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Abstract

SCHNEIDER, I.  and Y. TOPALOVA, 2014. Kinetic parameters of protease activity of Peptostreptococcus sp. as a 
tool for regulation of dairy wastewater treatment. Bulg. J. Agric. Sci., Supplement 1: 74–77

The protein biodegradation is one of rate-limiting processes during dairy wastewater treatment. An opportunity for process 
acceleration is addition of microbial cultures with high protease activity or addition of pure proteases. In this regard, protein 
degrading bacteria Peptostreptococcus sp. was isolated during an anaerobic wastewater treatment process for dairy industry 
with the goal of developing an inoculum for bioaugmentation strategy. The goal of this paper was purposely investigation of 
the key kinetic parameters of the protease activity of Peptostreptococcus sp. that are critical for regulation of protein biodegra-
dation in dairy effl uent treatment – temperature, pH, substrate concentration, cationic modulators. A batch process, with min-
eral medium, casein as sole carbon source and Peptostreptococcus sp. as microbial biodegradant, was simulated in lab scale. 

The obtained results show that protease activity from Peptostreptococcus sp. was increased after 72nd hour of the cultivation 
process and the specifi c rate of biodegradation was 0.025 g.l–1.h–1.mg Protein–1. A Michaelis – Menten plot analysis indicated 
that Km value of protease activity is 0.5 μM and Vmax is 8.624 μM Tyrosine.min–1.mg–1Protein. The optimal conditions for 
protease activity were at temperature 55oC and at pH 8.00. The divalent magnesium ions in concentration 1, 10, 25, 50 and 
100 mM were positive modulator of protease activity while divalent calcium ions in these concentrations were inhibitor. The 
obtained results discovered possibilities for regulation of wastewater treatment process with the key microbial factor Pepto-
streptococcus sp. The further investigations will be directed to elucidate of information how to increase the amount and activity 
of Peptostreptococcus sp. in activated sludge and biofi lm in real dairy wastewater treatment technologies. 
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Introduction

The necessity of improvement in biological wastewater 
treatment increases the attention to the specialized enzyme 
techniques. The enzymes have used as: i/ indicators of the 
activity of biocenoses (biofi lms and activated sludge); ii/ in-
dicators of the rate of specifi c processes which are catalyzed; 
iii/ bioaugmentative agents for acceleration of rate-limiting 
processes in wastewater treatment. 

The protein biodegradation is one of rate-limiting pro-
cesses during dairy wastewater treatment. The low rate of 

protein hydrolysis led to an increase of the rate of protein ac-
cumulation on biomass surface. That may limit the transport 
of the soluble substrates to the biomass and consequently 
cause the conversion rate in substrates to decrease. An op-
portunity for process acceleration is the addition of microbial 
cultures with high protease activity or addition of pure pro-
teases. Several microbial cultures with high protease activ-
ity isolated for dairy wastewater treatment are mentioned: 
Citrobacter sp., Alcaligenes sp., Bacillus sp., Proteus sp., 
Pseudomonas sp., Sporolactobacillus sp., Staphylococcus 
sp., Streptococcus sp. in the scientifi c literature (Kosseva et 
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al., 2003; Rajeshkumar and Jayachandran, 2004; Kosseva et 
al., 2007). The protein degrading bacteria Peptostreptococ-
cus sp. was isolated in our previously investigation during 
an anaerobic wastewater treatment process for dairy industry 
with the goal of developing an inoculum for bioaugmenta-
tion (Schneider and Topalova, 2008). This culture showed 
high effectiveness for biodegradation of milk proteins.

Another opportunity for bioaugmentation is the increase 
of protease activity by addition of some modulators. Most 
bacterial proteases belong to the metalloproteases. They 
are the most diverse category of the proteases and require 
divalent metal ions for their activity (Kim et al., 2005). In 
this point of view, the divalent ions of zinc, calcium, iron 
and magnesium play a role in the control of protease activity 
(Nies, 1999; Kim et al., 2005) and could be used as a modu-
lator in the bioaugmentative strategy.

The goal of this paper was purposely investigation of 
the key kinetic parameters of the protease activity of Pep-
tostreptococcus sp. that are critical for regulation of protein 
biodegradation in dairy effl uent treatment – temperature, pH, 
substrate concentration, cationic modulators. 

Materials and Methods

A batch process, with mineral medium (Schneider and To-
palova, 2008), casein as sole carbon source and Peptostrep-
tococcus sp. as microbial biodegradant, was simulated in lab 
scale. The casein was added as sodium caseinate. The isolation 
procedure of the pure culture was detailed described in our pre-
vious article (Schneider and Topalova, 2008). The cultivation 
process was performed at 28–30oC for 120 hours, in triplicate.

The biomass, for analysis of Vmax, Km, optimal temper-
ature and pH, modulation effect of calcium and magnesium 
ions (in concentration 1, 10, 25, 50 and 100 mM) on protease 
activity, was harvested on 120th hour (Feist and Hegeman, 
1969). The calcium and magnesium were added as chlo-
rides. Kinetic parameters Vmax and Km were calculated ac-
cording Michaelis – Menten plot. The bacterial growth was 
measured as colony forming units by cultivation on Nutrient 
Agar and as optical density, measured at 600 nm. The protein 
concentration was measured according to Kochetov, 1980. 
The protease activity (PRT) was determined by measuring 
the release of tyrosine from casein hydrolysis at 500 nm 
(Ladd and Butler, 1972). 

Results and Discussion

Protein biodegradation process with Peptostrepto-
coccus sp.: The early phase of the process was established 
at 24th hour. It was related with low increase of microbial 

biomass (Figure 1a) and low rate of protein biodegradation 
(Figure 2). The microbial quantity was 2.106 CFU.ml–1 at this 
phase. The late phase of the process was ascertained after 
72nd hour. It was related with a pick of microbial biomass, 
a peak of specifi c rate of protein hydrolysis and a pick of 
protease activity. The quantity of Peptostreptococcus sp. was 
1,7.107 CFU.ml–1 at the end of the cultivation process. The 
specifi c protease activity varied between 6 and 10 μM.min–1.
mg–1Protein in this phase. 

The purity of bacterial culture during the process was in-
vestigated by cultivation on Nutrient Agar. The morphology 
of microbial cells, observed under Light Microscope (1300X 
magnifi cation) was presented on Figure 1b.  

Effect of key factors on protease activity from Pepto-
streptococcus sp.: The effect of temperature in a range 10oC 
– 70oC on protease activity was estimated at pH 8.0 (Figure 3a). 
The protease was active at temperature between 30 and 70oC 

Fig. 1. Dynamics of optic density (OD) and microbial 
quantity of Peptostreptococcus sp. (MO) during 
biodegradation process (a) and (b) photograph 

of microbial cells (LM – 1300X)
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but inactive at 10 and 20oC. The optimum temperature for this 
enzyme was ascertained at 55oC. The effect of pH was studied 
in the range from 6.0 to 11.0. The pH optimum was established 
at 7.5–8.0 (Figure 3b). On the basis of its optimum pH, this pro-
tease would be grouped to the alkaline protease category.

The kinetic parameters of the protease activity were mea-
sured in the presence of a range of substrate concentrations 
from 0.2 to 4 μM. A Michaelis – Menten plot of the data indi-
cated that the Vmax is 8.624 μM tyrosine.min–1.mg–1Protein 
and Km value is 0.5 μM (Figure 4).

The effect of divalent calcium and magnesium ions on 
the protease activity was studied and the obtained results are 
shown in Table 1. Addition of calcium ions in all investi-
gated concentrations inhibited the activity, while the addition 
of magnesium ions stimulated the enzyme activity. Kim et 
al., 2002 reported that calcium ions in concentration 1mM 
stimulated protease activity from the Bacillus cereus and 

Fig. 2. Dynamics of protein concentration, specifi c rate 
of protein biodegradation (SR) and protease activity 

(PRT) during batch process

Fig. 3. Effect of temperature (a) and pH (b) on protease 
activity from Peptostreptococcus sp.

Fig. 4. Kinetic parameters for the hydrolysis of 
Na-caseinate according to Michaelis-Menten plot 

(Protease activity was measured at 55oC and pH 8.0)

Table 1
Effect of Ca2+ and Mg2+ on protease activity from Pepto-
streptococcus sp. The data for control (without modula-
tors) was 100%
Ion Concentration, mM Activity, %
No addition – 100

Ca2+

1 100
10 99
25 96
50 65
100 20

Mg2+

1 103
10 132
25 167
50 194
100 104
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are essential for enzyme stability. The divalent magnesium 
ions increased the enzyme activity with 3%, 32%, 67% and 
94% in concentration 1, 10, 25 and 50 mM, respectively in 
comparison with the control without addition of magne-
sium. However, the concentration of 100 mM magnesium 
decreased the positive effect on protease activity and it was 
similar to data, obtained for 1 mM. The obtained results 
showed that magnesium possessed a capability to protect en-
zyme against denaturation. 

Conclusion

The obtained results indicated that: i/ the optimal condi-
tions for protease activity of Peptostreptococcus sp. were at 
temperature 55oC and at pH 8.00; ii/ the divalent magnesium 
ions in concentration 1, 10, 25, 50 and 100 mM were positive 
modulator of protease activity, while divalent calcium ions 
in these concentrations were inhibitor. These results show 
that the microbial culture could be applied for the regulation 
of anaerobic thermophilic wastewater treatment processes in 
dairy industry. The further investigations will be directed to 
elucidate of information how to increase the amount and ac-
tivity of Peptostreptococcus sp. in activated sludge and bio-
fi lm in real dairy wastewater treatment technologies.

Acknowledgements
This work was supported fi nancially by the Ministry of 

Education, Youth and Science – Project DMU03-56: “In-
novative ecological approaches for dairy wastewater treat-
ment” and by the Masters Degree Program “Environmental 

Biotechnology” in Faculty of Biology at Sofi a University 
“St. Kliment Ohridski”.

References

Feist, C. F. and G. D. Hegeman, 1969. Phenol and benzoate me-
tabolism by Pseudomonas putida. Regulation of tangential 
pathways. J Bacteriol., 100: 869–877.

Kim, J. I., S. M. Lee and H. J. Jung, 2005. Characterization of 
calcium-activated bifunctional peptidase of the psychrotrophic 
Bacillus cereus. J Microbiol., 43 (3): 237–243.

Kim, Y. K., J. H. Bae, B. K. Oh, W. H. Lee and J. W. Choi, 2002. 
Enhancement of proteolytic enzyme activity excreted from Ba-
cillus stearothermophilus for a termophilic aerobic digestion 
process. Bioresource Technol., 82: 157–164.

Kochetov, G. A., 1980. Manual on Enzymology. High School, 
Moscow, 272 pp. (Ru). 

Kosseva, M. R., A. Fatmawati, M., Palatova and C. A. Kent, 
2007. Modelling thermophilic cheese whey bioremediation in a 
one-stage process. Biochem. Eng. J., 35: 281–288.

Kosseva, M. R., C. A. Kent and D. R. Lioyd, 2003. Thermophilic 
bioremediation strategies for a dairy waste. Biochem. Eng. J., 
15: 125–130.

Ladd, J. N. and J. H. A. Butler, 1972. Short-term assay of soil 
proteolytic enzyme activities using proteins and dipeptide deri-
vates as substrates. Soil Biol. Biochem., 4: 19–39. 

Nies, D. H., 1999. Microbial heavy-metal resistance. Appl. Micro-
biol. Biotechnol., 51: 730–750.

Rajeshkumar, K. and K. Jayachandran, 2004. Treatment of 
dairy wastewater using a selected bacterial isolate, Alcaligenes 
sp. MMRR7. Appl. Biochem. Biotech., 118: 65–72.

Schneider, I. and Y. Topalova, 2008. Amendment of the activity of 
microbial preparation Laktazym to protein biodegradation for 
dairy wastewater. BBEq, 22 (3): 810–816.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


