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ABSTRACT

Eleven yeasts strains were isolated from Sahargils 8echar and Ouargla(Algeria), screened for thability to
produce amylases. Phenotypic characterization e$¢hamylases producing strains revealed the prammef as-
comycetous yeasts. A selected strain, Schwannismspceshowed the highest amylase activity on stageln plate.
This work investigated the capacity of the yeast afBproducing amylolytic enzymes through fermeatatn cul-
ture medium, based on soft cheese whey to 100%tépred and supplemented with soluble starch%oThe
yeast LBshowed the highest peaks of enzymatic producti@® &, where 4796 U/ml of amylase were obtained at
30°C and pH 5. The optimum enzyme activity wadalisd at 60°C and pH 6. About 91%and 85%o0f thevigti
retained after heating the crude enzyme solutioB8C and 70°C respectively for 2 h and enzymeagaspletely
inactivated when heated at 120°C for 190min. Theaegllular amylase was found to be thermostabld active at
wide range of pH. Of the carbon sources, Wheathtaras found to be very carbon source for enzyrodyation.
Yeast extract and ammonium nitrate (0.2%) as nérogources gave higher yield compared to otherogén
sources. The enzyme was strongly inhibited By, Ze* Hg?*, CU#* andAgbut stimulated by G4 and Mrf*. En-
zyme was very sensitive to SDS (2%)and inhibitesliroy EDTA.

Key words: Yeasts, Saharian sochwanniomycesmylase, Cheese whey, Thermostability.

INTRODUCTION

Amylases are among the most important enzymes imsbibtechnology, particularly in process involvistarch
hydrolysis. Though amylases originate from différsources (plants, animals and micro organisms)nifcrobial
amylases are the most produced and used in ingdsteyto their productivity and thermostability .[Ainylases are
enzymes, which hydrolyze starch molecules to giverde products including dextrins, and progredgigenaller
polymers composed of glucose units [2]. Thermostarzymes from micro-organisms have found a nurober
commercial applications because of their overdienent stability [3].The most widely used thermbltaenzymes
are the amylases in the starch industry [4-6].Tieesgnt study is aimed to isolate yeasts straindysing thermo-
stable amylase from Algerian soils (Sahara), Trsts@Ens are also selected by their ability to ferhthe cheese
whey, which is a by-product of cheese productiay dalf of the cheese whey production is usediftferent pur-
poses, including production of biogas, ethanol, sindle-cell protein, whereas the other half izdided as effluent
[7]. Thus, cheese whey causes a major environmentdllem due to its high biological oxygen demand #&e
high chemical oxygen demand, primarily as a restiits high lactose content [8]. Indeed, in Algerihe overall
amount of whey, jetty daily, is 6000 liters per gwation unit [9].The inadequate destination of tlésidue can
cause large passive environmental issues for thestries. One of the destinations of this resicarelme the feeding
of domestic animals, when associated to otherent8i In this way they become a low-cost substi@te/easts
growth and the obtention of enzymes of biotechniclignterest. The present work evaluated the dapatyeasts
strains of producing the amylolytic enzymes throdighmentation in medium composed of whey cheesal,ta
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characterize the strains productivity and the ereyroduced, particulary their behaviour toward terapure,pH
and culture conditions .
MATERIALS AND METHODS

Sample collection

Soil samples were collected from different areathe Sahara of Algeria: Bechar (South-eastern geA&), Ouar-
gla (Hassi Messaoud).The samples were collectadstrrile container and brought to the laboratoryfdrther pro-
cessing.

Isolation and partial characterization of strains

The samples were serially diluted up®tidutions by the serial dilution method. Yeastslasions were performed
on Yeast Malt Agar (YMA) media plate containingi@mdtic gentamicin to ovoid bacterial contaminatidmoculat-
ed plates were incubated at 30°C for 24 to 48 holine colonies were purified several times on YMraglate.
Morphological characteristics of yeasts were idattiaccording [10, 11].

Amylase screening

Amylases producing yeasts were screened on Amyaseity Medium (AAM) [soluble starch 5g/l; peptorsy/I;
yeast extract 5g/I; MgSQO7H,0.5¢g/l; FeSQ 7H,0 0.01g/l; NaCl 0.01g/l; agar 15g/l] plates. Inctima at 30°C was
carried out for 3 days, after which the plates wstaéned with lugol solution. The colonies formiting largest halo
zone were selected for further investigation [12].

Production of amylase

Biochemical composition of cheese whey

The cheese whey was collected at “GIPLAIT” prodoctiunit of region of Sidi Bel Abbes. This produohees from
the manufacture of cheese "Camembert". The sammes collected in plastic bottles, and preserveftészing at
-20°C.

The content in ashes is determined by incineradiooheese whey at 550°C during 5 hours [13].Thal tetigars
were determined by the method of Dubois [14]. Tdtaltnitrogen is determined by the method of Kjeldi3, 15].
The mineral salts are determined according to tethous advocated by [16]. Concentration of thedamtid was
determined by acidity titration with NaOH [16].

Growth medium

The basal medium was prepared at different conamtis ranging from 10 % to 100% in deproteinizééease
whey, in order to determine the optimal concentrafor the production of amylase.Furthermore, thsab medium
was supplemented with inductor substrate (stard¥@gtand then adjusted to pH 5[17].

Assay of enzyme activity

Extracellular amylases were produced in submergedéntation; this production was carried out in 28CErlen-
meyer flasks containing 50 ml of liquid medium &mwzyme production. The media were then incubatéid avcell
suspension at a rate of 2.6%1@lls /ml at 30°C in an orbital shaker set at i8® for 72 h. Three replicate fermen-
tations were carried out for each culture mediufme €nzyme assay was performed according to theochdti
Rick and Stegbauer [18]. The enzyme extract (0.5vah transferred to a test tube containing 0.5frl % soluble
starch solution. The mixture was incubated at 6f@tCLO min. Then 1.0 ml of dinitrosalicylic aciéagent (DNS)
was added to each test tube. The tubes were piad®iling water for 5 min and cooled at room temgtare. The
contents of tubes were diluted up to 10 ml withillésl water. The absorbance was determined atrBd@using a
spectrophotometer and converted to mg of maltam® the standard. One unit is equivalent to thatwarhof en-
zyme, which catalyze the hydrolysis of solubledtanto 1.0 mg maltose hydrate per minute underdsted assay
conditions.

Assay of protein concentration
The protein concentration was determined by therlymamethod [19] by usingbovine serum albumin as $kand-
ard.

Optimization of amylase production

Effect of pH and Temperature

The enzyme activity was investigated by the stufdihe effect of pH on extracellular amylase prodarct For this,
the medium was prepared with varying the pH vahaegiing from 2.5 to 8.5. Optimum temperature faryene ac-
tivity was determined by conducting the assay fi¢dint temperature ranging from 20 to 90 °C.
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Thermo stability of amylase
The thermal stability of the enzyme was determibgdncubating the enzyme fraction at various terapees (60,
70, 80, 90,100,110 and 120°C) for 190 min, at 156 imiervals [20].

Effects of different carbon sources

The effects of different carbon sources (Glucodgc@yen, Corn starch, Potato starch, Wheat st&ahuble starch,
Maltose, Xylose, Isomaltose, pullulan, Amylopectar) amylase production by the yeast were examinedcan-
centration of 1%, keeping constant the rest ointleelia composition.

Effects of different nitrogen sources

In order to investigate the effects of differentragen sources on amylase production, was replahddifferent
organic (yeast extract, casein, beef extract amope,) and inorganica(nmoniumnitrate, ammonium sulphate)
compounds as nitrogen source at a concentratior2ét (w/v).

Effect of metal ions, SDS and EDTA
The influence of various metal ions (1 and 5umM)wietermined by adding &azr?*, F&¢* Fe*, Hg?*, Mn*,
Mg#, C*, Cd*, Na', K* and by monitoring the residual activity. Amylagetslity was studied by preincubating

the amylolytic preparation for 8fnin at room temperature and pH 6. Activity in thisance of any additives was

taken as 100%. The effect of surfactant (SDS)em/me inhibitor ethylene-diamine tetra acetic ag@e also
studied.
RESULTS AND DISCUSSION

Isolation, selection and partial characterization 6 strains

Isolation and selection of suitable organism isyveecessary for maximum production of Amylasesm@ry
screening was carried out by starch hydrolysis otktEleven yeasts strains presented significani@wptig activi-
ty (Figure 1), Those that amylolytic power was @ppr equal to 18 mm on AAM agar plate after 3 dagsibation
at 30°C were considered as amylases overproduttimigs and were identified on the basis of thedrphological,
physiological and biochemical properties accordmgiodder and Kreger keys[10, 11].Ovoid shape wasnment
among yeasts while rectangular was minor. Thesiel varied from 2 To 4 um in diameter. The asereatoduc-
tion mod, unilateral or multilateral bundings cellere observed after 19 h of culture at 30°C fost@hins , pseu-
domycelium were observed for strainsi BB, and LH. None mycelium was observed for strainssladd LH;,
The behaviour of yeasts after cultivation on spatiagh medium [21]was essential for their distinatio two main
groups:Ascomycetgroups that were able to give spores: this group niepresented by strains ,B Hs and LH;;
their vegetative cells were transformed directlyiasci after 4 days of incubation at 30°C in sfadion medium.
The asci contained 1 to 6 spheroid ascosporess@tend group found was unable to release spone7attays of
incubation at the same temperature, this groupclessified aDeuteromycetesand represented by strains JaBid
LH, Strains LB, LB, and LH, have negative reaction to nitrate reduction tdstesfermentation of sugars (Glucose,
Maltose, Saccharose) were all positive, Straingdrid LH, have positive reaction to nitrate reduction teSkmost
strains were not able to fermentxylose; howevay tvere all positive for starch hydrolysis. Allatrs were able to
growth at 37°C. According to their morphologicabanochemical profile, the strains b®BB,4, LHs, LH;, and LH
were respectively belong to the gel@ehwanniomyces, Candida, Lipomyces, CryptocoandSaccharomyces.
The stain LB showing the highest amylolytic halo was selecteddcther analysis (Figure 2).
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Figurel:Amylase activity of the isolated yeasts sétins on in cheese whey culture medium containing lsble starch, incubated at 30°C for
72 hours L: Yeast; Band H: Geographic origin [Becha Hassi Messaoud]
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Figure2:lllustration of the LB sproducing amylase yeasts strain, on cheese wheytoueé medium containing soluble starch, incubated at
temperature of 30°C for 36hours

Production of amylase

Study of the chemical composition of whey

Analysis of the results was showed that the safesk whey was rich on total sugars 67g/l, e30°Gébispecially
lactose (47.87g/l). Its lactose wealth was an ingrdrsource of carbon and energy for the growtmaify microor-
ganisms with the system b-galactosidase [22-23.THigh lactose content was approached the value#0of
57g/1[24].

Dry matter obtained was 61g/l; our finding is ig@od agreement with [24].The protein content oR§/Dwas a
value slightly less than that reported by [24].Tdii§erence in protein content was may be due ¢octheese manu-
facturing process [25].The lactic acid content & g/l was similar to that reported inlitheratugs[. The mineral
was rich in chlorine (3.4g/l) and calcium (0.35g#ktivating factors ofi-amylase [27, 28].However, the pH value
5.97 was slightly less than that specified by ditare (pH 6.5- 6.7) [29].This difference may be tluéransportation
and storage conditions of whey.The fat was showealige of 0.72 g/l. This finding is in agreementhwtihe studies
reported earlier[24, 30].The total nitrogen matibtained was 1.2g/l. A similar result was also fbiny[24, 26].In
face of the results obtained, it is verified theese whey can be used as a fermentation mediutief@roduction
of amylases.

The obtained results were indicated that the pridoluof amylase was proportional to the concerdratf whey, at
a concentration of 100%, the amylase activity wasimal4591 U/ml (Table 1). The str&ohwanniomyces spas
required a fermentation medium composed of 100%dpyroteinized cheese whey and supplemented witthsta
1% (wWiv).

Table 1: Effect of cheese whey concentration on amage production

Concentration of whey (%) | Amylase activity (U/ml)
10 950
20 1010
30 1607
40 1924
50 2010
60 2540
70 2986
80 3676
90 4150

100 4591

Production of amylase bySchwanniomyces sp

The obtained results allowed the construction ofitve representing the kinetics of the behaviahefenzyme dur-
ing the whole fermentation. The following variabiesre considered: Carbohydrates, Biomass and aeglztavity.

A linear relationship was found between enzymelsssis and Biomass i.e. maximum amylase producticoroed
when the biomass reached to maximiime production of amylase I8chwanniomyces spas started at the begin-
ning of the exponential growtithe measurement of biomass and amylase activithéese whey fermented broth
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during 96 h showed that both enzyme activity amaraiss increased exponentially with the time of fration up to
56 h. The activity was 4798/ml at that time,afterwards there was a drastically increase iiviact(Figure 3)It
might be due to the accumulation of other by- potglin the medium with high level of protease atitig and de-
pletion of the nutrients [31}.was found that-amylase production was maximum when starch wad asehe car-
bon sourcg32-38].
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Figure 3: Time course of amylase production ~®~ ], carbhydrates degradation |~ — ] and biomass ;== ] bySchwanniomycessp in

cheese whey culture medium containing soluble stéarc

Evolution of pH and proteins during the fermentation

Among physical parameters, pH of the growth medplays an important role in enzyme secretion. Therahte
observed during the growth of microbes also effpetgluct stability in the medium[39].In this wottke initial pH
value was 5 and has changed during the processroéhtation from 5-6.62 in the first 28 hours.Tihirease in pH
is may be due to the protein degradation that seleamino acids then hydrolyzed into ammoniac bymiiea
tion[31]. ThepH increase is also explained by tlegaholism of carbohydrates which releases.R€aching 5.02 at
64 h of fermentation and keeping close to 4.6 uh#lend of the process (Figure 4).pH resumeseittire due to
the formation of organic acid from carbohydrate$f@0r study showed a slight increase during themjngphase
explained by the synthesis of enzyme in partichjairolases[41].
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Figure 4: Kinetic profile of proteins [ — ™ ] and pH [ —*—].
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Optimization of amylase production

Effect of pH and temperature on extra cellular asglproduction. The enzyme is very sensitive to térefore,
the selection of optimum pH is very essential fa production of alpha amylase[42].In order to stigate the ef-
fect of pH on enzyme production, the initial pHtiké medium was adjusted from 2.5 to 8.5. The arayless active

in the pH range 2.5-5.5 and maximum enzyme yield alzserved at pH 6(Figure 5). Further, increaggHmesult-

ed decrease in the production of amylase by thstyedture. At neutral pHhe results were moderate and at acidic
pH the enzyme activity was extremely low. It middg due to the fact that the enzyme was inactiviheénacidic
mediunf43].Each enzyme has an optimum pH at which th&igcis maximum. The optimum pH 6 for the amyl-
ase of Schwanniomyces sp was close to 6.3 for #astyschwanniomycesalluvii4gl].and 5.6 for the yeast
Filobasidiumcapsuligenuf#5].Temperature and pH are the most importantofactwhich markedly influence en-
zyme activityThe effect of temperature on enzyme activity wasagsd at different temperatures ranging from 20-
85°C. The results showed that enzyme activity waseiased with temperature and it showed highestitgcat
temperature 60°C (Figure Burther increase in temperature resulted in deergathe activity of amylase. Similar
findings have been reported bipomycesstarkejd6], andAureobasidiumpulluiarjg 7].
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Figure 5: Effect of pH on the production of extraellular amylase bySchwanniomyces sp
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Figure 5: Effect of temperature on the extracellula amylase production of bySchwanniomyces sp
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Thermo stability of amylase

Stability of the enzyme is of great importance tfeg economy of their industrial application. In ead thermosta-
bility, the enzyme was pre incubated at differeamperatures for 190 min and then enzyme was assapedre-
sults showed that the enzyme activity was reta®i¥h, 85% after heating at 60°C and 70°C respegtifal 2hs
(Figure 7). After this time the activity was desed and enzyme was completely inactivated wheretiext120°C
for more than 190 minThe temperature stability indicate a general desgréa stability of the enzyme with time
(10-190min) at temperatures 80-90-100-110 and 12@¥pectively as shown by decreased enzyme actility
showed the highest stability at 60°C and leastilgiaht 120°C.Temperature is one of the factorattimduce such
changes on cell membrane and cell wall. The highp&rature inactivation may be due to incorrect conétion
due to hydrolysis of peptide chain, destructiomwiino acid, or aggregation [48].Further, the thestability of this
enzyme greatly exceeds the reported values by 8reCryptomyces speast retain only 20% and 10% of its ac-
tivity after heat treatment of 30 min at 80°C afid®.It also greatly exceeds that of the yeasteobasidium pullu-
lansthat which denatures completely at 70 ° C for 3@ fdi7].Our results are similar with other studiesase of-
SchwanniomycesalluviiE]. The behavior of yeast strain bBarticularly, the thermostability of its amylageing
out some hypothetic considerations, taking intooaat the natural medium where the yeast strain baea isolat-
ed [51]. On the other hand, gene mutation couldahather reason explaining this particular behavigfuyeast
strain LB;. Thus, the results concluded that the crude enzymmdderately temperature stable. It is therefore
worthwhile to consider means to stabilize the ereymder storage conditions.
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Figure 7: Effect of temperature on enzyme stability

Effect of carbon sources on extra amylase productio

Amylase production in yeast is effected by the reatf the carbon sources. The results indicatetttigsbiosynthe-
sis of the enzyme took place not only in the presef starch but also with other carbon sources.study showed
that the enzyme hydrolyzed all starches used d®nasources in the basal media with maximal agtioit wheat
starch, followed by potato (Table 2). Earlier sasdieported that, complex substrates induce hamgtase produc-
tion [38].0n the other hand, glucose was a very pobstrats. Isomaltose and pullulan were not Hydea at all.
The carbon sources are important factors affeatéliggrowth and product formation of microorganism$as been
suggested that the induction @amylase is mediated by starch or starch breakdmeducts such as maltose [52-
56].The carbon sources may have either repressimgdacing effects on enzyme productions. Glucoasy) am-
ylase, and alpha-glycosidase are all upregulatestdrgh and down-regulated by glucose[57].

Table 2: Effect of different carbon sources on exacellular amylase production

Carbon sources| Amylase activity (U/ml)
Glucose 06.04
Glycogen 13.6
Corn starch 36.8
Potato starch 39.9
Wheat starch 42.8
Soluble starch 34
Maltose n.d
Xylose 28.6
Isomaltose 00
Pullulan 00
Amylopectin 19

*n. d : not detectable.
*Results are mean values of three replicates.
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Effects of various nitrogen sources on amylase praodtion

In general, both organic and inorganic nitrogenrsesi were used efficiently in the growth mediumtfoe biosyn-
thesis of amylase. In present study, yeast exttasgin, beef extract and peptone showed stimglafiects on am-
ylase synthesis (22.8U/ml, 20.6U/ml, 18.2U/ml, 14/18l) respectively.It has been reported that yeast extract also
served as good organic nitrogen sourceof@mylase synthesis fromacillus amyloliquefaciefi8-59]. Earlier
studies reported that, optimum activity at 0.02gipeptone content on agro industrial waste Agpergil-
lusS60].Krishna and Chandrasekaran reported produaifomramylase byBacillus subtilison banana fruit stalk
and got optimum activity at 0.5gm peptone contetjtfEmilarly, casein was reported to be a good nitnoggurce

for a-amylase production from. subtilis IP 58337].

It was observed thatinorganic nitrogen sources gaweparatively higher yields than organic nitrogeurces. In
our study, the enzyme production was increased wan@moniumnitrate and ammonium sulphate used aganar
nitrogen sources in the culturemedia (58U/ml, 5R/&M) respectively. According {62] ammonium salts were
stimulators oB. subtilisamylase synthesis.Our findings are in a good ageaé with the findings of these studies.
It has also been reported that, ammonium nitratesaium nitrate were the best nitrogen sourcesr@aximum
amylase productiof63, 64].

Effect of metal lons, surfactants, and enzyme Inhiitors

The influence of metal ions on the activity of extellular amylase was also studied. It was fouaththylase activ-
ity was greatly inhibited by 5 mM of 2h F&€*Hg?*, Cit*and Ad. Whereas 5 mM of Gaand Mrf* showed stimu-
lating effect of 181% and 172% increase, respelgtitgowever, K and N& have pronounced effect in decreasing
the enzyme activity(Table3). These results sugthedtcalcium is needed for the optimum activity atability of
the enzyme. A similar result was also found in cas@ichiaburtonii, a-amylase was activated by Bg135%)
[65].These authors proposed that the activatioanzfyme by calcium ions probably happened duringptiréica-
tion procedure when the enzyme lost activity. Bazillus haloduran88C-21a-amylase also had its activity in-
creased in presence of CE6].

Table 3:Effectof metallons and EDTA on the amylase of Schwanniomycep

Reagents| Relative activity (%)
1mM 5mM
HgCl, 61 26
ZnsQ 62 29
CusQ 57.9 23
MnSO, 126 172
MgSO, 96 84
CaCl 129 181
CdCh 87 64
FesQ 58 28
Fe* 74 57.6
NaCl 90 82.7
KClI 91 72
Ag* 60 25
EDTA 42 35

The presence of Mfions had prominent activating effect (147%) on aase activity. It was observed that ¥n
had no effect om-amylase activity [35, 67]. However, It has begported that production decreased from 570 U to
425 U in medium containing M#{68].However, ZA*, C/*, and H§* acted as inhibitors of amylase activity. Early
studies showed that the effect of?Zwaried between amylases. Another study testecfieet of Zrf* and they
found that amylase production decreased from 570 415 U[68]. The results are also confirmed by[a#jo stat-

ed that the presence of Zrad a potent inhibitory effect on the amylasesif@chwanniomyces alluviesmdBacil-

lus cereus NY 1# has also been reported that’Zstrongly inhibited the enzymatic activity (91%) akaliphilic-
Bacillus sf70]. As for the thermostablke-amylase from a thermophilBacillus 46% [35].and 13% inhibition were
reported, suggesting that the inhibition with?Zdetermines the thermostability of the enzyme [7%jas observed
that Zrf* showed 37% inhibition on enzyme production frBacillus sf1]. The inhibition by H§" may indicate the
importance of indole group of amino acid residuesrnzyme function [32, 50]. The wild-type amylasénhibited

by Hof*, Ag’, CUF*, andMd'[49], while that fromL. kononenkoa€BS 5608 is inhibited by Agand C4[72].Role

of C&* and Md* in maintaining the stability and structure of thamylase is well documented [73]. Enhancement
of amylase activity of Cd ions based on its ability to interact with negalijvcharged amino acid residues such as
aspartic and glutamic acid, which resulted in dizdtion as well as maintenance of enzyme confoiomatn addi-
tion, calcium is known to have a role in substtiteling. It has also been documented that bindfr@a" to amyl-
ase is preferred over other cations such a§vig].Enzyme activity was inhibited by 5 mM EDTA irh. In case of

L. kononenkoaeamylase, enzyme activity was not affected by ED[TA].Increase in detergent (SDS) content
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from 1% to 2% decrease relative activity from 299%48% after 1h of incubation. Amylase activity wasy sensi-
tive to SDS. This Anionic detergent (SDS) is sigmintly known to disrupt the proteins higher ordeséructure.

CONCLUSION

In this research, it could be conclude that theeshavhey is very rich in lactose 47.87g/l which endla substrate
of choice for the development of high value substarandcan constitute a fermentation medium of guadity for
biosynthesis and production of amylolytic enzynies;ause it induced microorganisms to expresseheggfor the
enzyme assayed. The particularity of this workhis founding of amylolytic yeast Lffpresenting a particular char-
acter due to its high amylolytic activity4796 U/anhd heat stability of its crude amylase extrac@@0It should
also be noted that amylase producer strain wittea®ing enzyme activities at high temperature esenjsing can-
didates for the industrial applications and utiiiaa of low-value agro-industrial residues as stdiss should be
focused upon for enzyme production, as this woettlice the cost of production and help to solve tisposal and
pollution problems. For a final breakthrough to iaemg commercially relevant quantities of this yme and will
review the current state of knowledge on the mdé&doasis of enzyme production by yeasts in confiitigre pro-
spects.
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