Sinice a rasy extrémnich stanovist

Snézné rasy
Rasy termalnich pramenu

Mechanismy adaptaci sinic a ras na extremni podminky



Typy extremnich prostredi

: broadly conceived as natural habitats above pH 9 whether
persistently, or with regular frequency or for protracted periods of time.
: broadly conceived as natural habitats below pH 5 whether
persistently, or with regular frequency or for protracted periods of time.

: broadly conceived habitats periodically or consistently
below 5°C either persistently, or with regular frequency or for protracted
periods of time. Includes montane sites, polar sites, and deep ocean
habitats.

: broadly conceived habitats periodically or consistently in
excess of 40°C either persistently, or with regular frequency or for
protracted periods of time. Includes sites with geological thermal
influences such as Yellowstone and comparable locations worldwide or
deep-sea vents.


http://serc.carleton.edu/microbelife/extreme/alkaline/index.html
http://serc.carleton.edu/microbelife/extreme/acidic/index.html
http://serc.carleton.edu/microbelife/extreme/cold/index.html
http://serc.carleton.edu/microbelife/extreme/extremeheat/index.html

: (high salt) environments with salt concentrations
greater than that of seawater, that is, >3.5%. Includes salt lakes.

: broadly conceived as habitats under extreme
hydrostatic pressure — i.e. aquatic habitats deeper than 2000
meters and enclosed habitats under pressure. Includes habitats in
oceans and deep lakes.

: broadly conceived as habitats exposed to abnormally
high radiation or of radiation outside the normal range of light.
Includes habitats exposed to high UV and IR radiation.

: broadly conceived as habitats without free water
whether persistently, or with regular frequency or for protracted
periods of time. Includes hot and cold desert environments, and
some endolithic habitats.

: broadly conceived as habitats without free
oxygen - whether persistently, or with regular frequency, or for
protracted periods of time. Includes habitats in deeper sediments.

: heavy metals, organic compounds;
anthropogenically impacted habitats. Includes mine talings, oil
impacted habitats.

: Addresses life beyond the known biosphere —
inclusive of life on other heavenly bodies, in space etc. Includes
terraforming


http://serc.carleton.edu/microbelife/extreme/hypersaline/index.html
http://serc.carleton.edu/microbelife/extreme/pressure/index.html
http://serc.carleton.edu/microbelife/extreme/radiation/index.html
http://serc.carleton.edu/microbelife/extreme/withoutwater/index.html
http://serc.carleton.edu/microbelife/extreme/withoutoxygen/index.html
http://serc.carleton.edu/microbelife/extreme/altered/index.html
http://serc.carleton.edu/microbelife/extreme/astrobiology/index.html
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Psychrofilni sinice a rasy

peychrophile




Pro¢ studovat polarni oblasti?

rozloha 84 mil. km? ~ 16,5% zemského povrchu

nejrozsahlejSi ekosystem s prevazujicimi extremnimi
podminkami prostredi

vhodné pro studium adaptaci organismu na extremni
podminky

extremni podminky polarnich oblasti mohou slouzit jako
model pro hledani mimozemskeho zivota (porozuméni
procesum, které se odehraly na jln¥Ch planetam Ci mesicich +

zaklad pro vyvoj technologii pro detekci zivota)
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Pro¢ studovat fasy a sinice polarnich oblasti?

klicova role v ekosystemech -
primarni producenti

vyskytuji se ve vsech typech
polarnich ekosystému, kde Casto
tvori znacnou biomasu

adaptace na nejruznéjsi typy
prostredi polarnich oblasti

» plastiCnost — zmény morfologickych
a fyziologickych charakteristik v
zavislosti na typu prostredi

modelove organismy pro
vysvétleni mechanismu
aklimatizace/adaptace na
extremni podminky




Polarni oblasti............

2 kategorie extremnich podminek:

1) objektivné extrémni, ale stabilni podminky — organismy Ziji
na hranici fyziologickych moznosti
prevazuji — adaptace na extrémni podminky
(snézné rasy)
malé naruSeni muze zpusobit zanik spoleCenstva

okrajove, nestabilni typy prostredi — vyrazné sezénni,
pripadné denni zmeny podminek,

prevazuji — aklimatizace na extrémni podminky
charakteristické jsou nahodné Ci zfidka se vyskytujici podminky
pro optimum metabolismu (perifyton polarnich fek a pramend,
kryptoendoliticka spoleCenstva pousti)




Zivotni strategie v chladném prostiedi

2 skupiny druhu
(kryofilni) — teplotni optimum < 10°C

» psychrotrofni (kryoxenni) — teplotni optimum > 10°C

i
m
A
=

-

2l

Environmental gradient




Typy prostiedi polarnich oblasti............

..... jsou urCeny rozsahem sezonni a diurnalni fluktuace vody a teploty
STABILNI

» ledovce — postupna
akumulace mikroorganismu

» permafrost

» subglacialni systemy — jezera,
ledovcovy kras

> tajici povrch ledovcu —

kryokonity, letni prumérna
teplota 0°C

» snehova pole — trvala Ci
prechodna, kryoseston,

» |ezera - nevymrzaji az na dno
a jsou vetsinu roku pokryte
ledem a stratifikované




Typy prostiedi v polarnich oblastech............

..... jsou urCeny rozsahem sezonni a diurnalni fluktuace vody a teploty

NESTABILNI

» polarni mokrady —
hydroterestrické biotopy
spolecCenstva, v zime
vymrzaji

puda a skaly — terestrické
biotopy, aerofyticka,
chasmoendoliticka a

kryptoendoliticka
spoleCenstva, voda

v tekutém stavu pritomna
jen velmi kratkou dobu
anebo se nachazi ve formé
vodnich par Ci vzdusné
vihkosti




Stresové faktory v polarnich oblastech

» nizka teplota

» dostupnost vody - délka vegetacCni sezony, vysychani

> nestabilita biotopl v€éetné mechanické disturbance (vodni a vétrna

eroze, unasené ledovcove casti, atd.)




Adaptace sinic a fas na extrémni podminky
polarnich a horskych oblasti

» snizeni teplotniho optima pro rust

» produkce kryoprotektantu — cukru, alkohold,
bilkovin (AFPs)

» produkce karotenoidu (napf. astaxanthin)
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> vrstevnaté bunécné stény (sporopolenin),
produkce slizu

» bunky s nizkym obsahem vody
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» slozité zivotni cykly spojené s produkci ,resting
stages”

» schopnost aktivniho pohybu (biciky,
Oscillatoriales)

» symbioza a mutualismus - liSejniky




Srovnani
Arktida x Antarktida

» Severni ledovy ocean » Antarkticky kontinent

» VIhCi a teplejsi — » susSi a chladnegjsi
propojenost s Atlantickym Antarkticky proud
oceanem, Golfsky proud 0 mm srazek/rok (Ross
az 250 mm srazek/rok Desert), -88°C (stanice

Vostok)
> rozsahla odlednéna uzemi > mala odlednéna uzemi

> 100 druh( vyssich rostlin » 2druhy vyssich rostlin

(Deschampsia
antarctica a
Colobanthus quitensis)
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EUROPA

Kovoveé jadro Povrchovy led

Kamenny plast Ocean kapalné vody
Vrstva vody
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Snéine rasy
uvod, historie vyzkumu, adaptace




Uvod (1): snézné fasy — definice

2 skupiny druhi

» psychrofilni (kryofilni) — teplotni optimum < 10°C

= ,pravé snézné fasy"“, Cetné adaptace

» psychrotrofni (kryoxenni) — teplotni optimum > 10°C

= snih suboptimalnim prostredim,
nezpusobuji vegetacni zbarveni snéhu



Uvod (2): snézné fasy — teplotni optima

3
O k- ,
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Time (days)

as pichinchae; the temperature is followed by the

40

Fictre 2. Growth curves of Chloromon
photoperiod (hovrs, light:dark),

[Hoham, 1975]




Historie (1)

3 obdobi studia snéznych ras

1/ pozorovani barevného snéhu, puvodcem
zbarveni snehu jsou mikroorganismy

> Aristoteles: Meteorologia
» John Davis 1585  Mt. Raleigh, Davisuv praliv

> F.Martens 1671  Spicberky

> J.Buchholz 1751  Vysoké Tatry, Mengusovska dolina

> de Saussure 1760  Alpy, Mt. Brévent

> Czirbesz 1772  Vysoké Tatry, Zadny Handel



Historie (2)

3 obdobi studia snéznych ras

> J. Ross

> Ch. Darwin

> G. Dickie

» G. Gibbs

> N. Wille
> Fritsch

1818

1835

1843

1858

1902

Grénsko, Baffin Bay
©,crimson cliffs‘

Jizni Amerika, Andy

Afrika, Atlas

Severni Amerika, Cascade Mts.

Antarktida



Historie (3)

3 obdobi studia snéznych ras

> de Saussure 1760 anorganicky puvod zbarveni snéhu
,terre rouge de la neige“

> Bauer 1819 Uredo nivalis - houba

» Brown, Agardh 1825 zbarveni snéhu je zptsobeno
ristem mikroskopickych ras
Protococcus nivalis (Bauer) Ag.

> Chodat 1896 bicikata stadia - Volvocales

> Wille 1903  Chlamydomonas nivalis (Bauer) Wille



Historie (4)
2/ popis druhut

Erzsébet Kol (1897-1980)

Popis kryoflory nasledujicich oblasti:

> Alpy, Vysoké Tatry, rumunské Karpaty, pohofri v Recku, Bulharsku, Albanii,
Mad'arsku

> Yellowstone National Park, Glacier National Park, Mount Rainier National
Park, Mount Mc Kinley Park (Aljaska)

» Gronsko, Norsko, Finsko, Spicberky, Antarktida, Nova Guinea

Shrnuti druhové diverzity snéznych fas, popis novych rodu
a druhd, klasifikace biotopu snéznych ras, biogeografie



Historie (5)

3 obdobi studia snéznych ras

Die BillllellgBWﬁSSGT Kryobiologie

Finzeldarstellungen aus der Limnologie Biologie und Limnologie des Schnees und Eises
und ihren Nachbargebieten

_ . I. Kryovegetation
|51‘:_"J'I:'ln:lt‘1 von '\Il_'_"ll!-'~1 Ihienemann

Unter Mitwirknng von Fachgenossen hernuzgegeben von Vo

Dr. H.-J. Elster Dr. W. Ohle Prof. Dr. Erzséhet Kol
1 Profesgor fiir Li slogrie, Universitit Kiel,
Lustitu er Lni: i Mo i Budapest, Ungarn
er-Schilienz-Institae), i e,
alkau/Schwarzwald Plisns Hol

Mie 68 AbbLildungen und 14 Talellen im Text une ani 4 Boilagen

Band wowie zahlreichen Figuren auf XVI Tafeln, davon 2 farbig

Stuttpgart 1968 Stuttgart 1968

E.Sehweizerbart’sche Verlagsbouehhandlung E.Schweizerbart’sche Verlagsbuchhandlung
(Niigele un. Obermiller) (Nigele u. Obermiller)




Historie ....a soucasnost (6)
3 obdobi studia snéznych ras

3/ studium autekologie, zivotnich cyklu
fyziologie
laboratorni kultivace snéznych ras

> F. Hindak, J. Komarek 1968 kultivace zelené rasy Koliella tatrae

» P. Javornicky 1973 meéreni primarni produkce snéznych ras
in situ

Ronald Hoham

» Popis Zivotnich cykl(l snéZnych Fas z rodu Chloromonas:
dfive popsané druhy zarazované do rodu Cryocystis, Trochiscia, Cryodactylon,
Scotiella, Carteria a Oocystis jsou stadii Zzivotniho cyklu riznych druhd z rodu
Chloromonas

> teplotni optima rdstu snéznych fas

> vliv svétla a fotoperiody na indukci pohlavniho rozmnozovani




Zivotni cykly (1): Chloromonas polyptera

Cryodactylon glaciale
Chodat

Scotiella polyptera
Fritsch

Figure 4.32.

ots; (h) planozyg
ra) with four flagella; (j) zygot

Carteria nivale Kol

(from Hoham et al., 1983)




Zivotni cykly (2): Chloromonas brevispina

Trochiscia rubra Kol /s Cryocystis brevispina
(Fritsch) Kol

MELIODSIS

brane with four flagella (H). Zygote id

after loss of primary L (1) Zyg
ygote formed later (L). Zyg al to Troe e s surrounded by
phila (if green) (N).

[Hoham, Roemer et Mullet, 1979]



Zivotni cykly (3): obecné schéma

SNOW-AIR INTERFACE

-—

S )

MELTWATER l

1N GAMETES FORMED FROM
1N ZOOSPDRES THROUGH
NUTRIENT DEPLETION, 1N
GAMETES FUSE, FORMING

K G
THROUGH 2N ZYGOTES

SNOWMELT
PASSIVE
2N ZYGOSPORES
?ETQJSR' 1N ZOOSFORES
REPRODUCE ASEXUALLY
) : DEVELOPING LLARGE
POPULATIONS OF
SNOW ALGAE

ACTIVE
ZOOSPORE
MIGRATION

1N ZOOSPORES
MIGRATE THROUGH
SNOWMELT WATER

2N ZYGOSPORES
GERMINATE BY ME|QSIS,
PRODUCING 1N ZOOSPORES

SNOW-S0IL INTERFACE

Figure 4.31. Life cycle of snow algal Nagellate (Chloromonas) with sexual life

history (modified from Gamache, 1990 Jones, 1991).




Adaptace (1): akumulace astaxanthinu
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Adaptace (2): akumulace astaxanthinu

» ochrana fotosyntetického aparatu burky pred uéinky
pred ucinky nadmérného ozareni — pasivni svetelny filtr

» ochrana burky pred oxidaénim stresem

» ochrana bunky pred nasledky zmrznuti (akumulace
nepolarniho astaxanthinu snizuje obsah vody v
bunkach)



Adaptace (3): nenasycené MK

Total fatty acids Aﬂ:;?:ihin
Fatty acid " Greencells  Redcells  Redcells
2.3 3.9 4.1
0.4 ND= ND
- , — . 5:(0 0.8 ND
» udrzeni fluidity membran 13
pfi nizkych teplotach 6147 04

e

4.0
26.5
0.8
ND
ND
5

! 11.1
18:1A" 3.1
18:0 34.5
2{'):5Q=L_H‘H‘l-|,l7 05
3.0

0.6

ND

2.0

1.6

1.6

1.3

o Z
MOMS—~ooT

o

100.0
% 37.5
% Monounsaturated FA / 54.0
Total FA (ug-mg~' dwt) 45 2.5

* Not detectable.
" Trace levels.

[Bidigare et al., 1993]
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Krkonose (1)

Fott, B., Rejmanek, M. & Stursa, J. (1978): Prvy nalez ¢erveného snéhu v KrkonosSich.
Opera Corcontica 15: 109-112.

Kocianova, M., Stursova, H., Stursa, J., Vanék, J. & Vavra, V. (1989): Nové nalezy
cerveného snéhu v KrkonoSich. Opera Corcontica 26: 151-158.




Krkonose (2)

bezlesi

Chlamydomonas nivalis (Bauer) Wille

Chloromonas nivalis (Chod.) Hoh. et Mull.

Chloromonas rosae v. psychrophila Hoh.

Chloromonas brevispina (Fritsch) Hoh., Roem. et Mull.




Krkonose (3)

Chloromonas nivalis (Chod.) Hoh. et Mull.

Zygospory

= Scotiella nivalis (Shuttleworth) Fritsch




Krkonose (4)

Chloromonas brevispina (Fritsch) Hoh., Roem. et Mull.

= Cryocystis
brevispina
(Fritsch) Kol




Krkonose (5)

Chloromonas rosae var. psychrophila Hoh.

= Scotiella cryophila Chod.

Hoham, Bonome, Martin,
& Leebens-Mack (2002)




(6)

Krkonose

Labsky dul, 01/05/02




Krkonose (7)




Krkonose (8)

Chlamydomonas nivalis (Bauer) Wille

> Studnicni hora
»>Lucni hora







Krkonose (10): prehled lokalit v roce 2002

. . . Snow . Abundance
Locality Altitude Date Shading colouration Species Cell types [n.ml'1]
Pec pod Snézkou Cipbuadining Zygospores
1 KRNAP ’ 820 30.4.2002 T green Cr. nivalis flacellates ND
Cr. rosea g
- zygospores
2 | Meandry Labe 1030 1.5.2002 +++ green Cr. brevispina flagellates ND
Spindleriv Mlyn .
3 Medvedin 755 1.5.2002 ++ orange Cr. nivalis zygospores ND
Lu¢ni hora . -
4 Sl 1515 2.5.2002 + pink Cr. nivalis zygospores ND
5 Modré stran 1340 [11.5.2002 ++ pink Cr. nivalis zygospores 0,6 x 10°
6 |Richterovy boudy| 1170 |[11.5.2002 A green Cr. nivalis etellzites 1,3x 10°
Zygospores
Cr. brevispina, 0SDOICS
7 |Richterovy boudy| 1170 |[11.5.2002 Sinis orange-green | Cr. nivalis Zygosp 1,4x10°
flagellates
Cr. rosea
Cr. brevispina, 2VAOSDOTES
8 |Richterovy boudy| 1170 [11.52002|  ++ orange Cr. nivalis ygosp 0,1 x 10°
C flagellates
r. rosea
. zygospores 5
9 | Meandry Labe 1030 12.5.2002 +++ green Cr. brevispina, Asriises 1,7x 10
] et zygospores 5
10 | Meandry Labe 1030 |12.5.2002 +++ green-yellow [Cr. brevispina flagellates 1,4x 10
11|  Labsky dal 1055 |12.5.2002|  ++ brick red | Cr. brevispina| zygospores 0,9 x 10°
Navorska jama
1o | Zaver Labského 125 112.52002 . cinnamon Cr. brevispina,|  zygospores 1,6 x 10°
dolu Cr. nivalis flagellates
Lucni hora . Cr. nivalis s
13 S slope 1450 [12.5.2002 + pink C ocen | 2ygospores 0.6x 10
i T BT 1490 |18.6.2002|  + . Cd. nivalis | flagellates ND
N slope
15| Lucnihora 1490  |18.6.2002 + red Cd. nivalis | aplanospores ND
N slope
16| Lucnihora 1490 |26.6.2002 + red Cd. nivalis | aplanospores ND

N slope

Cr. = Chloromonas
Cd. = Chlamydomonas

+ open exposures
++ partially shaded sites
shaded sites

+++




Vysokeé Tatry (1)

» J. Buchholz 1751 Mengusovska dolina
» Czirbesz 1772 Zadny Handel

Kol, E. (1967): Kryobiologische Untersuchungen im Tale des Késmarker Grunen Sees in der Hohen Tatra.
Annales Historico-Naturales Musei Nationalis Hungarici 59: 109-115.

Kol, E. (1969): Chlamydomonas sanguinea Lagerh. in the High Tatra. Annales Historico-Naturales Musei
Nationalis Hungarici 61: 141-145.

Javornicky, P. & Hindak, F. (1970): Cryptomonas frigoris spec. nova (Cryptophyceae), the new cyst-forming
flagellate from the snow of the High Tatras. Biologia 25(4): 241-250.

Javornicky, P. (1973): A field method for measuring the photosynthesis of snow and aerophytic algae. Arch.
Hydrobiol./Suppl. 41, Algological Studies 8: 363-371.

Komarek, J., Hindak, F. & Javornicky, P. (1973): Ecology of green kryophilic algae from Belanské Tatry
Mountains (Czechoslovakia). Arch. Hydrobiol./Suppl. 41, Algological Studies 9: 427-449.

Kol, E. (1975): Cryobioloogical researches in the High Tatra I. Acta Botanica Academiae Scientiarum Hungaricae
21(1-2): 61-75.

Kol, E. (1975): Cryobioloogical researches in the High Tatra Il. Acta Botanica Academiae Scientiarum Hungaricae
21(3-4): 279-287.

Kawecka, B. & Drake, B. (1978): Biology and ecology of snow algae. 1. The sexual reproduction of
Chlamydomonas nivalis (Bauer) Wille (Chlorophyta, Volvocales). Acta Hydrobiol. 20(2): 111-116.

Kawecka, B. & Eloranta, P. (1986): Biology and ecology of snow algae. 4. SEM studies on the cell wall structure
of ,resting cells“ of Chloromonas rostafinski (Starmach et Kawecka) Gerloff et Ettl (Chlorophyta, Volvocales). Acta
Hydrobiol. 28(3/4): 387-391.



Vysoke Tatry (2)

Furkotska dolina
Miynicka dolina
Dolina Za Mnichem
Mengusovska dolina
Zlomiskova dolina
Kvetnica

Litvorova dolina
Velka Studena dolina
Mala Studena dolina
Velka Zmrzla dolina




Vysoke Tatry (3)

Chloromonas brevise:;;& (7 riisci) Hoh.. Roem. et Mull.
Chloromonas nivalis (Chod.) Hoh. et Mull.
Chloromonas rosae v. psychrophila Hoh.
Chlamydomonas nivalis (Bauer) Wille

Chloromonas rostafinski Starmach et Kawecka



Vysokeé Tatry (4)

Chloromonas rostafinski Starmach et Kawecka

> zpusobuje zelenoZluté zbarveni snéhu

dolina Za Mnichem, 2100 m. n. m.
Kawecka et Eloranta (1986) ¢ervenec 2003



Vysoke Tatry (5)

Chloromonas cf. nivalis

= Scotiella tatrae Kol

Okruhle pleso, 2100 m.n.m.




Vysoke Tatry (6)

Chlamydomonas cf. nivalis (Bauer) Wille

o
"B,“«._‘éw

R

EadoVé p.Iéso; 2066 m.n.m.




Chionaster nivalis (Bohl.) Wille







-
- -




Selenotila nivalis Lagerheim




Selenotila nivalis Lagerheim




Termofilni sinice a rasy




Termofilni sinice a rasy

> teplota prostredi konstantné nebo periodicky > 40 °C
» termalni prameny
» hydrotermalni venty (X svétio)

"Thermophiles™ are microorganisms with optimal growth
temperatures between 60 and 108 degrees Celsius,
isolated from a number of marine and terrestrial

geothermally-heated habitats including shallow terrestrial

hot springs, hydrothermal vent systems, sediment from

volcanic islands, and deep sea hydrothermal vents.
Encyclopedia of Environmental Microbiology, 2002. vol.3.

» biotechnologicky vyznam (PCR)



Genus/species

Sulfide
tolerance’

Known locations

Synechococus cf. lividus (HTF)?

Synechococus cf. lividus®

Cyanothece {Synechococus) cf. minervae
"Chlorogloeopsis HTF"

Phormidium spp. (cf. P. laminosum)

Mastigocladus (Fischerella) cf. laminosus®

Oscillatoria cf. amphigranulata®
Oscillatoria cf. terebriformis
Spirulina cf. labyrinthiformis’

Calothrix spp.?

low
(<50 uM)

low (varies)

low ()

low
(~0.15 mM)

mod. (?)
mod.
(~0.25 mM)

high
(~3 mM)

high
(~1 mM)

mod.
(~0.1 mM)

low ()

W. of N, and S. America except
Alaska; China (E. Asia ? Africa ?7)

W. Americas, New Zealand, Asia,
Europe, Africa

W. of N. America + ?

W. Americas, New Zealand,
Europe, Iceland, vocanic islands

Hot springs world-wide ?
Hot springs world-wide

New Zealand
W. Americas, E. Asia, Saudi
Arabia

Hot springs world-wide ?

Hot springs world-wide ?







Hunter’'s Hot
spring, Oregon

Horizontalni distribuce
druhu

__.
(= -

Zavislost rustové
rychlosti dominantnich
druht na teploté

-~
“
;
o
o
=
=
=
v
e
X
=%
o
-
-
-

doubhingsf24 ours

|
/

"'"“j Synechacoccus ¢l bividus
Chfomﬂe; 15 aurantiacus

@m Oscitlatoria ¢ terd 1briformis

Plewrocapsa 5P

7} Calothrix sp

; ; . -P‘or.,m ocypris Sp-




Octopus Spring, alkalicky horky
pramen, Yellowstone National Park
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Fylogeneze termofilnich sinic

rthr ira platensis P 7345
[ : warii PCC 7419
85 Microcoleus sp. 10mfx

91 Oscillatoria limnetica |[OSC

Cohen (Sclar Laka
-

Trchodesmium sp. NIBB 1067
Oscillatora acuminata ch 6304
Microcoleus chihonoplastes PCG 7420
74 Microcystis sp. PCC 7806
94 Synechocystis sp. PCC 6906
100 = Pleurccapsa sp. PCC 7516
y6100 Myxosarcina sp. PCC 7312
7 Stanieria cyanosphaera PCC 7437 | SY/PLEU/MY
1 Synechocystis sp. PCC 6308
96 Synechococcus elongatus (PCC 7002)
Gloeothece membranacea PCC 6501

Spirulina major PCC 6313 *
Chroococcidiopsis thermalis PCC 7203

Cylindrospermnum stagnale PCC 7417
Nostoc muscorum PCC 7120
dulari migena PCC 73104
Anabaena cylinddca PCC 7122
Nosti nctiforme PCC 731 mbigtic
Chlorogloeopsis sp. PCC 7518

Chlorogloeopsis fritschii PCC 6718
Calothrix desertica PCC 7102

Chamaesiphon subglobosus PCC 7430 3 LEPT
Synechococcus elongatus PCC 6301 _1 S0
Leptalyngbya ectocamii JPHOR
Synechococcus elongatus (Kobayashi et al.) i THERM
Gloegobacter violaceus PCC 7421
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alkalophile




Acidophiles are organisms that can withstand and even
thrive in acidic environments where the pH values range
from 1 to 5. Acidophiles include certain types of

eukaryotes, bacteria and archaea that are found in a
variety of acidic environments, including sulfuric pools
and geysers, areas polluted by acid mine drainage.

Cyanidium caldarium, Dunaliella acidophila

The term "alkaliphile” is used for microorganisms that grow
optimally or very well at pH values above 9, often between

10 and 12, but cannot grow or grow only slowly at the near-
neutral pH value of 6.5.




Cyanidium caldarium

The red alga C. caldarium can grow in the laboratory at a range of pH
and temperature, but seems to be a superior competitor in nature at pH
3.3-3.5 and 42 °C. On the left is Nymph Creek and on the right is Iron
Spring. When the steam from Iron Spring cools to 50 °C, Cyanidium can

colonize the moist rock



http://serc.carleton.edu/microbelife/index.html

A} Microbial Extremes - Microsoft Internet Explorer
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Microbial Life

Extreme Environments

VWho Are The
Extremophiles?

Types of Extreme
Environments
Ahout MLER
Microbial Observatories
Topics of Interest

Onling Resources

Resources for K-12
Teachers and Students

Resources for
Undergraduate
Students and Faculty

Integrating Research
and Education

Submit a Resource

Microbial Life in Extreme Environments

The world that we are familiar with is full of oxygen, never
too cold nor too hot {most of the visible organisms live in a
relatively limited range of temperatures from 5°C to 40°C),
and we are protected by our atmosphere from most
damaging radiation. This familiar world defines what we think
of as normal, and the organisms that live at the edges of this
world or beyond it are the 'extremophiles.’

Interestly, most extremophiles are microbes and they may
live in places that we might think should be uninhabitable,
Such places include the very deep oceans which are very cold,
very dark with no light to support photosynthesis, and under
incredible pressure. Gr perhaps they can be found in bubbling
cauldrons of acidic waters of Yellowstons Mational Fark,
Microbial life began probably about 3 billion years ago, and
the first evolutionary steps began in a world without oxygen, with a different atmosphere unable to provide
protection from ultraviolet radiation, and with water bodies which were hot and acidic. It was a physiclogically
challenging world, but one in which the microbes survived and succeeded, and through their success they
began to change the world - adding oxygen to the atmosphere and changing the micro-enyironments into
places that are less stressed,

P Show credits

7

Lf_'Startl ] & [E | Prednasky

ll_l l_ l_ l_ l_ |ﬂ Internet

| okas - Message ... | @ Spravece kunfigur...l E

|| 42 3 Internet Ex... - @ Windows Media ... | @ Extremophiles




