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ABSTRAKT

Metody zabyvajici se detekci a vyzkumem vzniku biogennich aminli v potravinach
nabyvaji v poslednich letech na dtlezitosti, jak kvili jejich negativnim toxikologickym

ucinkim, tak kvuli jejich podilu na snizeni kvality potravin.

Tato prace se zabyva studiem metabolickych drah biosyntézy biogennich amint.
V teoretické Casti je popsana charakterizace, vyznam i toxikologie amind. Teoreticka ¢ast

obsahuje také piehledny popis metabolickych drah tvorby polyamint.

Prakticka ¢ast pojednava o navrhu vhodné sady PCR primert urcenych pro detekci
vybranych gent koédujicich dekarboxylasy zodpovédné za produkci biogenniho aminu
putrescinu a rovnéz optimalizaci této metody. Dale je zde prezentovana optimalizace PCR
metody pro pouziti nové navrzenych primerti a vysledky touchdown PCR. Spravnost

navrzenych primerii byla prokézdna sekvenaci.

Klicova slova: biogenni aminy, PCR, touchdown PCR, putrescin

ABSTRACT

Methods dealing with the detection and research of emergence of biogenic amines in foods
become more important in recent years, both because of their negative toxicological

effects, and because of their contribution to the reduction of the food quality.

This work deals with the study of metabolic pathways in biosynthesis of biogenic amines.
The theoretical part describes the characterization, importance and toxicology of amines.
The theoretical part also provides a clear description of the metabolic pathways of

polyamines formation.

The practical part deals with the design of a suitable set of PCR primers designed for
detection of selected genes coding decarboxylases responsible for the production of
biogenic amine putrescine and also for optimizing PCR method for the usage of newly
designed primers and touchdown PCR results. The accuracy of the proposed primers has

been proved via sequencing.

Keywords: biogenic amines, PCR, touchdown PCR, putrescine
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UvVOD

Biogenni aminy jsou nizkomolekularni dusikaté organické baze majici vyznamnou
biologickou aktivitu. Bézné se vyskytuji v potravinach rostlinného a zivoc¢isného piivodu.
Maji dulezité fyziologické funkce, ale také jsou vyznamné z hlediska toxikologie. Pro
Clovéka jsou V nizkych koncentracich nepostradatelné, jsou-li vSak potravou pfijimany
ve zvyseném mnozstvi, mohou vyvolat zavazné toxikologické reakce. Navic polyaminy,
zejména pak putrescin, mohou velmi snadno podl€hat nitrosaénim reakcim za vzniku
karcinogennich nitrosaminti a maji zna¢ny podil na kazeni potravin. Z téchto divodu je
velmi dilezité sledovat mnozstvi a vznik téchto amind v potravinach. V podstaté se pro
jejich stanoveni vyuZzivaji klasické analytické metody a novéji metody molekuldrni
biologie, které nabizeji moznost stanovit potencionalni riziko tvorby biogennich amint

diive, nez jsou vytvoteny.



UTB ve Zliné, Fakulta technologicka

|. TEORETICKA CAST

11



UTB ve Zliné, Fakulta technologicka

1 BIOGENNI AMINY

Biogenni aminy (BA) jsou nizkomolekularni organické dusikaté slouCeniny vznikajici
hlavné dekarboxylaci aminokyselin (Obr. 1), pfipadné aminaci ¢i transaminaci aldehydi a
ketont [1, 2]. VSechny maji jeden nebo vice pozitivnich naboji a hydrofobni fetézec [3].
V malém mnozstvi jsou syntetizovany v rostlinnych a zivocisSnych buikéach. Také se
vyskytuji v riznych druzich potravin, kde jsou produkovany mikrobidlni dekarboxylaci
volnych aminokyselin (AK) [4]. Byvaji rozdéleny na polyaminy a biogenni aminy.
Polyaminy byly dfive zahrnuty mezi biogenni aminy, nicméné na zaklad¢ jejich specifické
ulohy v bunkach eukaryot byly zatazeny do zvlastni skupiny [7, 8].

Podle chemické struktury délime BA na alifatické (putrescin, kadaverin, spermin
a spermidin), aromatické (tyramin a fenylethylamin) a heterocyklické (histamin a

tryptamin) aminy [1].

Biogenni aminy jsou vyznamnymi bioaktivnimi latkami, které vykazuji biologickou
aktivitu v zivych systémech, kde jsou pfirozené piitomny [2, 5]. Na druhou stranu vykazuji
I zavazné negativni vlastnosti pokud jsou pfijimany v potravé ve zvySeném mnozstvi.

Biogenni aminy jsou antinutri¢ni latky, konzumace potravin se zvySenym obsahem téchto
amind byva spojovana se Sirokou $kalou otrav z potravin. Biogenni aminy jsou schopny
iniciovat riuzné farmakologické reakce [6, 5]. Né&které byvaji také povazovany za
potencionalni karcinogeny vzhledem k jejich schopnosti reagovat s dusitany za vzniku

karcinogennich nitrosamint [6].

R COOH R
Y - w + CO,

NH, NH,

Obrazek 1: Dekarboxylace [1]

1.1 Vyskyt a produkce biogennich aminii

Biogenni aminy jsou pfirozenymi slozkami mnoha fermentovanych i nefermentovanych
potravin a ndpoji rostlinného i zZivocisného plivodu [9, 10]. Jejich koncentrace se vSak
znaéné lisi. Da se fici, Ze biogenni aminy lze nalézt prakticky ve vSech potravinach, které
obsahuji proteiny nebo volné aminokyseliny a jsou vystaveny podminkdm, které umoznuji

mikrobialni aktivitu [1, 7]. Mezi potraviny obsahujici vysoka mnozstvi téchto sloucenin
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patii mlékarenské produkty, ryby a vyrobky z ryb, maso a masné vyrobky, fermentovana
zelenina a sdjové produkty, také alkoholické népoje jako vino a pivo [9]. Nejcastéji se
vyskytujici aminy v potravinach jsou histamin, tyramin, kadaverin, 2-fenylethylamin,

spermin, spermidin, putrescin, tryptamin a agmatin (Obr. 2) [11].

CH,CH,NH, CH,CH,NH, CH,CH,NH,
N
4 \ N\
N N
H H
OH
Histamin Tryptamin Tyramin
CH,CH,NH,
NH,,
2-fenylethylamin Putrescin Kadaverin
H,N NH A~ AN
? T NH, H,NT " O NH 2
NH
Agmatin Spermidin

NH NH,
HzN/v\NH/\/\/ W

Spermin

w7

Obrazek 2: Nejvyznamnéjsi biogenni aminy [12]

BA jsou tvofeny budto jako vysledek endogenni dekarboxylasové aktivity v syrovych

potravinach nebo ristem bakterii s dekarboxylasovou aktivitou, s vyjimkou fyziologickych
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polyaminii [10, 12]. Obsah volnych aminokyselin byva zvySen mikrobidlni proteolytickou
aktivitou béhem pfipravy, zrani a skladovani potravin, ale také béhem rozkladnych nebo

kazicich se procest [6, 12, 13, 14].
Vznik amint souvisi s fadou faktor, nejvyznamnéjsi jsou: [6, 8, 11, 15]

e pH
o dekarboxylasova aktivita byva vyssi v kyselém prostiedi a je Casto soucasti
mechanismu rezistence bakterii viici kyselému prostredi
e koncentrace NaCl
o obsah NaCl snizuje, respektive minimalizuje, tvorbu biogennich aminti
o pritomnost  NaCl  aktivuje  tyrosindekarboxylasu a  inhibuje
histidindekarboxylasu
e teplota
o teplota mezi 20-37 °C je optimalni pro rast vétSiny bakterii obsahujici
dekarboxylasy
e pfitomnost zkvasitelnych sacharidi
o sacharidy, napt. glukosa, zlepSuji podminky pro rtist mikroorganismi a
jejich dekarboxylasovou aktivitu
o byla zjiSténa optimalni koncentrace glukosy (0,5 — 2,0 %), zatimco
koncentrace piesahujici 3 % inhibovala tvorbu dekarboxylas

e pifitomnost kofaktor

Dekarboxylasova aktivita byla zjiSténa u fady mikroorganismi. Mezi nejvyznamnéjsi
producenty BA patii zastupci rodu Clostridium, Lactobacillus, Streptococcus,
Micrococcus, Pseudomonas, Bacillus, Citrobacter, Klebsiella, Escherichia, Proteus,
Salmonella, Shigella, Photobacterium, Pediococcus, a dalsi [1,6]. Vzhledem k
mikrobidlnimu piivodu mohou byt BA formovéany kontaminujici mikroflérou a tak jejich
pfitomnost mlize byt povazovana za indikator kvality nebo hygienického stavu syrového

materialu [9, 13].
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1.1.1 Mechanismus dekarboxylace

Biogenni aminy vznikaji dekarboxylaci volnych aminokyselin odstranénim a-karboxylové
skupiny za vzniku ptislu§ného biogenniho aminu (Obr. 1) [6]. Jedna se tedy o enzymove
katalyzované reakce, pricemz kofaktorem téchto enzymi byvéa nejCastéji pyridoxal-5'-
fosfat (PLP) [8]. PLP je forma vitaminu Bg. Jeho struktura mu umoziuje katalyzovat celou
fadu reakci, krom a-dekarboxylace také transaminaci, racemizaci, aldolové stépeni a - a
v- elmininaci. Takovato univerzalnost neni pfiliS béznd u organickych sloucenin
vyuzivanych jako kofaktory enzymt. Pro katalyzu je dilezitd aldehydova skupina PLP,
zatimco pyridinovy kruh usnadiiuje prabéh reakci diky aromatickému charakteru a
schopnosti odtahovat elektrony z C, uhliku substratu a stabilizovat tak Shiffovu bazi. Ta

vznikd po navazani substratu [60].

1.2 Biologicky vyznam a toxikologie biogennich amint

Vyskyt biogennich aminli v potravinach piedstavuje potenciondlni riziko vzniku fady
zdravotnich komplikaci. Mezi nejvyznamnéjsi patii bolesti hlavy, hypotenze, bfisni kiece,
prijem zvraceni, koptivka, zvySeni krevniho tlaku, jehoz nasledkem mutze dojit
k srde¢nimu selhani nebo krvaceni z mozku. Byly popsany i ptipady umrti [11, 12, 14, 15,
17].

Biogenni aminy maji nejen zdvazné toxikologické vlastnosti, ale navic vyrazné snizuji
kvalitu potravin. Proto byl zaveden index kvality pro hodnoceni Cerstvosti a stupné kazeni
masa. Tento index byva oznacovan jako index biogennich amini (BAI) a je souctem
koncentraci histaminu, putrescinu a kadaverinu vztazenych na koncentraci sperminu a

spermidinu [34].

BAI — histamin [mg/kg] + putrescin [mg/kg] + kadaverin [mg/kg]

1+ spermin [mg/kg] + spermidin [mg/kg]
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1.2.1 Fyziologické funkce biogennich amini

Biogenni aminy mohou byt u zivych organismi zdrojem dusiku, anebo prekurzory pro
syntézu hormont, alkaloidi (napf. tropanové alkaloidy rostlin) (Obr. 3), nukleovych
kyselin a proteinti. V organismech ovliviiuji procesy jako je napt. regulace télesné teploty,
ptijem zivin, zvySeni nebo snizeni krevniho tlaku a napf. tyramin vykazuje i antioxidacni
aktivitu [15]. Ovliviuji také aroma potravin [1]. U Zzivodichti jsou biogenni aminy
vyuzivany k vystavbé koenzymi, vitamin, hormont apod. [16]. Neé&které aminy,
katecholaminy, indolaminy a histamin jsou u ¢lovéka soucasti riiznych metabolickych

funkci, zejména v nervovém systému a pii kontrole krevniho tlaku [1].

+N
NH, et
L o
.-"'--- o /"
- M -’ Me
N “ N
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[e)
OH o) o g\\_OH
o;< o

Hyoscyamin @ Skopolamin

Obrazek 3: Biosyntéza tropanovych alkaloidi. (ODC: ornithin dekarboxylasa,
PMT: putrescin N-methyltransferasa) [63]

1.2.2 Toxikologie biogennich aminu
Biogenni aminy jsou pro ¢lov€ka nepostradatelné, nicméné ve vysokych koncentracich se
mohou projevit jako latky vasoaktivni a psychoaktivni [17]. Vasoaktivni aminy plsobi na

vaskularni systém a psychoaktivni aminy na nervovy systém [6].

1.2.2.1 Histamin

Histamin ma nejzavazngjsi toxikologické Gi¢inky z amind vyskytujicich se v potravinach

[1]. Vznika dekarboxylaci histidinu enzymem histidindekarboxylasou [18]. Otrava timto
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aminem ma kratkou inkubac¢ni dobu v fadu nékolika minut az hodin a je spojovana hlavné
s konzumaci ryb [4].

Histamin uplatiiuje sviij i¢inek zejména vazbou na receptory bunéénych membran, které se
nachazeji v kardiovaskularnim systému a na riznych sekrec¢nich zlazach. Mtze stimulovat
srdce a vysledkem této stimulace je uvoliiovani adrenalinu a noradrenalinu z nadledvinek,
dale drazdi svalstvo délohy, stfev a dychaciho traktu, stimuluje senzorické a motorické
nervoveé builky a tidi sekreci Zalude¢ni kyseliny [6, 15]. Vyskytuje se v Zirnych buiikéach a
bazofilech, jeho biologické funkce jsou patrné, jakmile je histamin uvolnén ve vyS$Sim
mnozstvi v pribéhu alergické reakce [15].

V organismu existuji tii typy receptori pro histamin oznacované jako Hj, Hp, Hs [1, 15,
18]. Hj receptory se nachazeji v hladkém svalstvu, H, pfedev§im v zalude¢ni sliznici a
srdci a Hs v nékterych strukturach centralniho nervového systému [18].

Ptiznaky otravy histaminem jsou vysledkem puasobeni na kardiovaskularni systém.
Histamin zpiasobuje dilataci perifernich krevnich kapilar a cév, coz vede k hypotenzi,
zarudnuti a bolestem hlavy. Histaminem indukovana kontrakce hladké stfevni svaloviny,
zprostiedkovana H; receptory, mize vyvolat bfiSni kiecCe, prijem a zvraceni. Sekrece
zalude¢ni kyseliny je regulovand pomoci H; receptorii umisténych na parentdlnich
bunikach. Bolest a svédéni spojené s koptivkou mohou byt zplsobeny drazdénim

senzorickych a motorickych neuronti prostfednictvim stimulace H; receptort [15].

1.2.2.2 Tyramin, tryptamin a 2-fenylethylamin

Tyto tfi aminy patii do skupiny vasoaktivnich amint [6]. Tyramin vznik4a dekarboxylaci
tyrosinu, tryptamin dekarboxylaci tryptofanu a 2-fenylethylamin dekarboxylaci
fenylalaninu [1, 12].

Zvyseny obsah piijimaného tyraminu a 2-fenylethylaminu zptsobuje hypertenzni krizi
a migrény [11, 12]. Je to ddno tim, Ze tyramin neni deaminovan a je pfeménén na
oktopamin, ktery vytésituje norepinefrin v sympatickych nervovych zakoncenich [54].
Zvysuji krevni tlak, coz muze vést k srde¢nimu selhani nebo krvaceni do mozku [11].
Tryptamin zplsobuje zvySeni krevniho tlaku, je tedy pti¢inou hypertenze [12]. Otravy
tyraminem jsou zndmy jako ,syrovd reakce — cheese reaction”, ktera ma podobné

symptomy jako otrava histaminem [4, 11]. Tyramin pusobi nepiimo uvoliovanim
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noradrenalinu ze sympatického nervového systému, ktery zpisobuje zvySeni krevniho
tlaku perifernim zizenim a zvySenim srde¢niho vydeje. Také zplisobuje rozsiteni zornic,
o¢ni tkané, slzeni a slinéni, zvySuje dychani a zvySuje koncentraci krevniho cukru [6].
Tyramin, tryptamin a 2-fenylethylamin mohou vyvolat nevolnost, bolest hlavy, vyrazku,
zavraté, buseni srdce, zvraceni a dokonce intercerebralni krvaceni, anafylakticky Sok
a ve velmi vaznych ptipadech i smrt [14, 17]. Tyramin ma nizkou akutni oralni toxicitu,
byla stanovena u krys Wistar, a jeji hodnota je vice nez 2000 mg/kg télesné vahy

(NOAEL) [55].

1.2.3 Detoxifikaéni systém

Detoxifika¢ni systém zahrnuje specifické enzymy [4]. Jedna se 0 aminooxidasy [9]. Tyto
aminooxidasy katalyzuji oxidativni deaminaci aminu (Obr. 4) [10]. Kofaktorem téchto
aminooxidas je Cu, proto se oznaCuji Cu-oxidasy. Katalyzuji oxidacni deaminaci
biogennich amini na odpovidajici aldehydy a amoniak spojenou s dvouelektrodovou
redukci molekularniho kysliku na peroxid vodiku. Enzymova reakce probiha bi-ter ping-
pongovym mechanismem za UcCasti chinonového kofaktoru a ionta Cu? vazanych
v aktivnim misté. Pivodné se rozliSovali monoamino-, diamino-, a polyaminooxidasy.

Nicméné toto déleni neni idealni z diivodu Siroké substratové specifity [59].

Nové zavedeny zplsob klasifikace vychazi z ptivodu a substratové specifity a zahrnuje

Ctyti skupiny [59]:

1. savciplasmové aminooxidasy
o maji vysokou schopnost oxidovat polyaminy spermin a spermidin,
Z monoaminll pak benzylamin
2. sav¢idiaminooxidasy
o prednostné oxiduji diaminy putrescin a kadaverin, dobrym substratem je
také histamin
3. rostlinné diaminooxidasy
o maji vysokou afinitu k putrescinu a kadaverinu, vyznamné vsak oxiduji i

spermin
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4. mikrobialni aminooxidasy
o nejlépe katalyzuji preménu arylalkylaminti jako jsou benzylamin,

fenethylamin, tyramin a histamin

Je-li pfijimano vétsi mnozstvi BA, detoxifikaéni systém neni schopen dostatecné
eliminace [4]. Biogenni aminy jsou slozkami mnoha potravin a mohou reprezentovat riziko
otravy z potravin, hlavné ve spojeni s podplirnymi faktory jako jsou inhibitory mono
a diaminooxidas nebo alkohol [9, 10]. Dalsimi faktory snizujici detoxifikaci jsou genetické
predispozice nebo gastrointestinalni onemocnéni [12]. Toxicita téchto sloucenin zavisi
silné na schopnosti detoxikace. B&hem konzumace potraviny je v lidskych stievech

metabolizovano malé mnozstvi amintd na fyziologicky méné aktivni degrada¢ni produkty.
R ONH, +H0+0, ——> R—CHO + NH, +H,0,

Obrazek 4: Oxidativni deaminace [10, 59]
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2 POLYAMINY

Polyaminy jsou vSudypfitomné nizkomolekularni alifatické molekuly uhlovodika
s kvartérni dusikatou skupinou, ktera ma pozitivni naboj pti fyziologickém pH [19, 20].
Prvni polyamin byl objeven vroce 1678 v lidském spermatu francouzskym védcem
Antonie van Leeuwenhokem a byl pojmenovan spermin. Jeho struktura byla objasnéna az
0 250 let pozdéji [21, 56, 62]. Polyaminy jsou esencidlni pro zivotaschopnost a rist
eukaryotnich bunék [22]. Putrescin (butan-1,4-diamin), spermidin (N-(3-aminopropyl)-1,4-
diaminobutan) a spermin (N,N’-bis-(3-aminopropyl)-1,4-diaminobutan) jsou bézné se
vyskytujici polyaminy, spolu s kadaverinem (pentan-1,5-diamin), v bunkach zivych
organismil, kde plni fadu fyziologickych funkci [23]. Pivodné byly polyaminy fazeny
mezi biogenni aminy, vzhledem k jejich specifické biologické roli u eukaryot jsou od roku
1990 tazeny do zvlastni skupiny [7, 23]. Putrescin, ackoliv se jedna o diamin, je také fazen
mezi polyaminy, protoze je prekurzorem pro vznik spermidinu a sperminu. Informace o
obsahu polyaminli v potravinach jsou velmi dilezité pro dietetiky a lékate, zejména

z divodu ovlivnéni vzniku rakoviny, jak je popsana v kapitole 2.1.2 [7].

Putrescin je produkovdn pievazné u gramnegativnich bakterii, zejména z Celedi

Enterobacteriacea, Pseudomonadaceae a Shewanellaceae [46].
2.1 Biologicky vyznam a toxikologie polyaminii

2.1.1 Fyziologické funkce

Biologicka aktivita polyamind je pfipisovana polykationické povaze [24]. Polyaminy jsou
pii fyziologickém pH pln€¢ protonovany a jsou vazany silnymi interakcemi
S polyanionickymi makromolekulami jako jsou DNA a RNA, cozZ souvisi s regulaci funkce
stabilizace struktury nukleovych kyselin a syntézou proteinti [1, 25]. Jsou schopny
naruSovat konformaci DNA (Obr. 5) produkci A a Z formy z bézné B formy DNA [10] .
Podileji se také na biosyntéze téchto nukleovych kyselin a uzavieni DNA u bakteriofiga.
Polyaminy inhibuji ur¢ité enzymy a to vCetné proteinkinas. [45]. Také jsou vazany na
membranové struktury, jako jsou fosfolipidy, hlavné u erytrocytli, coz mize vést ke snizeni
fluidity membrany, ale také ke zvySeni stability [25, 50, 55]. Mimo jiné byly nalezeny
Vv cytosolu a jadie bunck, kde se zapojuji do transkripce DNA a translace RNA [25].

Ovliviuji neurofyziologické (y-aminomaselna kyselina) funkce a mohou plnit ulohu
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intracelularnich posla [56]. Bylo zjisténo, ze funkce polyaminti zavisi na jejich naboji,
ktery je dilezity pro elektrostatické interakce s negativné nabitym molekulami (DNA,
RNA, proteiny a dalsi). Z analyz vyplynulo, ze spermin se vdze na velky zlabek DNA,
zatimco spermidin a putrescin na maly zlabek, ¢imz ovliviwuji jeji stabilitu [3, 26]. Bylo
také zjiSténo, ze mimo stabilizace membran a ovlivnéni syntézy nukleovych kyselin a

proteint se podili polyaminy na odstranovani volnych radikali [24].

21

A forma B forma Z forma
Obrazek 5: Konformace DNA [51]

2.1.2 Toxikologie polyamini

Jednoduse feceno se polyaminy podileji na proliferaci a riistu bun€k [7]. Tato skutecnost je
velmi zajimavd, protoze polyaminy at’ uz endogenni nebo exogenni jsou spojovany s
ristem nadorovych bunék [7, 23, 46, 53]. Z tohoto diivodu byly provadény vyzkumy,
Vv nichz bylo testovano potlaceni riistu nddorovych bunék tim, ze byla potlacovana aktivita
ornihindekarboxylasy, enzymu odpovédného za vznik polyaminu putrescinu. Jednim
z nejcastéjSich inhibitort ODC pouzivanych v terapii rakoviny byl difluormethylornithin

(DFMO) [49]. Nicméné tumorové buiiky maji schopnost absorbovat extraceluldrni aminy
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Z potravy, nebo aminy produkované gastrointestindlnimi bakteriemi, a proto nebyla tato
terapie ucinna [22, 23].

Mimo jiné, polyaminy, zejména pak putrescin a kadaverin, brani detoxifikaci histaminu a
tyraminu, ¢imz zesiluji jejich toxikologické ucinky, 1 kdyz putrescin sdm o sobé ma mensi
farmakologickou aktivitu. Hlavni nebezpe¢i pfitomnosti polyamint putrescinu a
kadaverinu v potravinach spoc¢iva v jednoduchosti, s jakou mohou reagovat s dusitany
nebo oxidy dusiku v pribéhu skladovani nebo vatfeni potravin za vzniku karcinogennich
cyklickych nitrosamint (obr. 6). Toto je jeden z hlavnich divodi (vedle vlivu na snizovani
kvality potravin) pro¢ je nutné branit akumulaci putrescinu v potravinach. [2, 9, 46, 47].

Mimoto farmakologické davky polyamind maji hypotermicky a hypotenzni Géinek [45].
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Obrazek 6: Nitrosace putrescinu [47]

2.1.3 Biologicka aktivita polyamini u ¢lovéka

U clovéka se polyaminy (pfitomné ve fyziologickych koncentracich) podileji na rtstu a
vyvoji traviciho systému novorozenci a pravdépodobné jsou nezbytné pro podporu
normalniho ristu a hlavnich vlastnosti traviciho traktu [25, 27]. Uéinek na bun&éné
proliferaci je spojovan se stabilizaci struktury chromatinu a DNA [25]. Zda se, Ze zvySeny
pfijem polyaminil potravou ma ptiznivy vliv na pacienty po operaci nebo béhem hojeni
ran. NedostateCny piijem téchto amini muize hrat roli ve vyvolani ptecitlivélosti na
potravinové alergeny, jak bylo pozorovano u déti [23]. Je to dano tim, Ze polyaminy se
podileji mimo jiné také na diferenciaci imunitnich bunék pti regulaci zanétlivé odpovédi.
[25]. Nedostatek polyamint je spojovan se Snyder-Robinsonovym syndromem, jedna se o
snizenou aktivitu enzymu spermin syntetasy. Postizeni muzi trpi mirnou az stfedné tézkou
mentalni retardaci, hypotonii, dysfunkci cerebralniho systému, obli¢ejovou asymetrii,

osteoporosou a dalsi [25, 28].
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2.1.4 Biologicka aktivita polyaminii u rostlin

Putrescin, spermin a spermidin jsou nejcastéji se vyskytujici aminy u rostlin a jsou
zapojeny do Siroké skaly procesti. Mezi méné znamé polyaminy vyskytujici se V rostlinach
patii diaminopentan (Casto u lusténin), 1,3-diaminopropan a homospermidin. PA rostlin se
podileji na organogenezi, embryogenezi, bunééném déleni, vyvoji reproduktivnich orgéand,
uplatiiuji se jako ochrana proti stresu a infekci houbami a viry, dale se ucastni rastu a
vyvoje rostlin a také jejich starnuti. Také se podili na ristu kofend, kvéti a plodu, stejné
tak jako 1 jejich zrani [23, 24, 57, 62]. Rostlinné polyaminy maji také schopnost
interagovat s hormony (jako jsou auxiny a gibbereliny, cytokiny), fytochromy a podileji se
na biosyntéze ethylenu [24, 57]. V rostlinach se polyaminy nejcastéji vyskytuji vazané na
fenolové kyseliny [57]. Nedavné studie ukazuji, ze PA mohou u rostlin fungovat jako
bunécéné signalni molekuly pro sloZitou komunikaci s hormonalnimi drédhami, zahrnujici

regulaci produkce kyseliny abscisové jako odpoveéd na abioticky stres [62]

2.1.5 Biologicka aktivita polyaminii u bakterii

U bakterii se vyskytuji polyaminy putrescin, spermidin a kadaverin, pfitomnost sperminu
nebyla zjisténa. Témer u vSech bakterii je intraceluldrni obsah spermidinu vyssi nez obsah
putrescinu. U modelové bakterie E. coli nebyva kadaverin bézné piitomen, nicméné je
syntetizovan béhem anaerobniho rlstu v pfitomnosti jeho prekurzort. Intracelularni
polyaminy se podileji spolu s Mg2+ ionty na stabilizaci struktur RNA. Mohou se také vazat
na ribozomy a zvysSovat presnost vyuziti kodonu pti syntéze proteinli, usnadiuji translacni
¢teni pfes mRNA s UAA stop kodonem. Hraji dilezitou roli ve vnéjSi membrang,
piedevsim jejich ucinkem na produkci a funkci porinii. Spermin a spermidin funguji jako
lapace volnych radikalti spolu s enzymem superoxid dismutasou a tim snizuji poSkozeni
DNA kyslikovymi radikaly [19]. Na ochrané DNA pied poskozenim reaktivnimi formami
kysliku se podili také putrescin [46].

2.2 Biosyntéza polyamini

V sav¢ich bunkéach je putrescin tvofen dekarboxylaci ornithninu enzymem ornithin
dekarboxylasy (ODC, EC 4.1.1.17). Eukaryoticka ODC je pyridoxal-5'-fosfat dependentni
enzym. U myS$i bylo zjiSténo, ze pouze dimer tohoto enzymu vykazuje katalytickou

aktivitu. Aktivni misto tohoto enzymu je konstruovano z rezidui obou monomeri [49, 56].
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Mnoho mikroorganismil a rostlin je schopno produkovat putrescin pies agmatin. Agmatin

je produkovan dekarboxylaci argininu enzymem arginin dekarboxylasou (ADC, EC

4.1.1.19). Organismy jsou tak schopny syntetizovat putrescin nejméné dvéma drahami,

bud’ pies ornithin aktivitou ODC nebo pies arginin a agmatin aktivitou ADC nebo

agmatinasy (EC 3.5.3.11) (Obr. 7) [20].
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Obrazek 7: Biosyntéza putrescinu [21]

2.2.1 Biosyntéza a regulace u savcu

Polyaminy se syntetizuji endogenné z ornithinu a jsou interkonvertibilni, kromé toho se do

organismu dostavaji exogenni cestou potravinami a intestindlni absorpci z produktii

bakteridlniho metabolismu [25].

Obsah polyaminil v bunikach je regulovan biosyntézou, degradaci, pfijmem a exkreci [29].

Biosyntéza u savcu (Obr. 8) je vysoce regulovana aktivitou dvou kliovych enzymu,

ornithin dekarboxylasy a S-adenosylmethionin dekarboxylasy. Polyaminy jsou tvofeny

z aminokyselin methioinu a argininu [23]. Ornithin je tvofen z argininu za katalyzy

enzymu arginasy Vv mocovinovém cyklu za vzniku agmatinu, a poté je konvertovan
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na putrescin ucinkem ornithin dekarboxylasy [25, 30, 56]. Putrescin je pfeménén
na spermidin plisobenim aminopropyltransferasy, kterd se oznacuje jako spermidin
syntasa. Druhd aminopropyltransferasa, oznaCovana jako spermin syntasa, piidava
propylaminovou skupinu na spermidin za vzniku sperminu. Zdroj téchto propylaminovych
skupin je dekarboxylovany S-adenosylmethionin (SAM), ktery je produkovan uc¢inkem
S-adenosylmethionin dekarboxylasy (SAMDC, EC 4.1.1.50). Dalsim produktem reakce
aminopropyltransferas je 5’-methylthioadenosin (MTA). MTA je poté rozlozen t¢inkem
MTA fosforylasy (EC 2.4.2.28) a vznikly adenin je vychytdvam a vracen
do nukleosidového rezervoaru [3, 20, 23, 28, 30, 31, 53].

Ornithin dekarboxylasa ma ,kratky poloc¢as rozpadu® a jeji aktivita je siln¢ regulovana.
Aktivita je indukovana nékterymi rastovymi faktory a potlacovéana selektivnimi inhibitory
jako je tfeba a-difluoromethylornithin (DFMO) nebo mutacemi, které redukuji bunécny
rust a proliferaci. Navic, aktivita ODC je regulovdna samotnymi polyaminy jejich
zpétnovazebnym mechanismem. Ten inhibuje transkripci mRNA hladiny enzymu
a zvySenim Urovn¢ inhibujicich proteinii nebo pomoci antizymu, ktery redukuje aktivitu
ODC [25].

Hlavni cestou katabolismu polyamind je oxidativni deaminace, enzymem diaminooxidasa,
ktery se nachazi ve znaném mnoZzstvi ve stifevni sliznici, jatrech a ledvinach. Tento enzym
nepusobi jen na volné polyaminy, ale také na jejich acetylované derivaty. Putrescin
je metabolizovan na y-aminomaselnou kyselinu. Polyamin oxidasa (PAO, EC 1.4.3.4)
se podili na metabolismu polyamint, ikdyZ tento enzym upfednostiiuje volny spermin, nez
jeho acetylderivat, a v mens$i mife spermidin [25]. Spermin oxidasa (SMO) katalyzuje
pfimo pfem&nu sperminu na spermidin a ob& spermidin/spermin N'-acetyltransferasy
(SSAT) a PAO katalyzuji pfeménu sperminu na spermidin a spermidinu na putrescin [32].
Produkty téchto reakei, spermidin nebo putrescin, mohou byt znovu pouZzity pro syntézu
nového spermidinu nebo sperminu. Dal$i produkt, 3-acetamidopropanal je transformovan

na (-alanin a muze byt dale metabolizovan transaminaci [20].
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Obrazek 8: Metabolismus polyamind u savcu [20]

2.2.2 Biosyntéza u rostlin

Stejné jako v piedchozim piipadé jsou polyaminy syntetizovany z argininu a ornithinu.
Intermediat agmatin, ktery je syntetizovan z argininu, je konvertovdn na putrescin, ten
je dale transformovan na spermidin a spermin po sob& nasledujicim pienosem

aminopropylové skupiny z dekarboxylovaného S-adenosylmethioninu za Kkatalyzy

specifické spermidin a spermin syntetasy. Aminopropylové skupiny jsou odvozeny
Z methioninu, ktery je nejprve konvertovan na S-adenosylmethionin a poté dekarboxylovan

v pfitomnosti ~ S-adenosylmethionin  dekarboxylasy. S-adenosylmethionin je bé&zny

prekurzor pro syntézu polyamini a ethhylenu, pficemz S-adenosylmethionin

dekarboxylasa reguluje ob¢ biosyntetické drahy, jak je znazornéno na obrazku 9 [24].
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Ornithin Arginin
o ke OoDC ADC ‘
Methionin DFMA
DFMO , :
Agmatin

MGBG Putrescin 4/
S - adenosylmethionin _|_> dSAM N Spdsynthas

3 Spermidin
SAMDC
ACC synthasa Spmsynthasa
AVG
ACC Spermin

1 ACC oxidasa

Ethylen

Obrazek 9: Biosyntéza polyamint a jeji napojeni na biosyntézu ethylenu, biosyntetické enzymy
jsou ADC, ODC a SAMDC, a inhibitory DFMA, DFMO a MGBG [24]

Enzymy ODC, SAMDC a spermidin synthasa jsou lokalizovany v cytoplasmé, zatimco
ADC je lokalizovan v tylakoidni membrané chloroplastti, PAO se vyskytuje v bunécné

sténé [24].

2.2.3 Biosyntéza u bakterii
Vzhledem k negativnim vlivim na kvalitu potravin i na zdravi ¢lovéka je pro nas velmi
zajimava zejména biosyntéza polyamint u bakterii, které jsou jejich hlavnimi producenty

V potravindch (at’ uz se jedna o startérové kultury ¢i kontaminujici mikroflora).

U bakterii mize byt putrescin syntetizovan tfemi drahami. Prvni je dekarboxylace
ornithinu na putrescin konstitutivnim biosyntetickym enzymem ornithin dekarboxylasou
kodovanou konstitutivnim biosyntetickym genem speC. Inducibilni (biodegradabilni) ODC
(produkt genu speF) produkuje putrescin pti nizkém pH [52, 56, 61]. Tyto dvé formy ODC
jsou imunologicky odliSné. Biosyntetickd forma je podobnd u vSech organismi,
biodegradabilni miZe vyuZivat ornithin jako zdroj uhliku [56]. Druhd drdha spociva
v dekarboxylaci argininu na agmatin arginin dekarboxylasou (kddovanou genem speA) a

nasledné preméné agmatinu na putrescin a mocovinu enzymem agmatinasou (speB)
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(obr. 10). Nekteré bakterie maji dalsi drahu, ve které je agmatin konvertovan na putrescin
pies N-karbamoylputrescin enzymy agmatin deiminasou (kodovanou genem aguA)
a N-carbamoylputrescin aminohydrolasou (kédovanou genem aguB) (obr. 11). U bakterii
zcela chybi mechanismus pro syntézu sperminu. Dalsi rozdil ve srovnani s biosyntézou PA
u savcl je SSAT, kterd je u bakterii nahrazena spermidin acetyltransferasou katalyzujici

N’ nebo N® acetylaci spermidinu [5, 19, 32, 33, 58, 61].

L-Arginin
l SpeA
L-Ornithin .
Agmatin
SpeB
SpeC o
A\ 4
Putrescin .
L.-Methionin
ATP
MetK
S-adenosylmethionin (SAM)
SpeE
SpeD

K“ Decarboxylated SAM

\

~— Thiomethyladenosin

v

Spermidin
Obrazek 10: biosyntéze polyamini u E. coli [19]
; Agmatin deiminasa ; ;
Agmatin — amoniak + N-carbamoylputrescin

N-carbamoylputrescin hydrolasa
—_—

N-carbamoylputrescin amoniak + putrescin

Obrazek 11: Pfeména agmatinu na putrescin [5]
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ODC aktivita je u bakterii regulovana na transkripéni trovni cyklickym AMP (cAMP)
a cAMP receptorovym proteinovym komplexem, ktery potlacuje expresi genu speC.
U nekterych bakterii byl rovnéz popsan antizym. Arginin dekarboxylasova aktivita
je inhibovana zvySenim urovné intracelularniho spermidinu a putrescinu zplsobem

podobnym ODC [19].
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3 STANOVENI BIOGENNICH AMINU

Pfitomnost biogennich amini v potravinach je v popiedi zdjmu nejen potravinaiskych
firem, ale i kontrolnich organti a to vzhledem k moznému ohrozeni zdravi spottebitelii. Jak
bylo popséno v predchozich kapitolach, jedna se o vyznamné biologicky aktivni latky
s fadou fyziologickych funkci, které vSak mohou mit velké mnozstvi negativnich vlivi,
jsou-li pfitomny ve zvySené miie v potravinach — jedna se jak o zavazné toxikologické

ucinky, tak také o vyrazny vliv na kvalitu potravin.

Rostouci zdjem o znalost obsahu biogennich amintli,, jak ze strany spotiebiteli tak
i kontrolnich organt, lze ptiitat snaze stanovit ptipadné snizit legislativni limity obsahu
biogennich aminii v potravindch a napojich. Pro ucely sledovani obsahu polyamint
V potravinach jsou potieba rychlé a jednoduché metody pro analyzu schopnosti produkce

biogennich aminl bakteriemi s cilem vyhodnotit potencionalni riziko jejich vzniku [35].

Byla vyvinuta fada metod pro stanoveni biogennich amint, pficemz vét§ina z nich
je zalozena na chromatografickych metodach [15]. Nejpouzivanéj$imi jsou plynova
chromatografie (GC), tenkovrstva chromatografie (TLC), vysoce ucinna kapalinova
chromatografie a ultra u¢inna kapalinovd chromatografie (UPLC) [4, 15]. Mezi dalsi
pouzivané analytické metody patii kapilarni zénova elektroforéza nebo metoda blizké
infraCervené reflektancni spektroskopie [4, 7, 12]. Mezi star$i patii napi. metody zalozené

na zméné rastového média ¢i stanoveni dekarboxylasové aktivity méfenim produkce CO,

[35].

V soucasné dob¢ se dostavaji do poptfedi metody molekularni biologie, které jsou vhodnou
alternativou k metodam tradi¢énim. Metoda polymerazové fetézové reakce (PCR) nabizi
vyhody rychlosti, citlivosti a jednoduchosti. Navic jsou tyto metody schopné detekovat
potencionalni riziko tvorby biogennich amind v potravinach diive, nez dojde k jejich

produkci [9].

3.1 Polymerazova retézova reakce

Princip PCR spoc¢iva v replikaci nukleovych kyselin (NK), kterd je zdkladnim
molekuldrnim procesem vSech Zivych organismii [36]. Podstatou je cyklicky se opakujici
enzymova syntéza novych fetézci vybranych usekl dvouretézcové DNA ve sméru 5' 23"

za katalyzy DNA-polymerasy [36, 37]. Béhem tohoto procesu dochazi k pfipojeni dvou
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primerti vazajicich se na protilehlé fetézce DNA tak, ze 3’'OH-konce sméfuji proti sobé
[37]. Primery jsou synteticky vyrobené sekvence obvykle 20 a vice nukleotidt, pficemz
jejich sekvence musi byt komplementarni k sekvenci sledovaného useku DNA [38].
K syntéze se pouzivaji termostabilni polymerasy izolované z termofilnich mikroorganismti,
nejCastéji to byva Tag DNA-polymerasa, izolovana z Thermus aquaticus [36]. Taq

polymerasa odolava teplotam, pti nichz denaturuje DNA [37].

Béhem PCR probihaji v zavislosti na teploté reakéni smési tii kroky (obr. 12), béhem
nichZ probihaji tfi odlisné déje s odlisnymi naroky na teplotu [36].
Princip PCR [36, 37, 38] :
1. denaturace dvoufetézcovych molekul DNA (teplota 94 — 95 °C)
2. ptipojeni primert k oddélenym fetézcim DNA (30-65 °C), tzv. annealing
3. syntéza novych fetézcti DNA prostiednictvim DNA-polymerasy (65-75 °C).

-
Pt —— )
% L _“n =
/ & _"'= ~—
f primer nO\I/éDNA\\E L oy o7 O emmm
/ S — “‘mia .
(5] —g P
9 ——, H . —
cilova . _,r"" A -
sekvence ".l nova DNA E! et O —— o
\ | / A T EE——
%"‘_ —
\\ ] = ——— -
&_’_
Hﬁ - —i

Obrazek 12: princip PCR [48]
Pocet jednotlivych cyklii se opakuje a tak dochazi ke zvySeni poctu novych DNA
geometrickou fadou. P#i prvnim cyklu s jednou molekulou DNA ziskame dvé nové
molekuly, pti druhém cyklu vzniknou 4 molekuly a pti dvaceti cyklech ziskame 1048576
(&ili 2%°) kopii novych DNA [38]. Poget cyklii byva obvykle 25-30 [36].
Reakce se provadi v zafizeni zvaném termocycler, ve kterém se teplota automaticky

méni v naprogramovanych ¢asovych intervalech [36, 37]. Jelikoz vysledkem PCR jsou
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mnohonasobné zmnozené vybrané useky DNA, muzeme tak PCR oznacit

za zpusob klonovani DNA [36].

Presnost a uspésnost PCR je zavisla na peclivém ndvrhu obou primerd, pfi cemz je
tieba piihlizet k celkové sekvenci studovaného genomu. Pro genom o velikosti 3 miliardy
bp je teoreticky postacujici sekvence primert o délce 16 nukleotidt. Takovato sekvence by
meéla byt v dané velikosti v genomu jedinecna, a proto by se méla vazat specificky jen
Kk jedinému mistu. Primery se vSak zpravidla navrhuji delsi a to z toho dtvodu, ze genomy

organismu nemaji nahodné sekvence [36].

Vyslednym produktem PCR jsou fragmenty DNA, tzv. amplikony, useky definované délky
obvykle desitek aZ tisic bp, jejiz pfitomnost se prokazuje stanovenim jejich velikosti

elektroforézou v agar6zovém nebo polyakrylamidovém gelu [36, 37].

V piipadé¢ navrzeni novych primerti je vzdy potieba prokazat spravnost vysledkti na

zéklad¢ sekvencni analyzy.

3.1.1 Navrh primeru

Jak jiz bylo zminéno vyse, ndvrh primert je nejdilezitéjsi soucasti PCR. Sekvence téhoz
genu (napt. speA) u riznych bakteridlnich kmeni nebyvaji Casto identické, lisi se jak
v nukleotidové sekvenci tak i délce genu. Porovnanim téchto gent vsak lze nalézt tiseky,
ve kterych jsou si nukleotidové sekvence velmi podobné, tzv. konzervované domény. Na
zéklad¢ sekvenci téchto tsekil Ize sestrojit komplementéarni primery, které nam umoziuji
detekci hledaného genu. Navrhuji-li se primery pro vétsi skupinu mikroorganismu, pak se
tyto useky mirné li§i a je proto nutné pouzit tzv. degenerované primery. Sekvence gent
takto Siroké skupiny bakterii maji jiné nukleotidové sekvence, a proto nelze navrhnout
univerzalni primer bez degeneraci. Degenerace v podstaté znamend nahrazeni jednoho, ¢i
vice nukleotidli v primeru jinym ,,pismenem®, ktery supluje rizné nukleotidy, jak je
znazornéno v tabulce ¢ 1. Realné se potom jedna o smés primert.

Tabulka 1: Degenerace primert

n d h b r y v m k s w
a,cgt gat atc gtc ag ct gac ac gt gc at
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II. PRAKTICKA CAST

33
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4 CIL PRACE

Vétsina biogennich amini vznika jednoduchou metabolickou drahu zahrnujici jeden
dekarboxylasovy enzym. Pro detekci jejich potenciondlni produkce tedy postacuje
detekovat pfislusny gen pro danou dekarboxylasu. Polyamin putrescin vSak mize byt
syntetizovan az tfemi drahami. Doposud nebyla publikovdna zddna metoda umoziujici
detekci vsech tii metabolickych drah. Cilem mého vyzkumu je vytvofeni a testovani
novych primerti umoznujicich detekci nékterych metabolickych drah (ADC a ODC) a najit
a optimalizovat metodu (PCR, touchdown-PCR), vniz by bylo mozné detekovat
pritomnost genli zapojenych do syntézy putrescinu. Nasledné pomoci sekvenéni analyzy

potvrdit specifi¢nost primerd.
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5 MATERIALY A METODY

5.1 Pouzité mikroorganismy

Pro experimentéalni ¢ast bylo pouzito tficet dva kmenti gramnegativnich bakterii. Dvacet
Ctyfi kmenu bylo ziskano ze sbirek CCM (Czech Collection of Microorganisms) a CAPM
(The Collection of Animal Pathogenic Microorganisms at Veterinary research institute).
Osm kment bylo obdrZeno ze sbirky mikroorganismt z ustavu technologie tuku, tenzidd a
kosmetiky fakulty technologické univerzity Tomase Bati ve Zlin€. Prvnich jedenact kment
slouzilo k navrhu primeru a optimalizaci metody. Zbylych 21 bakterii bylo pouzito pro
nasledné otestovani navrzenych primeru. Bakterie 25-32 nejsou kmenové zatazené, jedna

se o realné izolaty z povrchu dribeze.

1. Escherichia coli CCM 3954

2. Enterobacter aerogenes CCM 2531

3. Serratia marcescens CCM 303

4. Salmonella enterica CCM4420

5. Proteus mirabilis CCM7188

6. Klebsiella oxytoca CCM2934

7. Citrobacter freundii CCM 7187

8. Pseudomonas aeruginosa CCM 3955
9. Pseudomonas fluorescens CCM 2798
10. Pectobacterium carotovorum CCM 1008"
11. Yersinia enterocolitica CCM 7204"
12. Enterobacter aerogenes CAPM 5634
13. Escherichia coli CAPM 6101

14. Escherichia coli CAPM 6104

15. Escherichia coli CAPM 6114

16. Klebsiella pneumoniae CAPM 6241
17. Pseudomonas aeruginosa CAPM 5707
18. Pseudomonas aeruginosa CAPM 5718
19. Pseudomonas aeruginosa CAPM 5712
20. Salmonella enterica CAPM 5439
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21. Salmonella enterica CAPM 5967
22. Salmonella enterica CAPM 6324
23. Yersinia enterocolitica CAPM 6154
24. Yersinia ruckeri CAPM 6095

25. Serratia marcescens

26. Serratia marcescens

27. Pantoea sp.

28. Escherichia coli

29. Yersinia enterocolitica

30. Klebsiella oxytoca

31. Escherichia coli

32. Proteus vulgaris

5.2 Navrh primeri

Prvnim krokem pii navrhu primeri je nalezeni nukleotidové sekvence (Obr. 13) dané¢ho
genu kodujiciho vznik pfisluSného enzymu v genovych databazich. Tyto geny jsou poté
porovnavany v programu Jalview (Obr. 14), ktery ukéze podobnost sekvenci a mista, kde
kde by mohl primer nasednout. Nalezené sekvence se poté vkladaji do programu
GeneFisher2 (http://bibiserv.techfak.uni-bielefeld.de/), ktery na zakladé porovnani
sekvenci téchto genll navrhne sérii sad primert dle pfedem zadanych parametrt, jakymi
jsou napi. délka produktu, annealingova teplota, poc¢et degenerovanych bazi apod. (Obr.
15). Navrzené primery jsou nasledné testovany programem Primer-BLAST (Obr. 16)
(http://www.ncbi.nlm.nih.gov/). Sady primera s nejlep$imi vysledky jsou poté testovany v

laboratofi.
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NT seq

2136 nt NT seq ) +upstream|0 nt +downstream|0 nt

atgaaatcaatgaatattgccgccagtagtgaactggtatcccgactttcttctecategt
cgcgtggtggcgttgggagatactgattttacggacgtegeggcagtecgtcattaceget
gcggatagtcgcagtggcattcttgegttgettaagegecaccggttttcatectaccggtyg
tttttgtattccgaacatgctgttgaattacctgecgggecgttacggecggtaatcaacgge
aacgagcagcagtggctggagctggaatccgecagectgtcagtatgaagagaatttgetyg
ccaccgttttatgacacgctgacgcagtacgttgagatgggcaacagcacctttgettge
cctggacatcaacatggtgcgttttttaaaaagcatcctgecggacgeccatttttacgat
ttctttggtgagaacgtctttcgegeccgatatgtgtaacgectgacgtaaaattgggegat
ctgcttattcatgaaggatcggcgaaagatgecgcagaaattcgcageccaaagtctttcat
gccgataaaacctattttgtgctgaacggcacatcggcagcgaataaagtggtgacgaat
gcgctgttaacgegtggegatectggtgetcttecgaccgtaacaaccataagtecgaateat
cacggcgcgctgattcaggecgggggecgacgecggtctatctggaagettecacgecaacceyg
tttggtttcattggcggtattgatgecgcactgttttaatgaagagtatctgecgecagecaa
attcgcgacgttgcgccagaaaaagccgacctgecgegeccgtatcgectggegattatt
cagctgggaacctatgacggcactgtctataacgecccgtcaggtgatcgataccgttggg
catctgtgtgattacattctgtttgattccgecgtgggtcggttatgaacaatttatcecceg
atgatggcggatagctcgeccgectgectgttagaacttaacgaaaacgatccggggatcttt
gtgactcagtcggtgcacaaacagcaggcgggattctcacagacgtcgcagatccataaa
aaagataaccatatccgcggacaggcgecgtttttgecccgecataageggttgaataacgece
tttatgctccatgecttctaccageccctttctateccgetgtttgetgecactggatgttaac
gccaaaattcatgaaggggagagtgggcgtcggectgtgggctgagtgtgttgagataggg
attgaagcgcgcaaggctattcttgegegectgtaagectgttececgececgtttateccegece
gttgttgatggcaaattgtggcaggattatccgacatcagtgttageccagecgaccgecgt
tttttcagttttgagccgggggcgaagtggcacggectttgaaggatatgeccgeggateag
tattttgttgatccgtgcaagctgttactcactacaccaggtatcgatgccgaaaccgge
gaatatagcgactttggcgttccggcgacgattctggecgcactatctgegtgagaacgge
attgtgccggagaagtgcgatctcaactccattctgtttttattaactccggeggaaage
cacgagaagctggcacaactggtggcgatgctggecgcaatttgaacagecatattgaggat
gactcgccgctggttgaggtgttgccgagecgtttataacaagtatccggtgegetatege
gactacaccctgcgccagttgtgtcaggagatgcacgatctgtatgtcagtttecgacgte
aaagacctacaaaaagcgatgttccgccagcagagtttcccgtcagtggtgatgaaccee
caggatgcgcatagcgcttatattcgeggtgacgtggagttggtgeggattecgtgatgece
gaagggcgaattgcggcagaaggggcgttgecttatccacctggegtgetttgegtggta
cccggggaagtctggggtggggecggttcaacgttattteccttgecactggaagaaggggtyg
aatttgttgccgggattttcgeccggagectgcaaggtgtttatagecgaaaccgatgeggat
ggcgtgaaacggttgtacggttatgtgttgaagtaa

Escherchiall-2136 ATGAAATCAATGAATATTGCCGCCAGTAGTGAACTGGTATCCCGACTTTCTTCT

Obrazek 13: Nukleotidova sekvence

10 2|0 ?:0 40 E:O

Escherichia/1-2136
Escherichia/1-2196
Entermhacter/1-2136
Enternhacter’1-2066
Entermhacter’1-2136
Sematialt-2163
Salmwonellas/1-2125
Salmonella/1-213¢
Salmwonelas/t-2136
Klehsiela/1-2130
Kehsiela/1-2181
Kehsiella/1-2139
Gitrohacter’1-2136
Gitrobacter’1-2136

ATGAAATCAATGCAATATTGCCGCCAGTAGTGAACTGGTATCCCGACTTTCTTCT
ATGGGGCAGGGTTTTACACCTTGTCCAGTATTCTTACTTCCCCGAAACGGGTTT
ATGAAAACCATGAAAATCGCCGTCAGCCGTGAGCTGGTTTCTTCTGTGTCCACG
CGCTGGACAACACCGATTTTACGGATGTCGCCGCGGTCATTATGACGGTCGLGE
ATGAAATTAATGCACATTGCCGCCAGCCTGGAGCTGGTTTCCCGTCTGTCCACT
ATGCAAAGAATTGAAAATAGCCACCAGCGCCAGTTTGGTTGCCACCATTGAAACA
ATGAAATCAATGAATATTGCCGCCAGCGGTGAACTCATCCCCCGTCTCTCCACE
ATGAAATCAATGAATATTGCCGCCAGCGGTGAACTCATTCCCCGTCTCTCCACT
ATGAAATCAATGCAATATTGCCGCCAGCGGTGAACTCATCCCCCGTCTCTCCACE
ATGCACATTGCCGCCAGCTGCGAGCTGGTCACCCGCTTGTCCACCCACCGTCGE
TTGTCTGAGATTTTTACACTCCCGATACGGGCATTTGLCGCTTATGAAATCCATG
ATGAAATCCATGCACATTGCCGCCAGCTGCGAGCTGGTCACCCGCTTGTCCACT
ATGAAATCAATGCAATATTGCCGCCAGTGGTGAACTGGTCTCTCGCTTGTCTACT
ATGAAATCAATGAACATTGCCGCCAGTAGTGAACTGGTTTCTCGTTTATCTACT

Pectohacterums/1-2154 ATGAAACAGTTAAAAATTGCGGCGAATGCAGCGGTTGCCACCCGTTTAATCACA,
Pectohacterum/1-2154 ATGAAACAGTTAAAAATTGCGGCGAATGCAGCGGTTGCCACCCGTTTAATCACA,
Pectobacterium/1-2154 ATGAAACAGTTAAAAATTGCGGCAAATGCAGCGGTTGCCACCCGTTTAATCACA,

Yersinia/1-2163
Yersinia/1-2163
Yersinia/1-2163

Consensus

ATGACACTATTAAAAATAGCAACAAGCGCCCGCCTGGCTTCTTATGTAGAAACT
ATGACACTATTAAAAATAGCAACAAGCGCCCGCCTGGCTTCTTATGTAGAAACT
ATGACACAATTAAAAATAGCAACAAGTGCTCGTTTGGCTTCTTATATAGAAAGT

ATGAAATCAATGAA+ATTGCCGCCAGCGGTGAACTGGTTTCCCGTCTATCCACE

Obrazek 14: Porovnani nukleotidovych sekvenci

37
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Universitat Bielefeld

RESULT

GeneFisher2 - Primer calculation

Your Job ID:
bibiserv_1317458926_9117

[ manually set primer parameters ]

Primer Parameters

38

Max. number of primer pairs returned: @8 © 16 © no limit

Set primer length:

Set GC content:

Set melting temperature Tp,:

Set Product Size:

Set primer degeneracy:

Allow multiple occurrences:
3' clamp parameters

Set 3' length:

Set max. 3' degeneracy:

Set 3' GC content:

End primer with:

|_calculate Primer |

From 15 to 18 bp
From 30 tos8 %
From 54 to 70 °C
From 50 to 500 bp
4 fold

1000 occurrence(s)

4 bp
0 fold
From 45 to 100 %

Adenine VI Cytosine

V| Guanine [“/Thymine

Obrazek 15: Navrh primeru pomoci programu GeneFisher2
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Obrazek 16: Simulace PCR pomoci programu Primer-BLAST

5.3 lzolace DNA

Mikroorganismy byly pomnoZzeny v médiu MPB (HiMedia-Bombai, Indie) a kultivovany
24 hodin pii 30 + 1 °C. Bakterialni DNA byla nasledné izolovana pomoci izola¢niho kitu
UltraClean® DNA Isolation Kit (MO-BIO Laboratories, Carlsbad, CA USA).

5.4 Polymerazova retézova reakce

Vyskyt sledovanych genli byl testovan pomoci PCR. VeSker¢ DNA amplifika¢ni reakce
probihaly v celkovém objemu amplifika¢ni smési 15,01 pl, z ¢ehoz 11,2 ul tvotila H,0;
1,5 ul pufr pro Taq polymerasu (New England Biolabs); 0,6 ul dNTP (TopBio, Czech
Republic); 0,15 ul Taq polymerasy (New England Biolabs, USA) a 1 ul DNA. Primery pro
amplifikaci sledovaného genu gramnegativnich bakterii byly pouzity v koncentraci 0,3 pl.

Reagencie pro PCR byly ziskany z Roche Diagnostics, Praha, CR.
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Syntéza specifického DNA fragmentu byla provadéna v termocykleru PTC 100 MJ
Research (Bio-Rad, USA), ktery ma vyhtivané viko. Amplifikace probihala nejprve podle
programu teplotni gradient: 29 cykll, pocatecni denaturace 95 °C/10 min, prvni denaturace
95 °C/45 s, annealing 48 - 61 °C/45 s a nasledna extenze 72 °C/2 min.

Testovani annealingovych teplot T5-T8 probihalo podle programu: pocatecni denaturace
95 °C/10, prvni denaturace 95 °C/45 s, annealing 58 °C/45s, extenze 72 °C/2 min a
zaverecna extenze 72 °C/20 min.

Touchdown PCR probihala podle programu: poc¢ate¢ni denaturacni teplota 95 °C 10 minut,
denaturacni teplota 94 °C 30 sekund, annealingova teplota 62 °C 1 minutu, zavére¢na
extenze 72 °C 1 minutu. Nasledné annealingové teploty klesaly od 61 °C az k 47 °C vzdy
po 1 minuté. Zavérecna extenze byla 72 °C 5 minut.

K detekci amplifikovaného PCR fragmentu byla pouzita agar6zova gelova elektroforéza.
Program elektroforézy byl nastaven na 45 min a napéti 90 V. PCR produkty byly naneseny
do 1 % gelu, ktery obsahoval ethidium bromid jako interkala¢ni barvivo pro zviditelnéni

amplifikovanych sekvenci. Gel byl vyfocen na UV transluminatoru firmy SynGene.

5.5 Purifikace a sekvenace

Vybrané produkty PCR byly purifikovany kitem (QIA® PCR Purification Kit (250),
QIAGEN) a nasledné odeslany na sekven¢ni analyzu (Biologické Centrum Akademie Véd
Ceské republiky). Vysledky sekvenéni analyzy byly zkoumany v programu Seguence
Scanner (Version: 1.0) a sledovana sekvence byla piekopirovana do programu Blast, ktery
je volné dostupny nainternetu
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_PROGRAMS=mega
Blast&PAGE_TYPE=BlastSearch&SHOW_ DEFAULTS=0n&LINK LOC=blasthome).

Program Blast ndm poskytnul tidaje o spravnosti amplifikovaného produktu.


http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_PROGRAMS=megaBlast&PAGE_TYPE=BlastSearch&SHOW_DEFAULTS=on&LINK_LOC=blasthome
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_PROGRAMS=megaBlast&PAGE_TYPE=BlastSearch&SHOW_DEFAULTS=on&LINK_LOC=blasthome
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6 VYSLEDKY A DISKUZE

Cilem prace bylo vyvinout primery pro detekci genii speA a speC.

6.1 Arginin dekarboxylasa

Pro detekci genu speA, ktery koduje biosyntetickou arginin dekarboxylasu bylo vytvotfeno
a testovano 6 sad primert. Primery byly vytvoieny v programu GeneFisher porovnanim
znamych sekvenci genu speA z 27 rlznych bakteridlnich kmend. Sekvence byly ziskany
z genovych bank, volné dostupnych na internetu. Fylogenetickou piibuznost téchto gent

znazornuje fylogeneticky strom (obr. 17).
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Z obrazku je patrné, ze gen speA u Pseudomonas spp. tvoii fylogeneticky oddélenou
skupinu, coz mize zkomplikovat navrzeni univerzalniho primeru. Nicméné pomoci
programu GeneFisher bylo nakonec nalezeno nékolik vhodnych sad primert (Tab. 2),
z toho sada primerti 5 a 6 méla detekovat pritomnost genu speA u vsech gramnegativnich
bakterii v¢etné Pseudomonas spp. Vzhledem k fylogenetické odlisnosti genu speA
u Pseudomonas spp. byly navrzeny sady primert 1 a 2, které jsou vhodné pouze pro
Pseudomonas spp. Sady primert ADC 3 a 4 jsou vhodné pro stanoveni genu SpeA

u gramnegativnich bakterii s vyjimkou rodu Pseudomonas spp.

Tabulka 2: Navrzené primery pro detekci genu speA

FP RP Produkt Mikroorganismus
ADC1 GGCATGCTCAAGGAGTTCTGCG GGCTGGTCTCGATGCTCTGCTC 610 Pseudomonas spp.
ADC2 CGGCACCATCGTCTGCAACGG GAACTTGGMCTTCTCGCCACCG 233 Pseudomonas spp
ADC3 TGGGAAACCTGGCAGGARATGC GGGAAGACRAACACRTCAACCG 569 G kromé Pseudomonas
ADCA4 AGYATGTGGGAAACCTGGCAG CGGCATYGACTGGAACAGCGAG 291 G kromé Pseudomonas
ADC5 CAAYTTCTCGSTGTTCCAG TCRCCRAACAGGTTGTGC 280 vsechny G
ADC6 CWTCGACGTSGGCGGCGG TCRCCRAACAGGTTGTGC 825 vsechny G

Vyse uvedené primery byly nejprve testovany metodou PCR v programu teplotni gradient
(Obr. 18).

Pro prvni dvé sady primerG byla jako templat pouzita DNA vyizolovand z kmene
Pseudomonas aeruginosa (prvnich 24 vzorkl), pro testovani ostatnich sad primeru byla
jako templat pouzita DNA E. coli. Jako pozitivni kontrola byla pouzita diive Gspésné

testovana sada primert pro stanoveni tyrosindekarboxylasy (TDC).
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Obrazek 18: Teplotni gradient (kapitola 5.4), 6 sad primerti, Pseudomonas aeruginosa (1-24), E.
coli (25-51), sada primerd: ADC1, ADC2, TDC (pozitivni kontrola), ADC3, ADC4, ADC5 a
ADC6

Nejlepsich vysledka bylo dosazeno se sadou primera ADCS5 pfi teplotach T5 az T8, kdy
jsme obdrzeli pouze ocekavané amplikony o velikosti 280 bp. Navic je tato sada ur¢ena
pro vSechny sledované gramnegativni bakterie, a proto byla tato sada dale testovana.
Metoda byla optimalizovana za pouziti této sady primeri pii riznych teplotach a za pouziti
7 bakterialnich DNA (Obr. 19). Touto metodou se bohuzel nepodafilo optimalizovat
metodu PCR tak, abychom obdrzeli pouze o¢ekavany produkt o délce 280 bp. Z tohoto
davodu bylo pfistoupeno k testovani metody touchdown PCR, pti které byl teplotni
program spoéten z annealingové teploty (Tm = 58 °C). Pti testovani sady primert ADCS5
s 11 riznymi DNA z vySe uvedenych bakteridlnich kment v programu touchdown PCR

byly obdrzeny pouze o¢ekavané produkty (Obr. 20).



UTB ve Zliné, Fakulta technologicka 44

a) TS =51,7°C b) T6 = 53,6 °C
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Obrazek 19: Set primerd ADCS: a) annealingova teplota T5 = 51,7 °C, b) annealingova teplota T6 = 53,6 °C
DNA: Escherichia coli (1), Enterobacter aerogenes (2), Serratia marcescens (3), Salmonella enterica (4),

Proteus mirabilis (5), Pseudomonas aeruginosa (6) a Pseudomonas fluorescens (7), slepy vzorek (8)

Std.1 2 3 4 5 6 7 8 9 10 11 12

Obrazek 20: Touchdown PCR, set primerat ADCS5, DNA: E. coli (1), Enterobacter aerogenes (2), Serratia
marcescens (3), Salmonella enterica (4), Proteus mirabilis (5), Klebsiella oxytoca (6), Citrobacter freundii
(7), Pseudomonas aeruginosa (8), Pseudomonas fluorescens (9), Pectobacterium carotovorum (10), Yersinia
enterocolitica (11), pozitivni kontrola (12)
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6.1.1 Sekvenace

Pro ovéfeni spravnosti metody byly vybrany amplikony genu speA kmeni E.coli,
Enterobacter aerogenes a Salmonella enterica pro sekvenéni analyzu. Sekvenace PCR
amplikoni ve vSech testovanych pfipadech potvrdila, Ze se jednd o ocekavanou

biosyntetickou arginindekarboxylasu.

6.2 Ornithin dekarboxylasa

Dalsim ddlezitym enzymem, ktery je zahrnut v metabolismu putrescinu
je ornithin dekarboxylasa kodovana genem speC. Pro detekci tohoto genu u
gramnegativnich bakterii byla dfive vyvinuta sada primert PUT1-F/PUT2-R (Muiioz et al.,
2004) a 3/16 (de las Rivas et al., 2005). S témito sadami vSak nebyly obdrzeny o¢ekavané
produkty (Obr. 21).
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Obrazek 21: Set primera PUTI1-F/PUT2-R a 3/16; DNA: E. coli (1), Enterobacter
aerogenes (2), Serratia marcescens (3), Salmonella enterica (4), Proteus mirabilis (5),
Klebsiella oxytoca (6), Citrobacter freundii (7), Pseudomonas aeruginosa (8),
Pseudomonas fluorescens (9), Pectobacterium carotovorum (10), Yersinia enterocolitica
(11), pozitivni kontrola (12)

Z obrazku 21 je patrné, Ze vySe uvedené primery nebyly vhodné k pouziti v touchdown
PCR pro detekci genu speC u vSech gramnegativnich bakterii. Z tohoto duvodu byly
navrzeny tii vlastni sady primert. Fylogenetickou piibuznost genu speC u sledovanych

bakterii znadzortiuje obr. 22.
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Obrazek 22: Fylogeneticky strom

Z obrazku je opét patrnd fylogenetickd odliSnost sledovaného genu u téchto bakterii,
zejména pak rodu Pseudomonas sp. Tyto odliSnosti opét zduvodnuji vyuziti
degenerovanych primerd. Pomoci programu GeneFisher bylo nakonec nalezeno nékolik
vhodnych sad primert (Tab. 3). Sada SpeC2 méla detekovat ptitomnost genu speC u vSech
gramnegativnich bakterii a sada SpeCl méla detekovat sledovany gen u vSech
gramnegativnich bakterii kromé rodu Proteus. Ve skute¢nosti vSak sada SpeC1 (Obr. 23)

detekovala gen speC u vSech gramnegativnich bakterii a SpeC2 ne (Obr. 24).
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Tabulka 3: Navrzené primery pro detekci genu speC

FP RP Produkt Mikroorganismus
SpeCl | CGACGCCGGTCTATCTGG AAACAGCGGATAAAACGG 497 g- krom¢ Proteus
SpeC2 | GCGACGCCGGTTTATCTG  GCGTGCAGCATAAAGGC 470 viechny g-
SpeC3 | TTCGCCGACAAGCAGG AGGTAGAACGCCTTCAGC 1103 Pseudomonas sp.

Obrazek 23: Touchdown PCR, set primeru speCl, DNA: E. coli (1), Enterobacter

aerogenes (2), Serratia marcescens (3), Salmonella enterica (4), Proteus mirabilis (5),
Klebsiella oxytoca (6), Citrobacter freundii (7), Pseudomonas aeruginosa (8),
Pseudomonas fluorescens (9), Pectobacterium carotovorum (10), Yersinia enterocolitica
(11), pozitivni kontrola (12)
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Obrazek 24: Touchdown PCR, set primert speC2, DNA: Enterobacter aerogenes (1), E.
coli (2), E. coli (3), E.coli (4), Klebsiella pneumoniae (5), Pseudomonas aeruginosa (6),
Pseudomonas aeruginosa (7), Pseudomonas aeruginosa (8), Salmonella enterica (9),
Salmonella enterica (10), Salmonella enterica (11), Yersinia enterocolitica (12), Yersinia

ruckeri (13), slepy vzorek (14)

6.2.1 Sekvenace

Pro ovéfeni spravnosti metody byly vybrany amplikony genu E.coli, Enterobacter
aerogenes a Salmonella enterica pro sekven¢ni analyzu. Sekvenace PCR amplikoni ve
vSech testovanych piipadech potvrdila, Ze se jedna o sledovanou biosyntetickou
ornithindekarboxylasu. Nicméné se u nékterych vzorki jednalo o smés gent speC a speF.
Podobnost téchto gend je tak velka, Ze se nepodafilo vyvinout pouze primer pro speC.
SpeF koduje biodegradabilni formu ornithindekarboxylasy podilejici se také na produkci

putrescinu.

6.3 Souhrna diskuze

Cilem této prace bylo navrhnout a optimalizovat metodu PCR schopnou detekovat nékteré

metabolické drahy (ADC, ODC) biosyntézy putrescinu gramnegativnimi bakteriemi
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V potravinach. V této préaci byly navrzeny 2 nové sady primert pro detekci sledovanych
gentl (speC a speA) a zaroven byly otestovany jiz existujici sady primerd (PUT2-F/PUT2-
R (Muiioz et al., 2004) a 3/16 (de las Rivas et al., 2005)), které se ukazaly byt nevhodné a
to ztoho divodu, Ze primery nebyly vyvinuty pro sledovani metabolismu putrescinu u
vsech sledovanych skupin gramnegativnich bakterii. Specifita téchto navrzenych primert
byla stanovena pomoci metody touchdown PCR. Pro potvrzeni spravnosti této metody byly
vzorky sekvenovany. Nicméné set primerd SpeC1l-R/SpeCl-F amplifikoval smés gent
speC a speF, coz je dano velkou podobnosti téchto dvou gentl. S témito vysledky se setkal
i autor Fadhlaoui-Zid [64].

Doposud byly publikovany pouze metody pro detekci ornithin dekarboxylasy u nékterych
bakterialnich kmeni. Metody pro detekci genu speA kodujici arginin dekarboxylasu nebyly
doposud publikovany. Vzhledem k tomu, Ze proteobakterie jsou bézné kontaminanty
potravin a jsou také vyznamnymi producenty putrescinu, je potieba vyvinout metodu pro
detekci vSech metabolickych drah, kterymi mizou produkovat putrescin. Detekce, vyzkum
a moZnost blokace téchto drah se miiZe podilet na zlepSovani kvality potravin.

Detekce bakterii produkujicich putrescin mikrobiologickymi metodami je pomala a
zdlouhava, navic vyzaduje pro jejich testovani izolaci a kultivaci mikroorganismu. Naproti
tomu molekularni metody jsou rychlé a spolehlivé. Mnoho autort se zabyvalo vyvojem
spolehlivych PCR metod pro detekci mikroorganismi produkujicich biogenni aminy.
Nektetfi autofi vyvinuli universadlni konsensualni degenerované primery pro detekci
mikroorganisml produkujicich jeden biogenni amin (vétSina se zamétila na histamin) nebo
vyvinuli multiplex-PCR pro stanoveni dvou nebo vice geni soucasné [2, 39, 40, 41, 42,
43]. Pouze de Las Rivas [2] zahrnul gramnegativni bakterie produkujici putrescin do jejich
vyzkumu a sestavil tak multiplex-PCR pro soucasné stanoveni ornithin, histidin a tyrosin
dekarboxylasy. Nicméné opomenul moznost vzniku putrescinu z argininu jeho
dekarboxylaci a tak jeho multiplex-PCR neobsahuje Z4dné primery pro detekci této
metabolické drahy. Byla rovnéz studovana tvorba putrescinu u grampozitivnich bakterii
enzymem ornithin dekarboxylasou, hlavné u bakterii rodt Lactococcus a Oenococcus.
Nektefi autofi zahrnuli primery pro detekci agmatin deiminasy (aguA) do jejich multiplex-
PCR [41, 42, 44].
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ZAVER

Tato prace byla zaméfena na studium metabolickych drah biosyntézy putrescinu u
vybranych kmenti proteobakterii.

Byla vyvinuta sada degenerovanych primeri pro detekci genu speA a speC u
gramnegativnich bakterii produkujicich putrescin a také byla optimalizovana metoda
touchdown PCR. Tyto sady primeri midzou byt pouzity V potravinaiském pramyslu
K uréeni potencionalniho rizika produkce putrescinu mikroorganismy (mikrobialni
kontaminace) a také v dal$im vyzkumu metabolismu putrescinu (jeho ovliviiovani ¢i
ptipadnd inhibice) u jeho producenti za ucelem zamezeni kumulace putrescinu v

potravinach
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SEZNAM POUZITYCH SYMBOLU A ZKRATEK

ADC arginin dekarboxylasa

AK aminokyseliny

AMP adenosinmonofosfat
BA biogenni aminy

bp base pare (pary bazi)

cAMP cyklicky adenosinmonofosfat
DFMO  a-difluormethylornithin

GC plynova chromatografie

MTA 5’-methylthioadenosin

NK nukleové kyseliny

oDC ornithin dekarboxylasa

PAO polyamin oxidasa

PCR polymerazova fetézova reakce

SAM S-adenosylmethionin

SAMDC S-adenosylmethionin dekarboxylasa
SMO spermin oxidasa

SSAT spermidin/spermin N* acetyltransferasa
TLC tenkovrstva chromatografie

UPLC ultra uc¢inna kapalinova chromatografie
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Abstract

Formation of BA may occur in food due to metabolic activities of contaminating Gram-
negative bacteria. Putrescine could be assumed to one of the main biogenic amines
associated to microbial food spoilage. Gram negative bacteria could form putrescine by
three metabolic pathways that could include eight different enzymes.

The objective of this study was to design new sets of consensual primers to detect all
important enzymes involved in production of putrescine in Gram-negative bacteria. Seven
new sets of consensual primers based on gene sequences of different bacteria were
designed for detection of speA, adiA, adi, speB, aguA, speC and speF genes. The newly
developed touchdown PCR method with these primers was successfully applied to several
putrescine-producers. Several PCR products were sequenced and high similarity (99-91%)
with known sequences confirmed high specificity of our new sets of primers. Gram
negative bacteria tested were also cultivated in decarboxylation broth. All used bacteria
produced both putrescine and agmatine which was evaluated using HPLC (in broth after

cultivation).

Presented new touchdown PCR method could be easily used to detect potentially
putrescine producing foodborne Gram negative bacteria. The new sets of primers could be

useful in following researches on putrescine metabolism by contaminating microflora.

1. Introduction

Biogenic amines (BA) can be described as low-molecular one or more amino group
containing compounds principally produced by decarboxylation of certain amino acids are
low molecular weight organic bases (Silla Santos, 1996). BA posses number of important
in-vivo biological activities but as a consequence can also cause a wide range of
undesirable toxicological effects if consumed with food in excessive amounts (headaches,
low blood pressure or hypertension, edema etc. (Silla Santos, 1996; Shalaby, 1996; ten
Brink et al., 1990). Carcinogenicity of some polyamines, particularly putrescine,
undoubtedly is among the most serious. In the reaction with nitrite putrescine can provide

corresponding nitrosamines, which are well recognised carcinogens (Shalaby, 1996;
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Halasz et al., 1994; Bover-Cid et al., 1999; Kala¢ et al., 2005). Putrescine is also known as
one of the principal indicators of meat spoilage. Moreover, putrescine can potentiate toxic
effects of other biogenic amines (especially histamine and/or tyramine) (Taylor, 1986).
Recently, the prevention of biogenic amine accumulation (including putrescine) in food
products has become one of the main priorities of the food industry. Therefore, it appears
to be extremely important to posses a method for early detection of putrescine producers as
well as to have appropriate tools for the research on their accumulation, which, in future,
could contribute to avoiding the accumulation of putrescine and eventually other biogenic

amines in food products.

Putrescine in food could be produced by both the contaminating microflora and the
starter cultures. Contaminating microorganisms from Enterobacteriaceae (EB) and
Pseudomonadaceae groups are among the most frequently found producers of putrescine
(Halasz et al.,, 1994; Simon Sarkadi et al., 1994; Pons-Sanchez-Cascado et al., 2005;
Lavizzari et al., 2010; Curiel et al., 2011). In contrast to other biogenic amines that are
formed by direct decarboxylation of the corresponding amino acids, Gram-negative
bacteria can produce putrescine via three different metabolic pathways, in which some
enzymes even may have two forms - biosynthetic and biodegradative. As shown in Figure
1 and Table 1, seven different enzymes can be included in these three metabolic pathways
in production of putrescine in Pseudomonas spp. and enterobacteria. Moreover, some of
these metabolic pathways can operate simultaneously in many bacteria (Tabor et al., 1972;
Cunin et al., 1986; Glansdorf, 1996). The complexity of putrescine metabolism is probably
one of the main causes of the relatively small number of studies focusing on the detection

and the investigation of putrescine metabolism in Gram-negative bacteria.

Many methods for detecting the presence of biogenic amines and their producers in
food products have been developed recently. The most frequently used methods are
various microbiological methods based on the use of differential culture media containing
pH indicators; analytical methods, particularly chromatographic methods, in various

modifications; and molecular biology methods involving mainly PCR methods.

Recently, several PCR based methods have been developed for the detection of
putrescine producers. Majority of the oligonucleotide primers designed were for the

detection of ornithine decarboxylase producing putrescine directly by decarboxylation of
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ornithine in Gram-positive and also in Gram-negative bacteria (de Las Rivas et al., 2005,
Marcobal et al., 2004; Marcobal et al., 2005; Constantini et al., 2006; de las Rivas et al.,
2006 and 2007) and agmatine deiminase (AgDIl encoded by aguA gene) producing
putrescine from extracellular agmatine in lactic acid bacteria and Pseudomonas spp.
(Landete et al., 2010; Nannelli et al., 2008; Cotton et al., 2010). Some of these primers
were also tested in multiplex PCRs for the simultaneous detection of several
decarboxylases genes (de Las Rivas et al., 2005; Coton et al., 2010) and some authors used
them as well for quantitative PCR (Ladero et al., 2010; Nannelli et al., 2008). Primers
detecting genes important in other metabolic pathways for the putrescine production in
Gram-negative bacteria (namely the metabolic pathways via agmatine) have not been
developed yet. To obtain more complete information for the diagnostic purposes and to
promote further research of the described pathways we must be able detect seven different
genes defined in Table 1 (speA, speB, speC, speF, adiA, Ldc and aguA (detection of aguAB

operon)).

The first aim of the study was to develop seven new primer pairs, universal for the
most frequent food-borne Gram-negative bacteria (enterobacteria and pseudomonads), for
the detection of speA, adiA, Ldc, speB, aguA, speC and speF genes by aligning and
comparing available corresponding sequences from GenBank. The second objective then
was to test these primers in a developed PCR method on Gram-negative putrescine
producing bacterial strains. Several of obtained PCR products were sequenced to confirm
that amplified PCR products originated form targeting genes. Further, we aimed to
compare the gene detection with the chemicals analysis of the biogenic amines production
and verify whether the PCR method would be able to predict utilization of a particular

pathway in a given strain.

2. Materials and methods

2.1. Bacterial strains

The thirty two Gram-negative bacterial strains were used in this study, their origin
and eventual putrescine and agmatin productions are listed in Table 2. Twenty four strains
were obtained from The Czech Collection of Microorganisms (CCM) and The Collection
of Animal Pathogenic Microorganisms at Veterinary research institute (CAPM); eight

strains were obtained from The Collection of Microorganisms, Department of Fat, Tenside
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and Cosmetics Technology, Tomas Bata University, (DCT; isolates from food — cheese,
sausages and gourmet salad). Eight strains of Lactobacillus, Lactococcus, Staphylococcus
and Enterococcus used as a negative control group were purchased from The Czech
Collection of Microorganisms and DCT. All strains were incubated for 24 h at 30 = 1 °C in
decarboxylase broth (Nutrient Broth (HiMedia, Bombai, India) with 0.3 % w/v of each
amino acid (lysine, histidine, tyrosine, arginin, ornithin; Sigma-Aldrich, St. Louis, USA).

2.2. Nucleic acid extraction from bacterial cultures

Microbial DNA was extracted from bacterial biomass grown in 2 ml cultures to
stationary phase using UltraCleanl® DNA Isolation Kit (MO-BIO Laboratories, Carlsbad,

CA USA) according to the manufacturer’s recommendations.

2.3. Design of PCR primers

Complete genomes of 55 Gram-negative bacteria including common food
containing bacteria and enterobacteria were found in GenBank and sequences of genes
investigated retrieved (Table 3). For each gene the sequences were aligned (ClustalW, ref)
and universal primers for the given group of sequences were searched using GeneFisher2
(Giegerich et al.,1996). Parameter set were: GC content 30-80 %, Tm 54-70°C, product
size 150-1000bp, degeneracy 4 fold, 3’length 4 bp, 3’GC content 45-100%. Designed
candidate primers were then tested in-silico using PrimerBlast fref) and only those which

provided expected amplicons only (??) were selected for further work (Table 4).

2.4. PCR amplification

The occurrence of the genes investigated in a given strain was tested in touchdown
PCR assay with the developed sets of primers (KRD, Czech Republic). The PCR mixture
(total volume 15 puL) contained: 2 pumol.L™ of each primer, 200 pmol.L™ of dNTPs
(TopBio, Czech Republic), 2U of Taq polymerase (New England Biolabs, USA), 1 uL of
genomic DNA and 2.5 uL of 10xThermoPol Reaction Buffer PCR buffer (New England
Biolabs). Touchdown PCR program was executed in PTC-200 DNA Engine thermocycler
(MJ Research, USA) under the following conditions: Initial denaturation 94 °C for X s; 32
cycles of 94 °C for 30 s; 62 °C for 1 min (annealing temperature was decreased by one
degree of Celsius every other cycle); 72 °C for 1 min; followed by 15 cycles of 94 °C for
30s; 47 °C for 1 min; 72 °C 1 min with and final extension step of 72 °C for 5 min.
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PCR products were visualized in 1.5 % (w/v) agarose gel 1 h, 90V, 0.5x TBE
buffer (Fluka, Buchs, Switzerland), stained with ethidium bromide (0.5 pg/ ml; SERVA,
Germany). The gel was photographed on UV transilluminator (Syngenta).

2.5. Sequence analysis
Selected PCR products were purified (PCR purification kit, QIAGEN) and sent for
sequencing (Biological Centre, Academy of Sciences of the Czech Republic). Comparisons
with publically available database sequences were performed using the Blast resource at
the National Center for Biotechnology Information, NCBI.

2.6. Chromatographic determination of putrescine and agmatine content

All strains were incubated four times for 12 and 24 hours at 30 + 1°C in
decarboxylase broth. Decarboxylase broth contained Nutrient Broth (HiMedia, Bombai,
India) and proper precursors of biogenic amines (amino acids: lysine, histidine, tyrosine,
ornithine, arginine; Sigma—Aldrich, St. Louis, USA) at a concentration of 3.0 g-I"* (each
precursor — amino acid; the five amino acids were used together). The initial pH in the
decarboxylase medium was 5.7-5.9. The initial concentration of tested bacteria (in
inoculum) was in range of 5.1-7.3-10° CFU-ml™. Each microorganisms were cultivated

four times for 12 and 24 hours.

The putrescine and agmatine content was analyzed according to Garcia-Marino et
al. (2010) with a few modifications. Briefly, the broth after cultivation was centrifuged
(20.000 g for 30 min.) and filtered through 0.22 um filters. Five hundred microliters of
filtrate were mixed with 800 pl of borate buffer (0.4 mol-1*; pH=10.0) and 100 pl of the
solution of internal standard (L-norvaline, 100 mg-1™). Three hundred microliters of the
mixture were mixed automatically in the autosampler with 100 pl of o-phthalaldehyde
reagent (the mixture of 1% of ophthalaldehyde with 3-mercaptopropionic acid in a 0.4
mol I borate buffer solution; OPA reagent was obtained from Agilent Technologies, Inc.,
New Castle, Delaware, USA). Five microliters of derivatized samples (after reaction one
minute reaction time) were automatically applied on a column (Cogent column HPS C18,

150 x 4.6 mm, 5um, Cogent, Eatontown, USA).

The chromatographic system consists of binary pump and autosampler

(LabAlliance, State College, USA); degasser, fluorescence detector (340 nm and 426 nm
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as excitation and emission wavelengths, respectively) and column thermostat (Agilent
Technologies). Chromatographic separation was carried out using a gradient elution of
solvent (A) 0.05 mol-I* adjusted to pH 6.6/tetrahydrofurane (99:1, v/v); and solvent (B)
methanol/acetonitrile (50:50, v/v). Putrescine and agmatine were eluted accroding to the
slightly modified program described by Garcia-Marino et al. (2010): 0-13 min, A 70 %j;
13-20 min, A 50 %; 20-43 min, A 0 %:; a flow rate of 0.6 ml'min™. Then the column was
regenerated by solvent B for 6 min and stabilized for further 8 min by solvent A. Each of
the four broths (for 12 hours and also 24 hours) prepared was derivatised three times
(n=12).

3. Results
3.1. Development of new gene specific PCR primers and corresponding touchdown
PCR assay
Seven new pairs of primers (Table 4) were designed to detect capacity for
putrescine production in selected Gram-negative (enterobacteria and pseudomonads).
Subsequently these primers were used in PCR assay with DNAs from thirty two Gram-
negative putrescine producing bacterial strains and with DNAs from eight putrescine non-

producing Gram-positive to detect genes in the described putrescin production pathways.

Seven new pairs of primers (Table 4) were designed to detect capacity for
putrescine production in selected Gram-negative (enterobacteria and pseudomonads).
Subsequently these primers were used in PCR assay with DNAs from thirty two Gram-
negative putrescine producing bacterial strains and with DNAs from eight putrescine non-

producing Gram-positive to detect genes in the described putrescin production pathways.

Since melting point (Tm) of each consensual primer differs from the others there was
serious problem to find suitable PCR method reliable for all primer sets (especially due to
presence of non-specific amplicons). To increase specificity thus, eliminate formation of
non-specific amplicons and circumvent the problems with the optimization of annealing
temperatures touchdown PCR (TD-PCR) approach was adopted, since it was reported as a
solution to similar problems (Don et. al., 1991). With the TD-PCR method described

expected amplicons only were obtained with the set of primers (Figure 2).
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To confirm that amplified products truly originated from the targeting genes, three to
five amplicons for each gene were selected, purified and sequenced and the sequence
identities were tested in the public sequence databank (GeneBan). High identity (99% -
91%) was found for all amplicons therefore sequence analysis confirmed the specificity of
the presented primers.

In order to design a new pair of primers for the detection of speA gene in Gram-
negative bacteria nucleotide sequences of available speA sequences from twenty six strains
(Table 3) were aligned. After constructing the phylogenetic tree it was evident that
sequences from pseudomonades formed a distinct group (data not shown), but we managed
to find some conserved domains that allowed for the design of seven sets of consensual
primers suitable for all above mentioned group of Gram negative bacteria. Subsequent
laboratory testing with putrescine producers by TD-PCR demonstrated that primer set
adc5F/adc5R that amplified 282 bp fragment of speA gene provided expected amplicons
only. Recognition sites for these primers were located at position 1461 - 1479 and 1725 —
1742 with respect to the Escherichia coli K-12 substr. MG1655 speA sequence used as a
reference (GenBank ID: 947432).

Three amplicons of speA gene acquired in TD-PCR were sequenced to confirm

specificity of these primers set; results of sequence analysis are listed in the Table 5.

Some bacteria like E. coli, Salmonella, Yersina pestis and Pseudomonas have also
second form of arginine decarboxylase (Sher et al., 1954; Kieboom et al., 2006; Lee et al.,
2006). By aligning available sequences no similarity was found between adiA genes (from
E. coli, Salmonella and Yersinia pestis) and other arginine decarboxylases (refered as
Orn/Lys/Arg decarboxylase family protein) encoded by genes designated as Idc, IdcA or
adi from pseudomonades. Therefore we decided to design two separate sets of primers for

both these groups of decarboxylases.

Ten available sequences for adiA gene from four E. coli, three Salmonella and four
Yersinia pestis strains were aligned (Table 3), several conserved domains found and finally
consensual sets of primers designed. Expected amplicons only were obtained with this

primer pair adiA3F/adiA3R amplifying 548 bp fragments within adiA gene between
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positions 818 and 1365 respective to Escherichia coli K-12 substr. MG1655 sequence
(GenBank ID: 948638).

Three amplicons for adiA obtained in TD-PCR were sequenced to confirm specificity
of this primer set (Table 5).

Seven available sequences of putative arginine decarboxylase from Pseudomonas
spp. were aligned (Table 3) to construct a new pair of primers adi5F/adi5SR amplifiying
489-bp fragment of the gene. Primers adi5F/adi5R were located at positions 1260 — 1278
and 1733 — 1749 on the IdcA sequence of Pseudomonas aeruginosa PAO1 (GenBank ID:
878596).

Three amplicons of gene adi/ldc for putative Orn/Arg/Lys decarboxylase from
different strains of Pseudomonas obtained with TD-PCR were sequenced and sequence
analysis confirmed the specificity of this set of primers (Table 5).

Agmatinase is widely distributed among enterobacteria. The design of primers for
the detection of speB gene was based on the alignment of known sequences from seventeen
enterobacteria (Table 3). Five pairs of primers were tested but finally the expected 355-bp
fragment of speB gene we successfully obtained with primers agm4F/agm4R only. Primers
agm4F/agm4R recognition sites were located at positions 248 — 266 and 585 — 602 with
respect to the corresponding E. coli K-12 substr. MG1655 sequence (GenBank ID:
947715).

Three amplicons of speB gene were sequenced and high sequence similarity with

known speB sequences confirmed specificity of this set of primers (Table 5).

Agmatine deiminase pathway was described in Pseudomonas and Yersinia. Gene
aguA encoding the enzyme agmatine deiminase is located in the aguAB operon, therefore
to detect the pathway detection of aguA gene only is sufficient. Thirteen available
sequences of aguA were aligned (Table 3) to design desired gene specific primers. After
selection and in-silico optimization of possible primer pairs, only primer pair
AgDI4F/AgDI6R was found to amplify specifically the expected 515-bp fragment of aguA
gene. The primer recognition sequences were located at positions 43 — 58 and 487 — 501 of
the Pseudomonas aeruginosa PAO1 aguA gene taken as a reference sequence (GenBank
ID: 879730).
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Three amplicons of the internal fragment of aguA obtained from selected strains
were sequenced and showed high similarity with database sequences (Table 5).

Biosynthetic ornithine decarboxylase is one of the most-studied enzymes
participating on putrescine production. Several sets of gene specific primers were
described before; nevertheless none of them was suitable for the entire group of Gram-
negative bacteria (or at least for enterobacteria and pseudomonads together) as it is
investigated in this study. Therefore it was necessary, for the purposes of our research, to
design a new more universal set of consensual primers with a broader range of application
within Gram-negative bacteria. Five new pairs of primers based on thirty one selected
sequences (Table 3) were developed and tested, but primer set odc1F/odc1R only proved to
have required specificity and amplified 470-bp long speC fragment from various Gram-
negative bacteria. Target sites of this primer pair were located at positions 686 - 703 and
1165 — 1182 of E. coli str. K-12 substr. MG1655 speC gene sequence taken as a reference
(GenBank ID: 947457).

Three PCR amplicons of the internal part of odc gen from selected studied strains
were sequenced. The analysis of the sequences found that primer set odclF/odclR

amplified mixture of speC and speF genes.

Biodegradative ornithine decarboxylase occurs in many genera of Gram-negative
bacteria and in some of them it is known as an inducible form of ornithine decarboxylase.
To detect speF gene sequence alignment of sixteen available sequences (Table 3) was
performed and new pairs of primers were designed. In-silico testing selected primers
speflF/speflR as the only candidate producing the expected amplicon. Sites for these
primers were located on the E. coli K-12 substr. MG1655 sequence taken as a reference
(GenBank ID: 945297) at positions 725 — 742 and 1178 — 1195 and should allow for
amplification of the 472-bp speF gene internal fragment. Five PCR products from selected
strains were sequenced and high similarity with known sequences of speF gene was found

for all amplicons (Table 5).

As it can be seen in Table 2 developed TD-PCR method produced only expected
products with all new seven pairs of primers in the presence of respective DNA template

from putrescine producing strains while no amplicons were obtained with DNAs from
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strains unable to produce putrescine (eight putrescine negative strains were tested with
negative results). Results from TD-PCR are summarized in Table 2.

3.2. Production of putrescine and agmatine

Above described results from PCR were compared with results of real putrescine
production obtained in cultivation experiments with UPLC. As it can be seen in Table 2,
all strains investigated were active putrescine producers with the production peak after
about 24 hour of cultivation. Strain E. coli CAPM 6101 was identified to be an outstanding
putrescine producer with 930 mg of putrescine per liter of media. Agmatin production was
detected in all thirty two bacterial strains. Production of agmatine was considerably lower
than the production of putrescine. Nevertheless all strains were able to produce even more
than 1 mg.L™ of agmatine after 12 hours of cultivation. Most active producers were
Proteus mirabilis CCM 7188 and Enterobacter aerogenes CCM 2531 that formed more
than 10 mg.L™ of agmatine. In all strains concentrations of agmatine decreased by about 53
% (from 21 to 81%) after 24 hours with respect the concentration after 12 hours of
cultivation(P<0.01).

4. Discussion

The main objective of this study was to develop a new PCR method allowing us to
detect all synthetic pathways leading to the production of putrescine in regular food borne
Gram-negative bacteria. In this study seven new consensual pairs of primers were designed
to detect target genes involved in the production of putrescine: speA, speB, speC, speF,
adiA, Ldc, and aguA. The specificities of our new sets of primers were evaluated in-silico
and with available model strains in the developed touchdown PCR method. For each set of
primers three to five PCR products were sequenced to confirm their identity and the
accuracy of the method. Production of putrescine and agmatine in cultures was determined
by HPLC and correlated with PCR results.

Useful molecular biology tools are a prerequisite for the investigation of metabolic
pathways connected to putrescine formation. We attempt to improve and complete
previously developed molecular biology methods and de-novo designed new sets of
primers to detect all important pathways and included enzymes in putrescine metabolism.
Described primer pairs include new consensual primer pair that allows detection of speA

gene encodeding biosynthetic arginine decarboxylase in all above mentioned groups of
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Gram-negative bacteria, adiA encodeding biodegradative arginine decarboxylase
(inducible) in E. coli and Salmonella, Ldc/adi encodeding putative arginine decarboxylase
in Pseudomonas, speB encodeding agmatinase in enterobacteria, aguA encodeding
agmatin deiminase in Pseudomonas and Yersinia, speC encodeding biosynthetic ornithine
decarboxylase in both enterobacteria and pseudomonads, and speF encodeding inducible
ornithine decarboxylase in enterobacteria and pseudomonads.

All primers were successfully tested in TD-PCR method with 32 Gram-negative putrescine
producers and PCR results were always in agreement with metabolic pathways available in
public databases.Amplicons from speA and speC genes were obtained with DNAs from all
tested putrescine producing strains indicating that in all these strains both ornithine and
arginine decarboxylases were present, as expected. Developed PCR detection method for
other targeted genes was always exactly in agreement with metabolic pathway databases
for a given microorganism. Agmatine deiminase pathway was demonstrated in all tested
strains of Pseudomonas and Yersinia and in Pectobacterium carotovorum CCM 1008. All
other strains giving the positive result of the PCR assay with agm4F/agm4R primers
proved to utilize the agmatinase pathway. None of the strains revealed the simultaneous
presence of speB and aguA. All of E. coli and Salmonella strains tested were adiA positive
and all Pseudomonas strains gave the positive reaction with adi5F/adi5R primer pair
specific to the second type of arginine decarboxylase (Orn/Lys/Arg decarboxylase family
protein). Also all enterobacteria except of Klebsiella and Citrobacter strains were speF

positive as tested with speF1F/speF1R primers.

TD-PCR results with microorganisms from various collections of microorganisms
as well as with bacterial strains isolated from food showed that newly developed primers
reliably allowed detecting the presence of targeted genes related to putrescine synthesis in

all important Gram-negative producers of putrescine in food products.

For each set of primers (except of odclF/odclR) three to five amplified PCR
products were sequenced and high sequence similarity (mostly 99%) with the
corresponding gene sequence obtained from GenBank confirmed the specificity of our
newly developed primers. Unfortunately, primer pair odc1lF/odc1R amplified mixture of
speC and speF genes, nevertheless such problems were expected considering the high

similarity between these two genes and because previously published primers had the same
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problem (Fadhlaoui-Zid et. al., 2012). However, the occurrence of speF gene can be
specifically detected by hereto revieled primer pair speF1F/speF1R, thus the presence of
speF and speC genes could be differentiated.

From all bacterial strains tested in our study E. coli CAPM 6101 was able to
produce the highest concentration of putrescine (930.03 mg.L™) followed by Salmonella
enterica CCM 4420 and Enterobacter aerogenes CAPM 5634. Previously, Enterobacter
aerogenes was described as a potent putrescine producer in fermented sausages (Shiling Lu
et al., 2010) and Klebsiella oxytoca was described as the most active putrescine producer in
Herrings (Ozogul et al., 2005). Nine of tested strains were able produce more than 200
mg.L™ of putrescine. Concentrations of putrescine was in average seven times higher (from
1.2 to 48 times) after 24 hours of cultivation than after 12 hours of cultivation in all strains.
This observation confirms the theory that the production of putrescine is usually increasing

with the time of storage.

Many authors detected also agmatine in relation with Gram-negative bacteria
presence in food products (Curiell et al., 2011; Saccani et al., 2005; Bunkova et al., 2010;
Pons Sanchez et al., 2005b; Ozogul et al., 2005). In the presented study the agmatine
production was detected with all tested bacterial strains. The detection of agmatine
confirms the existence and the active utilization of the arginine decarboxylase pathway.
Other important reason why it may be to important to detect agmatine in food appears to be
the fact that some microorganisms are able to use extracellular agmatine to form putrescine
(Smit et al., 2008). All tested strains were able to produced putrescine and all of them were
also producers of agmatine. The occurrence of agmatine and a significant decrease in
agmatin concentrations between 12 and 24 hours of cultivation confirm that agmatine is a
metabolic intermediate and that all tested strains actively used the metabolic pathways via

agmatine to produce putrescine.

The results of the study presented confirmed that many common Gram-negative
contaminants of food are potent producers of putrescine and can actively use more than
one metabolic pathway of putrescine production. The new PCR assays designed here are
able to easily detect all important genes participating on putrescine production in Gram-

negative bacteria especially those frequently found in food. Presented seven new primer
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pairs allows to detect Gram-negative putrescine producers and could be used in the food

industry to evaluate the potential of food microorganisms for the putrescine production.
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