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WATER WORKSHOP

- NOBPeAe UAN UHTOKCUKaLMje, Kao pe3yaTaT AMPEKTHOr Hanaga npeaatopa Uam o L2678
BPCTa }KUBOTUHbA; ~ 00
- UCNosbaBarbe NHDEKTUBHE BONECTM NPEHETe OPraHM3MOM UMM je }KUBOTHU LMKAYC Be3aH 3a
aKBaTUUYHe eKocucTeme

Apb6oBUpYycHe 601ecTn — ieHra BUPYC, BUPYC XKYyTe rpo3HuLLEe, BUPYC FPO3HULLE 3anagHor

Huna n ppyre iMEyCHe 6onectu
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SAVE THE DATE

MpeBeHTUBHE Mepe NPOTMB MHCEKATa:
- JOMMHAHTHO NMoBe3aHe ca CaMMUM Kyrnaymma,
- YeCTo HUCY Aeo 3axTeBa NPema BAaCHULMMa jaBHUX BogeHUX objeKaTa U Wnpoj
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nope Kno: SIVXVE-T‘HE DATE

- ¢deKanHe marepuje — M3 KOHTAMMHUPAHOT U3BOPaA BoAe,
- ycnea HUMAEHTHUX CMTyauuja
- n3AnBarbem peKanHe matepuje oa Kynaya




MMKPOOPIAHM3IMM:

NMopekno:

- papyru 3arahusBaum —
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JbYACKa KOXKa, cny3, noBpahara nan gpyre nsnyyesmHe

0f, *KNBOTUHQ,

MaTepuje Koje cy HaHeTe BETPOM,

OTULAHEM KNLLIHUX BOA3,

NPUPOAHU CTAaHOBHMULM TONJINX BOAEHUX cpeanHa (Kao WwTo cy
LUMjaHODaKTEPUje UM NNAaBO-3e/1IeHe anre) Koje LUBeTajy ako ce yHecy
y fowe ae3snmHPUKoBaHe peKpeaunoHe Boae
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MUK POOPpPraHu3sama

DOeKaJIHOT TTOPEKJIA

Bupycu baxTepuje
AIEHOBUPYCH Shigella spp.
Xematutuc A E. coli 0157
Hoporupycu
EnTepoBupycu
IIporo3zoe
Giardia
Cryptosporidium

HedexkamHor mopekJia

bakTepuje Bupycu
Legionella spp. Molluscipoxvirus
Pseudomonas spp. ITarmmnomaBupyc
Mycobacterium spp. AnOeHOBUpPYC
Staphvlococcus aureus
Leptospira spp.

IIporo3oe
I . suBHILIIEC Naegleria fowleri
Trichophyton spp. Acanthamoeba spp.
Lpidermophyton floccosum Plasmodium spp.
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BAKTEPWUIE .

SAVE THE DATE

WW2023, 20-22. September, 2023




BAKTEPWUIJE @

Lipopolysaccharide (LPS)
Outer Membrane Proteins
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Secreted compounds

* Exotoxin A

* Quorum sensing
molecules
Siderophores
Rhamnolipids
Alginate/mucoid
exopolysaccharide
(MEP)

/

Type 3 Secretion System (T3SS) Type IV Pili Biofilm Formation
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Cryptosporidium spp.
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Thick-walled oocyst AR infective stage
ingested by host
4 Diagnostic stage

/?;@\ ®0

Recreational water Drinking water

© Contamination of water
and food with oocysts. ‘ Cattle are major
hosts for C. parvum.

4 g Thick-walled oocyst

(sporulated) exits host

© Thick-walled
oocyst (sporulated)
eits host

© Oocys

Thin-walled
oocyst
(sporulated)

Microgametes

Naegleria fowleri

Amebae penetrate
the nasal mucosa

Water-related
activities such as
swimming, soaking
in hot springs_ or
using contaminated
ot tap water can
resultin water
going up the nose.

Amebae migrate 1o the brain via

the olfactory nerves causing

primary amebic meningoencephaliis
(PAM) in healthy individuals

“Trophozoites in CSF and
e

Flageliated forms
occasionally in CSF

Qo

A= sective stage
A= Diagnostic Stage.

Promiosis

o &S

Flageliated form

Acanthamoeba spp.

Through the eye ! e

Through nasal
[ U —— passages to the
1 [ lower respiratory
1 @ Amebae (cystsand | tract?
: trophozoites) can :
'
1

enter humans in
various ways

Through ulcerated @
or broken skin3

d Cysts and trophozoites in tissue

o T Results in severe keratitis of the eye. (@)

Aioss 2 Results in granulomatous amebic encephalitis )
(GAE) and/or disseminated disease in
individuals with compromised immune systems.

Q Infective stage 3 Results granulomatous amebic encephalitis
(GAE), disseminated disease ) or skin lesions ()
4 viagnostcstage inindividuals with compromised immune systems.
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food bacterium food vacuole
with bacteria

cytostome

food vacuole

escaping bacterium
nucleus

&= "‘C

{ food bacteria interact with
\ the cytostome membrane

B food bacteria transmit
signals through membrane

C bacterial surface ligands
interact with specific

membrane areas
bae V. cholerae

NN\ O
6’

Phagoytosis\_/ v Replication of

and lysis of Legionella within
Legionella Acanthamoeba
Warm water

promotes
replication
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Inhalation of
aerosols leads to
Legionnaires’ disease

Intracellular Legionella
d are protected from
disinfection of water

Released Legionella
are highly virulent
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Epidermophyton floccosum -

~ macroconidia with
- “parallel ‘éidés

A Y
N\ %

fluffy-white or
.colonies

@RichDavisPhD
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Poredenje toksicnosti raznih biotoksina (Falconer i sar. 1999)

Toksin Vrsta- producent Letalna doza
(LD50; pg pokg)
BOTULINUM Clostridium botulinum (bakterija) 0,00003
TETANUS Clostridium tetani (bakterija) 0,0001
RICIN Ricinus communis (biljka) 0,02
DIPHTHERIA TOXIN Corynebacterium diphtheriae (bakterija) 0,3
KOKI TOXIN Phyllobates bicolor (Zaba) 2,7
TETRODOTOXIN Sphaeroides rubripes (riba) 8
SAXITOXIN Aphanizomenon flos-aquae (cijanobakterija) 9
COBRA TOXIN Naja naja (kobra) 20
NODULARIN Nodularia spumigena (cijanobakterija) 30-50
MICROCYSTIN-LR Microcystis aeruginosa (cijanobakterija) 50
ANATOXIN-a Anabaena flos-aguae (cijanobakterija) 200
MICROCYSTIN-RR Microcystis aeruginosa (cijanobakterija) 300-600
CURARE Chrondodendron tomentosum (brazilska biljka) 500
STRYCHNINE Strychnos nux-vomica (biljka) 500
AMATOXIN Amanita phalloides (gljiva) 600
MUSCARIN Amanita muscaria (gljiva) 1100
PHALLATOXIN Amanita phalloides (gljiva) 1800
GLENODIN TOXIN Peridinium polonicum (dinoflagelatna alga) 2500

SODIUM CYANIDE

10000




Cijanobakterije i cijanotoksini, dr Jelica Simeunovic
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Sta su cijanobakterije?

WATER WORKSHOP
2023
AVE THE DAT

Cijanobakterije su nazivane, a i danas je taj termin u upotrebi - modro-zelene alge usleGmme

[ A4 [ ] ] [ XX ] [ A4 L] ] [ ] V4 [ ] .a
slicnosti sa zelenim algama po morfologiji, stanistu i fotosintetskim moguénostima

(Cyanobacteriophyta)

u danasnjem vremenu poznato nam je oko 2000 vrsta i vecina su ubikvitarni organizmi; neke su i
ekstremofili (od -190 do +70 °C)

BIOLOSKA KLASIFIKACIJA
Kriterijumi podele - velika raznovrsnost oblika i velicine, kao i nacina razmnozavanja
razvrstane u 150 rodova, tj. 5 redova

MIKROBIOLOSKA KLASIFIKACIJA
Po Bergey-u: Phylum BX: Cyanobacteria; Eubacteria, gram-negativne
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- sve cijanobakterijske vrste koje ucestvuju u pojavi cvetanja NISU T

Y
producenti toksina (u 15.-tak rodova); ¢ak svi sojevi unutar vrste ne moraju

biti toksikogeni, a medu toksikogenim velike razlike u nivou produkcije ali i

mogucnost produkcije vise razlicitih formi i vrsta toksina

3Imm

photo: Littler & Littler. 2000. Caribbean Reef Plants.
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Osnovne grupe cijanobakterijskih toksina i njihovi izvori (Codd i sar., 2005)

Toksin BrO.J. strykturnlh Struktura i aktivnost Toksi¢ni rodovi
varijanti
HEPATOTOKSINI
Mikro- 71 cikliéni heptapeptidi; Microcystis, Anabaena, Nostoc,
cistini hepatotoksicni, inhibitori protein-fosfataza, Aphanizomenon, Anabaenopsis,
promoteri tumora, naruSavaju celovitost membrane i | Planktothrix, Oscillatoria,
provodljivost Hapalosiphon
Nodula- 9 cikli€éni pentapeptidi; Nodularia, Theonella (sunder
rini hepatotoksini, inhibitori protein-fosfataza, koji sadrzi cijanobakterijske
naruSavaju celovitost membrane i provodljivost, simbionte)
promoteri tumora, karcinogeni
Cilindro- 3 guanidni alkaloidi; Cylindrospermopsis,
spermo- izazivaju nekrotiCne povrede jetre (takode bubrega, |Aphanizomenon, Umezakia,
psini slezine, pluca, creva), inhibitori sinteze proteina, Anabaena, Raphidiopsis
genotoksicni
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Broj e
Toksin strukturnih Struktura i aktivhost Toksi¢ni rodovi L K]
varijanti
NEUROTOKSINI
Anatoksin-a 5 alkaloidi; Anabaena, Oscillatoria,
(ukljuéujudi postsinaptiCki, depolariziraju¢i neuromuskulatorni Phormidium, Aphanizomenon,

homoanatoksin-a) blokatori Rhaphidiopsis

Anatoksin-a (s) 1 estar guanidin metil fosfata; Anabaena

inhibitor acetilholinesteraze
Saksitoksini 20 karbamat alkaloidi; Aphanizomenon, Anabaena,
blokatori natrijumovih kanala Lyngbya, Planktothrix,
Cylindrospermopsis

DERMATOTOKSINI | CITOTOKSINI

Lingbia- toksin-a 1 alkaloidi; Lyngbya, Schizothrix, Oscillatoria

inflamatorni agensi, aktivatori protein kinaze C
Aplazia-toksini 2 alkaloidi; Lyngbya, Schizothrix, Oscillatoria
inflamatorni agensi, aktivatori protein kinaze C

ENDOTOKSINI

Lipopolisaharidi nekoliko lipopolisaharidi; Svi

inflamatorni agensi, gastrointestinalni iritanti




Cijanotoksini i njihova akutna toksi¢nost (WHO, 1998)

Cijanotoksin

LD, Cistog toksina

Hepatotoksini

45-1000 ng/kg

Mikrocistin-LR

60 (25-125) ug/kg

Mikrocistin-YR 70 ug/kg

Mikrocistin-RR 300-600 ug/kg

Nodularin 30-50 ng/kg
Neurotoksini

Anatoksin-a (alkaloid) 250 ug/kg

Anatoksin-a (organofosfat) 40 ng/kg

Saksitoksini 10-30 ng/kg

Citotoksini

Cilindrospermopsin

200 ug/kg/ posle 5-6d

Internacionalna agencija za istrazivanje kancera (IARC) toksin MCYST-LR klasifikuje u 2B grupu

supstanci (mogucde karcinogene supstance za coveka)




Procentualna zastupljenost toksicnih cijanobakterija u uzorcima vode WATER iorE
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eo
Zemlja Broj analiziranih % uzoraka sa toksicnim
uzoraka cijanobakterijama

Engleska /8 70

Finska 188 44

Holandija 29 79

Madarska 35 82

Nemacka 80 90

Danska 96 72




Najvece detektovane (HPLC metoda) koncentracije cijanotoksina u vodenim

sredinama sa cvetanjem

Toksin Koncentracija Lokalitet
(Mgg-1 suve mase)
mikrocistin 7.300 Kina | Portugalija
nodularin 18.000 BaltiCko more
cilindrospermopsin 5.500 Australija
anatoksin-a 4.400 Finska
saksitoksin 3.300 Australija
anatoksin a () 3.300 SAD




Analiticke metode za detekciju cijanotoksina (Boyer i Dyble, 2007)
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Opste (lumpers) metode

Posebne (splitters) metode

MIKROCISTINI
bioeseji (npr. miSevi, A. salina) HPLC-PDA
PPIA LC-MS (/IMS)
ELISA

CILINDROSPERMOPSIN

bioeseji HPLC-PDA
ELISA LCMS

ANATOKSIN-A
bioeseji HPLC-FD
ELISA LC-MS

PST toksini

bioeseji HPLC-FD
ELISA LC-MS
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komercijalni standardi cilindrospermopsina, nekih mikrocistina, nodularina, anatoxin-a, i saksitoksina
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XBasa Ha Na<kMu.




