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The Nitrogen Cycle:

Aerobic
Nitrate assimilation
NO»s-
Nitrification \
NO3™ Nitrate respiration NH4* = Organic N

\i’f[dlsmmnanon] mineralizace
NOo-
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Denitrification Nitrogen fixation
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Prijem amoniaku
« amoniak je prijiman fasami a sinicemi preferencné

* pusobi jako inhibitor prijmu a asimilace dusiCnanti a represor
nitrogenazove aktivity u sinic fixujicich N,

» pi1 vysokeém pH vné&jSiho prostfedi amoniak hromadén diftzi, pii
neutralnim pH vyZaduje pfenos amoniaku pies PM dodani energie
(amonium transporter), prijem amoniaku snizuje pH

pro vyzkum pfijmu a transportu amoniaku se pouZziva analog znaCeny
radioaktivnim 14C - 1CH;NH,* (methylamine) nebo stabilni izotop N
(*NH,*). Je velmi obtizné odd¢lit sledovani pfijmu amoniaku od jeho
nasledneho metabolismu.

methylamine



Ptijem nitratt a amoniaku

Plasma membrane

Chloroplast Membrane

Glutamate
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Pathways of Nitrogen Acquisition from Amino Acids

1. Abiotic Degradation

o

Glutamine

2. Enzymatic Degradation @)

periplasmic amino acid oxidase

Glutamine

, —
3. Transport s:j/\“(:\m froimses

NH




Redukce nitrata

Redukce NO; probiha ve dvou stupnich.
Nejprve je enzymem nitratreduktazou NO; redukovéan na NO,,
ktery je pak nitritreduktazou dale redukovan na NH,.

NO, + 2H* > NO, + H,0 NOZ'+ 2H* > NH, + 2H,0

sinicova NR M, 75 000, monomer, neobsahuje sinicova NiR M, 68 000 (50 000), monomer,

hem ani FAD v heterocytech i vegetativnich buiikach
iasova NR (Chlorella) M, 360 000, 4 rasova NiR M, 63 000, monomer, obsahuje
identické podjednotky, obsahuje molybden, Klastr [4Fe-4S] a sirohem (vazebné misto pro
hem a FAD, v cytoplasmé < nitrite), stroma chloroplastu \
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a-ketoglutarat Glutamat = kys. glutamova

NADPH+HY  NADF'




Zabudovani amoniaku do aminokyselin
probiha dvéma zptisoby: systémem GS/GOGAT nebo pomoci GDH

sinice a fasy: predevSim system GS/GOGAT (GS=glutaminsyntetaza,
GOGAT= glutamatsyntaza, zkratka odvozena od
glutaminoxoglutarataminotransferaza)

glutamat (kys. glutamova) + ATP + NH,* &>, glutamin + ADP + Pi
glutamin + a-ketoglutarat _SOGAT, 2 glutamat

Glutamine Z-oxoglutarate
CDNH EIZDDH
CH IIIZH2
CH l:IEH2
. CHNH I:IZ=D
|
CDDH CO0H MNACDHPIH
ADP COGAT - (P
Ferredoxin
COOH COOH reduced)
|::|—| CH
EH CH
r CHNH CHNH
NH4 EOOH CooH

ATP Glutamate Glutamate
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Fixace atmosférického dusiku u nékterych sinic
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Fixace atmosférického dusiku u nékterych sinic

e vyZzaduje poruSeni vyjimecné stale trojn¢ vazby.
* biologickou fixaci dusiku provadéji sinice a bakterie za
pomoci soustavy enzymu, kter¢ se nazyvaji nitrogenaza

» energeticky velmi narocné
2ATP

N, + 8e  + 16ATP + 8H* = 2NH; + 16 ADP + 16Pi

MoFe | (= NHq_ + H2

{oezidisod)
(i)

[Ferrednxin

TWO
Ferredoxin MoFe = N. 8H*
(reducec) (reduced) | 2
nitrogenazy - spolecny puvod, vznikly diimid HN=NH a po dalSich dvou cyklech

pred GOE (2.45-2.32) redukce imid H,N-NH,—— 2NH,

ZADF
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Atmospheric pOs, history through time || Oxygen levels for N, fixation of living cyanobacteria
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Fig. 3. The geochemical record of atmospheric oxygen as it relates to nitrogen fixation and the evolution of heterocystous cyanobacteria. The curve presents
an estimate of atmospheric Poz through time, as constrained by palecsol (42) and % isotopic (43, 44, 46) data. Mumbers in Right indicate the Poz level atwhich
in vitro nitrogenase activity is inhibited in nonheterocoystous Mlectonema and heterocystous Anabaena (34) (A), and Paz or [Q4] optima for in vivo nitrogenase
activity of Plectonema (368) (B), nonheterocystous Gloeothece (37) (C), Trichodesmium (38) (D), and Anabaena (39) (E). F indicates the intracellular [0;] of
Anabaena heterocysts. The [O;] (the left vertical axis) corresponds to Poz (right axis) when [02] is 250 wM in air-saturated water. PAL, present atmospheric level.



Vymeéna N a C mez1 heterocytem a vegetativni bunkou

* v heterocytech chybi PSII —ochrana nitrogenazy pied O,

» nedochazi zde take k fixaci C, ten musi byt dodavan ve formé¢ disacharidli v veget. bunck.
» prisun reduk¢nich ekvivalenti (NADPH) zajist'uje pentozovy cyklus

 amoniak vznikly fixaci vzdusného N, tvofi spolu s glutamatem glutamin (enzym GS)

* glutamat je importovan z vegetat. bunék, naopak glutamin je exportovan z heterocytu zpét do
vegetat. bunék, kde spolu s a-ketoglutaratem tvoii 2 molekuly glutamatu (enzym GOGAT)

HETEROCYST

VEGETATIVE
CELL

0, Palar body Microplasmadesmata



Prostorové oddéleni

Tato schopnost byla zjiSténa u vlaknitych sinic, které tvori rozsahle
polstare, pod nimiz se utvari anaerobni prostredi
(napt. Microcoleus chthonoplastes a Lyngbya aestuarii)
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Casové oddéleni

Vecer — degradace fykobiliproteinu — PSII prestane fungovat —
zastavi se produkce O, — rychla syntéza nitrogenazy — fixace N,
pres noc, ukladani ve formé cyanofycinu — synté€za nitrogenazy se
zastavi, enzym je rozlozen kyslikem, ktery pronika do bunék —
resyntéza fykobiliproteinii — funk¢ni PSII — a rano muze opét zacit

fotosyntéza.

00

Synechococcus




Kombinované casovo-prostorove oddeleni

Trichodesmium —fixace N za
aeobnich podminek za svetla
— specializovane bunky -
diazocyty

Katagnymene

15-20% buné&k obsahuje nitrogenazu (diazocyty); PSI, PSIl, RuBisCO a
karboxysomy ve vSech bunkach

svetlo — fotosyntéza (energie, redukéni ekvivalenty, zasobni polysacharidy)
— vysoka hladina poolu redukovaného plastochinonu ,otvira okénko” pro
N, fixaci — spotreba O, prekrocCi jeho produkci (Fentonova reakce) — kdyz
spotrebovany karbohydrary, tok e- dychacim retézcem se zastavi — zvysi
se vnitrobunecna koncentrace O, — pool plastochinonu oxidovan — ztrata
nitrogenazove aktivity



Fotoprodukce dusikatych létek:% -
Nékteré druhy sinic fixujicich N, mohou byt ~ . e
vyuZity jako biofertilizatory b e T
(Anabaena/Nostoc azollae, A. variabilis, » S . :
Anacystis nidulans). COMEl
fixace vzdus. N, - odhad 1,7 x 108 tun amoniaku za rok .,.,’ ‘ | | o ‘

ke

. ATCC 29413 FD
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Azolla — symbioticka sinice Anabaena/Nostoc azollae — schopna fixovat N,
pestovana spolecne s ryzi, produkce bio-ryze

08.05.2005, 1000x



Ryzova pole ,hnojena" kapradinou Azolla (nese symbiotickou
sinici) — péstovani bioryze bez umélych hnojiv a pesticid(
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Uvolnovani amoniaku

neni normalni fyziologickou funkci, ale mize byt dosazeno:
e pfidanim 1nhibitoru enzymu glutaminsyntetazy
e vybérem kment, které samovolné uvolnuji amoniak do prostredi

 vybérem mutantnich kmenu s potlacenou aktivitou GS na takovou
miru, aby byl uvoliovan amoniak, ale zaroven zachovan metabolismus

U¢innym inhibitorem GS je analog glutamatu MSX (methionin-

sulfoximin). A H
N.‘:_- .-;_D !

Mutantni kmeny s omezenou asimilaci amoniaku -~ ™ -“‘N“H

(uvoliiyjici amoniak do prostiedi) byly selektovany o ~q-

na zaklad¢ rezistence k ethylendiaminu (EDA) a
K MSX. Ne¢které tyto kmeny jsou schopny fixovat
vzdusny N, i v piitomnosti extracelularniho NOy a1y i
NH,.
Nevyhody: nelze dlouhodobé, MSX toxicky



Fotoprodukce aminokyselin

* Sinice a rasy uvolnuji do média malé mnozstvi AK, polypeptidi
a bilkovin.

* Mnozstvi zavisi na zivotni fazi rastu (nejvyssi Je béhem lag-faze
a stacionarni faze).

 Tato mnozstvi Jsou vétSinou zanedbatelna.

 Produkce urCitych AK je podstatné vyssi u mutanti, které byly
ziskany na zaklad¢ rezistence a analogim téchto AK.
ethionin-methionin

canavanin-proline

6-fluorotryptophan-tryptophan

4-aminophenylalanin-alanin

« ZvySenim obsahu specifickych AK lze zvysit nutricni hodnotu
preparatti ze sinic a ras ur¢enych ke konzumaci.



Polysacharidy bunéc¢nych stén

design of a matrix reinforced fibrillar composite

polysacharidy tvorici mikrofibrily
1) celuloza (B-1,4 glukan)
2) chitin (B-1,4 N-acetylglukosamin)
3) B-1,4 mannany
4) B-1,3 xylany

polysacharidy matrix

* vyskytuji se v amorfni formé

» glukany (agar, karagen), xyloglukany, xylany, mannany,
arabinany, galaktany, arabinogalaktany, polyuronove kyseliny
(alginove kyseliny) aj.






Syntéza celulozy
terminalni komplexy
celuldoza syntaza - enzym katalyzuje prenos gluk6zového zbytku z UDP-
D-gluko6zy (uridindifosfat glukoza = fosforylovany cukr) na konec

VZIlikajiCi molekuly celul()zy, neni nutn}'l Sugars must be activated for synthesis:
o, ] . . . UDP-glucose pyrophosphorylase
zadny primer. UDP-D-gluko6za je 0
. /4 Y i - GGP
syntetizovana pravdépodobné v GA a je Hj\)ﬁ
r 0
transportovana skrz PM k TC. \ O_gLofggQg_oﬂzc o
_(I) ‘O O H H
H H
CH,0H 0 HO OH
HO o UTP
HO OH §_B_ 4
G1P (!)~ inorganic

pyrophos-
phatase
PR =21
0]

UDP-glucose




Glucan chains

NN

) Plasma § 49599499999 !
~membrane

Jed

A 'yryTyTyToety Ty y"
Y. T Yol Y. ¥ M 8 Yy
- -, (LWL

CESA subunits

Active site

Hypothetical protein(s)




Terminalni komplexy nékterych druht ras
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CHITIN

M-acetyl Group

Q = CARBON {)=Hydrogen ‘ = Oxygen OZ Nitrogen

monomer




Poterioochromonas

fluorescencni
barveni lorik
Calcofluor white

mikrofibrilarni povaha loriky
Poterioochromonas




Chitinozni loriky

1zolovana lorika

3.35




Chlorely glukosaminove podskupiny

: L
NIES-642 Chlorella vulgaris var. vulgaris 10 pm




Last but not least, the ability of Chlorella algae to
synthesize chitin could have been inherited from a
virus (itself endowed with chitinase activity (3))
having secured exclusive use of Its host against other
viruses incapable of piercing through its protective
shell. This ""'monopoly"* scenario illustrates a new
mode of co-evolution between viruses and their hosts.

Chitin Synthesis in Chlorovirus CVK2-
Infected Chlorella Cells
Kawasaki et al. 2002



Chitinozni ostny rozsivek
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B-1,4-mannobiose repeating unit

B-D-mannopyranose (VII)
g. 4.4. Structure and conformation of the f-1,4-mannan molecule. _—
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Skrob
Glaucophyta - zrnka Skrobu vznikaji mimo chloroplast (cyanely)

Cryptophyta - zrnka Skrobu lokalizovana v periplastidialnim prostoru
spolu s nukleomorfem

cytoplasmic
side

plastid side

—— starch grain

80S ribosomes

nucleomorph

outer plastid
membranes

inner plastid membranes

Fig. 3. The periplastidial space






Skrob

Chlorophyta- skrob se nachazi uvnitf
chloroplastu ve formé Skrobovych zrn,
ty jsou bud’ volné ve stromatu

chloroplastu nebo obklopuji pyrenoid.




Sinicovy a florideovy Skrob
a 1,4 glukany
sinicovy Skrob - podobny glykogenu a amylopektinové frakci Skrobu
zelenych tas a cévnatych rostlin, nachazi se v malych granulich (30 X
65 nm) viditelné pouze v EM mezi thylakoidy

florideovy Skrob - podobny
amylopektinove frakci Skrobu
zelenych ras a cévnatych
rostlin, vznika v cytoplazmé
(ne uvniti chloroplastu)

)
_‘5

Srnidon Floridéen
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B 1,3 glukany

paramylon — Haptophyta (zjistén u
jednoho druhu, Pavlova)

Euglenophyta zasobni polysacharid
uloZen ve formé paramylonovych zrn
maji koncentrickou strukturu.

O

Lepocinclis acus

vznik
paramylonového
zrna na povrchu
pyrenoidu
Trachelomonas

Euglena ehrenbergii
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Key 1O LABELING: C = central region, Cy = cytoplasm, CP = chloroplast, CS = crystal surface, F = fibers, M =
membrane, Mi = mitochondria, P = paramylon, Pe = pellicle, R = rectangular segment, T = triangular segment, W =
wedge.

Fig. 1-5. Fig. 1-3. High magnification view of paramylon in Euglena gracilis cells. Scale bars = 1 um. 1. Cell fixed
in glutaraldehyde-osmium and embedded in Epon. The membrane that surrounds the granule is evident. 2. Cell fixed
in permanganate and embedded in Quetol (a transverse section through the granule). The substructure of paramylon
is evident. 3. Same as Fig. 2, but an oblique section through the granule. Arrowheads indicate the layering in paramylon.
4. An isolated paramylon granule from E. gracilis stained with uranyl acetate. Scale bar = 0.5 um. The two types of
segments are visible. 5. Scanning electron microscopy of fractured Eutreptia pertyi. Scale bar = 2 um. The layering
(arrowheads) is apparent in the relatively large paramylon granules.

©

Fig. 10. Model of the paramylon granule. A portion of the surrounding membrane is removed. The granule is
composed of two types of segments, wedges and rectangular solids. These segments meet at the central region. The
granule is a layered structure with fibers that traverse it in an overall concentric pattern.



B 1,3 glukany

Chlorarachniophyta - pravdépodobné paramylon, nachazi se na
vnéjSim povrchu pyrenoidu, tvori ¢epicku

Lotharella amoeboformis



Hackett et al. 2007

100 Danio rerio
100 Homo sapiens
1 Drosophila melanogaster
Apis mellifera

100 Cryptococcus neoformans
_m:Magnaporthe grisea
Saccharomyces cerevisiae
100 Hartmannella vermiformis
6 Dictyostelium discoideum
9 Acanthamoeba castellanii
100 Entamoeba histolytica
Mastigamoeba balamuthi
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‘0g930NYV

‘Malawimonas californiana’ .
m i'w_‘i Malawimonas jakobiformis | Malawimonads
Trichomonas vaginalis - Para. m
Giardia - Dipl. | X
Reclinomonas americana . lamblia g
Jakoba libera |Jakob|ds <
1004 pa >
] Euglena gracilis ;
e eriis Euglenozoa
83 Galdieria sulphuraria
- 87 Cyanidioschyzon meroRg
Chlamydomonas reinhardtii
Arabidopsis thaliana
Zea mays
Oryza sativa
Glaucocystis nostochinearum
90 Cyanophora paradoxa
N 100 Pavlova lutheri
Emiliania huxleyi Haptophytes
2 Isochrysis galgana e —
100 Goniomonas pacifica
Guillardia theta |Crvptophytes Chromists
80 . Thalassiosira pseudonana
- Phytophthora sojae Stram«
Phytophthora ramorum
Tetrahymena thermophila e
Paramecium tetraurelia |Clllates

1004 Karenia brevis Alveolates

Alexandrium tamarense |Dinoﬂagellates
Toxoplasma gondii - Apicomplexans

Reticulomyxa filgse
Bigelowiella natans

0.1 substitutions/site



Polyhydroxyalkanoaty — degradovatelne plasty

Predstavuji polyestery ruznych
hydroxyalkanoatu, jsou akumulovany jako
zasoba uhliku a energie v ruznych
mikroorganismech, vétSinou za podminek,
kdy limitovany Ziviny (N, P, S, O, Mg) a
kdy je naopak nadbytek C.

Degradation in a compost of bottles made of PHA
(D. Seebach, ETH)

R H O
\/ / \
\0/}0 \
\ H,), /7

Zakladni struktura monomeru:

n — miZe dosahovat hodnot az do

30 000, m — je vétsinou 1 (poly-3-
hydroxyalkanoaty), ale miize mit 1
hodnotu 2 (poly-4-hydroxyalkanoaty)
nebo 3 (poly-5-hydroxyalkanoaty);

| skupina R zahrnuje atom H a riizné

dlouhy uhlikaty fetézec.
f ry




Prestoze schopnost sinic syntetizovat PHA byla zjisténa pred 30 lety,
neni jim zatim vénovana pfiliSna pozornost
Bakterialni PHAs mohou byt klasifikovany do tri skupin:
1) SCL PHAs (short-chain-lenght) monomer ma 3-5 C atomii
2) MCL PHAs (medium-chain-lenght) monomer ma 6-14 C atomt
3) LCL PHAs (long-chain-lenght) monomer ma vice nez 14 C atomi.

Poly(3-hydroxybutyrat) -P(3HB) homopolymer patii mezi
nejstudovanési biopolyestery. Ma podobné materialové vlastnosti jako
polypropylen; ma teplotu tani 170 °C.

Copolymer poly(3hydroxybutyrat-co-3-hydroxyvalerat) — P(3HB-
co-3HV) ma nizsi teplotu tani (160-100 °C).

MCL- PHASs: materaly s vyssi elasticitou - predpoklada se jejich
vyuziti jako degradovateln¢ gumy a potahovy (coating) material.



Table 13.2  Actual and potential industrial applications of PHAs (from Uttley, 1986; Lafferty et al., 1988; Doi, 1990; Brand| et al., 1990, 1995; Lee, 1996).

Application field Uses

Properties useful for specific uses

Current status

Agriculture Controlled release of pesticides, plant growth
regulators, herbicides, fertilizers

Covering foils

Seed encapsulation

Bone plates, films around bone fracture

Chiral chromatography Stationary phase for columns

Chiral synthesis/cosmetics Sources of chiral precursors

Disposables Razors, trays for food, utensils, etc.
Hygiene products Diapers, feminine hygiene products
Medical Absorbable sutures, surgical pins, staples
Miscellaneous Autoseparative air filters

Fibre-reinforced, biodegradable goods

Packaging Bottles

Films for food packaging

Paper coating

Pharmaceutical Retarded drug release, dfug carrier

Biodegradability, retarding properties

Biodegradability

Biodegradability

Chiral properties

Stereoregularity, chiral properties
Biodegradability, good mechanical properties
Moisture resistance, good water barrier,
biodegradability

Biocompatibility, biodegradability
Biocompatibility, piezoelectic properties®
Biodegradability®

Biodegradability, good mechanical properties
Biodegradability, good mechanical properties,
good liquid barrier, moisture resistance
Biodegradability, good liquid barrier, good
mechanical properties, low O, permeability,
moisture resistance

Biodegradability, moisture barrier
Biocompatibility, biodegradability, retarding
properties

Research

Field experiments
Conceptual
Conceptual
Research
Commercial (Japan)
Conceptual

Research/commercial
Conceptual

Research

Research
Commercial (Europe,
Japan, USA)
Research

Conceptual
Research

“*Piezoelectricity stimulates bone growth; ®biodegradation allows the autoseparation of particles from the filter.




Acetyl-CoA yielding substrates

v

2 Acetyl-CoA

(1) CoASH

Acetoacetyl-CoA
AMP+PPi

ATP, CoASH (8)
Acetoacetate

+Ht
NADEHH (5) D-(-)-3-Hydroxybutyryl-CoA

NADT
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Nékteré kmeny sinic, u nichz byla zjiSténa pritomnost

Aphanothece sp. PHAS
Gloeothece PCC 6909

Synechococcus sp. MA 19

Arthrospira platensis W %
Anabaena hallensis HN-15 /7%———}:"‘{‘ S
Anabaena variabilis ATCC 29211 7

Anabaenopsis siamensis /
Aphanizomenon gracile SAG B31.79 /,. 2
Chlorogloea fritschii Aphanlzomenon graCIle :
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Microalgae as bioreactors for bioplastic production
Hempel et al. Microbial Cell Factories 2011, 10:81
http://www.microbialcellfactories.com/content/10/1/81

Introducing the bacterial PHB pathway of Ralstonia eutropha into the
diatom Phaeodactylum tricornutum, thereby demonstrating for the
first time that PHB production is feasible in a microalgal system.
Expression of the bacterial enzymes was sufficient to result in PHB
levels of up to 10.6% of algal dry weight.
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GFP PAF/GFP

Re_PhaA + GFP

Re PhaB + GFP

Re_PhaC + GFP

The enzymes PhaA (ketothiolase) -1, PhaB (acetoacetyl-CoA reductase) - 2 and
PhaC (PHB synthase) - 3 of the Gramnegative bacterium Ralstonia eutropha H16
were expressed in the cytosol of the diatom
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Synechecystis sp. PCC
6803

Synechocystis sp. PCC
6803

Synechocystis sp. PCC
6803

Synechecystis sp. PCC
6803

Synechocystis sp. PCC
6803

Synechocystis sp.

Synechococcus sp.

PCC 7942

Synechecoccus sp.

PCC 7942

Overexpression of PHA synthase

Transconjugant cells harboring expression

vectors carrying PHA genes

Introducing PHA biosynthetic genes from C.

nectar

Increasing acetyl-CoA levels

Overexpression of native PHA genes

Optimization of acetoacetyl-CoA reductase

binding site

Defective in glvcogen synthesis

Introducing PHA biosynthetic genes from C.

nectar

Direct photosynthesis

Acetate and nitrogen

limitation

CO, and nitrogen

deprivation

Acetate and nitrogen

limitation
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