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ABSTRACT

Our laboratory, previously, isolated and preservatl hermophilic Zygomycete, an indigenous Rhizomucor
nainitalensis, demonstrating a high level of millating activity for its external aspartic proteasd-ollowing the
determination of the optimum cultural conditiong fhe production of the microfungalrennet in sokthte
fermentation (SSF) system, enzymatic propertiesuafe rennet and the determinant factors in cl@ttactivity
were examined. The extracted rennet revealed tfteebi milk coagulating activity (1920 SU/ml) wheaswultured

on wheat bran at optimized fermentation conditié@@ C, 50% humidity, and inoculated with*i€pore/g wheat
bran for 110 hours. The pH of 4.6 was found to e aptimum pH for clotting activity. Milk clottingctivity
increased significantly as calcium concentratiorthe enzyme environment was raised from 0.001 0/0% M and

the reaction temperature from 25°C to 65°C. It vedso found that, at 75°C and the optimum pH, theyare
becomes inactive in a period of 30 minutes. At pH and 5, the rennet maintains 100% of its actilétvel for 48
hours at 65°C. In addition, like the commercial meh the produce drennet reaches its highest lef/proteolytic
activity at pH of 4. As a disadvantage, the progtolactivity of crude rennet produced in our eXxp@nt was
considerably stronger than the commercial rennemoAgst physical and chemical methods of enzyme
concentration, precipitation method with 40% and®8aturated ammonium sulfate yielded the highestl lef
clotting activity.
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INTRODUCTION

In general classification and nomenclature of ErgyBEC 3.4.23.4 (rennin) is an endopeptidase enajassified
under acid or acylaspartic-type proteinases amealass of hydrolases[1]. The enzyme is respon$ivlaydrolysis
of polypeptide chain and, unlike many endopeptisadees not contain a metal atom[2, 3]. Althougmdglobin
hydrolysis by rennin is as extensive as hydrolysjspepsin and trypsin, but in hydrolysis of casei@nnin
specifically acts on the peptide bond connectirgphenylalanine residue in position 105 at the r@iiteal of para-
kappa-casein and the methionyl residue in positia® at the N-terminal of kappa-casein macropeptidés
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Insufficient supply of rennet has directed an esitem research into finding proper proteolytic enegnas rennin-
substitute, however only a few number of such emsynincluding swine and bovine pepsins and theepsas
obtained fromMucor miehj Mucor pusillus and Endothiaparasitica were introduced as potential substitute for
rennin[7-9]. The proteinases biosynthesized frorarafiial order of Mucorales, such as microfungalneds, has
attracted more attentions amongst all substitutaets since it has properties that make it compeutabcalf rennet
[10, 11].

Despite the unpleasant taste and undesirable éextusome types of cheese produced by thermostdbtmor
rennets, which cannot be deactivated by thermadlshocheese processing, they are widely useddusimial scale
and even traditional cheese production worldwidef®2 Many commercial rennin substitutes are cradea
complex of several proteases with different lewddlslotting and non-specific protease activitiebey may contain
enzymes such as esterase, lipase, cellulase, angadp-galactosidase[16-18].Despite the aforementionetsfa
non-stop efforts have been made to increase tie ahmilk clotting activity to the proteolytic aetty (MCA/PA
ratio) of such proteases[19, 20].

There are reports of applied mutation and gererigineering techniques in the enzyme industry fodification
and improvement of rennin-like proteases[21-23].ldeev, optimization of fermentation conditions and
advancements made by novel techniques in post-ptiodu (fermentation down-stream) processes, (irofyd
enzyme-based product purification and chemical freadions in the enzyme structure) have helpedamesers to
the introduction of high-quality proteases for greduction of different types of cheese in the glabarket[24-26].
Due to the developments in animal and dairy indesstin developing and third world countries , tlenstantly
growing demand for rennet is met through importinigrobial rennet from several industrial countrigghout any
consideration for the quality compliance of the memnwith the type of cheese produced in the consgimi
countries[27].

The present study assesses the determinant fantoesnet biosynthesis using freshly isolatld. Nainitalensis
species in solid state fermentation (SSF)systembaiadly reviews the downstream processes and fjheameters
that influence the rennet’s kinetic and enzymevigt{28, 29].Clearly, production of microbial reehat industrial
scale requires extensive and accurate researchetiernaining effective parameters in SSF and subrderge
fermentation (SF), differences between the bio-pet&l of each fermentation process in terms of tuaind
quantity, parameter settings to achieve the highSHB/PA ratio, and studying the available semi-fication
methods of rennet.

MATERIALS AND METHODS

1.1Enzyme Source

In this project, crude enzyme biosynthesizedRby nainitalensigpreviously isolated in this laboratory and cudiir
using SSF system)was examined in the laboratodetermine its properties. At the optimum cultivatiime, the
fermentation was stopped and the enzyme extracbbtaéned by addition of cold phosphate buffer sotu(pH 6,

0.1 M). The extract was blended with Sodium Azid®2%) after filtration; in two stages by Whatmdtef papers
No. 40 and then No. 1, in order to prevent the ¢inoe¥ contaminant microorganisms. The mixture wastigfuged

at 6000 rpm for 20 minutes to remove particles emitbids, and was stored at 2-4°C prior to exanimabf the

enzyme activity[30-32].

1.2Enzyme activity

1.2.1Clotting activity

Clotting activity of the rennet was evaluated aadresented in Soxhlet unit (SU)using the methodraha[33].
One Soxhlet unit is defined as the amount of enzijraeclots 1 ml of substrate (0.1g skim milk powded 1.47
mg CaC}) in 40 min at 35°C.

1.2.2Specific milk clotting activity (SMCA)
First, protein concentration in each ml of the enaeyextract was determined and then clotting agtiwgs
calculated for each milligram of protein dissohiedhe enzyme extract.
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1.2.3Protease activity

For each liquid sample Bh. Nainitalensigennet, liquid concentrations of NOVO fungal rennith coagulation
capacity equal to that sample were prepared tohgpaptease activity of the produced rennet verddsapd to
compare it with commercial rennet. Since caseinstgsate cannot be used to measure protease adciitiie
isoelectric point of casein (pH4.6), the methodAason[34]with hemoglobin substrate was employedddition to
the method of Kunitz[35]. By definition, one und the amount of enzyme that increases light abisorjby 0.001
units at 30°C, at the wavelength of 280 nm, andéHap3.6 for hemoglobin substrate and pH of 6.2dasein. In a
similar work, milk clot hydrolyzing activity (CHA)method developed by Bailey[36]was employed to rduosd
milk in an effort to simplify the process of proseaactivity measurement. The enzyme-substrate raixias
incubated for 24 hours at 35°C. The following fotanwas used to compare the dry weight of precipitagfter
centrifuging with the dry weight at time zero:

(mA —mB)
CH(%) = T X 100%

Protein concentration per each ml of enzyme exinas determined by the method developed by Lowiy[&ith
Folin—Ciocalteu reagent as indicator.

1.3Determinant factors in enzyme activity

1.3.1Temperature and enzyme activity

Similar to the Arima method of MCA assay, substiates prepared by dissolving skimmed milk powder41on
0.01 M Cad] solution. 5 ml of the solution was put into a tedie that, together with another tube containirtg O
ml of enzyme solution, was water bathed for 10 neialat 25 to 65°C. Time and enzyme activity weleutated
after mixing the substrate and the enzyme.

1.3.2pH activity

To examine the effect of hydrogen ion concentratmrsubstrate of fat-free milk with a pH range ¢d#45was
prepared using the method developed by Arima[38pdlilation capacity of the rennet was determineilewthe
other conditions were kept unchanged.

1.3.3The impact of calcium on rennet activity
In this part of study, similar CaCkubstrates with different molarities (0.001-0.09 Were prepared and milk-
clotting activities were recorded for each calcicomcentration, and so clotting activity was detewedi.

1.3.4Thermostability

Similar to other parts of the study, the enzymedusas in liquid state at milk clotting optimum pH 4.6. The
enzyme-containing tubes were placed in water biatheaspecified temperatures, then samples wesntakcertain
intervals, and activity levels were determined[39].

1.3.5pH stability

A relatively thick suspension was prepared using ¢imzyme powder and after complete dialysis, aryreaz
solution was prepared using 0.1 M buffer solutiohacetate, phosphate, and citrate with differetigvels so that
a clotting activity of 1,000 SU/ml could be obtainat pH of6. After treatment at 65°C, activity afzgme residues
were calculated at specified intervals.

1.3.6Electrophoresis of Rh. Rennet and its comparison toommercial rennet

Samples of commercial rennet (Novo) and the renmmetduced by the isolatedRh. Nainitalensiswere
electrophoresed through 12% sodium dodecyl su{faliES) polyacrylamide gel electrophoresis (PAGE)HT.1 in
a vertical cell as previously described[40].

1.4Enzyme concentration and partial-purification of ereyme extract
To increase the concentration of enzyme proteinsupé, the following physical and chemical methodesre
applied:
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1.4.1Salting out

At this step, consecutive rounds 01-90% ammonium sulfateaturation were performed. Residual enzyme act
and specific clotting activity of the ammonium sé-precipitatedextracts were compared to those of the prc
obtained through 100% saturation. To produce enzyaweder, the precipitated extract wputon aluminum foil
and then dried for 48 hours in a desiccator coimtgif,Os.

1.4.2Ethanol precipitation
Proteinwas precipitated by adding ethanol to enzyme eiiiradhe ratio(3:1) at 2CC. The protein was then
separated by refrigerated centrifigr at 10,000 rpm for 10 min.

1.4.3Acetone precipitation
Two units of acetone with a temperature4’Cwere added to 100 neinzyme extract cooled down t’C. The
precipitated protein wathen separateby refrigerated centrifugation at 10,000 rpm forriid.

1.4.4Freezing and thawing
By slow freezing and thawingf the enzyme suspensiotwice, the protein contained in the extravas thrust
toward the end of the suspension tube and thenatepby refrigerated centrifugation at 10,000 rpm forriid.

1.5Dialysis

To remove ammonium sulfate and other unwanted icelépphane dialysis tubing (cut (of 12,000D) was used
with acetate buffer at 0°@nd a volume of 1,0( ml. Dialysis was repeated for several times until noupa sulfate
was produced by adding bariwhloride to dialysis buffel

RESULTS AND DISCUSSION

Following the determination of optimum conditiors Eynthesizing rennet kRh. Ninitalensis using SSF system,
rennet properties with considerable industrial inigrace wer also identifiedTo determine optimum conditions f
milk clotting activity of enzymes and to compare their activitydifferent situationsit was required t examine
factors such as pH, calcium asdbstrate concentration, enzyme thermostability @t-stability, which may affect
the enzyme activity.

FIG.1. Activity of Rhizomucor nainitalensigennet
at different temperature

5 // 5.5
: /5.9
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Given the fact that almost all industrial enzymes marketed without purification, and that the mial rennet
are used in the crude form as commercial enzymekiity industry, rennet properties and the effecfiactors ir
enzyme activity were examined using the crude reofained from culture extract. Analysis of tengiare
indicated that, within the rangef 25-55°C, an increase in temperature by 10°Calmost daduthle enzyme activit
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with a relatively consistent growth rate. Furtherepdhe¢ analysis was performed for temperatures equalrttpveer
than 65C since variations in equilibrium of salts ancanges in milk proteins’ structt at the temperatures over
70°C could lead to deceitful results (Fig.

For milk clotting proteasegptimum pH for enzymeactivity is of great importancand among different types
rennet; the ones with high levelsabtting activities at a pH close to the pH of bwvinilk (6.5-6.8) are considered
better substitutes. It was alsbserved thi Rh. nainitalensisennet, like other acid proteasesd greater activity at
acidic pH. The activity levahcrease as pH of the environment decreases (Figlr2)his study, clotting activity of
rennet was examined for pH values as low asSince this pH is the isoelectric point of caseibavine milk ther
it starts to precipitate at this point.

( FIG.2. Variation of milk coagulation capacity with pH valus )
for Rhizomucor nainitalensisennet
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Clotting activity of rennin and majority of substituting gmzes varies as calcium concentration chanAs shown
in Fig. 3, clotting activity of the rennet, like tadgty of rennin and many microbial rennets, ingesa as calciur
level escalates.

FIG.3. Effect of calcium level on the milk clotting
activity of produces rennet
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For kinetic and thermostabilignalysis, a enzyme solution at pH 4f6 (optimum pH fomilk clotting activity) was
employed. As shown in Fig, no change was observed in clotting activitynaf €nzyme solution at °C and lower
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temperatures, at optimum pH, and for a period ohd8rs.However,at heat treatment wiin higher temperatures
significant reduction in millclotting activitywas observed. At 75°C, the rennet |&&&6 of its clotting activity ir
10 minutes, and then itsctivity decreas¢ to 18% in ® minutes and less than 7% in 30 minutes comparehbel
control sample.

FIG.4. Heat Stability of Rhizomucor nainitalensisrennet.
The enzyme was incubated at pH 4.6 for the time
indicated
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Like thermostability, pHstability of enzyme is an importaspecification of rennirused in cheese industry. G
reason for this importance relatesthe shelf-life of the enzyme within ascerta@mperature and pland also it
relates to the rennet residuadtivity in themilk clot based orthe type of cheese and pH value. In addi pH
stability of substitute rennin is @hportarce because of the possibility of rendetctivation through thermal she
of the produced cheese in a specific. As shownin Fig. 5, the rennet became compleideactivate at pH values
of 8 and 9 witin one hour. Reductioof pH led to significant increase in residaativity; however no decrease in
activity was recorded at pH of Bl.compared to zero timUnpredictably, as the environment became more @
(pH of 3), rennet activity dropped 50% and 23% of the activity level comparedhe control sample at the hot
18 and 48, respectively.

4 FIG.5. Stability of Rhizomucor nainitalensistennet at different A
pH. The enzyme was incubated at 60°C for the timesdicated
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In cheese industrysubstitute rennei proteolytic activity is very importantharacteristi since the higher non-
specific proteases activity in crudenne results in lower yield and lessganoleptic quality athe produced cheese.
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In the next step of examininfgctors affecting the rate (Rhizomucorrennet activity comparison of proteolytic
activity of Rh. nainitalensistennet to commercial rennet (Novo) at various p#idateda similar trends for both
rennets(Fig. 6).

Proteolytic activity reaches itmiaximum at pt of 4 and by shifting towardalkaline environmentactivity level
dropped dramatically. Additionallyproteolytic activityof Rhizomucorrennetis much higher thathe activity of
commercial rennedue to the presence of r-specific proteases in the crude rennet. The prgtieactivity can be
significantly reduced through lowest physical and cheml treatments while maintaining tthigh clotting activity
of the enzyme.

FIG.6. Proteolytic Activity of Rhizomucor nainitalensis
rennet compared with Novo rennet
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The next step involved enzyneencentration through a number different methodsnd therthese methods were
scaledbased on the specific clotting activity and resicgivity of the enzyme

Concentration means increasing the amount of enzyma fixed volume by removinthe water and the
contaminants, nospecific enzyme, from the enzyme solution. In this projedifferent economical precipitatic
methods including salting out (4% saturation along with 100%consecutive satumajioethanol precipitatiol
acetone precipitain, and freezir-thawing method were studiedable | indicates that amost these methods
ammonium sulfatesalting out methods considered as the besnnet concentratiomethod due to its highest
residual activity (98%) and itargest specific clotting activity (595 SU/nprotein).

Finally, SDSPAGE electrophoresis technique wutilized for the determination of Novo ren purity, and its
comparison to theédiosynthesized renr by Rh. nainitalensis Commercial samplelevelopednumerous bands
comparable to those &h. Nainitalensis rennet, in terms of bandwidths.

It was concluded that theommercial rennealso was not purified and sold partia-purified form like Rh.
Nainitalensisrennet. This was an indication that the substratesproduction process employed for productio
Rh. Nainitalensisennet were similato those of commercial rennet.

Table I: A comparison of enzyme concentration methde

Concentration method l\g(:gjg Ammonium sulfate| Ammonium sulfate Ethano | Acetone Freezing
Enzyme activity extract (100% saturation) | (40-90% saturation &Thawing
Residual activity ( ml) 1,920 1,873 1,352 1,28¢ 998 635
residual activit (% ) 10C 98.1 7C 67 52 33.1
Specific clotting activity(SU/mgproteir)  48C 474 59¢ 34¢€ 254 16C
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