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Abstract

Different nutritional and operative conditions for improving amylolytic enzyme production by the amylolytic yeast Saccharomycopsis fibuligera
DSM-70554 were evaluated. Under selected conditions, cassava starch could be efficiently utilized. Culture conditions such as oxygen saturation
(50% dissolved oxygen tension), temperature (34 °C) and pH (5.5) showed a significant influence on a-amylase and glucoamylase production.
An optimized culture medium (OPT) formulated by the chemostat pulse-shift method, containing yeast extract as the most favorable organic
nitrogen source, vitamins and certain salts (MgCl,, MnSO,, CaCl,) allowed to achieve the highest amylolytic enzyme production, thus leading to
an optimal liquefaction and saccharification of cassava starch. Tween 80 (0.2-1% w/v) demonstrated to be a favorable amendment for amylolytic
enzyme production. Under the conditions herein described, a 97% degradation of cassava starch could be finally attained under batch culture mode.
Maximal values of 633.3 UL~ h~! of a-amylase and 72.1 UL~ h~! of glucoamylase under optimized conditions represented ~9 and ~3-fold

increments, respectively, as compared to preliminary fermentation assays under non-optimal conditions.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Cassava (Manihot esculenta Crantz) is a root crop of tropical
American origin, and the fourth most important staple crop in the
tropics. In the developing world it is surpassed only by maize,
rice and sugarcane as a carbohydrates source; cassava’s starchy
roots produce more raw starch per unit of land than any other
staple crop. Cassava is grown almost exclusively in arid and
semiarid tropics, where it accounts for approximately 10 percent
of the total caloric value of staple crops [1,2].

Cassava starch is composed of unbranched amylose
(20 £ 5%) and branched amylopectin (80 £ 5%) both of which
can be hydrolyzed either with acids or enzymatically (either with
pure enzymes or amylase-producing microorganisms) to release
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glucose and maltooligosaccharides. Thereafter, both products
can be easily transported across the cell membrane and metab-
olized by yeasts.

Starch hydrolyzing ability is reasonably widely distributed
among genera and species of yeasts and that explains why several
laboratories have been involved in recent years in the isolation,
evaluation and/or the eventual construction of amylolytic yeast
strains. The possibility to produce in situ amylolytic capability
during fermentation stages would make unnecessary to purchase
or produce amylolytic enzymes in a separate step [3,4] and is
at this point where amylase-producing yeast research can do a
significant contribution.

The yeast Saccharomycopsis fibuligera has been widely stud-
ied because of its high amylolytic activity in submerged cultures
using starch as sole carbon source [5-7]. Making use of this
enzymatic activity several works for ethanol [8—10], lactic acid
[11] or biomass production by mixed cultures [12] were suc-
cessfully carried out. However, despite the promising profile
concerning S. fibuligera amylolytic activity, the physiology of
amylolytic enzymes production when growing with cassava
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starch has been the subject of relatively few investigations
[13].

On this context, the aim of this work was to determine
the optimal nutritional and operative conditions for amylolytic
enzymes production by S. fibuligera DSM-70554 when cultured
with cassava starch as the sole carbon source and under differ-
ent fermentation strategies, in order to improve cassava starch
utilization.

2. Methods
2.1. Yeast strain and maintenance

S. fibuligera DSM-70554 (from DSMZ—Deutsche Sammlung von Mikroor-
ganismen und Zellkulturen GmbH) was maintained on YEPD slants containing,
in gL’l: glucose, 20; peptone, 20; yeast extract, 10; agar, 15; pH 4.5.

2.2. Culture media

B SM culture medium, in gL_]: cassava starch, 5 or 10 (see Section 3);
(NH4)2S04, 2; yeast extract, 1; KHyPOy, 2; MgS04-7H,0, 0.5; and pH
5.0.

B Optimized culture medium (OPT) for amylolytic enzymes production: as a
consequence of the optimization protocols performed, it will be discussed
and finally defined under Section 3.

2.3. Dissolved oxygen tension (DOT) effect

A 4-L LH-210 (Inceltech-Toulouse-France) fermentor with automatic con-
trol of dissolved oxygen, pH and temperature and operated under batch mode
was used with a working volume of 2L SM medium containing 5gL~" cas-
sava starch as sole carbon source. A loopful from a S. fibuligera starch culture
(YEP-starch) was transferred to 100 mL SM medium in a 250 mL Erlenmeyer
flask and incubated at 30 °C and 250 rpm for 16 h (final BDW ~2.5-3gL~").
Fermentor was inoculated at ~10% v/v and pH was maintained at 5.0 by the
addition of either 0.5N HCI or 0.5N NaOH. Agitation was kept at 450 rpm
and temperature at 30 °C. Dissolved oxygen was controlled at 10, 30 and 50%
saturation by automatic air supply via a proportional integrative and derivative
(PID) controller, with fluctuations lower than 5%. Results are the mean values
of at least three independent assays.

2.4. pH and temperature optimization

A 2-L LH-502 (Inceltech-Toulouse-France) fermentor was operated in the
temperature range of 30-37 °C, at 450 rpm and with a working volume of 500 mL
SM medium. pH was varied between 4.0 and 6.5 by the addition of either 0.5N
HCI or 0.5 N NaOH. Fermentor was inoculated as above described (2.3.) and,
at the exponential growth phase, medium inflow was started and the fermentor
operated under continuous mode. The dilution rate used for these experiments
was0.18 h~!, corresponding to a mean residence time of about 5.5 h. Steady state
was assumed following at least three volume changes after the last change in
flow rate, and given that biomass and starch concentrations remained constant.
As reported, three to five volume exchanges are usually required after each
change in dilution rate [14]. Culture medium was the same as that used for DOT
optimization, but with 10 gL.=! cassava starch as carbon source. Samples were
withdrawn at each steady state.

2.5. Culture medium optimization

Assays were performed under the experimental conditions described for
pH and temperature optimization (2.4.), starting with a medium containing
2gL~! yeast extract and 10gL~! cassava starch. Culture medium was opti-
mized by the chemostat pulse-shift method described by Mateles and Battat
[15], making possible the evaluation of a particular compound effect. Nutri-
tional shifts including vitamins (biotin, calcium pantothenate, folic acid, inositol,

niacin, p-aminobenzoic acid, pyridoxine hydrochloride, riboflavin and thiamine
hydrochloride), (NH4)2SO4, peptone, MgCl,, CaCl,-2H, O, trace elements G1
(H3BO3, CuSOy4, KI), trace elements G2 (FeCl3, MnSO,4-7H,0O, Na;MoQy,
ZnS0y), were separately injected into the growth vessel. After a single injec-
tion, cell concentration and amylolytic enzyme activities were analyzed. In the
event that no significant change in cell concentration or amylolytic enzyme activ-
ities was observed, the incidence of that particular shift was neglected, and the
next pulse proceeded after a new steady state was achieved.

2.6. Effect of Tween 80

Effect of different concentrations of Tween 80 (0.05, 0.2 and 1% w/v) was
studied under batch mode by using the same equipment as described for DOT
effect.

2.7. Analytical methods

Alpha-amylase activity was determined by measuring the reducing sugar
groups enzymatically released from starch [16] with the 3,5-dinitrosalicylic
acid (DNSA) colorimetric method [17]. Reaction mixture contained 100 nL
supernatant obtained after culture broth centrifugation (5 min/5000 x g) and
400 wL 0.01 gmL~! soluble starch in 10mM acetate buffer, pH 5.0. After
incubating 15 min at 45 °C, during which enzymatic activity was linear, the
reaction was stopped by adding 770 nL DNSA reagent. Released reducing sug-
ars were determined at 590 nm. One unit of enzyme was defined as the amount
of protein required to liberate reducing oligosaccharides equivalent to 1 wmol
glucose min~! mL~! of sample.

Glucoamylase activity was estimated according to Kim et al. [18]. A reaction
mixture containing 200 wL 1.6% Lintner potato starch, 100 wL sodium acetate
buffer (1 M, pH 5.0) and 700 p.L culture supernatant was incubated at 55 °C for
30 min. Reaction was stopped by immersing the tube in a boiling water bath for
10 min and after cooling it, glucose was enzymatically measured with a glucose-
oxidase kit (Glicemia enzimdtica, Wiener lab., Argentina). A heat-treated culture
fluid (10 min/100 °C) was used as blank. One unit of enzyme was defined as the
amount of protein required to release 1 wmol glucose min~' mL~! of enzyme
sample.

For starch determination 180 L 1 N HCI were added to 180 wL super-
natant. The mixture was boiled 45 min and then neutralized with 1 N NaOH
[19]. Released reducing sugars were colorimetrically measured using the DNSA
method [17].

Biomass dry weight (BDW) was determined by centrifugation of culture
broth samples at 10,000 x g for 10 min, washing the pellet with distilled water
and drying at 105 °C to constant weight.

3. Results and discussion
3.1. Effect of DOT level

The influence of dissolved oxygen tension (DOT) on the
production of amylolytic enzymes during cassava starch fermen-
tation by S. fibuligera was studied under batch culture mode at
three different DOT levels (Table 1). At all the aeration con-
ditions tested (10, 30, 50% DOT), growth profiles were quite
similar and biomass reached a concentration around 2.5 gL ™!
This fact confirmed that, even at the lowest DOT tested, yeast
growth did not become limited by oxygen supply. Free glucose
in culture broth was detectable even at the exponential growth,
denoting that starch hydrolysis rate surpassed sugar utilization
rate (data not shown). Nevertheless, at 10% DOT, a certain delay
in glucose accumulation suggested that starch hydrolysis may be
oxygen-limited, though still enough to maintain normal growth.

While maximal biomass was similar at any of the aeration
conditions tested, amylolytic activity was significantly higher
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Table 1

Amylolytic activity in batch cultures at different DOT in SM medium with 5 g L~! cassava starch

DOT (%) Cultivation time (h) Biomass (gL~1) Yield® (gg—!) a-amylase (UL™1) Glucoamylase (UL™")
10 24 2.30 £0.23 0.52 £ 0.15 310 £ 9 150 &+ 24
48 243 £ 0.18 0.53 + 0.30 385 £ 22 280 £ 70
30 24 2.63 £ 0.05 0.51 £0.12 543 £ 18 170 &+ 32
48 2.70 £ 0.12 0.52 £ 0.23 464 £ 20 340 £ 50
50 24 2.40 £0.20 0.53 £0.21 1560 £ 20 570 £+ 39
48 2.36 = 0.10 0.51 £ 0.18 974 £ 30 650 £+ 10
2 Yield (g g’l ): €BDW g’lconsumed cassava starch.
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3.2. Optimization of temperature and pH

Under the operative conditions tested, optimal pH for enzyme
production was shown to be 5.5 with a specific a-amylase
activity of 562U ggll)w (Fig. 2). Under steady-state condi-
tions, glucoamylase activity was low and remained constant
in a pH range from 4.0 to 6.5. Reasonably, highest a-amylase
values correlated with lowest residual starch in culture broth
(Fig. 2).

When growing in batch culture mode, S. fibuligera growth
occurred at temperatures from 15 to 40 °C, with the optimum
at about 30 °C and being suppressed at 40 °C (data not shown).
Considering that vigorous growth took place at temperatures
between 30 and 37 °C, amylolytic enzymes production was stud-
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Fig. 1. Kinetic growth and amylolytic enzymes production in SM medium with
5¢g L~! cassava starch as sole carbon source, at 30 °C, 50% DOT and pH 5.0. ¢
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Fig. 2. Effect of pH on amylolytic enzymes production in SM medium with
10g L~ ! cassava starch as sole carbon source, at a dilution rate of 0.18 h~!, 50%
DOT and 30 °C. 4 biomass, A residual starch, @ a-amylase, ¥ glucoamylase.

ied in continuous culture at temperatures within this range, and
maintaining pH at 5.5 and DOT at 50%. Particularly, high-
est a-amylase production occurred at 34 °C (IOOOUggll)W),
decreasing by 66% at 37 °C (Fig. 3). These results are some-
what at variance with those of Ueda and Saha [20] who
reported the highest amylolytic activity at 25 °C and pH 6.0,
and with those of Futatsugi et al. [21] who established 30 °C
and free pH as the optimal conditions. However, our results
were similar to those obtained by Gogoi et al. [22], who
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lase.



C.F. Gonzdlez et al. / Enzyme and Microbial Technology 42 (2008) 272-277 275

Table 2

Biomass and amylolytic enzyme activities under steady-state conditions after different nutritional shifts

Nutritional pulse-shift Biomass (gL™")

a-amylase (U ggly) Glucoamylase (U gghw)

Yeast extract, 2 gL’la 3.70 & 0.30
Vitamins®-2 4.60 + 0.10

(NHy); SOy, 2 gL~} 4.37 + 0.20
Peptone, 1 gL~! 4.80 & 0.09
MgClp, 0.6 gL~!2 470 £ 0.10
CaCl,-2H,0, 0.1gL~"2 4,65 + 0.12
Gl 470 £ 0.20
G2 476 £ 0.26
MnSOy-7H,0, 1 mgL~1¢-2 474 + 0.20

362 £+ 29 21.6£1.8
509 + 11 152+£03
437 £ 20 ND

360 £ 7 ND

740 £ 16 21.3£04
766 £+ 20 21.5£0.6
766 £ 32 21.3£09
794 £ 43 23.1£13
863 £ 36 38.0£1.6

G1=H3B03 (1000 pgL™"), CuSO4 (80 wgL™"), KI (200 pgL~"). G2=FeCl3 (200 ngL~"), MnSO4-7H,0 (400 pgL~"), Na;MoOy4 (200 wgL™"), ZnSO,4

(400 g L~1). ND: not detectable.
2 Compounds selected for the OPT medium.

b Vitamins: biotin (2 wgL~!), calcium pantothenate (400 wgL~"), folic acid (2 pgL~"), inositol (2000 wgL~"), niacin (400 wgL~"), p-aminobenzoic acid
(200 pg L), pyridoxine hydrochloride (400 pg L~1), riboflavin (200 g L~"), thiamine hydrochloride (400 wg L™1).

¢ MnSOy concentration was previously optimized in Erlenmeyer-flask scale.

reported best amylolytic enzymes production by S. fibuligera
at 35°C.

3.3. Culture medium optimization

S. fibuligera has been described as a yeast with restricted
growth in synthetic medium [23] and unable to grow in vitamin-
free medium [24]. Culture medium optimization started with
a basic medium containing 2 gL ™! yeast extract and 10gL~!
cassava starch. Yeast extract is perfectly known as a source
of important growth factors for S. fibuligera and it has been
already found an optimal organic nitrogen supplement for glu-
coamylase production by fungal cultures [25]. Nevertheless, as
some vitamins might be denatured during autoclaving, then the
significant increase in biomass production (24.3%, P <0.001)
and in specific a-amylase activity (40.6%, P <0.001) after the
vitamin pulse (Table 2) might be reasonable. Addition of nitro-
gen sources like ammonium or peptone had a negative effect,
particularly on glucoamylase production (P <0.001, for both N-
sources), and in a lesser extent, on a-amylase (P <0.001, for
peptone). Similar results have been earlier reported by other
authors [22,26]. MgCl, pulse-shift had no significant influ-
ence on biomass production (P > 0.05), whereas specific activity
of amylases became significantly increased, especially for a-
amylase (51.4% increase, P<0.001). Trace elements (G1 and
G2) and CaCl;-2H;0 had no significant influence neither on the
amylolytic enzymes production nor on biomass (P >0.05). As a
high sensitivity to an excess of MnSQO4-7H>0O had been previ-
ously noted for this strain in batch cultures (data not shown), the
pulse shift assay was performed at 1 mg L™!. That led to a moder-
ately increased glucoamylase activity (P < 0.001). Therefore, the
final composition of optimized culture medium (OPT) consisted
in: yeast extract, 2 g L~!; vitamins (composition and concentra-
tions as described in Table 2); MgCl,,0.6 g L~!; MnSO4-7H,0,
ImgL™ I. CaCl,-2H50, 0.1 g L' and cassava starch, 10 g L.
Despite not a significant influence by CaCl, supplementation
was noted, OPT medium finally included this salt because

of its role as an important a-amylase stabilizer and cofactor
[25].

3.4. Effect of dilution rate

Studies on the influence of dilution rate were performed with
5gL~! cassava starch. Working at 10 g L~! cassava starch was
not viable because the high biomass yields obtained at this starch
concentration made difficult to operate the system at low dilution
rates. All the other components were maintained in the same pro-
portion to the carbon source according to preceding optimization
data (see Section 3.3, OPT medium).

At dilution rates between 0.22 and 0.30h~!, maximum
yield of biomass was 0.62 ggpw g;hsumed starch (Fig. 4). These
results were in accordance with those reported elsewhere, e.g.
0.45gg~! [27] or 0.84 g g~ ! [28] also for S. fibuligera and with
starch as the sole carbon source.
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WL'n" ug'n

; 3 K ———X——} 0
0.1 0.15 0.2 0.25 0.3 0.35
Dilution rate, D (h™")

Fig. 4. Effectof dilution rate on amylolytic enzymes production, in OPT medium
with 5gL~! cassava starch as sole carbon source, at pH 5.5, 34°C and 50%
DOT. ¢ biomass, A residual starch, A reducing sugars, ® a-amylase (—, volu-
metric productivity, . . ., specific productivity), ¥ glucoamylase (—, volumetric
productivity, . . ., specific productivity).
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Table 3
Effect of Tween 80 on volumetric and specific amylolytic enzymes productivity

Culture media o-amylase Glucoamylase

Ug™ (UL~'h™H (Ug'h™h Ug™h (UL~'h™h (Ug'hh
OPT +0.05% w/v Tween 80? 1161.3 516.7 82.0 161.3 41.7 6.7
OPT +0.2% w/v Tween 80* 1416.7 633.3 100.7 208.3 52.1 8.7
OPT + 1% w/v Tween 80* 1292.3 616.7 94.1 266.2 72.1 11.1
OPT w/o Tween 80? 1033.3 383.3 67.8 183.3 45.8 7.6
DOT-culture conditions® 674.5 71.7 28.1 2353 25.1 9.8

All presented values exhibited standard deviations below 10%, and are average of at least three replicates.
2 These results were obtained after 24 h of incubation in batch cultures with Optimized culture medium (OPT, see Table 2) at pH 5.5, 50% DOT and 34 °C, with

10gL~! cassava starch.

b Results corresponding to 24 h batch cultures performed under the same culture conditions as for DOT assays (see 2.3.), i.e. SM medium containing 5 gL~
cassava starch, incubated at 450 rpm, 30 °C and pH 5.0. Displayed values were obtained at 50% DOT.

Biomass productivity increased linearly with the increase in
dilution rate, reaching a value of 0.186 ggpw gc_ohsumed Stmhh*1
at a dilution rate of 0.30h~!. This result was similar to that
obtained by Lee and Simard [27]. The critical dilution rate cal-
culated from washout assays [29] was 0.37 h 1.

Maximal amylolytic enzyme values were found at 0.10h~!,
reaching values of 430 and 4620 U L~ for glucoamylase and a-
amylase, respectively. Glucoamylase activity was not detected at
dilution rates higher than 0.18 h~! (Fig. 4). Amylolytic enzyme
productivity decreased with the increase in dilution rate, show-
ing maximum values of 597 UL~' h~! and 259 U gglljw h=! for
a-amylase, at a dilution rate of 0.15h~! and, 43UL~"h~! and
18U ggf)W h~! for glucoamylase, at a dilution rate of 0.10h~!.
The observed decrease when dilution rate was increased sug-
gested that enzyme biosynthesis might be subjected to catabolic
repression. This effect has been already observed in S. fibulig-
era growing with carbon sources such as glucose, maltose and
starch [28].

3.5. Effect of Tween 80

The incidence of surfactants on microorganisms, as well as
the mechanism by which they enhance enzyme production, are
so far not well understood. References on this subject include
for instance the finding of increased extracellular esterase activ-
ity in Thermomonospora curvata by Tween detergents [30] and
the increase in a-amylase production by Bacillus subtilis when
growing with surfactants [31]. Further positive effects of Tween
on the extracellular enzyme production by different microorgan-
isms have been already reported [32—35]. In the present case, the
addition of Tween 80 to OPT medium significantly enhanced
amylolytic enzyme production in S. fibuligera (Table 3).

4. Conclusions

The excreted amounts of a-amylase and glucoamylase by
S. fibuligera DSM-70554 could be successfully manipulated by
certain operative and nutritional conditions. Among the eval-
uated culture conditions, high oxygen saturation (50% DOT),
temperature at 34°C and pH 5.5 demonstrated to enhance
enzyme production, particularly for a-amylase. Inorganic nitro-
gen (as ammonium) and peptone negatively affected enzyme

biosynthesis, whilst yeast extract showed to be highly effec-
tive as an organic nitrogen source with no interference on the
amylolytic enzymes production profile.

The addition of vitamins, Mg?* and Mn”* into the cul-
ture medium had a positive effect on enzyme production, and
consequently, that allowed a good liquefaction and saccharifi-
cation of cassava starch. On the other hand, the incorporation
of surfactants such as Tween 80 appreciably improved enzyme
production.

Under continuous culture conditions it was possible to
achieve high amylolytic enzyme productivities (both volumet-
ric and specific) up to a dilution rate of 0.10h~'. However
beyond this point, they showed a marked decrease likely related
to catabolic repression.

Maximal values of 633.3UL~'h~! of a-amylase and
721 UL~ 'h~! of glucoamylase under optimized conditions
(Table 3) represented ~9 and ~3-fold increments, respectively,
when compared to the preliminary fermentation assays under
non-optimal conditions.

Concluding, the use of the optimized culture medium (OPT)
under the optimal operative conditions herein described, allowed
S. fibuligera DSM-70554 to grow under batch culture mode lead-
ing to 97% degradation of cassava starch with a remaining 3%
likely related to limit dextrins. Being cassava one of the most
important staple crops in the tropics, and one of the most sig-
nificant sources of carbohydrates in the developing world, the
possibility to improve cassava starch utilization and conversion
efficiencies by yeasts with biotechnological potential represents
a great progress.
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