TARTALOMJEGYZEK

L. BEVEZETES .......ooooooiiiiiiiiieiniee i 3
1.1. A JAromSpOras SOMDAK .........ccviiiiiiiiiiiiiieie s 3

1.2, AMUCOTEIES FEN......ciiiiiciicic 4

1.2.1. A RNIZOPUS NEMZELSEE ...c.vverveevieirieieeiiesieesie e steeste e e e steeee e e sae e sneeneas 5

1.3. A lipdz enzimek JellemzZOi........ccccviiiiiiiiiiiiiicie e 6

1.4. A lipazok gyakorlati JEelentOSEEE .....ccovvveviiiiiiiiiiiiie e e 8

1.5. Tisztitott fonalas gomba lHPAZOK ........ccccvviiiiiiiiiiiii e 10

2. CELKITUZESEK .......oooooiiiiiiiiieiiniineseie e 12
3. ANYAGOK ES MODSZEREK ...........cooovviimiiiiiiiineiieseeisesesissesissesesesssseees 13
3.1, ALKAIMAZOE tOTZS ...eeuvieiieiiieeiee sttt 13

3.2. Taptalajok €s tApoldatok..........cccovviriiiiiiiiiiic i 13

3.3. Teny€sztési KOTUIMENYEK ........cccoviiiiiiiiiiiceee e 14

3.4. Az enzimaktivitds meghatdroZAasa .........ccceeiiieiiiiiie e 15

3.4.1. A hidrolitikus aktivitds meghatarozasa ...........ccccoevvieeniiiiiiciiseseee 15

3.4.2. A szintetikus aktivitds meghatarozasa...........cccevvveiiiiiieniieniee e 15

3.5. A lipaz enzim tisztitdsdnak folyamata...........cccooeriiiniiiiiini e 16

3.6. A lipaz biokémiai jellemzéséhez alkalmazott reakcidelegyek ...........ccccevnenee. 17

4. EREDMENYEK ES ERTEKELESUK ........cooovtvimiiiiiiiniisnissssssssnssessnens 20
4.1. Buzakorpa alapt szilard fermentacio ...........cccovvvviiiiiiiiiiiicc 20

4.1.1. A homeérseklet lipaztermelésre gyakorolt hatdsa...........cccoocvvvviriiiinennn, 21

4.1.2. Induktor olajok enzimaktivitasra gyakorolt hatdsa ............c.ccovviiiinnne 21

4.2. Buzakorpa alapu folyadék fermentacio..........cccoovvviiiiiiiiiiiiiciic 22

4.3. A Rh. stolonifer extracellularis lipaz tiSZtitasa............ccovevveieiienenicnenisenene 23

4.4. A Rh. stolonifer lipaz biokémiai jellemzEse. .........ccoovrvriririiieneie e 24

4.4.1. Homérséklet optimum €s stabilitds ..........ccocvviveiiiiiiiininiiiccce, 24

4.4.2. pH optimum €s Stabilitas ..........cccoeririiiiiiiiic e 25

4.4.3. Lehetséges gatloszerek vizsgalata...........cccoovviiiiiiiicnciicsc e 27

4.4.4. A szubsztratspecifitds vizsgalata...........cccceviiiiiiiniiiic 28

4.4.5. Alkoholok és alkanok enzimaktivitasra gyakorolt hatasa..................... 29

4.5. A Rh. stolonifer lipaz szintetikus aKtivitasa ..........ccocerererenieniienene e 31

5. OSSZEFOGLALAS .........coiiiiiiiiiiieiie et 35
TRODALOMUIEGYZEK .......ooooviviieveeieieeeseeeeeeesessss st assesnansssssssen s sen s 37
KOSZONETNYILVANITAS ..ot 44

TETELES SZERZOI HOZZAJARULAS ......cooooooeeeeeeeeeeeeeeeeeeeeeeeeeeeee e en e 45



Abada EAE (2008) Production and characterization of a mesophilic lipase isolated from
Bacillus stearothermophilus AB-1. Pak. J. Biol. Sci. 11, 1100-1106.

Abbas H, Comeau L (2003) Aroma synthesis by immobilized lipase from Mucor sp. Enzyme
Microb. Technol. 32, 589-595.

Abbas H, Hiol A, Deyris V, Comeau L (2002) Isolation and characterization of an
extracellular lipase from Mucor sp strain isolated from palm fruit. Enzyme Microb.
Technol. 31, 968-975.

Acosta A, Filice M, Fernandez-Lorente G, Palomo JM, Guisan JM (2011) Kinetically
controlled synthesis of monoglyceryl esters from chiral and prochiral acids methyl
esters catalyzed by immobilized Rhizomucor miehei lipase. Bioresour. Technol. 102,
507-512.

Alves MH, Campos-Takaki GM, Porto ALF, Milanez Al (2002) Screening of Mucor spp. for
the production of amylase, lipase, polygalacturonase and protease. Braz. J. Microbiol.
33, 325-330.

Arai T, Yusa S, Kirimura K, Usami S (1997) Cloning and sequencing of the cDNS encoding
lipase | from Trichosporon fermentans WU-C12. FEMS Microbiol. Lett. 152, 183-
188.

Aravindan R, Anbumathi P, Viruthagiri T (2006) Lipase applications in food industry. Indian
J. Biotechnol. 6, 141-158.

Balashev K, Jensen TR, Kjaer K, Bjornholm T (2001) Novel methods for studying lipids and
lipases and their mutual interaction at interfaces: Part 1. Atomic force microscopy.
Biochimie 83, 387-397.

Balcad VM, Paiva AL, Malcata FX (1996) Bioreactors with immobilized lipases: state of the
art. Enzyme Microb. Technol. 18, 392-416.

Bel Salah A, Fendri K, Gargouri Y (1994) The enzyme of Rhizopus oryzae: production,
purification and biochemical characteristics. Rev. Fr. Corps Gras 41, 133-137.
Benjamin RK (1979) Zygomycetes and their spores. In: Kendrick B (ed.) The whole fungus:
the sexual-asexual synthesis. VVol. 2. National Museums of Canada, Ottawa, Canada.

pp. 573-616.

Boland W, FroB1 C, Lorenz M (1991) Esterolytic and lipolytic enzymes in organic synthesis.
Synthesis 12, 1049-1072.

Bornscheuer UT (2000) Enzymes in lipid modification. Wiley-VCH, Weinheim, Germany.


http://www.biotechnologyforbiofuels.com/sfx_links?ui=1754-6834-7-111&bibl=B9

Brzozowski AM, Derevenda U, Derevenda ZS, Dodson G, Lawson DM, Turkenburg JP,
Bjorkling F, Huge-Jensen B, Patkar SA, Thim LA (1991) A model for interfacial
activation in lipases from the structure of a fungal lipase-inhibitor complex. Nature
351, 491-494.

Chinn RY, Diamond RD (1982) Generation of chemotactic factors by Rhizopus oryzae in the
presence and absence of serum: relationship to hyphal damage mediated by human
neutrophils and effects of hyperglycemia and ketoacidosis. Infect. Immun. 38, 1123-
1129.

Colman MH, Macrae AR (1980) UK Patent No. 1577933.

De Diego T, Lozano P, Abad MA, Steffensky K, Vaultier M, Iborra JL (2009) On the nature
of ionic liquids and their effects on lipases that catalyze ester synthesis. J Biotechnol,
140, 234-241.

Derewenda U, Brzozowsky AM, Lawson DM, Derewenda ZS (1992) Catalysis at the
interface: The anatomy of a conformational change in a triglyceride lipase.
Biochemistry 31, 1532-1541.

Dharmsthiti S, Ammaranond P (1997) Purification and characterization of lipase from a raw-
milk yeast (Trichosporon asteriods). Biotechnol. Appl. Bioc. 26, 111-116.

Dobrev G, Zhekova B, Nedelcheva P, Chochkov R, Krastanov A (2011) Characterization of
crude lipase from Rhizopus arrhizus and purification of multiplicity forms of the
enzyme. Biotechnol. Biotec. Eq. 25, 2995-2300.

Domsch KH, Gams W, Anderson TH (1995) Compendium of soil fungi. IHW-Verlag,
Alemanha, 859p.

Drauz K, Waldmann H (1995) Enzyme Catalysis in Organic Synthesis. Wiley-VCH,
Weinheim

Dutra JC, Terzi SC, Bevilaqua JV, Damaso MCT, Couri S, Langone MA, Senna LF (2008)
Lipase production in solidstate fermentation monitoring biomass growth of
Aspergillus niger using digital image processing. Appl. Biochem. Biotechnol. 147, 63-
75.

Ebrahimpour A, Rahman RN, Basri M, Salleh AB (2011) High level expression and
characterization of a novel thermostable, organic solvent tolerant, 1,3-regioselective
lipase from Geobacillus sp. strain ARM. Bioresour. Technol. 102, 6972-6981.

El-Herte RI, Baban TA, Kanj SS (2012) Mucormycosis: a review on environmental fungal
spores and seasonal variation of human disease. Adv Infect Dis 2, 76-81.

Faber K (1997) Biotransformations in Organic Chemistry, 3rd edn, Springer.



Falony VG, Armas JC, Mendoza JCD, Hernandez JLM (2006) Production of extracellular
lipase from Aspergillus niger by solid-state fermentation. Food Technol. Biotechnol.
44, 235-240.

Farrell RL, Hata K, Wall MB (1997) Solving pitch problems in pulp and paper processes by
the use of enzymes or fungi. Adv. Biochem. Eng. Biotechnol. 57, 197-212.

Ferrer M, Plon FJ, Nuero OM, Reyes F, Ballesteros A (2000) Purification and properties of a
lipase from Penicillium chrysogenum isolated from industrial wastes. J. Chem.
Technol. Biot. 75, 569-576.

Franken LPG, Marcon NS, Treichel H, Oliveira D, Freire DMG, Dariva C, Destain J, Oliveira
JV (2010) Effect of treatment with compressed propane on lipases hydrolytic activity.
Food Bioprocess Tech. 3, 511-520.

Godtfredsen SE (1990) Microbial lipases. In: Fogarty WM, Kelly CT (eds). Microbial
enzymes and biothechnology. Elsevier Appl. Sci. Publ., London, pp. 255-274.

Gomes PF, Lennartsson PR, Persson NK, Taherzadeh MJ (2014) Heavy metal biosorption by
Rhizopus sp. biomass immobilized on textiles. Water Air. Soil Pollut. 225, 1834.
Grbavcic SZ, Dimitrijevic-Brankovic Sl, Bezbradica DI, Siler-Marinkovic SS, Knezevic ZD
(2007) Effect of fermentation conditions on lipase production by Candida utilis. J.

Serb. Chem. Soc. 72, 757-765.

Griebeler N, Polloni AE, Remonatto D, Arbter F, Vardanega R, Cechet JL, Di Luccio M, de
Oliveira D, Treichel H, Cansian RL, Rigo E, Ninov JL (2011) Isolation and screening
of lipase producing fungi with hydrolytic activity. Food Bioprocess Tech. 4, 578-586.

Gupta N, Shai V, Gupta R (2007) Alkaline lipase from a novel strain Burkholderia
multivorans: Statistical medium optimization and production in a bioreactor. Process
Biochem. 42, 518-526.

Haas MJ, Cichowicz DJ, Bailey DG (1992) Purification and characterization of an
extracellular lipase from the fungus Rhizopus delemar. Lipids 27, 571-576.

Hasan F, Shah AA, Hameed A (2006) Industrial applications of microbial lipases. Enzyme
Microb. Technol. 39, 235-251.

Hesseltine CW (1983) Microbiology of oriental fermented foods. Annu. Rev. Microbiol. 37,
575-601.

Hibbett DS, Binder M, Bischoff JF, Blackwell M, Cannon PF (2007) A higher-level
phylogenetic classification of the Fungi. Mycol. Res. 111, 509-547.



Hiol A, Jonzo MD, Rugani N, Druet D, Sarda L, Comeau LC (2000) Purification and
characterization of an extracellular lipase from a thermophilic Rhizopus oryzae strain
isolated from palm fruit. Enzyme Microb. Technol. 26, 421-430.

Ingold CT, Zoberi MH (1964) The asexual apparatus of Mucorales in relation to spore
liberation. T. Brti. Mycol. Soc. 46, 115-134.

Jaeger KE, Eggert T (2002) Lipases for biotechnology. Curr. Opin. Biotechnol. 13, 390-397.

Jaeger KE, Reetz MT (1998) Microbial lipases form versatile tools for biotechnology. Trends.
Biotechnol. 16, 396-403.

Kakugawa K, Shobayashi M, Suzuki O, Miyakawa T (2002) Purification and characterization
of a lipase from the glycolipid-producing yeast Kurtzmanomyces sp. I-11. Biosci.
Biotechnol. Biochem. 66, 978-985.

Kaminishi Y, Tanie H, Kunimoto M (1999) Purification and characterization of lipases from
Aspergillus repens and Eurotium herbariorum NU-2 used in "Katsuobushi™ molding.
Fisheries Sci. 65, 274-278.

Kazlauskas RJ, Bornscheuer UT (1998) Biotransformations with lipases. In: Rehm HJ, Pihler
G, Stadler A, Kelly PJW, eds. Biotechnology. vol. 8. New York: VCH, pp. 37-192.

Kirk PM, Cannon PF, Minter DW, Stalpers JA (2008). Dictionary of the Fungi (10th ed.).
Wallingford, UK: CABI. p. 599.

Koblitz MGB, Pastore GM (2006) Purification and biochemical characterization of an
extracellular lipase produced by a new strain of Rhizopus sp. Cienc. Agrotec. 30, 494-
502.

Kohno M, Kugimiya W, Hashimoto Y, Morita Y (1994) Purification, characterization and
crystallization of two types of lipases from Rhizpous niveus. Biosci. Biotech. Bioch.
58, 1007-1012.

Kotogan A, Németh B, Vagvolgyi Cs, Papp T, Takd6 M (2014) Screening for extracellular
lipase enzymes with transesterification capacity in Mucoromycotina strains. Food
Technol. Biotechnol. 52, 73-82.

Li Z, Li X, Wang Y, Wang Y, Wang F, Jiang J (2011) Expression and characterization of
recombinant Rhizopus oryzae lipase for enzymatic biodiesel production. Bioresour.
Technol. 102, 9810-9813.

Li S, Yang X, Yang S, Zhu M, Wang X (2012) Technology prospecting on enzymes:
Application, marketing and engineering. Comput. Struct. Biotechnol. J. 2, 1-11.



Lotti M, Alberghina L (2007) Lipases: Molecular structure and function. In: Polaina J,
Maccabe AP (eds.) Industrial enzymes: structure, function and applications. Springer,
pp. 263-281.

Malcata FX (1996) Engineering of/with lipases. Nato ASI Ser, Ser. E: Appl. Sci. Vol. 317.

Masse L, Kennedy KJ, Chou SP (2001) The effect of an enzymatic pretreatment on the
hydrolysis and size reduction of fat particles in slaughterhouse wastewater. J. Chem.
Technol. Biotechnol. 76, 629-635.

Mateos Diaz JC, Rodriguez JA, Roussos S, Cordova J, Abousalham A, Carriere F, Baratti J
(2006) Lipase from the thermotolerant fungus Rhizopus homothallicus is more
thermostable when produced using solid state fermentation than liquid fermentation
procedures. Enzyme Microb. Technol. 39, 1042-1050.

Michailides TJ, Spotts RA (1990) Transmission of Mucor piriformis to fruit of Prunus
persica by Carpophilus spp. and Drosophila melanogaster. Plant Dis. 74, 287-291.

Misra JK, Tewari JP, Deshmukh SK (2012) Systematics and evolution of fungi. Science
Publishers.

Mohamed SA, Abdel-Mageed HM, Tayel SA, El-Nabrawi MA, Fahmy AS (2011)
Characterization of Mucor racemosus lipase with potential application for the
treatment of cellulite. Process Biochem. 46, 642-648.

Nahas E, De Assis LC (1988) Characterization of lipase secreted by Rhizopus oligosporus.
Rev. Microbiol. 19, 321-326.

Namboodiri VM, Chattopadhyaya R (2000) Purification and biochemical characterization of a
novel thermostable lipase from Aspergillus niger. Lipids 35, 495-502.

Omar IC, Hayashi M, Nagai S (1987) Purification and some properties of a thermostable
lipase from Humicola lanuginosa No. 3. Agric. Biol. Chem. 51, 37-45.

Ota Y, Gomi K, Kato S, Sugiura T, Minoda Y (1982) Purification and some properties of cell
bound lipase from Saccharomycopsis lipolytica. Agric. Biol. Chem. 46, 2885-2893.

Outtrup H, Boyce COL (1990) Microbial proteinases and biotechnology. In: Fogarty WM,
Kelly CT (eds.). Microbial enzymes and biotechnology. Elsevier Applied Sci. Publ,
London, pp. 227-254.

Pabai F, Kermasha S, Morin A (1995a) Interesterification of butter fat by partially purified
extracellular lipases from Pseudomonas putida, Aspergillus niger and Rhizopus
oryzae. World J. Microbiol. Biotechnol. 11, 669-677.



Pabai F, Kermasha S, Morin A (1995b) Lipase from Pseudomonas fragi CRDA 323: partial
purification, characterization and interesterification of butter fat. Appl. Microbiol.
Biotechnol. 43, 42-51.

Palla CA, Pacheco C, Carrin ME (2012) Production of structured lipids by acidolysis with
immobilized Rhizomucor miehei lipases: selection of suitable reaction conditions. J.
Mol. Catal. B: Enzym. 76, 106-115.

Pandey A, Sailas B, Soccol CR, Nigam P, Krieger N, Soccol VT (1999) The realm of
microbial lipases in biotechnology. Biotechnol. Appl. Bioc. 29, 119-131.

Park H, Lee K, Chi Y, Jeong S (2005) Effects of methanol on the catalytic properties of
porcine pancreatic lipase. J. Microbiol. Biotechnol. 15, 296-301.

Rubin B, Dennis EA (1997a) Lipases: Part A. Biotechnology. Methods in enzymology. vol.
284. New York: Academic Press

Rubin B, Dennis EA (1997b) Lipases: Part B. Enzyme characterization and utilization.
Methods in enzymology. vol. 286. New York: Academic Press

Salihu A, Alam Z, Abdulkarim MI, Salleh HM (2012) Lipase production: an insight in the
utilization of renewable agricultural residues. Resour. Conserv. Recy. 58, 36-44.

Saxena RK, Sheoran A, Giri B, Davidson WS (2003) Purification strategies for microbial
lipases. J. Microbiol. Meth. 52, 1-18.

Sayari A, Frikha F, Miled N, Mtibaa H, Ben Ali Y, Verger R, Gargouri Y (2005) N-terminal
peptide of Rhizopus oryzae lipase is important for its catalytic properties. FEBS Lett.
579, 976-982.

Schipper MAA (1984) A revision of the genus Rhizopus. I. The Rh. stolonifer-group and Rh.
oryzae. Stud. Mycol. 25, 1-19.

Sharma D, Sharma B, Shukla AK (2011) Biotechnological approach of microbial lipase: a
review. Biotechnology 10 (1): 23-40.

Sharma R, Chisti Y, Banerjee UC (2001) Production, purification, characterization and
applications of lipases. Biotechnol. Adv. 19, 627-662.

Singh KA, Mukhopadhyay M (2012) Overview of fungal lipase: A Review. Appl. Biochem.
Biotechnol. 166, 486-520.

Stobiecka A (2005) Acrylamide-quenching of Rhizomucor miehei lipase. J. Photochem.
Photobiol. B, 80, 9-18.

Suzuki IW, Takahiro J (1988) High concentration of production of lipase of P. fluorescens.
Appl. Microbiol. Biotechnol. 27, 417-422.


http://www.biotechnologyforbiofuels.com/sfx_links?ui=1754-6834-7-111&bibl=B2

Suzuki M, Yamamoto H, Mizugaki M (1986) Purification and general properties of a metal-
insensitive lipase from Rhizopus japonicus NR 400. J. Biochem. 100, 1207-1213.

Svendsen A (1994) Sequence comparisons within the lipase family. In: Woolley PY, Petersen
SB (eds.) Lipases: their structure, biochemistry and applications. Cambridge
University Press, Cambridge, pp. 1-21.

Sztajer H, Lunsdorf H, Erdman H, Menge U, Schmid R (1992) Purification and properties of
lipase from Penicillium simplicissimum. Biochim. Biophys. Acta 1124, 253-261.
Takamoto T, Shirasaka H, Uyama H, Kobayashi S (2001) Lipase-catalyzed hydrolytic

degradation of polyurethane in organic solvent. Chem. Lett. 6, 492-493.

Treichel H, de Oliveira D, Mazutti MA, Di Luccio M, Oliveira JV (2010) A review on
microbial lipases production. Food Bioprocess Technol. 3, 182-196.

Undurraga D, Markovits A, Erazo S (2001) Cocoa butter equivalent through enzymic
interesterification of palm oil midfraction. Process Biochem. 36, 933-939.

Ulker S, Karaoglu SA (2012) Purification and characterization of an extracellular lipase from
Mucor hiemalis f. corticola isolated from soil. J. Biosci. Bioeng. 114, 385-390.

Vakhlu A, Kour A (2006) Yeast lipases: enzyme purification, biochemical properties and
gene. Electron. J. Biotechn. 9, 69-85.

Villeneuve P, Muderhwa JM, Graille J, Haas MJ (2000) Customizing lipases for biocatalysis:
a survey of chemical, physical and molecular biological approaches. J. Mol. Catal. B-
Enzym. 9, 113-148.

Voigt K, Vaas L, Stielow B, De Hoog GS (2013) The zygomycetes in a phylogenetic
perspective. Persoonia 30, i—iv.

Teng Y, Xu Y (2007) A modified para-nitrophenyl palmitate assay for lipase synthetic
activity determination in organic solvent. Anal. Biochem. 363, 297-299.

Yadav RP, Saxena RK, Gupta R, Davidson S (1998) Purification and characterization of a
regiospecific lipase from Aspergillus terreus. Biotechnol. Appl. Bioc. 28, 243-249.

Yasuda M, Kiguchi T, Kasahara H, Ogino H, Ishikawa H (2000) Effect of additives on

transesterification activity of Rhizopus chinensis lipase. J. Biosci. Bioeng. 90, 681-683.



KOSZONETNYILVANITAS

A dolgozatban ismertetett kisérleti munka az SZTE Mikrobiologiai Tanszéken késziilt.

Ko6szonom Prof. Dr. Vagvolgyi Csaba tanszékvezetonek, hogy a tanszéken munkamat
lehetdvé tette és tamogatta.

Koszonettel tartozom témavezetdimnek Dr. Takdé Miklosnak ¢és Kotogan
Alexandranak a hasznos elméleti és gyakorlati tanacsokért, segitOkészségiikeért, tiirelmiikért és
a munkam alatt nytjtott sokrétli, onzetlen timogatasukért.

Koszonettel tartozom tovabba a SZTE Mikrobiologiai Tanszék valamennyi

dolgozojanak, akik készséggel segitették munkamat a tanszéken.



