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Genetika je bioloska znanost koja istrazuje nasljedivanje i raznolikost geneticke informacije.
Istrazuje kako se prenose svojstva roditelja na potomstvo, zbog ¢ega nasljedna svojstva kod jedinki istih roditelja variraju, koji faktori
odreduju ta svojstva, na koji se nacin svojstva mijenjaju i stjeCu nova te kako se rezultati tih istrazivanja mogu iskoristiti u medicini,

stoCarstvu, poljoprivredi, farmaceutskoj industriji.

Molekularna genetika je podrucje genetike koje istrazuje nasljedni materijal i nasljedne procese na razini molekule, ponajprije gena,

odnosno molekule deoksiribonukleinske kiseline (DNA).

Hrvatska enciklopedija, mrezno izdanje. Leksikografski zavod Miroslav Krleza, 2021. Pristupljeno 08.11.2022. <http://www.enciklopedija.hr/Natuknica.aspx?ID=41591>
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glavna okosnica molekularne genetike

M. Wilkins i R. Franklin (1949.) naCinili kristalografijsku analizu DNA

J. Watson i F. Crick (1953.) predlozZili trodiomenzionalnu strukturu dvostruke uzvojnice DNA i mehanizam njezina udovostruCavanja
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tijek genetiCke informacije - centralna dogma
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Geneticko inzenjerstvo je svaka promjena u genetickoj konstituciji Zivog organizma, koja se uobicajeno ne bi pojavila u prirodi,

dobivena umjetnim pokusnim metodama; unoSenje gena iz drugog organizma.

Hrvatska enciklopedija, mrezno izdanje. Leksikografski zavod Miroslav Krleza, 2021. Pristuplieno 08.11.2022. http://www.enciklopedija.hr/Natuknica.aspx?ID=41591

Geneticko inzenjerstvo je niz laboratorijskih postupaka i tehnika, koje omogucavaju izdvajanje ili sintezu to¢no odredenoga gena ili
odsjecka gena, njegovu analizu i preinaCivanje (modifikaciju) te ponovno uvodenje i ekspresiju gena u istom ili nekom drugom

organizmu ili stanici.
Autor: V. Deli¢, V. Godini¢ Mikulci¢, S. Jelaska, D. Leljak Levani¢; Objavljeno: 17. svibnja 2021.; Azurirano: 31. svibnja 2022. Hrvatska tehni¢ka enciklopedija. Pristuplieno 08.11.2022. https://tehnika.lzmk.hr/geneticko-inzenjerstvo/
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Sekvenciranje DNA je jedna od metoda genetiCkog inZenjerstva kojom se pronalazi toan redisljed nukleotida u DNA.

Tehnologija rekombinantne DNA (rDNA) je sinonim za genetiCko inzenjerstvo.
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Restrikcijske endonukleaze - enzimi za izdvajanje gena (

DNA-ligaze - enzimi za spajanje krajeva DNA (

Spajanjem DNA fragmenata razliCitog porijekla (npr. iz bakterije i kvasca) dobije se hibridna (kimerna) DNA

wizeer gnrm
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Hibridna (kimerna) DNA se pomocu tzv. vektora (plazmida ili virusa) kao prenositelja odsjecka DNA od interesa moze ugraditi u

genom stanice domacina.

Genom je sveukupna deoksiribonukleinska kiselina (DNA) nekog organizma. Pod strukturom genoma podrazumijeva se toCan

redosljed nukleotida u nekom genomu. (Ljudski genom se sastoji od oko 3 - 10° pb u svakome setu kromosoma.)
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Restrikcijske endonukleaze - enzimi za izdvajanje gena ( — s

Hpal (Hemophylus parainfluenzae)
EcoRI (Escherichia coli)

Hindlll (Hemophylus influenzae)
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. medicinska biotehnologija

. biotehnoloSka primjena ekstremofilnih biokatalizatora, protozoa, cijanobakterija i (mikro)algi

. ,anorganska” biotehnologija

. biotehnoloska proizvodnja vitamina, zasebnih skupina aromatskih spojeva i biorazgradljivih polimera

. biotehnologija mora, bioraznolikost, nanotehnologija, biotehnoloSka analitika, novi biotehnoloski proizvodi i usluge

. biotehnologija svemira
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells) — od 1960-tih,

NASA (National Aeronautics and Space Adminstration, USA), zatvoreni sustavi, kako proizvesti elektriCnu energiju iz ,otpadnog materijala™?
(zaSto biotehnolozi trebaju znati kemiju i fiziku i ...)

. neregenerirajuci izvori energije: ugljen, nafta i prirodni plin (energetski izvori formirani metabolizmom stanica; Osteroth 1989)

. kako koristiti redukcijsko-oksidacijske reakcije / nizove reakcija, koje kataliziraju cjelovite stanice (mikro)organizama ili enzimi?

. reducirani spoj (izvor elektrona, e) / anoda » O, (oksidirani spoj, akceptor elektrona) / katoda

stryjni krug

anoda r 1 katoda

. konverzija kemijske energije u elektriCnu energiju - primijenjena elektrokemija (biosenzori, bioelektrokemijska sinteza, bioelektronika)




faculty of
faad technology
and biotechnalagy

moderna biotehnologija (15) éhg}a Sveuilite u Zagreby
L5

5 University of Zagreb

rehrambenao
Elutehnl;ﬂaﬂi
o fakulet

. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

(zaSto biotehnolozi trebaju znati kemiju i fiziku i ...)

. reducirani spoj (izvor elektrona, e) / anoda
. Siroki raspon (an)organskih supstrata (S)
. stanice posjeduju set visoko specificnih enzima za visokoucinkovitu kontroliranu oksidaciju supstrata (S) i prijenos elektrona do

krajnjeg akceptora elektrona (O, u aerobnim uvjetima)
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

(zaSto biotehnolozi trebaju znati kemiju i fiziku i ...)

—
) sterilna hranjiva podloga

bakterijska suspenzija
u hranjivoj podlozi

. Potter, 1911 — ,mikrobiolo$ka baterija” (0,5 -1V, 10°-10 A)
. Cohen, 1931
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

(zaSto biotehnolozi trebaju znati kemiju i fiziku i ...)

. postojanje cijele Zemljine biosfere ovisi 0 izvanzemaljskom izvoru energije - radijacije Sunca
. ipak, svi oblici zivota ne mogu koristiti sunCevu energiju

. konverzija elektromagnetske radijacije Sunca u elektrokemijsku tj. kemijsku energiju u Zivim (mikro)organizmima (Renger, 1983)

. FOTOSINTEZA (foto + sinteza) je proces stvaranja organskih tvari iz ugliikova dioksida (CO,) i vode (H,0) s pomocu svjetlosne energije

i klorofila uz istodobno izluCivanije kisika (O,)

Fotosinteza. Hrvatska enciklopedija, mrezno izdanje. Leksikografski zavod Miroslav Krleza, 2021. Pristuplieno 24. 11. 2022. <http://www.enciklopedija.hr/Natuknica.aspx?ID=20282>
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

(zaSto biotehnolozi trebaju znati kemiju i fiziku i ...)

.FOTOSINTEZA

. kvalitativno najvazniji biokemijski proces na Zemlji

. fotosintezom se apsorbirana Sunceva energija i ugraduje u energijom bogate kemijske veze organskih spojeva, stvara se kisik* i susptrati* /
hrana za sve heterotrofne organizme (zivotinje, biljke bez klorofila, bakterije i gljive)

. fotosinteza je i u kvantitativnome smislu presudan proces - svake godine viSe od 200 mird. t ugljika konvertira u 500 mird. t organskih
spojeva pri Cemu se oslobada kisika potrebnog za disanje

. svako zagadivanje atmosfere ugrozava fotosintetske organizme, a time i zivot na Zemlji.

Fotosinteza. Hrvatska enciklopedija, mrezno izdanje. Leksikografski zavod Miroslav Krleza, 2021. Pristuplieno 24. 11. 2022. <http://www.enciklopedija.hr/Natuknica.aspx?ID=20282>
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

(zaSto biotehnolozi trebaju znati kemiju i fiziku i ...)

.FOTOSINTEZA - FOTOAUTOTROFNI (MIKRO)ORGANIZMI
. koriste svjetlost valne duljine (1) 400-800 nm (Ziegler, 1983)

. fotoautotrofi - cijanobakterije - proizvodnja kisika iz vode (fotoliza H,0) i prijelaz Zemljine biosfere iz anaerobne u aerobnu
. KEMOORGANOTROFI - ne mogu koristiti elektromagnetsku radijaciju Sunca direktno kao energiju, koriste tzv. egzogene supstrate®, iz
kojih pridobivaju energiju (prijenos elektrona), i kisik*, s pomocu kojeg se supstrati* oksidiraju (nacine reaktivnijim) i ,uzimaju” im se elektroni

(supstrati se oksidiraju)

. HETEROTROFI (hetero- + -trofi) - koriste gotove organske tvari kao susptrate
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

(zaSto biotehnolozi trebaju znati kemiju i fiziku i ...)

. KEMOORGANOTROFI - usporedba anaerobnih / mikroaerofilnih i aerobnih bioprocesa

stanice kvasca, anaerobni / mikroaerofilni uvjeti bioprocesa

glukoza > etanol + CO, + energija (197 kJ moL-")

stanice kvasca, aerobni uvjeti bioprocesa (02)

glukoza > CO, +H,0 + energija (2874 kJ moL™")

. Lehninger, 1977
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. FOTOTROFI i KEMOORGANOTROFI

fotosinteza respiracija (disanje)
biomasa
(lipidi,
proteini,
ugljikohidrati)
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. FOTOTROFI I

fotosinteza I respiracija (disanje)
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. FOTOTROFI
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. FOTOTROFI i KEMOORGANOTROFI

. Calvinov ciklus je ciklus enzimskih reakcija potrebnih da se Sest molekula atmosferskog ugljiénog dioksida (CO,) prevede u molekulu
glukoze (CgH,,04) tijekom fotosinteze uz pomoc energije apsorbirane svjetlosti.

. Anabolizam ili biosinteza je proces kojim u zivom organizmu slozene bioloske molekule nastaju iz jednostavnijih prete¢a (prekursora) uz
utroSak energije.

. Katabolizam (lat. catabolismus: razlaganje, prema gr¢. »ataBarAeiv: odbacivati) (disimilacija), skup procesa razgradnje tvari u okviru

mijene tvari (metabolizma). Katabolit, supstancija koja je produkt katabolizma. Suprotno: anabolizam.

Hrvatska enciklopedija, mrezno izdanje. Leksikografski zavod Miroslav Krleza, 2021. Pristuplieno 24. 11. 2022. <http://www.enciklopedija.hr/Natuknica.aspx?ID=10560>.
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. mogu biti FOTOTROFI i HETEROTROFI

. (procjena) 200-300 Gt (10° t) ugljika se godi$nje foto/heterotrofno konvertira, kvantitativno najizdasniji bioproces na Zemljinoj povrsini
(Krieb, 1981)

. samo se oko 0.12% energije Sunca iskoristi i akumulira 170 Gt biomase, koja je formirana fotosintezom

. energetska vrijednost ove biomase (170 Gt) iznosi 3000 Exa J (3 - 102" J) ili 10 puta viSe energije nego ¢ovjek potrosi tijekom jedne
godine (Grathwohl, 1983)
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. fuel cell - sustav / uredaj za konverziju kemijske energije u elektricnu energiju

. sastoji se od anode, katode, elektrolita (koji spaja dvije elektrode) i (vanjskog) strujnog kruga (kako bi se elektriCna energija mogla koristiti)

strujni krug

anoda r 1 katoda
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. vodik-kisik fuel cell - najiednostavnija fuel cell s vodikom kao najreaktivnijim gorivom u uporabi

potrodaé

strujni krug

2H, —> 4 H* +4e- O, +4H" +4e- —> 2H,0

ukupno 2 H, + 0, — 2H,0

anoda katoda > elektrolit A E?=1.23 V (standardni potencijal)

membrana
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

fotosinteza respiracija (disanje)

e NADH + H* potrodag

strujni krug

Co,

ukupno 2 H, + 0, — 2H,0

anoda katoda A elektrolit A EO =114V

membrana
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

fotosinteza respiracija (disanje)

wa.  NADH + H* potrodaé

proteini,
ugljikohidrati)

mitohondriji odraslog ¢ovjeka u mirovanju
strujni krug 1=80-100 A
N =100 W

Co,

ukupno 2 H, + 0, — 2H,0

anoda katoda A elektrolit A EO =114V

membrana
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. indirektne bioelectrochemical fuel cells

oksidirati na elektrodi (kao npr. H,)

. ali, ovi se visokoenergetski spojevi mogu biotehnoloSkim procesima razgraditi i tako se mogu proizvesti meduspojevi ifili

drugi (reducirani) spojevi (npr. NADH + H*), koji se mogu oksidirati na elektrodi tj. koji su elektro-aktivni

. JoS: neki proizvodi biotehnoloskih procesa, npr. C,HsOH, NH,*, H,S, H, i sl., su elektro-aktivni i mogu se oksidirati na elektrodi

. pri tome biotehnolosSki procesi, kao izvori visokoenergetskih spojeva - donora elektrona, ne moraju fizicki biti u kontaktu (bioreaktor) s
elektrodom tj. fuel cell

. vazno: mikroorganizmi mogu konvertirati visokoenergetske spojeve u elektro-aktivne spojeve pri vrlo blagim uvjetima, mnogo blazim nego

je to slu€aj u tehnickim fuel cells
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)
. indirektne bioelectrochemical fuel cells
. primjeri

konverzija uree u NH,* s pomocu ureaze i oksidacija NH,* (all in fuel cell; Brake i sur., 1963)

proizvodnja H, pomocu fotosintetskih bakterija i algi i oksidacija H, (bioreaktor + fuel cell; Berk i Canfield, 1964)
razgradnja ,otpadne” vode iz proizvodnje etanola bakterijom Clostridium butyricum i proizvodnja H, u prokapnom bioreaktoru s

¢vrstim slojem, proizvodnja elektriCne energije jakosti 13-15 mA kroz 20 dana u vodik-kisik fuel cell (Suzuki i Karube, 1983)
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. direktne bioelectrochemical fuel cells

. redukcijsko-oksidacijske reakcije, koje kataliziraju stanice mikroorganizama ili specificni enzimi, odvijaju se u blizini anode

. oksidacija glukoze do glukonolaktona pomocu glukoza oksidaze i direktan prijenos elektrona na anodu (Rohrback i sur., 1962)
. oksidacija supstrata s pomocu razliCitih mikroorganizama - manja ucinkovitost (Wingard i sur., 1982)

. primjena medijatora - respiratorni lanac
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. primjena bioelectrochemical fuel cells u biosenzorima i bioelektronici

. biosenzor je uredaj za preuzimanje i mjerenje biosignala, uzrokovanih zivotnim procesima u Zivim bi¢ima, pretvorbom neelektricnih
bioloskih veli€ina u elektriCne signale.
Biosenzor u uzem smislu mjerni je uredaj za selektivnu bioanalizu na temelju fizikalno-kemijskih promjena nastalih specificnim biokemijskim

reakcijama.

. bioelektronika je znanstvena disciplina koja se bavi prijenosom elektrona u Zivim sustavima / organizmima.
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. primjena bioelectrochemical fuel cells u biosenzorima i bioelektronici

Substrate

Biocatalyst

Organic waste
Humus, sugar waste, wastewater
Urea
Complex organic medium
Glucose
Glucose
Dextrose
Sucrose
Lactate
Maltose, glucose, succinate
Lactose wastes
Hydrogen

(from fermentation processes)
Hydrogen

(from fermentation processes)
Cellulosic wastes
C,-Compounds

Amino acids, ethanol

Ethanol
Various

Light
Light

Light
Light

algae, fecal bacteria
microbial consortia
Bacillus pasteurii

various bacteria
Saccharomyces cerevisiae
Saccharomyces cerevisiae
yeast

Proteus vulgaris
Shewanella putrifaciens
various bacteria
Escherichia coli
Clostridium butyricum

Enterobacter aerogenes

Bacillus sp.

methanol- and formate-
dehydrogenase

amino acid oxidase,

- alcohol dehydrogenase

alcohol dehydrogenase

NAD(P)*-dependent
dehydrogenases

marine algae and
Rhodospirillum rubrum

Anabaena variabilis

Synechococcus sp.

Anabaena variabilis

Biocatalyst

Measurement Parameter

Clostridium butyricum
Pseudomonas ovalis
Clostridium butyricum
Methanol dehydrogenase
Escherichia coli
Escherichia coli

Alcohol dehydrogenase
Anabaena variabilis
Lactobacillus fermenti
Proteus vulgaris
Hansenula anomala
Methylomonas methylovora
Saccharomyces cerevisiae
Pseudomonas sp.

Various

Synechococcus sp.
Escherichia coli

Sewage sludge

biological oxygen demand

glucose

formic acid

methanol

glucose

lactose

primary alcohols

CO,

vitamin B,

glucose

lactate

ethanol, methanol

cell number

methanol, ethanol

cell number

herbicides

toxicity testing

metabolic activity during
wastewater treatment
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. stanice (mikro)organizama - proizvodaci energije (eng. bioelectrochemical fuel cells)

. Chen et al., Nature Materials, 2022 (za one koji zele viSe nauciti, znati, istrazivati, ...)
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Fig. 1| Next-generation electrodes for biophotoelectrochemistry. a, Schematic of a biophotoelectrochemical cell performing biological solar electricity

generation using photosynthetic biofilms as photocatalysts. Electron flux originating from phot

transferred to a cathode, which reduces oxygen back to H,0.

ynthetic water oxidation is collected at the anode and
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. medicinska biotehnologija - primjena kultura biljnih i Zivotinjskih stanica, tkiva, organoida, ...
. staniéna kultura (kultura stanica), uzgoj zivih stanica izvan organizma, u odgovarajucoj hranjivoj podlozi radi istraZivanja i

dobivanja biotehnoloskih proizvoda.

. kultura zivotinjskih stanica podrazumijeva uzgoj stanica izoliranih iz razliCitih tkiva zivotinja i ljudi. StaniCne kulture
pripravljene iz tkiva ili organa uzetih neposredno iz organizma nazivaju se primarnim kulturama, koje se supkultiviranjem i
postupcima imortalizacije mogu prevesti u staniénu liniju, u kojoj se stanice pri odgovaraju¢im uvjetima mogu beskonacno
umnozavati.

. proizvodi: glikozilirani proteini (monoklonska protutijela, hormoni, imunomodulatori, krvni proteini, faktori rasta), virusna
cjepiva, te stanice kao proizvodi koji se dalje primjenjuju za biomedicinska istrazivanja, dijagnosticke, preparativne i

terapijske svrhe (genska terapija, regenerativna medicina - tkivno inzenjerstvo).
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. medicinska biotehnologija - primjena kultura biljnih i Zivotinjskih stanica, tkiva, organoida, ...

. kultura biljnih stanica i tkiva je aseptiCan in vitro uzgoj svih dijelova biljke, bilo da je rije€ o protoplastu, jednoj stanici,
tkivu, organu ili cijeloj biljci.

. uzgoj biljne kulture pod odredenim uvjetima moze rezultirati umnazanjem stanica, regeneracijom pojedinih organa ili cijele
biljke. Razvoj kulture biljnih stanica temelji se na totipotentnosti diferenciranih stanica, tj. sposobnosti da se specijalizirane

biljne stanice, bez obzira na svoju zrelost, mogu razviti u cijelu biljku.

. proizvodi: berberin, paklitaksel, ginseng, biljni polisaharidi te rekombinantni proteini.

Hrvatska tehnicka enciklopedija, Autor: V. Gaurina Srcek, |. Radojci¢ Redovnikovi¢, K. RadoSevic, I. Slivac
Objavljeno: 24. prosinca 2020.
AZurirano: 1. srpnja 2022.
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. medicinska biotehnologija - primjena kultura biljnih i Zivotinjskih stanica, tkiva, organoida, ...
. odrzavanije stanicnih linija i formiranje banke
. oCuvanje stanicnih linija
. kontrola kvalitete

. sigurnost i regulatorne odrednice
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. medicinska biotehnologija - primjena kultura biljnih i Zivotinjskih stanica, tkiva, organoida, ...

. culture collections

Country Acronym Animal  Plant Internet Site
Cells Cells
Bulgaria NBIMCC + -
France CNCM + -
Germany DSMZ + - http:/fwww.dsmz.de
Italy ICLC + - http:/iwww.biotech.ist.unige.
it/interlab/icle/
Japan Riken + + http:/irtcso.riken.go.jp
Gene
Bank
Russia RCCC + +
Turkey HUKUK + - r http:/fwww.ahis gov.tr
United Kingdom ECACC - - http://www.camr.org.uk
fecacc.htm
United Statesof ATCC + - http://www.atce.org

America
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. ekstremofilni biokatalizatori
. iz razliCitih stanista s tzv. (nama) ekstremnim uvjetima mogu se izolirati mikroorganizmi (biokatalizatori) s izuzetno
vrijednom primjenom u biotehnoloSkoj proizvodnii

. stanista s temperaturom ledista vode (psihrofili i psihrotolerantni: bakterije, kvasci, jednostaniCne alge, fungi)

Lediste je temperatura pri kojoj neka tvar prelazi iz tekucega u €vrsto agregatno stanje. Ovisi o tlaku, ali se u tablicama za pojedine tvari obi¢no navode vrijednosti ledista kod normalnoga

tlaka (101 325 Pa). Pod vecim tlakom lediste se snizava, a pod manjim povisuje.

. stanista: mora Arktika i Antarktika, morske dubine, glecCeri, planinska podrucja, tlo
. primjena cjelovitih stanica ili njihovih dijelova (membrane, polisaharidi, enzimi,...)
. enzimi koji imaju optimalnu aktivnost pri ovim temperaturama, npr. alkohol dehidrogenaza, citrat sintaza,

neke proteaze, trioza fosfat izomeraze,...brzo gube aktivnost primjenom povisene temperature kroz vrlo kratko vrijeme
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. ekstremofilni biokatalizatori
. iz razliCitih stanista s tzv. (nama) ekstremnim uvjetima mogu se izolirati mikroorganizmi (biokatalizatori) s izuzetno
vrijednom primjenom u biotehnoloSkoj proizvodnii

. stanista s temperaturom vrelista vode [(hiper)termofili: prokarioti i eukarioti]

Vreliste je temperatura na kojoj istodobno u cijelom volumenu tvar prelazi iz teku¢ega u plinovito agregatno stanje, j. najviSa temperatura na koju se pri odredenom tlaku moze zagrijati

tekucina. S povecanjem tlaka vreliSte se povecava, a sa smanjenjem smanjuje; obi¢no se navodi vrijednost pri normiranom atmosferskom tlaku (101 325 Pa).

. stanista: vulkani, geotermalni izvori, mora i tlo
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. ekstremofilni biokatalizatori
. iz razliCitih stanista s tzv. (nama) ekstremnim uvjetima mogu se izolirati mikroorganizmi (biokatalizatori) s izuzetno
vrijednom primjenom u biotehnoloSkoj proizvodnii
. stanista s niskim/visokim pH vrijednostima (acidofili / alkalofili)
. stanista: jezera, mora, tlo

. detergenti
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. ekstremofilni biokatalizatori
. iz razliCitih stanista s tzv. (nama) ekstremnim uvjetima mogu se izolirati mikroorganizmi (biokatalizatori) s izuzetno
vrijednom primjenom u biotehnoloSkoj proizvodnii
. halofilni mikroorganizmi
. koncentracija NaCl > 0,6 mol L! (~ 2 mol L")

. stanista: slana jezera, morai tlo



faculty of
faad technology
and biotechnalagy

moderna biotehnologija (43) éhg}a Sveueilite u Zagrebu
L5

rehrambenao
Elutehnl;ﬂaﬂi
o fakulet

5 University of Zagreb

. ekstremofilni biokatalizatori
. iz razliCitih stanista s tzv. (nama) ekstremnim uvjetima mogu se izolirati mikroorganizmi (biokatalizatori) s izuzetno
vrijednom primjenom u biotehnoloSkoj proizvodnii

. kako ih izolirati?

. kako ih uzgojiti?

. kako ih primijeniti u biotehnoloskoj proizvodnji?

. primjenjeni ekstremofilni biokatalizatori: termostabilne amilaze i glukoamilaze (razgradnja Skroba i Skrobnih sirovina)
termostabilne a-glukozidaze
termostabilne pululanaze
celulaze, ksilanaze, enzimi za ragradnju hitina, proteaze

enzimi koji iskazuju aktivnost prema DNA (PCR, sekvenciranje, ...)
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. cijanobakterije i (mikro)alge
. alge su izuzetno velika i heterogena grupa (mikro)organizama, koji se razlikuju po morfologiji, fiziologiji i stanistu, a provode
fotosintezu
. makroalge (deseci metara duljine) i mikroalge (um)
. mikroalge - fotosintetske prokariotske cijanobakterije
. crvene, plave, zelene - cijanobakterije, smede
. stanista: priobalna i morska podrucja
. visok Yys i Pr(Richmond, 1986)

. hrana: mikroalga Spirulina (Arhrospira) i makroalga Porphyra (Nori)
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. cijanobakterije i (mikro)alge
. mikroalge pripadaju medu najstarije i najvarijabilnije grupe mikroorganizama na Zemlji, nastavaju skoro sva poznata stanista
najvazniji potrosaci CO,
najvazniji proizvodaci O,
pocetna karika hranidbenog lanca u oceanima

najvazniji primarni proizvodaci

. razlicite vrste prilagodile rast i aktivnost u Sirokim rasponima temperature, intenziteta svjetlosti (fotosinteza) i pH vrijednosti
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(mikro)alge — proizvodi (Pulz i Scheibenbogen, 1998)

Product US$ kg~!
Biomass health food 15-28
functional food 25-52
feed additive 10-130
aguaculture 50-150
soil conditioners >10
Coloring substances astaxanthin > 3,000
phycocyanin > 500
phycoerythrin >10,000
Antioxidants B-carotene >750
superoxide dismutase >1,000
tocopherol 3040
AOQ-extracts 20-35
PUFA ARA
EPA
DHA
PUFA extracts 30-80
Special products toxins

isotopes
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(mikro)alge - usporedba uvjeta u stanistima i fotobioreaktorima

Dimension Nature Photobioreactor
Cell density cellsmL~! 10° 10*
Cell distance m 1,350 50
Cell distance n cell diameter 250 10
Displacement ms~ ' 10~ 0.3-1.5
Light uE-m~"s™! 10-300 10-1,800
Light fluctuations diurnal ultrashort
Shear stress low high
Mineral supply limited surplus
CO. supply limited surplus
O, concentration mgL™' 7-9 1045
pH value stable variable
Temperature stable variable
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. cljanobakterie | (mikro)alge — fotobioreaktori

. poluzatvoreni i zatvoreni vanjski
. Cijevni

. ploCasti

(intenzitet svijetla; dostupnost i topljivost supstrata i proizvoda, npr. CO,; nakupljanje algi; homogenost suspenzije...)
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(mikro)alge - proizvodi i primjena u skoroj buducnosti

. biomasa (hrana za ljude i Zivotinje, akvakultura, biofertilizatori)

. visokovrijedni spojevi (polinezasi¢ene masne kiseline, polisaharidi, antioksidansi, boje, toksini i drugi spojevi koji imaju
bioloSku aktivnost, stabilni izotopi)

. ekoloska primjena (proizvodnja ribe, life support systems, sorpcija i akumulacija teSkih metala)
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. ,anorganska” biotehnologija - biotehnologija ugljena
. ugljen je najprisutniji fosilni izvor energije formiran iz biljne biomase, nacinjen od C, H, O (S i N)
. koriStenje uglienakao izvora energije u industrijskoj proizvodnji ima izuzetno negativan ucinak na prirodu
. kao izvor ugljika i energije ugljen mogu Kkoristiti
neke bakterije (Pseudomonas fluorescens)
fungi (Coprinus sclerotigenis)
. U depolimerizaciji ugljena i njegovoj pripremi za primjenu u biotehnoloskoj industrijskoj proizvodniji koriste se i razliCiti enzimi

. Uklanjanje anorganskog i organskog sumpora iz ugljena



o fakulet

faculty of
faad technology
and biotechnalagy

rehrambenao
Elutehnl;ﬂaﬂi

moderna biotehnologija (51) éﬂg}a Sveutiite u Zagrebu
G

&
-

5 University of Zagreb

. izluzivanje metala

. otpustanje metala iz njihova mineralnog izvora s pomocu odgovarajucih mikroorganizama (Atlas i Bartha, 1997)

. biooksidacija (Hansford i Miller, 1983)

. bioizluzivanje - konverzija metala u njihovu topljivu formu s pomoc¢u mikroorganizama

. Gaius Plinius Secundus (23-79), Georgius Agricola (1494-1555) - izluZivanje bakra
. mikrobioloSka oksidacija reduciranog sumpora u sumpornu kiselinu (Winogradsky, 1887)

. mikrobioloSka oksidacija cinkovog sulfida u cinkov sulfat (Rudolfs i Helbronner, 1922)
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. izluzivanje metala
. mehanizmi (Furrer i Stumm, 1986)

(1) formiranje (an)organskih kiselina (protona) (npr. H,SO,, Thiobacillus sp.)
(2) oksido-redukcijske reakcije
)

(3) formiranje i sekrecija kompleksa s metalnim ionima (npr. oksalati, malonati, kelati)
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Country Locality, Metal | Mineral Source Technology Capacity Metal Yield
. . Designation [td '] [ty™']
. izluzivanje metala
Australia Harbour Lights | Au flotation concentrate tank leaching 40
oL (160 m*)
. primjeri Girilambone Cu | chalcocite heap leaching 16,000 14,000
Gunpowder Cu chalcocite, bornite in situ leaching 13,000
Maggie Hays Ni concentrate tank leaching 7
(pilot plant)
Wiluna Au flotation concentrate tank leaching 115
(480 m*)
Youanmi Au flotation concentrate tank leaching 120
(6-480 m?)
Brasil Sao Bento Au flotation concentrate tank leaching 150
(550 m*)
Canada Goldbridge Au pyrite, markasite, tank leaching 75
arsenopyrite (225 m?)
Chile Andacollo Cu chalcocite heap leaching 10,000
Cerro Colorado | Cu chalcocite heap leaching 16,000 60,000
Dos Amigos Cu chalcocite heap leaching 3,000
Quebrada Blanca: Cu chalcocite heap leaching 17,300 75,000
Zaldivar Cu chalcocite heap leaching 20,000
Ghana Ashanti Au flotation concentrate tank leaching 960
(6-900 m*)
India Malanjkhand Cu malachite, chalcocite, heap leaching 2.5
bornite, covellite
Peru Tamborque Au, Ag arsenopyrite from tank leaching
zine flotation (pilot plant 1 m*)
South Africa Fairview Au flotation concentrate tank leaching 35
(90 m™)
Uganda Kasese Co flotation concentrate tank leaching 1,000
(4-1,350 m*)
USA Carlin Au Au-containing sulfidic heap leaching 10,000
ore
Chino Cu chalcocite, chrysokolla heap leaching 55,000
San Manuel Cu chalcocite in situ leaching 20,000

_________
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. vitamini i srodni spojevi
. vitamini su organski spojevi koji su u malim koli€inama nuzni za normalno funkcioniranje ljudskog i Zivotinjskog organizma.
Naziv je uveo poljski biokemiCar Casimir Funk (1884-1967), koji je 1911. sintetizirao tiamin; smatrajuci ga vitalno vaznim

aminom, nazvao ga je vitaminom. lako se poslije ustanovilo da mnogi vitamini nisu amini, taj se naziv zadrzao do danas.

. vecina vitamina je neophodna za odvijanje metabolizma u stanicama, sisavci ih ne mogu sintetizirati, ali ih sintetiziraju biljke |
mikroorganizmi.

. brojni koenzimi se sintetiziraju iz vitamina

. koenzimi ili prostetske grupe su spojevi niske molekulske mase, koji se vezu na apoenzime i tako se postize aktivna forma

enzima;
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Compound Production Method Use
Biotechno- Chem-  Extrac-
logical ical tion

Thiamin (B,) + food, pharmaceutical
Riboflavin (B,) + feed, pharmaceutical
FAD + + pharmaceutical
Nicotinic acid, + + feed, food, pharmaceutical

nicotinamide
NAD,NADP + technical
Pantothenic acid +< + feed, food, pharmaceutical
Coenzyme A + technical, neutraceutical
Pyridoxine (Bg) + feed, food, pharmaceutical
Biotin (+)° + feed, pharmaceutical
Folic acid + feed, food, pharmaceutical
Vitamin B, + feed, food, pharmaceutical
Vitamin C +< feed, food, pharmaceutical
ATP + pharmaceutical, technical
S-Adenosyl- + pharmaceutical, nutraceutical

methionine
Lipoic acid + pharmaceutical
Pyrroloquinoline  + + technical

quinone
Vitamin A + feed, food, pharmaceutical
B-Carotene + + feed, food
Ergosterol + [eed, food
Vitamin D, + + feed, food
a-Tacopherol (E)  (+)¢ + + feed, food, pharmaceutical,

nutraceutical
PUFAs® + + feed, food, pharmaceutical,
nutraceutical

Phylloquinone (K,) + pharmaceutical
Menaquinone (K,) + pharmaceutical
Ubiquinone-10 + feed, food, pharmaceutical

# Values were taken from FLORENT (1986).

* Values were taken from EGGERSDORFER et al. (1996).
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. poliketidi - sekundarni metaboliti raznovrsne strukture i funkcije

rapamycin erythromycin A rifamycin B
(immunosuppressant) (antibacterial) (antituberculosis)

HO

~ ]
P o OH
| =
OH
lovastatin oxytetracycline resveratrol

(anticholesterol) (antibacterial) (antioxidant)
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. terpenoidi i drugi mirisni spojevi
. terpenoidi su derivati terpenskih ugljikovodika
. pojaCivaci okusa i mirisni spojevi
. terpenoidi se biotehnoloski proizvode (Luckner, 1990) i tako proizvedeni nazivaju ,prirodnim”

. fungi mogu de novo sintetizirati terpenoide, a brojne vrste bakterija pregraditi / razgraditi ove spojeve

. cedrol, geraniol, mentol, kamfor, paCuolol, pinen, ...
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. polimeri i ko-polimeri
. mlijeCna kiseina (PLA)
. 1,3-propandiol
. sukcinat

. adipat (nylon)

. polihidroksialkanoati (PHA) - Alcaligenes latus, Ralstonia eutropha, Pseudomonas oleovorans, ..., transgene biljke (Zea

mays, Nicotiana tabacum)
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. biotehnologija mora
. primjena morskih (mikro)organizama i/ili njihovih dijelova u kontroliranim uvjetima u cilju proizvodnje razliCitih proizvoda i

usluga (Attaway i Zaborski, 1993)

. vise od 70% povrsine Zemlje pripada morima i oceanima - najrasprostranjenije staniste

. glavni fokus biotehnologije mora (Zaborsky, 1999) zapravo obuhvaca svaki aspekt nasega nacina zivota:

. prirodni proizvodi morskih (mikro)organizama s primjenom u prehrambenoj i farmaceutskoj industriji, industriji biopolimera i
drugih materijala

. bioremedijacija morskim (mikro)organizmima

. proizvodnja energije

. akvakultura
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. biotehnologija mora

. bioraznolikost - mora i oceani pripadaju najraznovrsnijem dijelu biosfere (od mikroorganizama do sisavaca)

. uvjeti: temperatura (-20°C do 350°C), tlak (1-1000 atm), koncentracija supstrata (i O,, izuzetno raznolika), intenzitet svjetla
. (mikroo)organizmi obitavaju u razliCitim zajednicama - proizvodnja sekundarnih metabolita

. moderne potentene (analiticke) metode potrebne za identifikaciju potencijalnih biokatalizatora
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. biotehnologija mora
. morski mikroorganizmi (bakterije, fungi, protisti) — planktonski, komenzalni, simbiotski (Lindequist i sur., 1999)
. morske biljke (primarno alge)

. morske zivotinje (spuzve, mekusci, ribe, skoljkasi, ...)

. postupak istrazivanja i primjene u biotehnoloskoj proizvodniji

. prikupljanje i identifikacija morskih (mikro)organizama
. ekstrakcija spojeva / proizvoda od interesa

. Screening

. izolacija i identifikacija (i proizvodnja) prepoznatih spojeva
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. biotehnologija mora

. uzgoj morskih (mikro)organizama - specificne hranjive podloge (npr. NaCl, Na*) i parametri uzgoja (pH, temperatura, p, hv,
zdruzene / mjesovite kulture, ...)

. specifiCni bioprocesi

. izolacija i proCiS¢avanje proizvoda
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. biotehnologija mora

. proizvodi:

farmaceutici: citostatski / antitumorski spojevi (halomon, dolastatin, ...)
antiinflamatorni spojevi (pseudopterozini)
antimikrobni spojevi
drugi bioloski aktivni spojevi (toksini, neuroekscitatori)
nadomjesci kostiju (skeleton koralja i grebenastih algi)
enzimi (vecina terestrijalnim mezofilnih enzima moze se zamijeniti cold-adapted marine enzimima)
nutraceutici
biomasa
dodaci prehrambenim proizvodima (PUFA, vitamini, pigmenti, ...)

biopolimeri (polisaharidi, alginati, ...)
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. biotehnologija mora
. proizvodnja H,
. obnovljivi izvor energije, pri koristenju se ne proizvodi CO,

. proizvod metabolizma nekih fotosintetskih morskih (mikro)organizama (Nandi i Sengupta, 1998) — cijanobakterije i alge

. fototrofna bakterija Rhodobacter shaeroides RV (Tsi-Gankov i sur., 1993) - proizvodi CO,:

organske kiseline + H,O + ho — xH, +xCO,
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. biotehnologija svemira

. na sve procese koji se dogadaju na Zemlji utjeCe gravitacijska sila

. gravitacija se moze moderirati u cilju istrazivanja bioprocesa od interesa pri razli¢itoj sili gravitacije (Kordyum, 1997)
simulirana ,mikrogravitacija (brza rotacija, 50-120 rpm)
promijenjena gravitacija (usljed djelovanja centrifugalne sile)

stvarna ,mikrogravitacija” (putovanje u svemir)
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. biotehnologija svemira
. kako mikrogravitacija (9) utjeCe na neke industrijski vazne (mikro)organizme

Escherichia coli - bez mutacija i gubitka plazmida (Menningmann i Heise, 1995)

Bacillus subtilis - bez mutacija (Menningmann i Heise, 1995)

Saccharomyces cerevisiae - izmijenjena respiracija (Donhauser i sur., 1995)

./
L1 »

O
")

-l \
Pimpinella ansium (anis) - izmijenjena diferencijacija stanice (Theimer i sur., 1986) ! '

divlja mrkva, zob, suncokret - abnomalnosti kromosoma (delecije, translokacije; Krikorian i sur., 1996)

transport iona (Ca?*) kroz fosfolipidni dvosloj (citoplazmatsku membranu) stanica (Hader, 1999)

primanje i provodenje signala u stanicama biljaka (kako pozicionirati korijen i pohraniti zalihe Skroba?)



faculty of
faad technology
and biotechnalagy

rehrambenao
Elutehnl;ﬂaﬂi
o fakulet

moderna biotehnologija (67) T8 sveutiiste u Zagreby
%\-‘i::i"é University of Zagreb

. biotehnologija svemira

. egzobiologija i radijacijska biologija

egzobiologija (astrobiologija, kozmobiologija, ksenobiologija) je grana biologije koja se bavi istrazivanjem mogucnosti postojanja Zivota na
drugim nebeskim tijelima.

Pojam je skovao americki genetiCar Joshua Lederberg. S podrucja spekulacije egzobiologija je, slanjem svemirskih brodova na Mjesec i
automatskinh svemirskih sondi na Mars i Veneru, zakoracila u fazu egzaktnog istrazivanja. Egzobiologija nastoji odgovoriti postoje li bilo kakvi
oblici izvanzemaljskoga Zivota i postoje li izvanzemaljska razumna bi¢a. S obzirom na planete Sunceva sustava, odgovor je na drugo pitanje,
zasada, negativan, a dobri su izgledi da se dobije odgovor na prvo pitanje, zbog automatskih svemirskih sondi u koje su ugradeni aparati za
biolosku analizu uzoraka tla. Ne traga se samo za organizmima, vec i za organskim molekulama, tzv. prebioloskim molekulama, koje bi, ako se
nadu, upozoravale na kemijske procese koji bi mogli dovesti do pojave Zivota. Poznato je da takve molekule postoje ¢ak i izvan Sunceva
sustava. Godine 1969. kraj Melbournea, u Australiji, pao je meteorit na kojem su nadeni tragovi 18 razliitih aminokiselina, od kojih je 12 bilo

nepoznato na Zemlj.
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. biotehnologija svemira

. egzobiologija i radijacijska biologija

radiobiologija je grana biofizike koja prouCava djelovanje razlicitih vrsta zracenja na zive sustave, od subcelularne i celularne

razine sve do cijelog organizma ili populacije.

. Utjecaj radijacije na spore bakterije Bacillus subtilis imobilizirane na polimernu membranu (Horneck i sur., 1996) tijekom misije
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. industrijska proizvodnja enzima

. enzimi (en- + gr¢. (upn: kvasac) (u starijoj literaturi fermenti), bioloSki katalizatori, tvari koje enormno ubrzavaju biokemijske

procese U Zivim organizmima.

Enzimi su proizvodi zive stanice, a po kemijskoj su naravi bjelancevine, iako medu njima ima i katalitiCkih ribonukleinskih

kiselina (ribozimi).

enzimi. Hrvatska enciklopedija, mrezno izdanje. Leksikografski zavod Miroslav Krleza, 2021. Pristuplieno 11. 12. 2022. http://www.enciklopedija.hr/Natuknica.aspx?1D=18053>
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. industrijska proizvodnja enzima

. prema tipu reakcija koje kataliziraju, enzimi se svrstavaju u Sest skupina:
oksidoreduktaze (reakcije oksidacije i redukcije),
transferaze (prijenos skupina),
hidrolaze (hidrolitiCke reakcije) - 75% proizvedenih enzima,
liaze (eliminacija skupina uz nastanak dvostruke veze),
izomeraze (reakcije izomerizacije) i

ligaze (reakcije formiranja kovalentne veze uz istodobnu hidrolizu adenozin-trifosfata).

Unutar svake skupine enzimi se dijele po decimalnoj enzimskoj klasifikaciji u tri dodatne razine (EC).
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. industrijska proizvodnja enzima

. primjena enzima i drugih biokatalizatora gotovo je u cjelosti zamijenila sve kemijske procese i postupke, zbog:
brzine reakcija, koje kataliziraju
ekonomskog uCinka

utjecaja na okolis.
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. industrijska proizvodnja enzima

. velike tvrtke proizvodaci enzima: Novozymes, Dupont, DSM, Roche

. (mikro)organizmi proizvodaci enzima:
fungi (60%)
bakterije (24%)
kvasci (4%)

biljne i Zivotinjske stanice (12%)
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. industrijska proizvodnja enzima

. velike tvrtke proizvodaci enzima: Novozymes, Dupont, DSM, Roche

- e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

. (mikro)organizmi PrOiZVOdaéienZimai/ eksponencijalni rast mikroorganizama proizvodaca,

fungi (60%) jeftine hranjive podloge,
oo . jednostavna optimizacija bioprocesa i pobolj$anja vrsta/sojeva;
bakterije (24%) | visoki prinosi i aktivnost enzima,

kvasci (4%) visoka ponovljivost bioprocesa,
biline i Zivotinjske stanice (12%) ekonomska isplativost
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. industrijska proizvodnja enzima

. 90% enzima u uporabi je engineered - dizajnirano i optimirano koriste¢i se znanstvenim principima

. poboljSani downstream processing (izolacija i proCis¢avanie) i imobilizacija enzima u cilju unaprjedenja njihove:
Cistoce
stabilnosti

ponovnog koristenja

. izolacija i karakterizacija ,novih” enzima, in silico analiza
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. industrijska proizvodnja enzima

. metagenomika
Metagenomics is the study of the structure and function of entire nucleotide sequences isolated and analyzed from all the organisms (typically microbes) in
a bulk sample.
Metagenomics is often used to study a specific community of microorganisms, such as those residing on human skin, in the soil or in a water sample.

(National Human Genome Research Institute; https://www.genome.gov/genetics-glossary/Metagenomics)

Metagenomika je istrazivanje strukture i funkcije cjelokupne nukleotidne sekvence, koja je izolirana i analizirana iz svih organizama (obi¢no
mikroorganizama) iz uzorka odredenog stanista.
Metagenomika se ucestalo koristi u istrazivanjima specificnih zajednica mikroorganizama, kao $to su npr, zajednice koje obitavaju na kozi ¢ovjeka, u tlu ili

uzorcima vode.


https://www.genome.gov/genetics-glossary/Metagenomics
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. industrijska proizvodnja enzima

. metagenomika

the Earth microbiome project (https://earthmicrobiome.org/)

Fungal genome project (Grigoriev i sur., 2014)
Microbial genome sequencing project (Fraser i sur., 2000)
Human microbiome project (https://hmpdacc.org/)

Plant genomes project (Schmidt, 2007)
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. industrijska proizvodnja enzima
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. industrijska proizvodnja enzima

. baze podataka (data mining): genomi, metabolicki putevi, regulacija metabolizma, ekspresija gena u razliCitim uvjetima,

karakteristike proteina/enzima, ...

. BioCyc Pathway/Genome Database Collection (www.biocyc.org)

. MBGD: Microbial Genome Database for Comparative Analysis (http://mbgd.genome.ad.jp/)

. the Carbohydrate-Active enZYmes Database (www.cazy.org)



http://www.biocyc.org/
http://mbgd.genome.ad.jp/
http://www.cazy.org/
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. industrijska proizvodnja enzima

. hidrolaze - 75% proizvedenih enzima

Hydrolytic enzymes
Industry Enzyme Source Function
FOOD Lysozyme, Inulinase, Lipase, Aspergillus sp., Bacillus sp., Bread softening, increasing shelf life, making

Galactosidase, Amylase,
Glucoamylase, Fructofuranosidase,
Phenylalanine ammonia lyase,
Acrylamidase, Urease, Invertase,
Lactase

Proteinase, Lipase, Lactase,
Aminopeptidase, Catalase,
Transglutaminase

DAIRY

BEVERAGE Pectinase, Cellulase, Amylase,
Glucanase, Protease, Pullulanase,
MNaringinase, Limoninase,
Aminopeptidase

Phytase, Xylanase, Glucanase,
Phosphatase, Dehydrogenase, and
Sulfatase.

Amylase, Cellulase, Xylanase,

AGRICULTURE

BIOFUEL

Monooxygenase, Lipase, Hydrogenase.

PHARMACEUTICAL Cysteine proteinase,

Asparaginase, Hyaluronidase,
Deoxyribonuclease |, Pegademase,
Glucocerebrosidase, Collagenase,
Prolactozyme.

Protease, Amylase,

Cellulase, Lipase,

Mannase.

Amylase, Cellulase, Pectinase,
Subtilisin, Papain, Transglutaminase,
Lipase, Esterase, Cutinase, Nitrilase,
Laccase, Catalase

Cellulase, Xylanase, Laccase, Lipase,
Amylase, Pectinase, Hemicellulase,
Lignin peroxidase, Mn-preoxidase
Lipase, Keratinase, Protease,
Transglutaminase, Tannase

DETERGENT

TEXTILE

PAPER AND PULP

LEATHER

Kluveromyces sp.,
Yeast

Aspergillus sp.,

Bacillus sp.,

Kluyveromyces sp., Lactobacillus
sp,

Streptomyces sp.

Bacillus sp.,

Aspergillus niger, Penicillium
funiculosum, Rhizopus,
Streptomyces, Klebsiella sp.
Aspergillus niger,

Bacillus sp.,

Trichoderma reessi,

Aspergillus niger, Phanerochaete
sp., Coprothermobacter,
Hydrogenoanaero- bacterium,
Cellulosimicrobium

Bacillus sp.,

Streptococcus sp., Clostridium
histolyticum, Pseudomonas sp.

Bacillus sp.,
Aspergillus niger, Fusarium sp.

Bacillus subtilis, Aspergillus niger,
Pseudomans sp., Fusanum,

Sstreptomyces

Candlida antarctica, Bacillus sp.,
Trichoderma reesei, Aspergillus
niger

Bacillus sp., Aspergillus sp.,
Alcaligenes faecalis etc

fructose syrup, conversion of starch to
glucose.

Milk coagulation, cheese ripening, flavoring,
lactose reduction, protein crosslinker, protein
hydrolysis.

Depectinization, starch hydrolysis and
saccharification, debittering, liquefication,
juice clarification

Hydrolysis, silage fermentation, processing of
crops, crop residues, fibers, and production of
animal feed supplements

Ethanol, oil drilling, viscosity reduction

Break down of blood clots, healing burn
wounds, efficient drug delivery, hydrolysis,
treatment of cystic fibrosis, treating lactose
intolerance, treating malabsorption, treating
SCID, and act as inhibitors.

Carbohydrate, protein, and fat stain removal,
wash treatment.

Desizing, cotton processing for dyeing,
softening, finishing, wash treatment, pilling
and fuzz fiber removal, degumming of silk,
surface modification of polyacrylonitrile
Lignin removal, pitch control, biofilm removal,
deinking, bleaching.

Soaking, dehairing, bating, degreasing, fibre
splitting, tannery effluent treatment.
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. industrijska proizvodnja enzima

. hidrolaze (EC3) kataliziraju pregradnju velikih

(polimernih) molekula na njihove podjedinice

u prisutnosti vode

. npr. razgradnja lignoceluloze do

fermentabilnih supstrata

List of commercially marketed hydrolytic enzymes

Enzyme Trade Names Source Features Companies

Proteases MAXIREN & Kluyveromyces lactis Optimum activity at 42.5 °C and pH 6.6 DSM food specialties
NEUTRASE & Bacillus. amyloliquefaciens Optimum activity around pH 5.5-7.5and 30-55  Ltd.
ALCALASE® Bacillus. licheniformis °C. Novozymes Ltd.

Active between pH 6.5 and 8.5 and 60 °C Novozymes Ltd.

Lipases LIPOLASE® Humicola Languinosa Optimum and stable at Alkaline pH and 60°C  Novo Nordisk Ltd.
NOVOZYM435®k  Candida antarctica Immobilized on silica nanoparticles Novozymes Ltd.
LIPOZYMTLIM®  Thermomyces. Lanuginosus  Immobilized lipase on silicate Novozymes Ltd.
LIPOZYM RM Rhizomucor miehei Immobilized lipase on Duolite ES 562 Novozymes Ltd.
IM®&

Amylases MAXAMYL WL®  Bacillus. lichemiformis - GBiosciences Ltd.
TERMAMYL ® Bacillus. licheniformis Thermostable up to 90°C Novozymes Ltd.
AMG & Aspergillus niger Thermostable up to 80°C Novozymes Ltd.
VALIDASE GX& Aspergillus niger Optimum pH 4.5 and 65°C Valley Research Ltd.

Invertases INVERTZYME & Saccharomyces cerevisiae Optimum activity at 60 °C. Its optimum pH is Biocon Ltd.

4.5

Glucanases NOVOZYM234r:  Aspergillus niger Thermostable lipase immobilized on acrylic Novozymes Ltd.
CEREFLOR Bacillus sub tills resin

Pectinases PECTINEX® Aspergillus niger Optimum activity around pH 4.5, and at 50°C  Novozymes Ltd.
NOVOSHAPE & Aspergillus oryzae Maximum activity around pH 4.8, and 50°C.
PECTINEX Aspergillus aculeatus Active at 50°C temperature
ULTRA SP&

Xylanases NOVOZYM280 r Aspergillus niger - Novozymes Ltd.
RAPIDASE & Aspergillus niger Active from 10 to 50°C and acidic pH DSM food specialties

Ltd.

Cellulases CELLULOCLAST & Trichoderma reesei pH and temperature
range pH 4.5-6.0,
and 50-60°C

Novozymes Ltd.

Glucose SWEETZYME & Sterptomyces murinus Immobilized enzyme with activityatpH 7.5and  Novozymes Ltd.

Isomerases 50-60°C temperature.
Phospholipase A  LECITASE® Fusarium oxysporum A chimeric enzyme where lipase gene from T.  Novo Nordisk Ltd.
lanuginosus is fused with the phospholipase A1
gene from Fusarium oxysporum.
Catalases CATAZYME Aspergillus niger Optimum at pH 6 and temperature up to 60 °C.  Novozymes Ltd.
Multi Enzyme VISCOZYM Aspergillus aculeatus pH and temperature range of 3.3-5.5, 25-55°C. Novozymes
complexes of ACCELLERASE Trichoderma reesei pH 5 and 50°C temperature. Dupont
Carbohydrases =~ CEREMIX Bacillus. amyloliquefaciens produced by blending standard enzymes Novozymes

produced by separate fermentations
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. industrijska proizvodnja enzima - perspektiva

. nedovoljno istrazen i primijenjen potencijal (prirodnih) enzima / biokatalizatora
. tehnologija rDNA, racunalna biologija, biostatistika, znanja o polimerima, ...169 milijardi USD (2014)
. mikroorganizmi, koje je tesko uzgojiti; robusni enzimi (bioprocesni parametri); preusmjeravanje metabolizma u stanicama;

imobilizacija enzima i cjelovitih stanica kao biokatalizatora
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. industrijska proizvodnja enzima

. Escherichia coli - domacin za ekspresiju rekombinantnih proteina / enzima tijekom istrazivanja i u industrijskoj proizvodnji

. terapeutski proteini
.inzulin, 1978 (1982, Humulin; Eli Lilly)

Generic/Brand name

Clinical indications

Approved date and innovator

Ranibizumab (Lucentis)
Somatropin (Accretropin)
Certolizumab pegol (Cimzia)
PEG interferon a-2b (Peglntron)
Interferon f-1b (Extavia)
Pegloticase (Krystexxa)

Macular degeneration
Growth hormone deficiency
Crohn’s disease

Chronic hepatitis C infection
Multiple sclerosis

Chronic gout

2006 (US), 2007 (EU) —Genentech
2008 (US)-Cangene

2008 (US), 2009 (EU)- UCB

2008 (US)-Schering-Plough

2008 (EU), 2009 (US)-Novartis
2010 (US)-Savient Pharma

https://www.ema.europa.eu/en
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. industrijska proizvodnja enzima

. Escherichia coli - domacin za ekspresiju rekombinantnih proteina / enzima tijekom istrazivanja i u industrijskoj proizvodnji

. drugi industrijski rekombinantni proteini / enzimi

Product type

Product name

Microbial enzymes
Therapeutic proteins
Therapeutic enzymes
Molecular biology enzymes

Enterokinase, amylases, invertase, cellulase, xylanase, etc.

Antibody fragments, TPA, growth factors, interferons, Insulin, etc.

L-Asparaginase, streptokinase

Restriction enzymes, DNA-modifying enzymes, that is, ligases,
DNA polymerase
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. industrijska proizvodnja enzima

. Escherichia coli - domacin za ekspresiju rekombinantnih proteina / enzima tijekom istrazivanja i u industrijskoj proizvodnji

. glikozilira i transportira rekombinantne proteine van stanice (< 100 mg/L, glikozilacija)
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. industrijska proizvodnja enzima

. fungi - domacini za proizvodnju rekombinantnih proteina / enzima

. fungi - jednostanicni eukarioti (kvasci) i viSestani¢ni eukarioti (filamentozni fungi)
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. industrijska proizvodnja enzima

. fungi - domacini za proizvodnju rekombinantnih proteina / enzima

Arnau et al. 2020

University of Zagreb
Enzyme activity Production microorganism Host organism
Aminopeptidase Aspergillus niger Fungal
Aminopeptidase (leucyl) Aspergillus oryzae Fungal
AMP deaminase Aspergillus melleus Fungal
Arabinofuranosidase Aspergillus niger Fungal
Catalase Aspergillus niger Fungal
Cellulase Aspergillus niger Fungal
Cellulase Penicillium funiculosum Fungal
Cellulase Trichoderma reesei Fungal
Dexitranase Chaetomium erraticum Fungal
Glucanase (endo-beta) Aspergillus niger Fungal
Glucanase (exo-beta) Aspergillus niger Fungal
Glucanase (exo-beta) Trichoderma reesei Fungal
Glucanase (beta) Aspergillus niger Fungal
Glucanase (beta) Talaromyees emersonii Fungal
Glucoamylase Aspergillus niger Fungal
Glucose oxidase Aspergillus niger Fungal
Lactase or galactosidase (beta) Aspergillus niger Fungal
Lipase triacylglycerol Candida rugosa Fungal
Lipase triacylglycerol Rhizopus niveus Fungal
Lipase triacylglyeerol Rhizopus orvzae Fungal
Lysophospholipase Aspergillus niger Fungal
Pectinase Aspergillus niger Fungal
Protease (exopeptidase) Aspergillus melleus Fungal
Protease Aspergillus oryzae Fungal
Protease (mucorpepsin) Rhizomucor michei Fungal
Ribonuclease Penicillium citrinum Fungal
Tannase Aspergillus orvzae Fungal
Xylanase Aspergillus niger Fungal
Glucanase (beta) Humicola insolens Fungal
Xylanase Humicola insolens Fungal
Xylanase Trichoderma reesei Fungal
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. industrijska proizvodnja enzima

Mixing of
nutrient medium

[

T Exhaust
Sterilisation f— \l

< Cooling water

. fungi - domacini za proizvodnju rekombinantnih proteina / enzima

. primjena metoda genetickog inZenjerstva / WCBvial  Seed train \
[
. bioproces za proizvodnju enzima |
ha
A o
Inoculation flask o m) ")
—_—
K Seed fennery @
Air > () >
A\ Fermented broth for
Compressor Sterile filter recovery of enzyme

Typically, a defined medium is used and sterilized. A vial of the
production strain is used for cultivation in an inoculation flask. Spores or cells are harvested after
5-10 days depending on the host and used to inoculate a seed fermenter. After 1-4 days, the culture
is used to inoculate a larger tank where induction of enzyme production occurs by, e.g., feeding with
an inducer. Both medium pH and temperature are controlled, the latter by, e.g., cooling water
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. industrijska proizvodnja enzima

. fungi - domacini za proizvodnju rekombinantnih proteina / enzima

. Pre-treatment:
. downstream processing Fermented Flocculant/Filter aid is added

broth

Overview of a generic recovery process for enzyme production. The fermented broth
undergoes different steps to remove the cellular debris (flocculation, filtration, or centrifugation).
Subsequently the product can be concentrated by ultrafiltration. Product stabilizers are added prior
to filter sterilization (bacterial filtration). The enzyme preparation is used for formulation of a liquid
or a solid (granulate) enzyme product

Bacterial
filtration

Ultrafiltration

Stabilisation Concentrate

Drum filtration for granulation

Or centrifugation
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. industrijska proizvodnja enzima

. fungi / kvasci - domacini za proizvodnju rekombinantnih proteina / enzima
Saccharomyces cerevisiae, Pichia pastoris, Hansenula polymorpha, Kluyveromyces lactis, Kluyveromyces marxianus,
Yarrowia lipolytica, Arxula adeninivorans, Pichia methanolica, Shizosaccharomyces pombe, Zygosaccharomyces bailii,

Zygosaccharomyces rouxii, Pichia stipitis, ...

. prednosti (s obzirom na stanice viSih organizama)
. jednostanicni mikroorganizmi (geneticke manipulacije, rast i uzgoj)
. sSmatanje proteina i post-translacijske kovalentne preinake proteina kao kod eukariota
. hemaju endotoksine

. nemaju onkogenu ili viralnu DNA
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. industrijska proizvodnja enzima

ne-metilotrofni

metilotrofni

S. cerevisine

K. lactis

Y. lipolytica

Z. TOUuXiL

Z. baili

S. occidentalis

P. stipitis

A. adeninivorans

K. marxianuys

H. polymorpha
P. pastoris
P methanolica

C. boidinii

O. minuta

. fungi / kvasci - domacini za proizvodnju rekombinantnih proteina / enzima — podjela

metilotrofi - raznovrsna grupa mikroorganizama
koji mogu koristiti reducirane spojeve s jednim
ugljikovim atomom, npr metan i metanol, kao

izvor ugljika i energije (supstrat, S).
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. industrijska proizvodnja enzima

. fungi / kvasci - domacini za proizvodnju rekombinantnih proteina / enzima

Saccharomyces cerevisiae

. 0d 1980-tih
. GRAS status (the American Food and Drug Administration, FDA)
. fermentativni metabolizam (etanol) i niska produktivnost proizvodnje rekombinantnih proteina

. prekomjerna glikozilacija proteina i njihovo zadrzavanje u periplazmatskom odjeljku stanice s djelomicnom

razgradnjom
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. industrijska proizvodnja enzima

. fungi / kvasci - domacini za proizvodnju rekombinantnih proteina / enzima

. u€inkovita biotehnoloSka proizvodnja:
. uspjesna transkripcija, translacija i lokalizacija proizvedenog proteina
. optimizirana fiziologija stanice domacina, koja podrzava proizvodnju proteina
. brz, ucinkovit i ponovljiv uzgoj stanica

. brz i jeftin downstream processing
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. industrijska proizvodnja enzima

. fungi / kvasci - domacini za proizvodnju rekombinantnih proteina / enzima

. u€inkovita biotehnoloSka proizvodnja:

. brz i jeftin downstream processing (DP) - usporedba udjela kostanja DP-a (%) u ukupnoj cijeni bioproizvoda

bioproizvod (%)
Single cell protein/biomass 1-5
Organic acids 10-50
Extracellular enzymes 10-30
Antibiotics 20-50

70-95

> Recombinant protcins
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. enzimi iz morskih polarnih podrucja - cold-adapted enzymes

. jedinstvena svojstva
. veca katalitiCka ucinkovitost
. veca fleksibilnost molekula
. manja termostabilnost

. limitirana dostupnost enzima

Bruno et al. 2021
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. industrijska proizvodnja enzima T~

RNA. DNA extraction or
Protein isolation

. enzimi iz morskih polarnih podrucja - cold-adapted enzymes Omics techniques
. identifikacija novih enzima - omics pristup |
Metagenomics

(i) Sequence-based Screening; (ii) Function-driven Screening
Metatranscriptomics
Genome sequencing

(7)) Sequence-based Screening Proteomics (#f) Function-driven Screening

F P 7 . Gene searching cl 4 Cloaing and Identification
* - Sequence and o Biochemical DNA Library Activity S A and
protein = protemn
analysis amplification AR analyses extraction | construction] screening et biochemical
by PCR e e b analyses

MACUMBA, Marine Microorganisms: Cultivation Methods for

Improving their Biotechnological Applications TR RT E TR

In silico screening and gene selection
Cloning, expression and biochemical characterisation of selected enzymes

PHARMASEA (Increasing Value and Flow in the Marine

Enzyme engineering by Directed Evolution: biocatalytic improvement for industrial applications

Biodiscovery Pipeline)

Bruno et al. 2021
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. industrijska proizvodnja enzima

. enzimi iz morskih polarnih podrucja - cold-adapted enzymes

. prednosti primjene ovih enzima:
- potrebne manje koncentracije aktivnih enzima (veca katalitiCka ucinkovitost)
- kataliziraju reakcije pri temperaturama pri kojima su nepozeljne / kompetitivne reakcije zanemarive (prehrambena ind., termolabilne komponente)
- bakterijska kontaminacija pri ovim temperaturama (10-15°C) je bitno reducirana

- mogu se brzo i jednostavno inaktivirati (kratko zagrijavanje, bez primjene kemijskih reagensa)

Bruno et al. 2021
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. industrijska proizvodnja enzima

. enzimi iz morskih polarnih podrucja - cold-adapted enzymes

. fleksibilnost strukture ovih enzima

" - - =

Molecular Adaptation Effect
Decreased number of hydrogen bonds S
and salt bridges Increased flexibility
Reduced proline and arginine content Increased molecular entropy
Increased surface charged residues Increased conformational flexibility

Reduced frequency of surface,
inter-domain and inter-subunit ionic
linkages and ion-network

Increased conformational flexibility and
reduced enthalphic contribution to stability

Reduced core hydrophobicity/increased Reduced hydrophobic effect/ entropic
surface hydrophobicity destabilization

Increased flexibility for substrate and

Increased accessibility of active site ..
cofactor bmdmg

Loop extensions Reduced stability

Bruno et al. 2021
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. industrijska proizvodnja enzima

. enzimi iz morskih polarnih podrucja - cold-adapted enzymes - primjena (1)

Table 2. Polar-active enzymes isolated from Antarctic and Arctic marine polar environments.

Marine Polar-Active
Enzymes

Reaction

Organism Source

Origin of Sample

Applications/Potential Uses

HYDROLASES: EC 3 (Type of reaction: Hydrolytic cleavage AB + HO — AOH + BH)

B-galactosidase

B-galactosidase

Hydrolysis of lactose into its constituent

B-galactosidase monosaccharides

B-galactosidase

B-galactosidase

B-galactosidase

Pseudoalteromonas sp. 22b

Alimentary tract of Antarctic
krill Thyssanoessa macrura

Pseudoalteromonas haloplanktis
TAE 79

Antarctic seawater

Pseudoalteromonas haloplanktis
LMG P-19143

Antarctic seawater

Guehontyces pullulans

Antarctic sea sediment

Enterobacter ludwigii

Sediment samples of
Kongsfgord, Arctic

Alkalilactibacillus ikkense

Ikka columns in South-West
Greenland

Candidates for lactose removal
from dairy products at low
temperatures

Detergent additive for its stain

a-Amylase Pseudoalteromonas sp. M175 Antarctic sea-ice -
removal efficiency
o-Amylase§ Cleavage of a-1,4-glycosidic linkages in ~ Glaciozyma antarctica P112 Antarctic sea-ice Additives in processed food, in
o detergents for cold washing, in
starch molecules to gen::ratc smaller Sediment samples from 24 © ung,
- lase polymers of glucose units Bacterial strains Midtre Lovénbreen Arctic waste-water freatment, in
a-Amylase X bioremediation in cold climates
glacier . R
and in molecular biology
a-Amylase Alteromonas sp. TAC 240B Antarctic seawater applications
a-Amylase Pseudoalteromonas haloplanktis *  Antarctic seawater
Xylanase Hydrolysis of the main chain of xylan to  Cladosporium sp. Antarctic marine sponges
y ly y . L y P P ponge Additives in textile and food
oligosaccharides, which in turn are ; . . . L
X . ey Antarctic shallow-water industries, and bioremediation
ylanase degraded to xylose Flavobacterium frigidarium sp. - .
marine sediment

Bruno et al. 2021
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. enzimi iz morskih polarnih podrucja - cold-adapted enzymes - primjena (2) ...

Marine Polar-Active

Reacti
Enzymes eaction

Organism Source

Origin of Sample

Applications/Potential Uses

HYDROLASES: EC 3 (Type of reaction: Hydrolytic cleavage AB + H,0O — AOH + BH)

Serine protease (Subtilisin)

Serine protease (Subtilisin)

Serine protease

Serine alkaline protease

Acid protease

Subtilisin-like serine protease

Protease

Subtilisin-like Serine Cleavage of peptide bonds

proteinase

Aminopeptidase

Aminopeptidase

Serine peptidase

Serine peptidase

Bacillus TA39

Antarctic seawater

Bacillus TA41

Antarctic seawater

Colwellia sp. NJ341

Antarctic sea-ice

Shewanella sp. Acl0u

Antarctic seawater

Rhodotorula mucilaginosa L7

Antarctic marine alga

Pseudoalteromonas sp.,
Marinobacter sp., Psychrobacter
sp., Polaribacter sp.

Antarctic seawater and
thorax, abdomen and head of
krill (Euphausia superba Dana)

Pseudoalteromonas sp. NJ276

Antarctic sea-ice

Leucosporidium antarcticum 171

Antarctic sub-glacial waters

Pseudoalteronmonas haloplanktis
TAC125

Antarctic seawater

Colwellia psychrerythraea 34H

Greenland continental shelf
sediment samples

Lysobacter sp. A03

Penguin feathers in Antarctica

Serratia sp.

Coastal seawater in Northern
Norway

Arctic sea-ice (Canadian

Additives in low-temperature
food processing,

food and textile industries,
leather processing, detergent
industry

Metalloprotease Pseudoalteromonas sp. SM495 Basin)
. P Stomach of Antaretic krill,
Metalloprotease Sphingomonas paucimobilis Euphausia superba Dana
L Stomach of Antarctic krill
Metalloprotease Psychrobacter proteolyticus sp. Euphausia superba Dana
Arctic marine microbial Candidate for molecular
Endopeptidase Microbial source biology application: digestion

source

of chromatin (ArcticZymes)

Bruno et al. 2021
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a) glikozid hidrolaze
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b) laktaze

c) amilaze

d) proteaze
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f) lipaze
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. industrijska proizvodnja enzima

. Association of Manufacturers and Formulators of Enzyme Products (AMFEP; htips://amfep.org/), founded in 1977

Eat Well, Live Well.

AB S Enzymes -4 $ BIOCATALYSTS i
. the European Food Safety Authority (EFSA) < ::4;; WHANO - |
under the EU FIAP @bt emerzes W EDXTE  cueant™ @

(Food Improvement Agents Package)
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COVID-19 (1)
 koronavirus bolest 2019 (COVID-19) ';'I‘(hstan
«  Severe Acute Respiratory Syndrome CoronaVirus 2 (SARS- Co@“‘ we
» Wuhan, PR China, late december 2019 \ .

ECR S PR

Semy

Luzon

Filipini

prof. dr. sc. Anita Slavica
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COVID-19 (2)

prvi slucaj SARS epidemije 2002.-2003., SARS-CoV

drugi pandemijski slu¢aj 2012.-2013. MERS-CoV (Middle East Respiratory Sindrome CoV)

prirodni rezervoari koronavirusa - 8iSmisi

koronavirusi su velika grupa jednolancanih RNA virusa

S protein
.Y
~7’ i

ssRNA genome
N protein

Nishiga et al., Nature Reviews (2020), 17, 543-558

prof. dr. sc. Anita Slavica



faculty of
foad technalagy
and biotechnalagy

rehrambenao
Elﬂhehnobﬂci
o fakulet

ulty Sweudilite v Zagrebu
E University of Zagreb

COVID-19 (3)

a, [3, yi orodovi koronavirusa

respiratorna (epitelna?) infekcija

pneumonia i Acute Respiratory Distress Syndrome (ARDS)

cytokine storm (tumor necrosis factor-a, IL-1b, IL-6) and multiorgan damage

coagulation abnormalities (thromboembolics)
cardiovascular diseases (CVD)

comorbidity: diabetes, hypertension, CVDs

children: hyperinflammtory shock, Kawasaki disease, CVD

S protein
qY
¥ ‘

ssRNA genome
N protein

Nishiga et al., Nature Reviews (2020), 17, 543-558

prof. dr. sc. Anita Slavica
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COVID-19 (4)
* struktura i zivotni vijek SARS-CoV-2

ACE?2 - Angiotensin-Converting Enzyme 2
[—' ‘%g—ﬁ TMPRSS2 - TransMembrane Serin Protease 2

Activation '»TMPRSSZ Attachment

ACE2 ACEZ
S protein priming

Al
> I-‘
v

4

%
Viral RNA release l Viral RNA release \\‘g@} i'

RNA genome

by TMPRSS2 and
membrane fusion Endocytosis and
membrane fusion
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J

RNA replication
and packaging

Plasmal
membrane
-~ \’
Golgi
ME
S‘ ¥
ER

RdRP — RNA-dependent RNA polymerase

Transcription
and translation

.‘.
\m

o

S (spike) protein ’4-
M- membrane 3
E (envelope) protein
N - nucleocapsid
sSRNA - single-stranded RNA

S protein
& i M protein

N protein

’C"
-
Yo

‘ * E protein

ssRNA genome

N

J

ER - endoplasmic reticulum

Nishiga et al., Nature Reviews (2020), 17, 543-558
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Commission

(] Stru ktu ra i Zivotni Vij e k SARS—COV—2 European Commission » Knowledge for policy » TextMining » Covid-19 Scientific publications, patents, and EU projects
[

PAGE

Covid-19 Scientific publications, patents, and EU projects
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Activation "TMPRSS

S protein priming
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membrane fusion

The effect of the coronavirus on society and the global economy is unprecedented and it will need to
; trigger extraardinary research efforts
& The aim of this page is to allow the monitoring of the research landscape on Coronavirus. It relies on
‘j P datasets containing scientific publications, patents, and EU-funded R&D projects. The interactive
tool allows the user to navigate the data and customise the visualisation using filters, shawing
cumulated values, bar charts, etc
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case study 1: PhD ocjene, Rigorosum, Doktorin der technischen Wissenschaften [Doctor technicae (dr. techn.)] i dr. sc.

Ty,

RIGOROSUM
Autating de Lebevecarstobingen

Name: Anta Stavica Keane K OBERO0 s OIS

'Disartaton nach achichen Geschispuriten susgondat
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of Trigonopsis varibills D-amino acid oxidese
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Soh gut (1)

(s serBouneturg. o
13.00.2000 1 Bourtsilondeir): Widetaky, Bernd _ Univ.Prof. DipL-ing. Ortechn.
ZBeurtlonde(r): Saf, Robert Ao Univ.#rot. Dipldng. Dr tachn,

c o

Brunetung:

Ostar. Aetanspom)
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PROMOTIONSURKUNDE

Technische Universitit Graz

(Eraherzog-Johann-Univessaae)
Frau
SLAVICA Anita
gebocen am 08.08.1970,
Kroasen

wirds dor ckndemiacha Gead

Doktorin der technischen Wi h

Doctor technicae
(Dr.techn.)

i Beschod vom 27.06.2000 verfohan,

xidative Insights from a
study of Trigonopsis variabilis D-amino acid oxidase

Studienderan

Un-Prof,Dip-Chem, O s it ngo Kimdi 0,

Dekan

Rektor

/ (’7/;«44/ /

OUniv.Prof. Dil.dng. Dr.tochn. Hans Sinkal

igung bewiesen

Univ.Prof, Digk-Ang. D tachn. Frana Stazer
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REPUBLIKA HRVATSKA
AGENCIJA ZA ZNANOST | VISOKO OBRAZOVANJE

KLASA: UP/I*-602-06/06-02/0771
URBROJ: 533-07-06-04 RUTTS

Zagreb, 25. rujna 2006. godine
Temeljem élanka 14, Zakona o

Oviaiteno Struéno tijelo proveko je vrednovanje visokoskolske kvalifikacije.

Navedenim vrednovanjem utvrdeno je da se u cijelost ptimajayuokoﬁkolska kvalifikacija
Doktorin der technischen Wissenschaften (Dr. techn.) koju je Anita s‘.;lﬂ _llek:ﬂd:n- 27.
lipnja 2006. godine obranom doktorske Oxidative protein § nzyme
inactivation: insights from nwud\uemauﬂyMTngonopgsvanms D-.rmn‘u acid
oxidase na Technische Universitat Graz, Republika Austrija. Graz. kao diploma
poslijediplomskog sveuéiliénog studija koji traje 3 godine uz zradu | javnu obranu doktorskog
rada

Imajuéi u vidu Kriterje za

obrazovanja i &porta od dana 3. sijetnja 2005 godine, temeliem Zakon o

el nost Il visokom (Nn 123/03 198/03 i 105/04), inozemna

e se pri lrwvw"mkvdlﬂkuap!(qap

izjednatena u pravima s diplomom poslijediplomskog  sveudiisnog studija &jim se
stjete

Yu inozemnih N
"'v;av"!' b'h:nﬂﬁ;ux:m) Agencija za znanost | visoko obrazovanje, u postupku koji se
kvaliﬂwlqa“e.d Antte Slavice za struéno priznavanje inozemne visokodkolske

RJESENJE

1. U cyelosti se priznaje 42 Doki
1. U celosti i Doktorin der
\UF. feciin.) koju je Aniia Slavica, roGens dar 8. svibnja |870. godi Sibenix
3 ja 1870, godine i

stekia_dana :‘;..hm.. 2006, godine obranom doktorske dsertacie Ormtei gined

: nzym insights from a structure-i study of
variablis D-amino acid oxidase na Technische Universitat Graz, yiheh
2. Navedena inazemna visokodkolska K i e
z ara Incou valifikaciia u Republici Hry.

9 9 studija
akademski stupanj doktor tehnickih znanosti — tehnicka hmiL (:’ or:. )" e

ObrazloZenje

Ministarstvy znanosti, obrazovanja i $porta skiad
L je dana 17. srpnja 2006. godine, u
&ankom 115, stavkom 6, Zakona o znanstveno) dielatnosti | visokom obragzmnj'u (-Nam;\:
Novines br. 123/03, 198/03, 105/04 | 174/04), podnesen zahtiev Andte Slavice za struéno
je inozemne vi 1 5
‘L’ananm 0015.06-0001. Inozemna koo o‘ifébﬂ“ﬁ’f“"mm
ssenschaften (Dr techn ) stedena je na Technische Universitat Gra
12, Republi
fr;“r;fm:brh:"o': :x:mmounam Oxidative protein modfication and enzymom u.‘n::wu-ﬂu"::‘
27, 4orya 2008, oo ":e- inction study of Trigonopsis variabilis D-amino acid oxidase, dana

Zahtjev je osnovan

U postupku je utvrdeno da je visoko utiliéte Technische Universi
) Itit Graz, Republ
E’l:z“koje je dl:diéenr kvalifikaciju priznato kao dio visokodkolskog sustava $:v:‘ uA;;:;‘:
eCena te da je program poshjediplomskog sveutiién i
Ppriznat kao dio visokoskolskog sustava i S asllS

« Savaka canty 41V 10000 Zaormd » Tol - (01) 6274 858  Fakm. 101) 6274 989 + 0.00kts. arwcBarvs b = ware ave 1o

stupanj doktor tehnitkih znanosti - tehnitka kemija (dr. sc.)

Nadaj, Nacionaini ENC/INARIC ured je temefom d i
mentacije, dana 18. rujna 2006. godine. donio 1
Foalinacie. KLASA UPH-/802. 061060210778, URBROY: 533.07-06.03, koja e uputena

Agenciji za znanost i visoko obrazovanje.

Rjedenje je oslobodenc od placanja upravne pristojbe sukladno Elanku 7. Zakona o upravnim
Dﬂlmjm («Narodne novine» br. 8/96, 77/96, 95/87, 131/97, 68/98, 66/99, 145/99, 30/00,
116/00, 163/03 i 17/04)

Pouka o pravnom lijeku:

Protiv oveg ristenja stranka made podnijet] 2alby Ministoratiy Znanoct, o:r::cyan:: 1 $perta,
Trg hrvatskih velikana 6, Zagreb, u roku od 15 dana od dana dostave ovog Rjesenja.

Dostaviti

1. Anita Stavica, Prisavije B, 10 000 Zagreb
2. Nacionalni ENIC/NARIC ured (original | kopiia)
3 Pismohrana, ovdje

prof. dr. sc. Anita Slavica
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case study 2

State of the art (1)
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hidroliza Skroba do jednostavnih ugljikohidrata (glukoze)
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prof. dr. sc. Anita Slavica
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e case study 2.
state of the art (2)

| MICROORGANISM |
' e.q. lactic acid '

\ bacteria
Y
\\\.__ -
T,

MEDILM incculation
PREFPARATICON

/,__ T I FERMENTATION

-

\x | __:"x |
l,-'" GLUCOSE "'-,I | v
| in complex medium | § [ 1 . -
III &, source of N ..I ( | | STERILIZATION | — - )‘ ‘
\ifjmjf’// I & B—R‘.:TL/ \-‘-‘-“-_i_:j:;f
LACTATE
CONTAINING
FERMEMNTATION
fermentacija jednostavnih ugljikohidrata (glukoze) do mlijeCne kiseline BROTH

prof. dr. sc. Anita Slavica
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Intelektualno viasnistvo
* case study 2: proizvodnja mlijeéne kiseline iz $krobnih sirovina s pomocu amiloliticke bakterije mlijeéne kiseline
N . /,-"“'__ _‘--q._‘\\
the invention (1) / \
[ MICROORGANISM |
| eq lacticacid |
Y, bacteria /
Y
\\"--.\_\_\_ ----__,/
MEDILUM incculation
PREPARATION ;
/-»f“ R i FERMENTATION
' \\'\. | __:' " /"-__ T
/  STARCHFLOUR ‘ v U
[ in complex medium | . . [ 1 N ] -
| eq sourcectN )  STERILIZATION | o L
\..‘a soruce of P ":.I [t ‘ -
N o el - J N—
— e S— "\.\_H_-:___--"
T LACTATE
CONTAINING
FERMENTATION
BROTH

hidroliza i fermentacija

prof. dr. sc. Anita Slavica
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case study 2
Sveuciliste u Zagrebu

Ured za transfer tehnologije

Obrazac za provjeru prava na rezultat

istrazivackog i stru¢nog rada (1)

SVEUCILISTE U ZAGREBI

f
st

Obrazac za provjeru prava na rezultat istraZivackog i struénog rada

Ovaj obrazac ispunjava svaka osoba koja je doprinjeia stvaranju rezultata kojl su predmet Prijave 2a
provodenje postupka pravne zastite (registracije) | postupka komercijalizacije rezultata strazivackog |
struénog rada (dalje u tekstu: Prijava) bez obzira da li je osoba navedena kao podnositel) Prijave ili ne.

Ovaj obrazac sluzi kako bi Ured za transfer tehnologije Sveutiléta u Zagrebu utvrdio kome pripadaju prava
intelektuainog viasnistva i druga prava na rezultat istrazivatkog | struénog rada kojl je predmet Prijave (dalie
u tekstu: Rezultat), te postoje li trede osobe koje polaZu ili bi mogle polagati bilo kakva prava po bilo kojoj
osnovi na Rezultat.

Ti podatci su znacajni kako bi se u potpunost utvrdile sve Cinjenice te obaveze koje bi mogle utjecati na
zastitu | slobodno raspolaganje Rezultatom, ukljuujudl komercijafizaciju. Stoga Vas molimo da, ukoliko niste

sigumi da i je neki podatak znacajan il ne, da ga svakako priopéite putem ovog Obrasca.

1. Naslov Prijave za provodenje postupka pravne zastite (registradije) i postupka
‘lommljalingerenl@tﬂsgaﬂva&qlmm

Proizvodnja miijecne kiseline na Skrobnim sirovinama s pomodu amilolititke bakterije
miijetne kiseline

| Broj Prijave (popunjava Ured za transfer tehnologije)

1, I 0001

2. Ime, prezime i titula Bl W ¥ B
| Doc. dr. sc. Anita Slavica

[3. Vremensko razdoblje provedbe istraZivanja/struénog rada unutar kojeg je nastao Rezultat |
| Od: | Do: |
07.07.2008. 19.12,2008. ‘

4. Za vrijeme vremenskog razdoblja pod 3. bili ste (zaokruzite SVE %to se odnosi na Vasu
situaciju): e >
1. zaposieni pri sastavnici Sveutilista ili SveudiliStu u Zagrebu (ugovor o radu) ’

DA

Naziv sastavnice: Preh b biotehnologki fakuit

Sifra radnika (s liste za pladu): (nemamo Sifru na platnoj listi)

Kontakt podatci poslodavca: Prehrambeno-biotehnoloZki fakultet, Pierottijeva 6, HR-10000
Zagreb, tel.: 01 4836 047, 01 4605 000; faks: D1 4836 083; e-posta: dekan@pbfhr ‘

Promjene (Navesti ako se status il okolnosti zaposienja mijenjao za vrijeme rajanja straZivanja/struinog rada (npe
‘ promjena poskodavea, radnog miesta, upuéivanie na rad u inozemstvo, rad na zdvojenom radnom mjestu | si):

L — ¥

Sveuiillite u Zagrebu \‘)»—

Erehrambenu faculty of
iotehnoloiki | food technalogy
o fakultet and biotechnalagy

~F Sveudliste u Zagrebu

University of Zagreb

prof. dr. sc. Anita Slavica



Erehrambenu faculty of
iotehnoloiki | food technalogy
2, obavljali istrazivatki/struéni rad koji je doveo do nastanka Rezultata temeljem nekog @ fakulet and bistechnolagy
drugog ugovora (zaokruiite)
‘ a) ugovor o djelu

|nte|ektua|no Vlasmétvo b) ugovor o stvaranju autorskog djela po narudibi (ugovor o autorskom djelu)

c) nesto drugo:

& SveusiliEte u Zagrebu

University of Zagreb
Naziv sastavnice/organizacije s kojom imate potpisan ugovor:
Kontakt podatci sastavnice/organizacije:

Broj ugovora:
Datum ugovora:
* case study 2: L e ot S v
| 3. student
Sveuciliste u Zagrebu i (o preddipama, dpma,dorsk

Navesti ugovore ili propise o studiranju (npr. izjave, pravilnici o studiju, ugovori o financiranju |
. studija i/ili eksperimentainog dijela studija):
Ured za transfer tehnologije Mentor:
‘ Okolnosti pod kojima ste sudjelovali u istrazivatkom/struénom radu koji je doveo do nastanka
Rezultata (navestl ime odgovormne osobe za izvodenje istraZivatkog/struénog rada):

Obrazac za provjeru prava na rezultat

. v v . v Ako postoji, naziv omanlucl)e u kojoj ste zaposieni:
istrazivackog i strucnog rada (2) Kontakt podatci posiodavca

4. nesto drugo
Navedite Sto:
Okolnosti pod kojima ste sudjelovali u istraZivaékom/strutnom radu koji je doveo do nastanka
Rezultata:

‘ Naziv sastavnice na kojoj ste provodili istraZivanje/strucni rad:
| Ako postoji, naziv organizacije u kojoj ste zaposieni:
Kontakt podatci posiodavca:

[ 5. Navedite sve izvore financiranja cstraﬂvanjalsu-utnog rada koje je dovelo do nastanka
\ Rezult:huvmrudobﬁupodB Financiranje je moglo biti koriSteno na place ili
% rku opreme, kemikalija ili potroSnog materijala.

Mogudlzvodﬂnwdnnkwnaprﬁn)eruzos,m,uﬁ HIT, BICRO, FP7 ili drugi EU
| projekti, NIH, programi drugih zaklada, te privatni

/4

Izvor financiranja ‘ Vrijeme financiranja (ptuna Datum i broj ugovora (ako
— -
(1. MZOS-Ugovor o suradnji radi ‘ 2. sijenja 2007.- na 5§ godina; 058-0581990-1997
| provedbe znanstvenog projekta - - .
| 2. MZOS-Ugovor o novéanoj Ugovor potpisan: 16. svibnja | URDbroj (MZ03): 533-08-06-005

| potpori kapitaine znanstvene 2006. URBROQJ (PBF): 01-1094/2006
opreme (s PBF-om) |

| 3. novacki ugovor ( A. Trontel) [

Sveuiiliste u Zagrebu \;\)}

prof. dr. sc. Anita Slavica
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B. ma (npr. » Ve
uvone financiranja navedene pod 5.

e case study 2. or

Ako NE, molimo navedite tho je (bio) glavni istradival ili odgovorna osoba za svaki [zvor
R finandiranja:

Sveuclllste u Zagrebu 1. Sedan Novak, je glavni istrakival, potpisao | Viadimir Mrda, Delan PBF
2. Viadimer Mr$a, Dekan PBF

7. Da li je istrazivanje/struéni rad vezan uz nastanak Rezultata ukijucivalo bilo kakvu potporu u
naravi od tredih osoba (fizitke osobe ili organizacije) ? Na primjer koriStenje opreme, uzoraka,
| materijala, u-mnn)a, softvera...

Ured za transfer tehnologije

NE x

Obrazac za provjeru prava na rezultat

Ako DA, molimo navedite podatke o tipu | lzvoru potpore:

istrazivackog i stru¢nog rada (3)

BDalusunezunzﬂnabilohoﬁn-bnpwmnlsmmnekogdrwoglsu:nvanhuﬁ ‘
strunim ugovorima o koriitenju materijala (material
transfer nreunem) koji nisu naprijed nml, bilo da su onl postojedi, zavrieni ili planirani u
buduénosti?

DA NE x

Ako DA, moli navedite the 0 ket fug

9. Da Ii su prilikom istraZivanja | nastanka Rezultata bili koriSteni uzorci il materijal ljudskog
porijekia?

DA NE x

Ako DA, molimo navedite te prilofite dokaz o ja o pr
koje ukijutuju komerdjalno raspolaganje rezultatima?

10. Molimo navedite sve osobe za koje smatrate da su znalajno pridonijele nastanku
prijavijenih Rezultata, te da se njihov doprinos mode identificirati.

Napanln}emdamovdjemmm“immmnowu

koje se od na mmumu
pdjmmumhmaom )} n)uh‘ i
kriterije za & pr G judim pr ttnse ‘;.u
pojedinom slutaju.

Sveuillite u Zagrebu L

prof. dr. sc. Anita Slavica
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case study 2
Sveuciliste u Zagrebu

Ured za transfer tehnologije
Obrazac za provjeru prava na rezultat

istrazivackog i stru¢nog rada (4)

Ime | prezime . Podatc ta hontant

Sedan Novak Sy __ Nowndens u obrascu 2 Priy
Antonis Trontel | Navedery U clrancy 23 Prosvy
Boddar Santek | Neveders u otvscu 28 Prgavy

Lamuiem & w wiormache Sresene u ovam Coran
NI | uvierery h ’ Bne, KUNLR | pOtDUne preme moem e Lk er)

(mwmwyumwm'mmu'w Mg oG Aene —
L e N). (
Viowd wea y m-’muwmmnmumcbuuac,%mannm < v

Valna mapomena

@a'masmﬁmbm:atmmumm 4 ome prgata
) g 1 v Sgredy wbwdo
mm:aw”auwwnbdmamm-motmmhv:m

¥ oty Rercitat). b
e g ) Mttmmwm.:mwmwansmwmg

Nevodenie netodnd L regctpund pocetasa MO VOISR ORT iy

v pravest 2pltte Rerudata W
NoOoOC rmgolagane Resdatima. uripadunx) MOmerUiaacu. Poshieccr moge Al net) edtavoss
patenty mwmnm.u\mmmmwom

e | prepere {820 ka0 pod 7)
Anta Savica

Potpm '5 | Maemtn | catian

' 3 - ’ .

! (l ,“'."" o A ]
.

prof. dr. sc. Anita Slavica
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Lactic acid production from starch-hased

Folort WOR201120884202  Lostio aod produstion fom atorch bosad moterolo by amyloltio locto asd..,  Googlo Paonts

Pindsorwt | | Cususs this spplestion J Q -
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Sweuéiliie v Zagrebu

» case study 2: WO2011098843 A2

https://www.google.com/patents/

W02011098843A27cl=en

Lactic acid production from starch-based materials by amylolytic lactic acid bacteria

Abstract
WO02011098843A2

The Invention pertains to a procedure for producing lactic acid or its salts. The procedure describes —

a of starch from a starch material and fermentation of
sugars thereof into lactic acid by selected bacterium that produce amylolytic enzymes, which
eliminates the need for the use of commercial enzymes as normally practiced in prior art.

[ Download PDF  [&) Find Prior At Similar

Classifications Other languages: French

Inventor: Anita Slavica, Srdan Novak, Antonija Trontel, BoZidar
® C12P7/56 Lactic acid SANTEK

Worldwide applications

2011 WO

Application PCT/HR2011/000001 events @&
2010-02-10 = Priority to HR20100074

2010-02-10 - Priority to HRP20100074A

2011-01-07 = Application filed by Sveuiliste u Zagrebu
2011-08-18 = Publication of W02011098843A2

2011-10-20 = Publication of W02011098843A3

Info: Patent citations (6), Non-patent citations (35), Cited by (3),
Legal events, Similar documents, Priority and Related
Applications

External links: Espacenet, Global Dossier, PatentScope, Discuss

Publication numbaer W00 0MEAT AT
materials by amylolytic lactic acid bacteria zﬁmzzm . . University of Zagreb
WO 22110S8843 A2 PUBNOIUON G8% Aug “’.M,: e
Filkng date Jan 7, 2011
ABSTHACT oy dals T 10 7070
“ne lnvertion pertars © a procedum for procdeing lactic acicor s sds, The Aloc publiiched s SAROPRaRN

preceduc deocidbos o srmlarccunly sonducted seccranfioaton of aarch frem
1 starch materid and fementaton of sugan Seceat o lactic acid by selecied

rium that producs Bedyti ¥ which alinirstes tha naed Tor e
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DESCRIPTION {OCR text may coctain emrs)
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of matadolsm, Mast of thase bactena can famvant ool smaok sugam (maicly
some monos and dehexsses) ard are wrable (o farment starch, The eisting

of lastic aci prod fror starch as bas ¢ matedsl requre some
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Invartors Anita Savica. Sdan Nwak. Attenia “rantd

Applicant
Expert Citakion

Patert Cliatres (8), NonPzlent Citstions (35), Refsrenced by (1)
LRG0 (3], Logl Everes (3

d Lirks: P L

CLAIMS (U4 et nay contam amos )

PATENT CLAINS
1, The bsctic scid p i ) h wized i Ihal Hircludes the
Tk iong wiwps
a) smuk: 5 yand itially sinubarens
saccnan and o bd nthe oy

only one specios ol anyloh®c lactc sckd sacterdia

b) s2poration of lacic acid from the fermertation mecium

) parificatian of lactk aca
4 The lectic aci p i v o Clam 1. ized in
DT W L06S 198 TOlw g S1ps

o) 2 asccharfication asd A ifvslly sie

sace and -4 ] nme oy

only one species of amylobec lactc ackd saztena
b) saparation of lacic ackd from @ formertaticn mecium
¢) paification of lactic aca

whme b atep a) 0o vy lol T eoxrims e added sod Lnative sibstances
A sdded i 8 conenmtion of Dol 1359 1LY,

<. The lsctic acid i 4 te Claim 2. izod in
Dt (tircludes De follewing slips.

a) s mulansas saccharnification sed Temenlation, specilizdly sinubarmas
KA0 and " ¢ semisold e by
only one specins ot amvyjohec |actc ackl sactona

b saoaration of lacic acid rom the femertation medium
) purificatian of laclic scd

whers i atep a) nether e srgloltic anzgmes e (he ineganc meitve
SUBLANCAG 30 A0ed. whweas MATive S.EGHaNoes are adoed ina
soneetratian of upto 80 gL,

Ty the rew Gocgle Pakeets, Wi muchinechasifes Googh Schelar rescls, and Jupansse and South Karean patents,

Hpe: aoagl P 001" WA el ~an




Intelektualno vlasnistvo

Quentiliste u Zagrebu, Trg mariala Tita 14, Zagr

b, KOJC@ ZasTupa TeRIoT ProTers

E_rehrambenu faculey of

iotehnoloiki | food technalogy
o fakultet and biotechnalagy

Sty Sveudiliite u Zagrebu

ST University of Zagreb

Ay

case study 2:

raskid Ugovora izmedu SuZ i sastavnice

Bjelis (dalje Sveudilite), s jedne strane

1e

srofdr.sc Anita Slavica. Prisavije 8, 10000 Zagred,

prof dr.sc. Srdan Novag, Turanjska 3F, 1002( Zagreb-Novi Zagreh
Antonya Trontel cipling., Trg mladosti 6, 10200 Zapresic.

prof dr.sc. BaZida® Sartek, Purgarija 18, Kerestinee, 10431 Sveta Nedjel'a,

(dulje IstraZivadi)

i

Prehrambenc-bio:chnoloski fakultet. Pierottijeva 5, Zagreh, Kojog castupa dekanica profidr.se

Mirjana Hruskar ‘dalic Fakultet), s druge stranc,

u Zagrebu, dana 20 veljale 2012. godine

RASKIDAJU
Ugovar o prijenosa prava intelckiualnog viasnifva

na rezultatu istrafivadkog i stradnog rada od 19. lipuja 2009. godine

Clanac 1

Strunke suglasno utvrduju:

— da su dana 19. lipnja 2009. godine skivj
intelektualnog vlasnidtva na rezultatu istraziv
opisanom u Prijavi 22 provodenje postupka pra

komercljalizacije 1czultata istrazivatkog

mlijeéne kiscline na Skrobnim sirovingma s
mlijeéne Kiseline (ur. broj: 380-02:40-09-3; Klasifi

- da je ra temelju &lnka 3. 1082 Ugovomn

viasnistva na RIS;

si'e u Zagrebu Ugovor o prijenasu prava
atkog 1 struénog rada (dalje RIS)
vne zadute (cegistracije) i postupka

i «uénog rada naslova Proizvodnja

pomoéu amilolititke bakterije
kucijska oznaka: 64101 00.01/19):

Sveudiliste steklo prava indusuijskoe

- daje ma temelju Elanka 4. toga Ugovora Sveutihste steklo autorsha i srodna prava
iskorisStavauja kcja postoje u odnosu na RIS

Clarak 2.

Stranke suglesno utvrduju da je u sklopu opostupka pravne zadlite (registracije) i

komercijalizacije RIS-a Sveudiliste o svom trosku

izvrdilo sljedete radnje:

prof. dr. sc. Anita Slavica
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punomoc¢ sastavnice

patentnom odvjetniku

PUNOMOC

AUTHORIZATION
Reg. br. zastupnika: 135
Represenmtive Ref. No
Ja/Mi
I/'We

Ime(na) / Name(s): Prehrambene-bistehnoledhi fakultet Sveudilittn » Zagrebw
Adresa / Address
Ulica | broj / Street and house Ne: Picrottijeva 6
Mjesio | post. br.  City and postal code 10000 Zagreb
Drzava / Country: Hrvatska

Telefaks / Telefix

opunomocujem (o)
do hereby authorize

Zastupnika / Representative: Tihomir Dragon
Adresa za korespodenciju / Address for correspondence

Ulica | broj / Street and house No: Milivoja Matoseca 2
Mjesto | podt. be. ' City and postal code 10000 Zagreb

Drzava / Country:
Tolefon i telefaks / Teleplsone ' Telefax:

da me/nas zastupa kod Drzavnog zavoda  to represent me/us before the State

RH za intelektualno viasnistvo Intellectual Property Office of Croatia

U SVIm postupcing koji su vezani na peijava(e) patents’ in all proceedings relsted patent application(s )

validaciju EPO patenta{ata Vpriznatog( ih) patenta{ata) u validation of granted EPO patent(s)

Republici Hrvatskoj (HR) grunted patent(s) in the Repablic of Croatls (HR x
P20100074A

Opunomodeni je ovissten da uloZi prijave(c) | poboljSanja,  Said Attorney i suthorized to file the application{s)

da placa 1 prima sve pristojbe, da prima obavjesti | ostale and improvements, to pay and receive fees, to receive
dokumente, te poduzme sve drugo 2s zastity mojilvnad il notices and other documents, as well as o take any
prava u ¢jelosti 2a vrijeme njihovog trajanja Sa time measures in order to prosect my/our rights during
prestaie vaknost panomodi dosadelajim zastupnicima the entire period of validity thereof. Appointment of

the existing ropresentutive 1s herewith cancelled.
Punomod se maZe peenositi / Sub-suthorization @ da / may be pven O ne | may not be given
Potpis(i) / Signature(s):
Miesto | datum / Place and date

Potpis / Signaturc
Ime potpisane osobe | funkeija / Name of person(s) signing and capactty  dr.sc. Damir Jezek, dekan

rehrambeno | faculty of
Eiutehnnlaiki foad technalogy
fakulret and biotechnalagy

Sweuéiliie v Zagrebu
University of Zagreb

prof. dr. sc. Anita Slavica
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Sweuéiliie v Zagrebu
University of Zagreb

SEKTOR ZA PATENTE

KLASA: UPL3S1-0010-0100074

* case study 2 oo e
HR PK20100074 B3 PRI

Dedaoni zaved 22 intelekisaloo viesnidtvo na temeljs Slanka 15 stavka | Zakona o patentu {“Narodne
novine”, broj 17303, ST03. T&07., 3009, 12810, 4911 § TelL) povadom prijuve pelents
podnosaiclja: Prehrambeno-biotchnokodki fakuoltet, Piesottigova 6, 10000 Zagreh, zastupanog po

Rjeéenje 0 priznanju Tihomir Dragun, Milivosa MatoZeca 2, 10000 Zagreb, rads priznanis konsenzealnog patesda, donosi

konsenzualnog patenta (1) RIESENJE

L. Usvaja sc zabtjev za priznanje koascaeualzog paionta po prijav: beoj P20100074A, podacsem
dann 10 veljate 2010, godine, 2a izum pod sagivom: PROIZVODNIA MLUECNE KISELINE 12
SKROBNIH SIROVINA S POMOCU AMILOLITICKE BAKTERUE MLUECNE KISELINE,
peema opisn, necris | opatenonim sdjevimas auvedesim o spise koesemeualnog padenta broj

PR20100074.
Priznato prave upasuje s¢ @ registar patéata Dr2nvnog zavoda 2 inteleknusing vissnisivo pod
bavjem
PRI0IOODTY
nosisel] komsenosalnog palents: Prehrumbeno-biotehnolodki fakultet,
Picroitajeva &, 10000 Zagreh, HR

s oznabom MKP. CI2P 7)56 (2006.01)
trumnelfi naesadent u peagavi Anita Slavica,

NP RIS OF EROATA NTDORDN

BTATE TR BCTUAL SROSERTY OFSCh
S0 gracm Vunaves "0 | FLA000 Zageh, | imetielraes 1 ML 1) NIUE 1 08 |Coremie Gammme | 4508 410 ' rpurry srosfisseromg (M m

900 122 dverssemrieragiey revde (MCEITV) P (o388 118712017 E.omlin® et sdulilin b

prof. dr. sc. Anita Slavica
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case study 2
HR PK20100074 B3
RjeSenje o priznanju

konsenzualnog patenta (2)

™

(]

Podaci o priznatom Konsenzualnom patentu iz totke 1. ovoga rjelenja bit ¢e objavljeni u
Hrvatskom glasniku intelektualnog viasnistva broj 1/2016., dana 1. sijeénja 2016. uz patentni
zahtjev br, 1.

Obrazlozenje

Podnositelj zahtjeva za priznanje patenta: Prehrambeno-biotehnolodki fakultet, Pierottijeva 6, 10000
Zagreb, podnio je putem zastupnika, dana 10. veljade 2010. godine prijavu pod brojem: P20100074A,
za izum pod nazivom: PROIZVODNIJA MLUECNE KISELINE 1Z SKROBNIH SIROVINA §
POMOCU AMILOLITICKE BAKTERUE MLUECNE KISELINE. Prijava patenta pod brojem
P20100074A objavijena je u Hrvatskom glasniku intelektualnog vlasniStva broj 8/12, dana 31.
kolovoza 2012.

Na temelju ¢lanka 36. stavka 1. tocka 2. Zakona o patentu, 26. sijecnja 2012. podnositelj prijave
podnio je zahtjev za priznanje konsenzualnog patenta, koji je objavljen u Hrvatskom glasniku
intelektualnog vlasnistva broj 22015, Kako u zakonskom roku od 6 mjeseci od datuma objave
zahtjeva za priznanje konsenzualnog patenta nije podnesen prigovor iz ¢lanka 43. stavka 1. Zakona o
patentu, ispunjeni su uvjeti za priznanje konsenzualnog patenta,

Slijedom navedenog, a primjenom odredbi ¢lanka 48, stavka 1, to¢ka 2. te stavka 7. kao i Elanka 49,
stavka 1. citiranoga Zakona, odlu¢eno je kao u izreci ovoga rjesenja.

Uputa o pravnom lijeku:

Protiv ovog upravnog akta moZe se izjaviti Zalba Zalbenom vijeéu u podrudju prava industrijskog
vlasnistva, u roku od 30 dana od dana primitka ovoga akta. Zalba se predaje Drzavnom zavodu za
intelektualno viasnistvo neposredno ili se 3alje postom. Za podnosenje Zalbe pla¢a se 100,00 kuna
upravne pristajbe po tar. br. 8.5. Tarife upravnih pristojbi koja je sastavni dio Zakona o upravnim
pristojbama u podruéju prava intelektualnog viasnistva ("Narodne novine”, broj 64/00., 160/04,,
62/0%,, 30/00 i 49/11 )i 2 K00 00 kuna naknade trotkova postupka prema stavkn | &anka 18, Uredhe

o

naknadama za posebne trodkove i trofkove za pru2anje informacijskih usluga Dr2avnog zavoda za

intelektualno vlasnidtvo ("Narodne novine”, broj 109/11.196/13.).

DOSTAVITL:  nositelju konsenzualnog patenta putem zastupnika

- Tihomir Dragun, Milivoja Matoseca 2, Zagreb

fjca Sektoras )
| " ’
"f": (/ AL

Adamowuic, dipl. iuf.

rehrambeno | faculty of
Eiutehnnlaiki foad technalogy
fakulret and biotechnalagy

Sweuéiliie v Zagrebu
University of Zagreb

DALAYNI ZAYOD ZA INTELEXTUALND YLASKIATVO REFUBLIKE MCYATIONITATE INTELLECTUAL FROFERTY OFFICE OF THE REFUBLIC OF CROATIA
Zagret HrvaxkaCrosta

prof. dr. sc. Anita Slavica
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' » fakulet

ISPRAVA

0O KON SENZUALNOM PATENTU
HR PK20100074 B3 0700 194/ 10 401115/ 3 e Feupa s e i

zal lln svi propesant Lvjetl za priznane. | lna)

e case study 2.

isprava 0 konsenzualnom patentu KONSENZUALNI PATENT
PK20100074

ra 1w
PROIZVODNJA MLIJECNE KISELINE IZ SKRODNIH SIROVINA S
POMOCU AMILOLITICKE BAKTERIWE MLIJECNE KISELINE
Nositolpi)
Prehrambeno-botehnoloski faku et

Lavsnitedyin

Lmens bamitelia navedena su u Patentnom spisu Kojt je sastavnl d
Lprave
L oy Qugtar ¢ 1 1}
| Wjar } -y

ted tms b terttoru Repashiike Hivistske zakonom wtyndey
ol najdulje 10 godina, ratumajud! ol 10 022000

prof. dr. sc. Anita Slavica
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(http://it-app.dziv.hr/Glacnici/pdfPrikaz.aspx?
hgiv=01_2016, str. 12 — 404 file or directory not found)

Objava konsenzualnih
patenata

=1 MKP m HR P20140186 B3
ABTK 3502 (2015.01)
ASIF 1Y00(2006.01)
AB1P 17702 (2105.01)

o1 PK20140186 1= 0°.01.2016.

@) P20140°85A = 27.02.2014.

) 16.01.2015.

=+ LICKOVITI PRIPRAVAK, GLINCNA MA3 4, Z& Lucéohic
VELIKIH OPEKLINA IRANA
HEALTH PREFARATION CCNTAINING CLAY, FOR THE
IREAIMENT OF DUNNS AND SOMES

(raxry Dragan M. Dimifrtjeve, Ana Katarira Zrineka 11, 33520 S@tina,
HR
2 Bogdanta Dimerjevic, Viena: Ivana Mestroiea 113, 31010 Osijsk,
r-

R

HIEQrag UIMIMEEVIC, AN3 K3LINN3 LANSK 11, 3352U SIF@NA, HR
=n  Lekowitl pripravak, ginena masa, kojm se rjesavaju posljecice
waltih NAkiina, AMa | dAndta dngh pAninRkd parenetaia knd ljedl,
naznatena tima da se korst! k3o univezano sedstvw koie J refathno
Watkom wemenu resave zorasstvene tegooe zawaljujud velkol
apcorpoljcko] cnazl 3inc | biagocat Ijckovith oijaka, 3 icta maga oo
mijeniz nakor $10 |e dosio 30 sugen|a istz, svalin 1 do 2 sata dok rana
ne zarsts; u DoStUpIU Zarsstan|a ana mani! e postotak vode (3ko da se
U codifu] fad glineng inesd prlaesig sarnu da il Udem o
ljexovits Komponents s3siof se od biljaka:
1) AchllizaMilefolun - UZNa s CoMmia Tetna biljke ucvaty, osusl s2 U
niadu | usitnl Z3 spramanie u karbnske wile, a kod spravijanja 3
mo2e se Korstit! | 5vi22a b3, 2) Calenduaomenalls - LZIma s2 svied il
suhl do biljke u cvaw cvijet | Isca. tojesetsmzaspremaneca.d)
SymphytumOTicinale - uzinad se korjen Dike kojl s& vad ujesen |
profecz, naken 510 52 ONsT 00 I=mije | opere, usin s2 & & mo2e
Korset sviel B 56 sutl.

Patentsadr2l o5 1 patentni Zahtjev.
L ]

=1 MRP ) HR P20130243 B3
E67D 302 (2005.01)

o PKIN13243 - L B L]

@ P20130243A =] 20.03.2013.

) 13.03.2015.

4 UNIVERZALNI ADAPTOR ZA DOZATOR PICA
UNIVERSAL ADAPTCR FOR BEVERAGE DISPENSER

cravran DraZes SRar. Kamerhih svatova 37. 10293 Donh Bistra HR
o4y Zeljko Bhar, Zagred, HR
®r  Univerzani | 52 | 0d KUCSta le2sta
e T SR TR RS S R
KuCiSta le2ists Zastirog gz boce (2) 53 slemeniom le28ta Zalttnog gria
boce () utwdznog monta2iim pretenom (S) Za Kudiste le21sts zasitog
gria boce (2) Qdje 3& unutar slementa e28ia Zastirog gria boce (4)
nalaz linardno leiste Zasiinog gria boce (7) 23 priwat gria doce; gde
o Kuoittc lcMita dozatora (1) VIC'o cpojeno Gvejim dnom =3 h kudtta
821513 Za8tg gria boce (2) u diElu U kpjem IS0 UaZ U kuests le28ta
dozatora (1) naznaten time da &= pregada komore i2zervre tekudne
{3) naiazi smjastena lznadl gomjeg diel: elementa le2sta zastinog gria
poce (4) | suenja lvedentg na vhu Kuelsia |edsta zz8tnog grla bece
<2) na mjeswu gdje olelom UaZ U tudsie Ie215ta dozatera (1), formiraued

KOMOMU $3 FEZEVNOM EXUCINDM (5)/ZMETU O]&43 Pragrale Komors
rez:emetawne(s lumm,legenxenmalewa mmm oge

rezenma koiz 2

posp)e,qe ral 00Z3'0r3 pite simulrajud lstataqe taoda;e toca uvjek
puna.

Patenisadrdl 03 3 patentna zahtjeva.

-

on
@

L

4
=

o)

on
[73)]

=4

siijedede korake:
cimutianc cahanfikaole | formantaoie | to kad cimukanc charMkaoljc |
fermentacije pOIUCVTSIDg SUPSTAI3 U dloreakoru pemodu samo edne
wrste amiloitiCke bakierfe milecae kiseine

izdvajanja miljatne kiseine Iz prevrale Franfive podicge

procseavaria mijetne kiseine.

Patent s3dr! jos 13 paterinin zhgeva.

rehrambeno | faculty of
Eiul:ehnnloiki feod technalagy
o fakultet and biotechnalagy

Sweuéiliie v Zagrebu
University of Zagreb

MR o

C12P 7/56 (2006.01)

PX20100074 () 01.01.2016.

FRUNULISA @) W.UZ 200
(43) 31.08.2012

PROITVONNIA MILIFANS KISF INF 7 SKRORNIH AIROVINA

S POMOCU AMILOLITICKE BAKTERWE MUJEENE KISELINE

LACTIC ACID PRODUCTION FROM STARCH-CONTAINING RAW

MATERIALE BY ANYLOLYTIC LACTIC ACID BACTERIA

Prehrambeno-Diotetnolosk fakuitet, Plemitijevas, 10000 Zagreb,

HR

Anita Slavica, Prisavije 3, 10000 Zagreb, HR

Srdan Novak, Turaniska 3F, 10020 Zagred, HR

Antonja Trortod, Tre miadoct! €, 10290 Zapretic HR

Bo2ioar Santzk, Punganja 18, Kerestinec, 10431 Sveta Nedefja, HR

Tihomir Dragun, Zagreb, HY

Postudak dabivanjz miletne kiszinz, naznalen time da sadrd

HR P20100074 R3

MKP 1oy HRP20130152 B3

CISRAD0 (3008 01)

€258 1/08 {2006.01)

PK20130152 () 01.01.2016.

F2UTUIZA @ 2.0z
) 23.08.2014.

GENERATOR ZA PROIZVODNJU ORTOVODIKA
GENERATOR FOR PRODJCING ORTHO-HYDROGEN

o Peter Jonte, Upnicka 10 1000C Zagred, HR

=N

OUdL JAMSIC, Na ioha O, 10000 Zagiep, 1R

Genestor Ju ortovedika s3stavijen od nalzmjenienl

nanizanih trivl | eiskiroda te omeden nonim piotamz naznaten tine da
cbulvaca skiop bmi osnowre celle sastavien od nalzmienieno
prisionjenih brtvi prt ¢emu je Uz brvu § Jranitrikom | umetrutom

prisio

(10) prsionjena brva ¢ g {2¢}, na koju Jo Z38m
njena Diva s grankalkom (40), na Kou Je zaim
njena brva bez granienlka lumetutim nibnkena kanaics (3%), na

KCju J& Zatim praonjena potpoma brta & granicnikom (0, N3 XU je
z3tim prisionjena briva s granitilkom 20}, na koju & zatm prisionjena
brtva 5 gravénikom | umetnutom elekodom (103 | da Je 1a navacenl

SK0p DTV CSNOVIE G208 PNSONjEN

SKIOp OUCE 218 53STaViEn 00

naizmjeni¢ro prisionjenih betvi gt Gemi je uz brvu 5 gram:mmm (20),

prisionjena

potpoma brnva s granknlkom (20). n3a kou Je Zaim
Driva tez graniénika | umetwtim rubnicima kanzics (38), na

koju je Zatim prisonjena potpoma brta & granitnikom (40, N3 kxu je

Zafin [ Je

VA R OF wn 20) na knju & 73fm prsimjena

bmasgzmumlmmmeamw(muazwww}as
stiopom

siranz  omedenl  zawrsnm sastavijenim  od

naiamjcriéeo priconjenin brtvi  ploda, prt o.:mu & 03 nunu pledu ©
otvoima zz dovod | odved (S0) prisianena biva s ganiénitom (21), na
koju je Zatim prisnjena potpoma brta & granicnikom (40, na kju je
Z30M PASKMENA DAV (€2 QraNcniKa | UMEINUIM UDNKSMA Kanance
(30), na kou e zztm prisionjena potpema bryva s ganiénilom (41), na

Kojuje Zatn prisionjena trva s granktnkom (23).

Patent s3dr2 jos 4 patentra zaheva
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case study 2
HR PK20100074 B3

spis konsenzualnog patenta (1-9)

HR PK20100074 B3

4 REPUBLIKA HRVATSKA st
DRZAVNI ZAVOD ZA
INTELEKTUALNO VLASNISTVO

»SPIS
KONSENZUALNOG PATENTA

ovienu | KOBAZIU Podataka)
C12P 7/56 (2006.01

P20100074A 22 Datum podnotenya prigve

» Prehrambeno-biotehnolodki fakuitet, Pierottijeva 6, 10000 Zagreb, HR
Anita Slavica, Pri
Srdan Novak, Tw
Antonija Trontel,
Boidar Santek, ¢

Tihomir Dragun, M

PROIZVODNJA MLIJECNE KISELINE IZ SKROBNIH SIROVINA S POMOCU AMILOLITICKE
BAKTERIJE MLIJECNE KISELINE

HR PK20100074 B3

rehrambeno | faculty of
Eiul:ehnnloiki feod technalagy
fakulret and biotechnalagy

" SveusliEte u Zagrebu

University of Zagreb

prof. dr. sc. Anita Slavica
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case study 2: W02011098843 A2
HR PK20100074 B3

rehrambeno | faculty of
Eiul:ehnnloiki feod technalagy
fakulret and biotechnalagy

b Sveuiliite u Zagrebu

University of Zagreb

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)
Applicant’s of agants 19 reference FOR FURTHER a6 Form PCTISAZ20
PCT-003-VO0Z ACTION s wall 53, where spoficable, im S tolow.
Thtmasoral ApHicanon No. al g cate Aear] | (Earbosy Priorty Dats (dsyimonthyear)
PCT/HR2011/000001 037/01/2011 10/02/2010
Applicant =

SVEUCILISTE U ZAGREBU

This international saerch redon his baen by this ¥ £ § Autortty and ls nhe Kp
BOCOMANG 10 ATBCH 15. A COpY 18 BING TANEMED 10 1 IMermatona! Duoe.

Thig imematicnal search resort consi 4 a total of 5 shaats
[X] Inis elso accompenied by a copy of aach prior art documant cited in s repert.

1. Basls of the report
2 WIth feQard © the anguage, TNé INBMATONE! SETN WES CAMEI Out On The basis of:

[X]  theintematonal appication in the knguage In wiich it was Sisd

N of he into . which Is b
ofs son & g for e p of ssarch (Rules 12.3(s) and 221(d))
5. [] Tnisintemational search repos has teen estabishe account the ofan

d kg o
authonzed by or sotifiad 10 this Authcrty under Rule 91 (Rule 43.6bisa)).

2 [[] Certainclaims wers found unscarshable (See Box No. Ii)
3 []  unityof inventicn is lacking (see Box Noiil)

4, With regaid © tre title,
[X] ®euxtisapprovedas bythe a9
[] e mua has been estabishea 3y tis Authomy 1o i8ad as fotows:

£, Wit rega'c 10 Me abstract,
[X] e extis approvec as submited by the agpican!

D n-nmmmulmm»maau by this AuBorily as it aposars n Box No. IV. The spplicant
may, within 0ne nonth kom e datd of maling of this Mamational saasch MPOTE, SUBMI! COMMAnts 1 thin Autorty

£ Wit ragard 1o e drawinge
. e figure of the drawings 1o be publhad With the abstract is Figure No,
[0 8ssuggesma ty me sppicant
] by this the appicant falled 1o suggest a figure
[[]  asseieced by this Asnoriy, becasss this igura batier charctarizes the Inventon
nD none Of the figures 8 10 b patiishnd with ha aAbatract

[ D Wl regurd 1o sy nuctsotide and/or smino scid seguence (ISCIOSed ) e NBTAZ0ral apgicason, 86 Dox No. |,

Foem BCTASAMAD (et shaet) [y 2009

prof. dr. sc. Anita Slavica
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INTERNATIONAL SEARCH REPORT

Inteenationsl appication No

PCT/HR2011/000001

IR ¢ 7, Ja
ADD.

o Patant ( (PG} or 10 bolh national classification and IPC

8. RELDS SEARCHED

Mimum
C12pP

searched SySiom I04Wea by ClssICalion SYTs)

rehrambeno | faculty of
Eluhehnobﬂi foad technalagy
@ fakultet and biotechnalagy

Sweuéiliie v Zagrebu
University of Zagreb

« case study 2: WO2011098843 A2
HR PK20100074 B3

X — document of particular relevance;
the claimed invention cannot be considered novel
or cannot be considered to involve an inventing

step when the document is taken alone

Y — document of particular relevance; the claimed
invention cannot be considered to involve an
inventive step when the document is combined
with one or more other such documents, such
combination being obvious to a person skilled

in the art

Dotumentation searchad other (hih Mirkmum docemaontalion 10 The @i Nat Such COCUMANS AT Mcuded 1 [he Reids searched

Eiectonc dala base consulied during tha iMmematicnal S4arch (Name of GalA base and, W PrACIcAl search tsrms used}

EPO-Internal, BIOSIS, FSTA, COMPENDEX, EMBASE, WPI Data

firg dale

*L* document which may throw doubls on promly  cialm(s) of
which is cited 10 eslabieh the publcalion dute of ancler
chation or other special reascn (48 apectied)

*Q* document refering 1o an oml disdosure, use. exhititon o
omer moans

B document publshed pric % the inlomational Alng dae but
\ator than Be prionty dale caimes

C. S TO BE RELEVANT
Canegory* | CHaton of Cocumant, with indicaion, where appropritle, of Ihe felevar: passages Fatrvar 1 cialm No
X CHATTERJEE M ET AL: “Production of lactic 1-6,
acid by direct fermentation of starchy 9-11,13,
wastes by an amylase-producing 17
Lactobacillus.",
BIOTECHNOLOGY LETTERS,
vol. 19, no. 9, 1997, page 873,
XP000002656901,
DOI: 10.1023/A:1018337604225
Y abstract; figures 1-4 12
page 873, left-hand column, paragraph 2 -
page 874, left-hand column, paragraph 1
wfo
m Funthar cocumants are listad In the canthwaion of Box C. D See palet lamiy annex
: M!._"“wumw el nmmm mmﬁ
o) Mmu?mm‘"‘“""“ Gl e e et o [
“E" eanter bt publist of aler he

&' decumant mamber of tho samo patont famiy

Duis of the actual compietion of the intermatiosal search

16 August 2011

Datn of making of he Mamatonal search repot

26/08/2011

Name and mailing addross of the ISA/
Eurapean Patnt Office, P B 5818 Patentiaan 2
Wy

N - 2280
Ted (+31-70) 4C-2040

Fax: (+31-70) 340-3018

Authoriznd officet

Schrdder, Gunnar

Faom POTASA S jemcond womel) (Agefl 2008]

page 1 of 4

prof. dr. sc. Anita Slavica



Intelektualno vlasnistvo

case study 2: W02011098843 A2
HR PK20100074 B3

diplomski/magistarski rad (crosbi)

INTERNATIONAL SEARCH REPORT

ternational splication No
PCT/HR2011/000001

ClContinuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Catogoey* | Caaton of with wheee

of 1he 1ekvant passages

Padevant 1o clalm Na.

X OHKOUCHI Y ET AL: "Direct production of
1(+)-1actic acid from starch and food
wastes using Lactobacillus manihotiverans
LMG18011",

BIORESOURCE TECHNOLO&Y, ELSEYIER BY, 6B,
vol. 97, no. 13,

1 September 2006 (2006-09-01), pages
1554-1562, XP025105945,

ISSN: 0960-8524, DOI:
10.1016/J.BIORTECH. 2005.06.004
Lretrieved on 2006-09-01)

Y abstract; figures 1-7; tables 1-4
paragraphs [02.2], [03.5]

1-6,10,
11,
13=17,19

12

AR

'l-

Erehrambenu faculty of
iotehnoloiki | food technalagy
fakulret and biotechnalagy

Sweuéiliie v Zagrebu
University of Zagreb

X Grzunov, Tomislav: "Semi-solid state
fermentation bioproces for production of
lactic acid by amylolytic bacterium
Lactobacillus amylovorus DSM 20531T
(graduate thesis)",

Croatian scientific bibliography (CROSBI),
461317,

12 November 2009 (2009-11-12),
XP000002656902,

Retrieved from the Internet:

URL :https://bib.irb.hr/prikazi-rad?rad=461
3174table=disertacijadlang=EN%20Croatian¥2
0Scientific¥20Biblography¥20CROSBI&print=t
rue

[retrieved on 2011-08-15]

i abstract

1-11,13,
17,18

12

X MERCIER P ET AL: “Kinetics of lactic acid
fermentation on glucose and corn by
Lactobacillus amylophilus",

JOURNAL OF CHEMICAL TECHNOLOGY AND
BIOTECHNOLOGY, BLACKWELL SCIENTIFIC
PUBLICATIONS. OXFORD, 6B,

vol. 55, no. 2,

1 January 1992 (1992-01-01), pages
111-121, XP009129731.

ISSN: 0268-2575, DOI:

10.1002/JCTB. 280550204

cited in the application

Y abstract

paragraphs [02.1], [2.2.2], [02.3],
[2.4.2] - [02.6], [03.1]; figures 5, 6

X

1-6,
9-11,13,
17-20

12

Foam POTASAG 0 (commumtion of sedond shest) |Apl 2008)

page 2 of 4
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INTERNATIONAL SEARCH REPORT

case study 2: W02011098843 A2
HR PK20100074 B3

Imtamaticns apobcation NO
PCT/HR2011/000001
S CONSIDERED TO BE RELEVANT
Category” Chation of documert, Wil IRCication, where approprie, of the relevan! pessages AR 1o ek Nu.
X XIAODUNG W ET AL: "Direct fermentative 1,2,
production of lactic acid on cassava and 6-11,
other starch substrates®, 14-16
BIOTECHNOLOGY LETTERS,
vol. 19, no. 9, 1997, pages 841-843,
XP000002656903,
ISSN: 0141-5492
cited in the application
abstract; figures 1-3
page 841, right-hand column, paragraph 2 -
page 842, right-hand column, paragraph 2
X CHENG P ET AL: "LACTIC ACID PRODUCTION 1,6-11,
FROM FNZYME-THINNED CORN STARCH USING 13-16
LACTOBACILLUS AMYLOYORUS",
JOURNAL FOR INDUSTRIAL MICROBIOLOGY,
SOCIETY FOR INDUSTRIAL MICROBIOLOGY, UK,
vol. 7, 1 January 1991 (1991-01-01), pages
27-34, XP008028809,
ISSN: 0169-4146, DOI: 10.1007/BF01575599
cited in the application
abstract; figures 1-7; tables 1-3
page 28, left-hand column, paragraph 2 -
page 29, right-hand column, paragraph 1
page 30, lett-hand column, paragraph 2 -
page 33, right-hand column, paragraph 1
X ZHANG D X ET AL: "DIRECT FERMENTATION OF 1;:2;
STARCH TO LACTIC ACID BY 6-11,14
LACTOBACILLUS~AMYLOVORUS" ,
BIOTECHNOLOGY LETTERS,
vol. 13, no. 10. 1991, pages 733-738,
XP000002656904,
ISSN: 0141-5492
cited in the application
abstract; figure 3
page 734, paragraph 1-3
page 735, paragraph 2
X YOKOTA Y ET AL: "Production of L-lactic 1,2,6,
Acid by Direct Fermentation of Potato", 10,
KAGAKU KOGAKU RONBUNSHU, 13-17,19
vol. 24, no. 5,
10 September 1998 (1998-09-10), pages
722-725. XP000002656905,
ISSN: 0386-216X, DOI:
10.1252/kakoronbunshu.24.722
English abstract;
page 725; figures 1-3; tables 1, 2
e

AR

i)

'l-

Erehrambenu faculty of
iotehnoloiki | food technalagy
fakulret and biotechnalagy

Sweuéiliie v Zagrebu
University of Zagreb

Foan POTASAR !0 (coriraeion of seeersl shast) (Ag ) J008)
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INTERNATIONAL SEARCH REPORT

International spplication No

PCT/HR2011/000001

e ———————
CiContinuatton). DOCUMENTS CONSIDERED TO BE RELEVANT

Catogory”

Camton of witn where g of the risvant passagos

Pewvant 1o claim No.

case study 2: W02011098843 A2
HR PK20100074 B3
znanstveni rad objavljen 20006.
u CABEQ-u

X

JOHN R P ET AL: “"Direct lactic acid
fermentation: Focus on simultaneous
saccharification and lactic acid
production”,

BIOTECHNOLOGY ADVANCES, ELSEVIER
PUBLISHING, BARKING, 6B,

vol. 27, no. 2, 1 March 2009 (2009-03-01),
pages 145-152, XP025873360,

ISSN: 0734-9750, DOI:
10.1016/J.BI0TECHADY.2008.10.004
[retrieved on 2008-10-31]

paragraphs [005.], [5.1.]; tables 1, 2

1,2,6-8,
10,14-17

Erehrambenu faculty of
iotehnoloiki | food technalagy
fakulret and biotechnalagy

" SveusliEte u Zagrebu

University of Zagreb

SANTEK B ET AL: "Horizontal tubular
bioreactors in biotechnology",

CHEMICAL AND BIOCHEMICAL ENGINEERING
QUARTERLY,

vol. 20, no. 4, December 2006 (2006-12),
pages 389-399, XP000002656906,

ISSN: 0352-9568

cited in the application

page 391, right-hand column, paragraph 2 -
page 993, right-hand column, paragraph 2;
figures 2-4
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case study 2: W02011098843 A2
HR PK20100074 B3

rehrambeno | faculty of
PATENT COOPERATION TREATY Eiul:ehnnloiki food techralogy

» fakulet and biotechnology
From the
INTERNATIONAL SEARCHING AUTHORITY

o | PCT

ity Sveudiliste u Zagrebu

University of Zagreb
WRITTEN OPINION OF THE
\
. INTERNATIONAL SEARCHING AUTHORITY
¢ (PCT Rule 43bis.1)
‘ " Date of makng ‘
‘ {mmwmwuw see form PCTASAR10 (second sheed)
e D e 1
| Applicans o sgents te refercoce \FonrumsnAcnou |
| see form PCTASARZ20 | See paragrapts 2 balow |
'ﬁnmwm fiing dane (daysmonthyear] Phdely Ca18 [aaymaniyear)
PCTHR2011/000001 07.01.2011 10.02.2010
Patent Cl (IPC) o both national dassification and IPC =
INV. C12P756
—
SVEUCILISTE U ZAGREBU

1. This opinion contains indications relating to the foilowing items:

® BoxNo.|  Basls of the opinion
@ BoxNo. !l  Priority
O BoxNo. Il Non-establishment of opinion wilh regard 1o novely, inventive step and industrial appicability
[ BoxNo. IV Lack of unity of invention
B BoxNo.V  Reasoned slatement undar Rude 43bis.1(a)(i) with ragard 1o novelty. inventive step and indusirial
appicabiity; citations and explanations supporting swch statement
D BoxNo. VI  Certain documents cited
‘ [ Box No. VIl Certain defects in 1he international application
& Box No. Vill Certain ob tions on the inter

’ 2. FURTHER ACTION

fad d for | | prefiminary ination is made, {his opinion will usually b& CoRSIoered o be &

written opinion of the Internati g Authority (“"IPEA") except that this does not apply where
{ the applicant chooses an Aut mmwmnmommbomlmwmecmunnPEAmnomcme

Intemational Bureau under Rule 68.1bis(b) that written opinions of thie: Intermatona) Searching Authority

will not be so considered.

\ ¥ this opinion is. as provided above, comlﬂuudmlnnwrimn opinion of the IPEA, the applicant is invited to ’
submit 1o the IPEAamihnmplylo?thr with before th esxpnhonol:!montns |

from the date of mailing of Form PCTA: m«moxmcnmdzszmmm ale,

whichever expires laler. ‘

For turther options, see Form PCTASA220.
3. For lurther detalls, see noles to Form PCTASA220. ‘

. = iy T |
Nama and maling addess of he ISA: ‘ | Date of completion of | Authorized Officer
— = this opinice /'\\ ‘
Ewropean Patent Otice ow :
‘ Gitachiner Str. 103 L A Schrdder, Gunnar {
D-10858 Beslin \, /
Tel. +49 30 26601 - 0 Tolophane No. +4830 25001325 et
Fax: +49 30 25901 - B40

Foem PCTASAR37 (Cover Sheet) (July 2009)

prof. dr. sc. Anita Slavica
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTHR2011/000001

Box No.| Basis of the opinion

1. With regard o the language. this opinion has been established on the basis of:
& 1ne International application In the language in which it was fled

O atransiation of the internationa! application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. O This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With r to any nucleotide andior amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. (means)
O  on paper
O In electronic form
b. (time)
O inthe international application as filed
O together with the International application in electronic form
U subsequently to this Authority for the purposes of search

4. O In addiion, in the case that more than one version or copy of a sequence listing has been filed or furnished,

the required statements that the information in the subsequent or additional coples is identical to that in the
application as filed or does not go beyond the appication as filed, as appropriate, were furnished.

5. Additonal comments:

rehrambeno | faculty of
Eiul:ehnnloiki feod technalagy
fakulret and biotechnalagy

" SveusliEte u Zagrebu

University of Zagreb

Box No. Il Priority

1. @ The validity of the priority claim has not been considered becauss the International Searching Authority
does not have in its possession a copy of the earlier application whose priority has been claimed or, where
required, a transiation of that earlier application. This opinion has nevertheless been established on the
assumption that the relevant date (Rules 43bis.1 and 64.1) Is the claimed priority date.

2. O This opinion has been established as if no priority had been claimed due to the fact that the priority claim
has been found invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinian, the international
filing date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:

Form PCTASA/237 (April 2007)

prof. dr. sc. Anita Slavica
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WRITTEN OPINION OF THE International appiication No. w fakultet and biotechnology
INTERNATIONAL SEARCHING AUTHORITY PCTHR2011/000001

Intelektualno vlasnistvo
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Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

* case study 2: WO2011098843 A2 (e \

Novelty (N) Yes: Claims 12

No: Claims 1-11,13-20
1-20
Rir-!]

HR PK20100074 B3 ) G

Inventive step (I1S) Yes:
No: Claims

Industrial applicabdity (I1A) Yes: Llaims
No: Claims

.

2. Citations and explanations
see separate sheet

Box No. VIll Certaln observations on the intemnational application

The foliowing observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separale sheet
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Reference Is made to the foliowing documents:

D1

D2

D3

DS

D7

D9

D10

1
1.1

CHATTERJEE M ET AL, BIOTECHNOLOGY LETTERS, vol. 19, no. 9,
1987, page 873

OHKOUCHI Y ET AL, BIORESOURCE TECHNOLOGY, vol. 97, no. 13, 1
September 2006 (2006-08-01), pages 1554-1562

Grzunov, Tomislav, Croatian scientific bibliography (CROSBI),
461317, 12 November 2009 (2008-11-12)

MERCIER P ET AL, JOURNAL OF CHEMICAL TECHNOLOGY AND

BIOTECHNOLOGY, vol. 55, no. 2, 1 January 1992 (1992-01-01), pages
111-121

XIAODONG W ET AL, BIOTECHNOLOGY LETTERS, vol. 18, no. 9,
1997, pages 841-843

CHENG P ET AL, JOURNAL FOR INDUSTRIAL MICROBIOLOGY, vol. 7,
1 January 1991 (1991-01-01), pages 27-34

ZHANG D X ET AL, BIOTECHNOLOGY LETTERS, vol. 13, no. 10, 1991,
pages 733-738

YOKOTA Y ET AL, KAGAKU KOGAKU RONBUNSHU, vol. 24, no, 5, 10
September 1988 (1998-09-10), pages 722-725

JOHN R P ET AL, BIOTECHNOLOGY ADVANCES, vol. 27, no. 2, 1
March 2009 (2008-03-01), pages 145-152

SANTEK B ET AL, CHEMICAL AND BIOCHEMICAL ENGINEERING
QUARTERLY, vol. 20, no. 4, December 2006 (2006-12), pages 389-399

Novelty

The present application does not meet the criteria of Article 33(2) PCT,
because the subject-matter of claims 1-11 and 13-20 is not new.
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The document D1 discloses (abstract):

The production of lactic acid by direct fermentation of waste potato mash by
the amylase-producing bacterium Laclobacillus cellobiosus. No other nutrients
or salts are added to the growth medium. Opticnally, the fermentation is pH-
controlied by aadition of CaCOs. It is noted that *waste potato mash" is viewed
as being a “semi-solid material” in the common sense.

Separation and purification of lactic acid are implicit features of the process.
Other process features are disclosed in the indicated passages (page 873,
left-hand column, paragraph 2 - page 874, left-hand column, paragraph 1).

Document D1 therefore anticipates the subject-matter of claims 1-6, 9-11, 13,
17.

Document D2 discloses (abstract; figures 1-7; tables 1-4; paragraphs [02.2],
[03.5)):

Lactic acid production from starch and food wastes by Lactobacillus
manihotivorans LMG18011, and optimum conditions for simultaneous
saccharification and fermentation (SSF) using soluble starch and food wastes
as substrates. No other nutrients or salts are added to the growth medium
containg the food waste. Optionally, the fermentation is pH-controlled by
addition of NaOH. Product yields (Y s) as high as 1.11 g/g are obtained (see
Table 4). Bacterial cultures are prepared using a modified MRS medium
containing a carbon source (glucose or starch, see paragraphs 2.2, 2.5, 2.6).
It is implicit that these cultures are used to inoculate the food waste substrate,

and that the final fermentation medium thus also comprises ingredients of
MRS-medium.

Document D2 therefore anticipates the subject-matter of claims 1-6, 10, 11,
13-17, 19.

Document D3 discloses (abstract):

SSF with Lactobacillus amylovorus DSM 205317 using a semi-solid substrate
“solid particles of wet com flour" (automatic translation from Croatian: "&vrstim
viaZnim Eesticama kukuruznog brasna”), which is supposedly corn grits. No
other nutrients or salts are added to the growth medium.

Document D3 therefore destroys the novelty of claims 1-8, 10, 11, 17, 18.

The document D4 discloses (abstract; paragraphs [02.1], [2.2.2], [02.3], [2.4.2)
- [02.6], [03.1]; figures 5, 6):

Form PCTASA237 (Separme Sheel) (Sheet 2) (EPO-Agril 2008)
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SSF with Lactobacillus amylophilus on 4.5% mashed com. No other nutrients
or salts are added to the growth medium (see paragraph 2.2.2). A 10% (v/v)
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inaculum is used in the fermentation (page 114, left column, lines 2-3), which
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inoculum comprises bacteria grown in MRS (+starch) medium. It is thus
implicit that the final fermentation medium also comprises ingredients of the
MRS-medium. "Mashed corn" is a raw material which is different from corn
starch, and which is viewed as a “semi-solid material® in the common sense.
Since there exists no precise limitation concerning the definition of “com
grits" (= coarsely ground com) in claim 18, itis assumed that mashed cormn
(containing grains of starch and germ, which grains of starch are destroyed
during sterilization of the material, see paragraph 2.2.2), containing solubles
as well as insolubles, falls under this definition.

Document D4 therefore destroys the novelty of claims 1-6, 10, 11, 13, 17-20.

Documents D5-D9 (passages cited in the search report) disclose further
processes wherein starch substrates are converted by SSF using amylolytic
lactic acid bacteria.

Document D5 discloses fermentation of raw corn, rice or wheat starch.
Lactate production is e.g. 10.1 g/L with initial starch conc. of 10 g/l (see p.
842).

Document D6 discloses fermentation of enzyme-thinned corn starch. Lactate
production is e.g. 1.04 g per g of starch (100 g/L lactic acid from 103.8 g/L
starch, see page 30, left-hand-column, last paragraph).

Document D7 discloses the fermentation of raw com starch. Lactate
production is e.g. 87 g/L with initial starch conc. of 100 g/l, which corresponds
to 0.87 g/g (see Fig. 3).

Document D8 discloses a process wherein potato is fermented. 80%
conversion of starch into lactic acid is obtained (see discussion of document
D8 in document D2, page 1559). The fermentation medium also contains
MRS medium ingredients.

Document D8 is a recent review on the topic and cites some of the documents
discussed hereabove.

Inventive step

The present application does not meet the criteria of Article 33(3) PCT,
because the subject-matter of claims 12 does not involve an inventive step.

Form PCTASAR37 (Separate Sreet) (Sneet 3) (EPO-Apri 2005
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2.2 Horizontal rotating tubular bioreactors (HRTBS) have already been employed

in similar processes for the same purpose (see document D10, page 391,
right-hand column, paragraph 2 - page 993, right-hand column, paragraph 2;
figures 2-4). It would be obvious to the person skilled in the art, namely when
the same result is to be achieved, to use such a reactor, with corresponding
effect to a process according to any of documents D1-D9, thereby arriving at a
process according to claim 12.

Be tem VIl
Certain observations on the international application

1
1.1

1.2

Clarity

The application does not meet the requirements of Article 6 PCT, because
claim 1 is not clear.

It is not clear whether, under point a), the feature “only one species of
amylolytic lactic acid bacteria" belongs to the generally claimed or to the
specific (optional) embodiment (enclosed by the sentence "specifically ...").
Hence, itis not clear whether any SSF is meant, or only an SSF using an
amylolytic lactic acid bacterium. For the purpose of the search for prior art, the
Examiner assumed that only such SSF comprising the use of amylolytic lactic
acid bacteria have been meant to be covered by the claim.

Independently, it is noted that the feature "specifically simultaneous
saccharification and fermentation of semi-solid substrate” is not limiting the
scope of the claim, since this is only an opticnal feature.

Further limitations concerning the definition of semi-solid slale lermenlation,
such as on page 3, paragraph 5 of the description, need to be explicitly
named in the claim if it is intended to restrict the claim to such kind of
fermentations.

In claims 14-16 an attempt is made to define the method by reference to a
result to be achieved. Article 6 in conjunction with Rule 6.3 (a) requires that all
the essential features of the claimed invention have to be indicated in the
claim in technical terms. Claims which attempt to define the invention by a
result to be achieved should not be allowed, in particular if they only amount
to claiming the underlying technical problem. Hence, the essential technical
features necessary for amiving to the claimed product yield coefficients should
rather be named (or the claims should be deleted).
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1.3 Minor comments:

Claims 2-5 are not concise (Article 6 PCT) since the dependent claims should
not repeat the features of the main claim (Rule 6.4 PCT).

Claim 3 seems to contain an error: it is assumed that it was meant to read
“whereas grganic nutritive substances are added...".

Claim 9 seems to contain a redundancy: "separation” is already a feature of
main claim 1.

The feature of claim 10 seems to be an inharant feature of any SSF process
since the process must be simultaneous.

Claims 19 and 20 are not clear since the term "MRS-medium ingredients” has
no precise meaning (the components of MRS medium need to be specified in
order for the claim to be clear).
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Dear Anita,

thanks for the additional input and information! As far as | understood, the patent is only active in Croatia, is it?

Depending on what you think is more likely (someone buying the patent or a license or a project),

we could go for either one, but if the patent is active only in Croatia, a project offer would probably make more sense.
However, we would have to more clearly define what the company would have to contribute and what they would get out of it
(especially in view of the patent, but if they can commercially use the technology without the patent, except for Croatia,

this should not be such a huge problem).

Please take a look at my suggestion and give me your feedback!

Best regards,

X

prof. dr. sc. Anita Slavica



