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GRZYBY FILAMENTALNE TO…

Aspergillus - kropidlak

In 1729, Pietro Antonio Micheli, priest and botanist, 

globular central structure, which he thought resembled the Aspergillum he was familiar with.


Jeden gen —jeden enzym

 George Beadle i Edward Tatum (1941;
Nagroda Nobla 1958

e Neurospora crassa — workowiec, cykl ptciowy,
zdefiniowana pozywka minimalna

genetyka klasyczna

Fotografia - Arnold and Hilton (2003)
Nature 422, 821-822
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Od genetyki klasycznej do genetyki molekularnej. 

Beadl - Zamiast poszukiwać enzymów związanych z daną mutacją, lepiej poszukać mutacji związanych z już znanymi szlakami metabolicznymi (przedtem pracował na mutantach v i cn Drosophila)

Hipoteza jeden gen – jeden enzym 1941 (Avery , MacLeod, McCarty1944 – materiał genetyczny to DNA)

Maxine Singer and Paul Berg  (2004)  „George Beadle: from genes to proteins” NATURE REVIEWS | GENETICS 5:949


(a)

(b)

(c)

Eksperyment Beadl’a
Izolacja mutantow auksotroficznych
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Addition of arginine to minimal medium restores growth

Rysunek - http://www.mun.ca/biology/scarr/Gr09-01.html
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U Neurospora konidia sa wielojądrowe, dlatego trzeba krzyżować


Eksperyment Beadl’a
jeden gen — jeden enzym

o e
§ S
S & E
wit

mutacja
w genie 1 ><
mutacja
w genie 2 >< ><
mutacja >< ><

w genie 3

genl gen 2 gen 3

Enzym 1 Enzym 2 Enzym 3
prekursor =2 ornityna=—2 cytrulina =2 arginina

Enzym 1 Enzym 2 Enzym 3
prekursor}é ornityna=—> cytrulina =—> arginina

Enzym 1 Enzym 2 Enzym 3
prekursor =—> ornityna}é cytrulina =—> arginina

Enzym 1 Enzym 2 Enzym 3
prekursor =2 ornityna —> cytrulina}é arginina
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BLOK METABOLICZNY

Jeden gen – jeden polipeptyd
mRNA /splicing/alternative splicing
Różne produkty tego samego genu
Gen to nie tylko sekwencja kodująca

Aktualne podejście współczesne – identyfikacja genów biorących udział w danym procesie poprzez mutagenezę, również geny regulatorowe – selekcja pojedynczych mutantów




Grzyby filamentalne jako organizm
modelowy w dzisiejszych czasach

Patogeny zwierzat i roslin

/naczenie w biotechnologii

Biologia komorki

Specyficzne systemy regulacji genetyczne;



Grzyby filamentalne — patogeny zwierzat i
cztowieka

o Aspergillus fumigatus - patogen oportunistyczny

e Pacjenci o obnizonej odpornosci S ,_",
(leki immunosupresyjne, AIDS) :

e Alergie ptucne )

e Chroniczna inwazyjna aspergilloza ptuc
e Aspergilloza centralnego uktadu nerwowego

 Amfoterycyna B, flukonazol i vorikonazol

Fotografia - http://www.microbeworld.org/component/jlibrary/?view=article&id=1077
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A. Fumigatus  żyje w kompoście – lubi ciepło . Brak szczególnych czynników wirulencji
Po prostu wrasta  w naczynia krwionośne płuc
Przenika do płynu mózgowo-rdzeniowego

8-fold increase in Aspergillus disseminated infections from the 70s to the present day. 
Between 9 and 17% of all deaths  in transplant recipients are due to Aspergillus infections. 
Mortality in transplant patients infected with Aspergillus sp. is never lower than 60% of patients treated with antifungals and 100% in non-treated patients.

Amfoterycyna B – uszkodzenia nerek

50% of A. fumigatus are azole resistant                                                                                                                                                                                                                                                                      



Grzyby filamentalne — patogeny roslin

Magnaporthe oryzae
rice blast disease

Invasive Growth "~ )
} ¢,
l !f Lesions Penetration .. 8
5 -7 days D)
Sporulation Appressorium
- A 1 i . - e . ; e
:” T %5 f - " o™
& Hooking F
: Attachment e #
I S @ .
o5 Germination =

Dean et al., 2012 Mol. Plant. Pathology13: 414-430
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Its importance is underscored by the fact that approximately one-half of the world’s population relies on rice for its primary caloric intake

30% upraw ryżu może być niszczone przez Magnaporthae




Grzyby filamentalne — patogeny roslin

Aspergillus flavus
Aspergillus parasiticus

Aflatoksyny
nekroza komorek watroby
nowotwor watroby

Fotografie —

http://www.mycology.adelaide.edu.au/Fungal_Descriptions/Hyphomycetes %28hyaline%29/Aspergillus/flavus.html
http://www.ipm.iastate.edu/ipm/icm/2005/9-19/aflatoxin.html
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Aflatoxin B1 (produced by A.flavus and A. parasiticus) is particularly important, since it is the most toxic and potent hepatocarcinogenic natural compound ever  characterized


Znaczenie grzybow filamentalnych w
biotechnologii

Antybiotyki - Penicillium chrysogenum
NRPS (nierybosomowa syntetaza

peptydowa)

Alexander Fleming — 1929 (Nagroda

Nobla z medycyny 1945)

Fotografie —
http://dc351.4shared.com/doc/WtSeJLIt/preview.html
http://www.pf.chiba-u.ac.jp/gallery/fungi/p/Penicillium_chrysogenum_SEM.htm
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Penicylinę zastosowano w czasie II wojny. Do leczenia zakażeń u  rannych żołnierzy

Antybiotyki beta- laktamowe/beta-laktamazy




Znaczenie grzybow filamentalnych w
biotechnologii

* Grzyby sg wykorzystywane w biotechnologii od
tysigcleci — piwo/wino, chleb, (drozdze) ,sery, sake
(Aspergillus oryzae)

* Enzymy

Penicillium i Aspergillus - pektynazy, lipazy, amylazy,
cellulazy, proteazy

e 7wigzki organiczne — kwas cytrynowy, (Aspergillus
niger), itakonowy (Aspergillus terreus)
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Sery -Penicillium camemberti and Penicillium roqueforti are the molds on Camembert, Brie, Roquefort, and many other cheeses. 

Pektynazy – klarownaie soków owocowych – 1930
amylazy i glukoamylazay – hydroliza skrobii
Lipazy – detergenty

Naturalnie wyselekcjonowane szczepy A. niger  przetwarzające 90% dostarczonego  źródła węgla  w kwas cytrynowy
Kwas itakonowy – produkcja polimerów






Znaczenie grzybow filamentalnych w
biotechnologii

 Naturalne statyny - pierwszg statyne
wyizolowano z Penicilium citrinum w 1976 roku

Statyny grzybowe — lowastatyna dopuszczona
przez FDA w 1987 r. - rynek wart 15 miliardéwS

e Gibereliny — regulatory .

wzrostu i rozwoju roslin

Fusarium (Gibberella) S
fujicuroi

Bakanae - Foolish Seedling

Fotografie —
http://www.plantwise.org/Uploads/Compendialmages/Normal/bakan2ab.jpg
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Fungal statins (lovastatin, pravastatin and others [37]), which act as inhibitors of 3-hydroxy-3-methylglutarylcoenzyme A reductase, the regulatory and rate-limiting enzyme of cholesterol biosynthesis in liver, 
Statyny z Aspergillus terreus   (3-Hydroksy-3-metyloglutarylokoenzym A)

Pierwszy raz odkryto gibereliny w Japonii. Wyizolowano je z grzyba Gibberella fujikuori. Grzyb ten infekował ryż na tamtejszych plantacjach. Siewki tej rośliny zarażone grzybem zaczynały charakteryzować się gwałtownym i nadmiernym wzrostem. Od wyizolowania w latach 1935-38 przez Yabuto i Sumiki z pożywki na której rósł grzyb Fusarium moniliforme syn. Gibberella fujikuroi 

Bakanae desease  




Rekombinowane enzymy otrzymywane
z grzybow filamentalnych

Enzym Gospodarz Dawca
Katalaza A. niger Aspergillus sp.
Cellulaza A. oryzae Humicola sp.
Cellulaza T reesei Trichoderma sp.
B-galaktozydaza | A. oryzae Aspergillus sp.
B-glukanaza T reesei Trichoderma sp.
Lipaza A. oryzae Candida sp.
Rhizomucor sp.
Thermomyces sp.
Chymozyna A. niger var. awamori  |krowa
Proteaza A. oryzae Rhizomucor sp.

wg. Ghoraii et al. 2009, Archer, 2000, Dunn-Coleman et al. 1991, Pariza i Johnson 2001.
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Over 60% of the enzymes used in the detergent, food, and starch processing industries are recombinant products

In 1994, Novo Nordisk introduced Lipolase, the first commercial recombinant lipase for use in a detergent, by cloning the Humicola lanuginose (workowiec ) lipase gene into the A. oryzae genome 

Wydajnosc ponad  20g/l -  wydzielane na zewnątrz komórki – CELL FACTORIES


Genomy grzybow filamentalnych

AspGD - Aspergillus Genome Database

New and Noteworthy

Additions and Improvement:
Download and BLAST at Asg

We are happy to annaunce Six ne
available to search with the AspGQ
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Prezentator
Notatki do prezentacji
Sekwencja genomu A. nidulans - Nature 2005

W tym samym numerze genomy A. fumigatus i A. oryzae

Fungi DB 

Znaczenie dla badań ewolucyjnych



Ekspresja biatek heterologicznych

Silniejsze promotory

Wiecej kopii genéw

Zmiana systemu regulacji

Stabilnos¢ transkryptow

Aktywniejsze wersje biatka
Modyfikacje i degradacja biatka
Optymalizacja ekspresiji i sekrecji biatka

Ward, 2012 Biotechnology Advances 30 (2012) 1119-1139
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Systemy regulacji genetycznej

e Systemy regulacji ogolnej
- kataboliczna represja weglowa

- kataboliczna represja azotowa
- odpowiedz na stres oksydacyjny
- regulacja zwigzana z pH

e Systemy regulacji transkrypcyjnej i post-
transkrypcyjne;

e Systemy regulacji specyficzne;
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Systemy specyficzne dla niższych Eucaryota

Drożdże często się różnią


Kataboliczna represja weglowa

Optymalne wykorzystanie zrodet wegla

Wykorzystywanie alternatywnych zrodet wegla
tylko wtedy, gdy nie jest dostepna glukoza

Zablokowanie ekspresji genow kodujgcych
odpowiednie enzymy i transportery
System regulacji negatywnej (inaczej niz u
E.coli) — ogolny represor CREA (Cys2His2)



Kataboliczna represja azotowa

Optymalne wykorzystanie zrédet azotu

Wykorzystywanie alternatywnych zrodet azotu
tylko wtedy, gdy nie jest dostepna
glutamina/NH,*

Zablokowanie ekspresji genow kodujgcych
odpowiednie enzymy i transportery
System regulacji pozytywnej — ogolny
aktywator AREA (Cys4)
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AREA – pierwszy opisany  regulator ogólny u Euaryota – Arst and Cove 1973.


Wspotdziatanie systemow regulacji
specyficznej i ogdlnej

' 1 | 1
[ s >
. .................................... >
Specific transcription .
factor fSpt:t:ifil:: transcription | 2
| actor o
~C— > 2 I >
| 00 3
B — > ° =
Wide domain AreA transcription
factor
| |
— = 4 B E——— = 4
Represja weglowa Represja azotowa

Specyficzny aktywator — Zn2Cys6 — dwujgdrowy palec cynkowy

Scazzocchio,C” Aspergillus: a multifaceted genus, Encyclopaedia of Microbiology,
Moselio Schaechter, General Editor, Elsevier Press.
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+Geny regulowane przez obydwa systemy ogólne



Kataboliczna represja azotowa

Lokalizacja AREA w jgdrze zalezy od zrédta azotu
aFP: Ared

Gtod azotowy

Represja azotowa
(+ glutamina)

Michielse, Pfannmueller, Macios, Rengers, Dzikowska and Tudzynski (2014)
Molecular Microbiology 91:472



Kataboliczna represja azotowa
Stabilnosc transkryptu areA zalezy
od zrédta azotu

Gin -N
0 10 203'3 0 10 20 30

b & 88 4 4 4 ELCER

WT
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Zahamowanie transkrypcji przez proflawine

Krél, Morozov, Jones, Wyszomirski, Weglenski, Dzikowska, Caddick (2013)
Molecular Microbiology (2013) 89:975



Kataboliczna represja azotowa

Internalizacja transportera proliny po dodaniu
NH,*

+pro NH,*
Konidia hodowane na pozywce z proling, a nastepnie z NH,*
fuzja transportera proliny prnB::GFP

Scazzocchio,C” Aspergillus: a multifaceted genus, Encyclopaedia of Microbiology,
Moselio Schaechter, General Editor, Elsevier Press.
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Transporter jest internalizowany do wakuoli


LaeA - regulator metabolizmu wtornego
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Eukaryotic Cell

Bok J W, and Keller N P Eukaryotic Cell 2004;3:527-535

JOUTHQ'S.ASM.OTQ Copyright © American Society for Microbiology. All Rights Reserved.
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Metabolizm wtórny – związki , które nie są niezbędne do przeżycia
poliketydy

LaeA  (lack of aflatoxine expression) is conserved in filamentous fungi, but not in yeasts. 

LaeA regulates positively the synthesis of isopenicillin, sterigmatocystin, gliotoxin and lovastatin.

LaeA does not only control secondary metabolism, but also has key functions in sexual and asexual development which are connected with light.




Morfologiczne zréznicowanie grzybow

e
Yeast Pseudohyphae True hyphae Conidiophore Cleistothecium
(asexual structure ) {sexual fruiting body)

b} Asexual development
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Sexual development

Bayram and Braus, FEMS Microbiol. Rev. 2012, 1-24
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Differentiation and secondary metabolism are correlated processes in fungi that respond to light. In Aspergillus nidulans, light inhibits sexual reproduction as well as secondary metabolism.

Fig. 1. Fungal cell types and life cycle of the filamentous model fungus Aspergillus nidulans. (a) Yeast form: unicellular fungal growth mode;
pseudohyphae (elongated cells): filamentous growth form with individual cells; true hyphae: filaments (often separated by permeable septae);
conidiophore: composed asexual structure of A. nidulans; cleistothecium: spherical closed sexual fruiting body of Aspergillus species. S, stalk; V, vesicle;
M, metulae; P, phialides; C, conidia; HC, Hu¨ lle cells. (b) Life cycle of the model fungus A. nidulans from vegetative filamentous growth to asexual or
sexual alternatives of development.


Fig. 4. VeA supports nuclear localization of VelB and formation of the velvet complex.
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Ozgur Bayram et al. Science 2008;320:1504-1506
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The velvet family of regulatory proteins plays a key role in coordinating secondary metabolism and differentiation processes such as asexual or sexual sporulation and sclerotia or fruiting body formation. 

The velvet family shares a protein domain that is present in most parts of the fungal kingdom from chytrids to basidiomycetes., not in S. cerevisiae.

Different members of the velvet protein family interact with each other and the nonvelvet protein LaeA, primarily in the nucleus.

We identified the heterotrimeric velvet complex VelB/VeA/LaeA connecting light-responding developmental regulation and control of secondary metabolism. VeA, which is primarily expressed in the dark, physically interacts with VelB, which is expressed during sexual development. VeA bridges VelB to the nuclear master regulator of secondary metabolism, LaeA. Deletion of either velB or veA results in defects in both sexual fruiting-body formation and the production of secondary metabolites.

VeA supports nuclear localization of VelB and formation of the velvet complex. (A) Fluorescence patterns in strains expressing velB::sgfp in the dark in veA+ and veAΔ backgrounds.  
C.  Model: (Light) VeA is mostly retained in the cytoplasm, VelB supports asexual spore formation, and LaeA shows low activity. (Dark) An increased amount of VeA is imported into the nucleus by KapA and, in addition, supports the nuclear transport of VelB. Dotted lines indicate the decreased amount of VeA that is present in the cell in the light and the impairment of VeA nuclear transport in the light. VelB/VeA control development and LaeA activity by formation of the velvet complex that affects secondary metabolite clusters expression.
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Funetion is eurrenty unknawn L
Nucleus v '
Coordination of development

and secondary metabolism
LaeA przeciwdziata metylacji H3K9, prowadzgcej do powstania heterochromatyny (HP1)

Bayram and Braus, FEMS Microbiol. Rev. 2012, 1-24
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Fig. 3. Interactions between velvet family proteins and LaeA in Aspergillus nidulans. The a-importin KapA supports the entry of the VeA–VelB dimer  into the nucleus in the dark. In the nucleus, the VelB–VeA dimer can interact with LaeA, forming the heterotrimeric velvet complex that regulates secondary metabolism and development. VelB can also form homodimers and is part of another heterodimer, VosA–VelB. VosA–VelB represses asexual development and is required for the viability of spores by activating trehalose biogenesis. In a submerged culture during vegetative growth, VosA–VelB represses differentiation and initiates trehalose biogenesis. Light decreases the cellular levels of VosA and VelB (red lines) and allows asexual sporulation, whereas the initiated trehalose biogenesis during vegetative growth still occurs. In the dark, VosA–VelB is present and negatively regulates asexual  conidiation and still supports trehalose biosynthesis. VeA interacts with the red light receptor FphA that is associated with the blue light receptors LreA and LreB. PM, Post-translational modification.

LaeA shows  a domain typical of histone methyltransferases, the SAM domain, while lacking a second domain found in these enzymes,
the SET domain. 

LaeA has been proposed to counteract to H3K9 methylation in the sterigmatocystin gene cluster (H3K9 methylation – binding of HP1 – induction of heterochromatine)
LaeA is involved in reversal of this heterochromatic  signature inside the cluster,


PRZERWA



Biologia komorki
Kietkowanie konidiow - mitoza

fil

Oakley B., unpublished
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Film – conidia germination

Mitozy nastepuja synchronicznie do stadium 8  jąder, potem tworzy się septa.

Dobry model do identyfikacji mutantów z zaburzonym procesem motozy.




Biologia komorki
Mutanty zwigzane z podziatami komorki

Mutanty temperaturo-wrazliwe:

- niezdolne do rozpoczecia mitozy
nim (never in mitosis)
- zablokowane na réznych etapach mitozy
bim (blocked in mitosis)
- jadra niezdolne do migracji
nud (nuclear distribution)

Mutanty oporne na benomyl — pierwsze geny tubulinowe



Biologia komorki

Kinesin Myosin

Kinesin

%
oz & Dynein
- O

Cargo

Anterograde Retrograde

Steinberg i Schuster Fungal Biol Rev 25 ( 2011) 14-37
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Miozyna – udział w transporcie związanaym z włóknami aktynowymi

Kinezyna i dyneina – transportują cargo wzdłuż mikrotubul
Kinezyna do +
Dyneina do –

Nim- cykliny/kinazy/fosfatazy

nudA encodes de dynein heavy chain, nudG the dynein light chain,

bimC kinezyna – pierwszy dowód na to, że kinezyny biorą udział w mitozie

Kinezyny – kilka grup, kinezyna 3  - główna  motor transportu  wczesnych endosomów (early endosomes) in neuronal axons,  nie ma homologa drożdżowego


Biologia komorki

Ruch endosomow wzdtuz mikrotubul
Ustilago maydis

Patogen roslin — gtownia kukurydzy
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Basidiomycetes – jednokomórkowe sporidia w pożywce, po infekcji rośliny - strzępki


Biologia komorki
Ruch endosomoéw wzdtuz mikrotubul

21 EESOnNMTs.wmv

Steinberg i Schuster Fungal Biol Rev 25 ( 2011) 14-37
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Polaryzacja wzrostu strzępki

Movie 30 - Motility of early endosomes along microtubules in a hyphal cell. The organelles move rapidly in a bi-directional fashion along single microtubules or microtubule

Adaptory dla kinezyn i dynein


Hok1 - a master coordinator of
bi-directional endosome motility
In Ustilago maydis

Bielska, Schuster, Roger, Berepiki, Soanes, Talbot and Steinberg
(2014) JCB 204:789



A screen for mutants defective in EE motility

Bielska, Schuster, Roger, Berepiki, Soanes, Talbot and Steinberg
(2014) JCB 204:789



A screen for mutants defective in EE motility

Canitrol 00.000
wildtype (Bt s T
nes
EMDE
EMDS5 mutant -
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Emd - endosome motility defect
Identyfikacja genu – sekwencjnowanie całego genomu mutanta


A screen for mutants defective in EE motility

hok1 null

EMD5+Hok]
= s i G -+ -
EMD5 + Hok1::GFP L -

&,

DeltaHok1

hok1 null s e e R ™ Ciln,
5

film
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Hok1 is required for bidirectional motility of EEs.


Hook proteins are required for bi-directional EE motility

Hok1 [ D DN W 930
DmHook N W Wl 678

HsHook1 [/ N | 728

| M Hook domain [l Coiled-coil |

e DmHook required for endocytic sorting
e Humans have 3 Hook proteins
Hook1: Endocytic recycling and sorting
Hook2: Primary cilium formation

Hook3: Golgi organization

e binds to microtubules and organelles- a linker protein?



Hok1 targets to EEs via its C-terminal part

Hok11224 1[I |GFP

Hok1 225-624 225 [ N GFP

Hok1 625-8% o2s LTI ] GFp

Hok1 225-624

Hok1 625-930
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the C-terminal region of Hok1 anchors the protein to its cargo, which confirms findings in humans


The N-terminal half (aa 1-624) of Hok1 binds to dynein

Dylmm Hook1-624  Merge Hok1"™*** I | GFP

e

‘Hok11-624

Time
%
i

00.000

Distance
E ‘



Prezentator
Notatki do prezentacji
Cammon path analysis

N-terminal domain and the CC region of Hok1, when targeted to EEs, are sufficient to restore EE motility, suggesting that Hok11–624 interacts with dynein.


A highly conserved region in the first coiled-coll
IS essential for dynein binding

] Identical [ DR NN W 930

|:| Slmllar .............................................................................................

U.m. ADEAIKLKDQLEEHRHAADRLOKAENVIEKYKKKLEEGTDIRRQLKTLEDQNA 385
H.s. ADEAQSLKDEIDVIRHSSDKVSKLEGQVESYKKKLEDLGDLRRQVKLLEEKNT 345

A333-355 A361-385

~50% identical with human Hook3



A highly conserved region in the first coiled-coll
IS essential for dynein binding

Hok14361-385 | sy T \Wmn BN W | GFP

361 385
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333 355
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1.25 n=40/20/20
w 1.0 =
x
% 0.75-
~ 0.51
»
= )
LL 0.25 TRk
0.0- ] &
» O O
o
\%é\ :b‘; ’\:b$



Prezentator
Notatki do prezentacji
Both these Hok delta proteins localized to polar EE clusters (Fig. 4 B), but neither was able to restore EE motility or cell growth

A conserved coiled-coil (CC) domain within the N-terminal region of Hok1 controls both dynein and kinesin-3 attachment to EEs. 





Model: A role of Hook in anterograde-to-retrograde turning

Organelle

Kinesin-3

Dynein  Dynactin
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Hok1 mediates both dynein and kinesin-3 recruitment to EEs and thus regulates bidirectional EE motility.


Model: A role of Hook in anterograde-to-retrograde turning

du%9§m%§@my

6
'II

Is the function of Hok1 conserved ?

Bielska, Schuster, Roger, Berepiki, Soanes, Talbot and Steinberg
(2014) JCB 204:789



Hook and Kinesin-3 co-evolved

Choanoflagellate
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Hook domain (PFAM)
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Bielska, Schuster, Roger, Berepiki, Soanes, Talbot and Steinberg (2014) JCB
204:789
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a chimeric protein of Hok1 and human Hook3 is functional in U. maydis, suggesting that the core function in motor coordination is conserved. 

However, only the conserved CC stretch of human Hook3 was functional when integrated  into Hok1, whereas several other Hok1-Hook3 chimeric proteins failed to rescue the deltahok1 phenotype. 

Therefore, we consider it likely that the detailed mechanism of Hook function is different between fungi and humans.


Fotografie —
Lee, Fungal Ecology,2012, 5: 223-229

Regulacja przez swiatto

Grzyby dostosowujg konidiowanie do pory dnia
Regulacja przez swiatto niebieskie (Neurospora)
(6% gendw indukowanych przez $wiatto)

Regulacja przez swiatto czerwone (Aspergillus)

White collar kompleks (WC1+WC2) — aktywacja
transkrypcji

WC1 — fotoreceptor - domena LOV — wigzanie

chromotoru flawinowegogt § | | ||'| TRl
Fotoadaptacja(VVD) ik 4 “m
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Barwnik w konidiach – NEUROSPORAKSANTYNA  - brak w mutantach wc

Domena LOV  (light, oxygen, voltage changes)

VVD – umozliwia dostosowanie się do nowych, rosnących dawek światła, przez zahamowanie pierwotnej odpowiedzi na światlo


Photoadaptationin Neurospora.

DD L
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Chen C et al. PNAS 2010;107:16715-16720

2010 by National Academy of Sciences
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Photoadaptation in Neurospora. 

After light activation, the WCC transiently binds to the promoter of light-responsive genes to activate transcription, including  vvd. The induced VVD protein accumulates in the nucleus and physically interacts with WCC to regulate photoadaptation by repressing WCC activity in constant light. 

The kinetics of photoadaptation are predominantly regulated by the amount of VVD protein in the system. Components capable of sensing light directly through a chromophore are marked with dashed lines


Neurospora crassa — rytm okotodobowy
(circadian rhythm — circa diem)

(A) 6 hr artilicial dz B) 18 hr artilicial da ') 48 hr artilicial day

Zegar biologiczny, niezalezny od sygnaléow zewnetrznych
Oscylator wewnetrzny synchronizowany przez czynniki
zewnetrzne (Swiatlo, temperatura )

Fotografie —
Dong i wsp., PLoS ONE. 2008; 3(8): e3105.
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Konidiowanie tuż przed świtem

Ale tez w stałej ciemności – zegar wewnętrzny, niezależny od sygnałów zewnętrznych




Neurospora crassa — rytm okotodobowy

bands ol asexual spores

growdh fronl
%. Tl
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o

aint of inoculation direction of growth ——p
24 h4 22

Crosthwaite FEBS Letters 567 (2004) 49-54
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Konidiowanie w ciemności – wt co 22 h

NEUROSPORA W KOSMOSIE 1984


Neurospora crassa — rytm okotodobowy

 Negatywne transkrypcyjno-
translacyjne sprzezenie
ZWrotne

e Kompleks WCC aktywuje
ekspresje frq

e Ufosforylowane FRQ
hamuje aktywnos¢ WCC

e Dalsza fosforylacja FRQ
prowadzi do jego ubikwitynacji
| degradacji

Montenegro-Montero A, Canessa P, Larrondo LF. Adv Genet. 2015;92:107-84.
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The Neurospora circadian oscillator. In the late subjective night, the WCC recognizes the Clock-box on the frq promoter activating its transcription, a process which involves various chromatin remodelers, including SWI/SNF (not shown). Right after its synthesis, FRQ dimerizes and associates with FRH, forming the FRQeFRH complex or FFC. The association with FRH is critical for stabilizing the intrinsically disordered nature of FRQ. The FFC recruits CK1, which catalyzes several phosphorylation events on FRQ. Through these Clock-Signaling Phosphorylations (CSP), FRQ starts moving from a hypophosphorylated to a hyperphosphorylated state. The kinetics of these CSP determine the speed of the circadian cycle. The FFC promotes the CK1-dependent phosphorylation of WC-1, which also involves the participation of other kinases (not shown). These modifications on the WCC decrease its affinity for the C-box, therefore reducing frq expression. Importantly, WC-1 is more stable when phosphorylated and transcriptionally inactive, than when active. As FRQ reaches a hyperphosphorylated state, it loses its ability to interact with CK1 and the WCC. At that point, it can no longer efficiently repress WCC activity. At the same time, dephosphorylation of WC-1 and WC-2, as well as de novo synthesis of these proteins, provide active WCC to reinitiate the cycle. Independently, and based on kinetics that do not affect time keeping, Termination-Signaling Phosphorylations (TSP) on FRQ, marked as red (dark gray in print versions) dots, lead to its recognition by FWD-1 and its associated cullineSCF complex (not shown), which leads to FRQ ubiquitylation and turnover by the proteasome. In this revised model of Neurospora clock function, events included inside the drawing of the clock are critical to determine period, while those outside depend on the timing of previous events, but do not participate in setting the speed of the clock.


