% solids level of substrate
showed a decreasing volumetric activity of the culture fittrate with time, as shown
in Figure 12. The results show that the mold exhibits metabolic instability during
continuous-flow culture; hence, batch enzyme production is preferable.

Partial purificatton data for glucoamylase using cthanol precipitation @
presented in Figure 3 and Table 5. A four-fold purification of the enzymie was
obtained after precipitation of the 50-80% ethanol fraction. The solid enzyme
preparation had high gravimetric and specific activities which are comparable with
commercial liquid glucoamylase preparations.

pha-Amylase Production

i zyme alpha-amylase is required for the initial dextrinization of starch
pri saccharification by glucoamylasc as shown in Figure 2. This enzyme has
becn produced in our laboratory in an airlift ferinenter using Bacillus s tilis NRRL
3411, A simplified process of producing the enzyme was developed using as sub-
strate a mixture of cassava root flour, rice bran, fish meal and soybean meal. Op-
timal fermeni  on conditions of pH, temperature, aeration rate and fermentation
tiine were determined in order to obtain maximal yields of the enzyme. The enzyme
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Figure 13, Totu) activity of glucoamylase precipitated at varying ethano! concentrations.

was then partially purified and concentrated and suitable stabilizii  agents were
Ided in order to produce stable liquid or solid enzyme preparations (E.J. del
osario and T.V. Den, Phil. Patent Pending).
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Table 4. Comparison of laboratery and connmercial preparitions of plucoamylase

CGlicoamylase Volumetric Protein Specific
Preparation Actvity Coneentration Activity
(It frgimi {(Itiime protein)
ar Gravimetric or myfe)
Activity
(tie)
Crude ¢nzyme
{culture  rate) 130 2.3 141
Precipitate
(50-80% ethanol
fraction) 3,992 69.2 57.7
SIGMA Amylo-
osidase
No. A-9268 1443 517 279
NOVO Amylo-
rlucosidase
2001 6,805 171.7 9.6
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Considera - ¢ unces have  2en made in the utilization of st and
sugars hul muuch have to be done with celllose which commonly abo with
lignin in nature w form Hgnocellulose. The ondy uselul means of v izing lipnoeel-
lulose by biological conversion is to use it in growing mushrooms.

Dr. el Rosari’s work demonstrated the possibilities ot the production of
enzyines for industrial use. We have an abundance of raw materials for the purpose

we should proceed in the pilot production of these enzymes to Lest the cew-

e feasibilitv. Similarly. local isolates of microorganisms must be screened.
These local isolates are more adapted to our conditions hence efficiency will be
mucl higher.

The isolates which Dro del Rosarie used {except fur Pepicillium) are stan - d
isulates Itom other countries. Possibly. connparison ol the efficiency of these iso-
lates done in other counlries and the result of study should have beenr made, This
would at least give us an idea of how much more work mast be done te have a [uil
use of Lhe technology.

Now many cellutolytic fungi huve been found for cammercial ceflulose pro-
Juction such as Onoruke (Kinki Yakult Co., Ltl)y fresn Trichoderma reesei (T
viridey and cellnlosin (Ueda Chemical, Ltd.y from Aspergitius miger (O NUZ). But
these are not so active in the treatment of celiulase o higher temperature, and so
cellululvtic thermophilic fungl could play an active role in the decomposition of
cellulose at higher (emipewature. Application of thermophilic microorgsnism in de-
ording the abundunt raw materials in the Philippines offer o solution in efficiently
uilizing these materials,
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