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Survival in physical/chemical extremes:
- mterlgr of cell is “normal”
ctures and enzymg; protec
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1) Psyc hiles 3) Alkcalip hiles %) Acidop hiles
Mlicrobes that livein Ilicrobes that livein IWlictobes that livein
cold epetroninents like hasic environtnents acidic efvirotnents
sea ice atd the arcticand like soda lakes, like sulphur springs.
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1ental Requirements

Psychrophiles  Mesophiles  Thermophiles Hyperthermophiles |
-3-10°C 15-35°C 40-75°C 80-105°C

Chemical
pH

Extreme Acidophies Acidophiles  Meutralophiles  Alkalophies
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Sulphur Springs with Thermal and pH gradients
- cyanobacteria in hot water
- acidophilic/thermophilic microalgae on rocks and soil
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Fig. 5.29 Growth rates of eight clones of E ! ™ E - n
thermophilic Syrechococeus sp. at 5 °C intervals. - e
Glon_es are classified into strains each characterise: s
by different temperature optima, 45, 48 and 53,
Strain I; 55 and 60, Strain II; 66 and 71, Strain
III; 75, Strain ['V. No clones have absolutely
identieal trminera fure gp[ilnav
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Dangerous microbes !

Inthe Iron Mountain Mine, scientists
have discovered a microbe that isso hardy é
e

e —— it can live in battery acid, This microbe
consumes mineralsand makes sulfuric acid,

e : :
S8 resulting in toxic water pollution,
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Galdiieria sulphuraria

| “Cyanidi”
Rhodophyta blu-verdi

R SR

| anhid um

ABSORBANCE
LY

Galdiaria
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S T

400

scale.

500

WAVELENGTH, nm

600
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F16. [. The in vive absorption spectra of three members of
the Cyanidiophyceae, The peaks at the blue (436 nm) and red
(674 nm) regions are of chlorophyll 4. the “shoulder™ at 488 nm
is of carotenoid. and the peak at 626 nm is of the phycocyanin,
The baseline for the different algae was shifted on the ordinate
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Taste 1. Comparison of two acidothermaphilic algae. Based on Fu~ =
kuda and Nagashima (1987), Nagashima et al. (1987), and Seckback -

et al. (1990). Galdieria is identified with the Allen strain (see text for

details), 3
Cpamdium caldarum  Galdima suipherane
Feature (forma A; RK-1) (forma B: M-8)
Cell morphelogy
Shape Sphe-iezi Fahe-ical
Size (um) 2-6 -1
Number of autospores 4 3, 16. and more
Ultrastructural aspects
Chloropiast (Ct) One Severai profiles
Ct shape Spheric/cup Multiiobed
Plastid DNA form P.od shape Ring shape
Ct nucleoid region Central Peripherai
Ci-DNA aver, value 72.3 230.3
(% 10* photon)
Ratio Ct nuciecid/ 0.38 1.253
nuclear DNA
Mitochondria One Severai
Microbodies Usuailv absent  Present
Vacuoles Absent Several

Activities and production
Growth

NH. uptake

NQjy uptake

NaCl tolerance (%)
Trienoic acids
Storage giucarn

Oblig, autotroph

Yes
Yes
-4
No
Phytogivcogen

Auto-- hetero-
troph

Yes

No

0

Ye-

Amviopectin
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= number of lowest T (°C)in Jlowest pH records 1
I = = samples” pH in naturq
- nature
i
s Rhodophyta
Cyanidioschyzon merolae 5(11) 1.5 35
Cyanidium caldarium 28 (35) 1.0 36 0.05 (Brock 1978)
Galdieria sulphuraria 58 (70) 0.8 38
Chrysophyta
Ochromonas sp. 2 2.8 23 1.0 (Gromov et al. 1983)
Baciliariophyta
Pinnularie sp. 53 1.6 1.7 (Negoro 1944)
Chlarophyta
Diunaliella acidophila 2(5) 0.8 23 1.5 (Kalina 1965)
Chlamydomonas sp. 27 (29) 2.8 1.7 (Negoro 1944}
Chlorelia saccharophila
var. saccharophila 24 (39) 25 26
C. saccharophila 1.0 (Brock 1978)
var. ellipsdidea 30 (36} 1.2 26 {0.9 {Whitton & Diaz 1981)
C., protothecoides
var. acidicola 23 (35) 0.9 27
Pseudococcomyxa simplex 33(58) 1.5 30 3.5 (Desortova 1974)
Stichoc .ccus bacillaris 54 (T3) 1.5 29 0.9 (Whitton & Diaz 1981)
Viridiella fridericiana 4 1.8 28
Euglenophyta
Euglena mutabilis 1¢4) 3.0 1.0 (Negoro 1944)

High concentration of [

The number is referred to the sites where the alga formed conspicuous
. populations; in brackets the number of samples in which the alga was observed

in enrichment cultures. Based on Pinto and Taddei (1977).

The lowest pH at which the alga was observed in nature in Italy.

The highest temperature at which the alga was found in nature.

}PL'U!HC- act ol _e,uw VOMM&MI_C‘

Heavy Metals :

e

Table 2. Inhibitory concentrations of heavy metals on strain of acidor
algae isolated from Italirn sulphuric environments. The values (r
indicate the lethal concentrations to 50% of inoculum (LC, )*.

The lowest pH value reported in literature for the alga. Reforences are ir.

pH® Copper Mercu
{CuCl,) (HgCl,
Rhedophyta
Cyanidioschyzon merolae 1.5 16 1."
Cyanidium caldarivm 1.5 8 1.7
Galdieria s :iphuraria 1.5 21 4.0
Chlorophyta
‘Dunaiiellia acrdophzla .0 0.1 0.5
Chlorella saccharophila” 3.0 15 (I!.:E!c
C. protothecoides var. acidicola 3.0 31° 2.0
Stichococcus bacillaris 3.0 64° 0.2
Viridiella fridericiana 3.0 32 0.2

o g

1983). -

= Based on Albertano et al. 1979, 1980; Aliotta and Pollio 1882; Aliotta et al.
Albertano and Pinto 1986. )

The pH values at which the LC,, was determined.
Strain 211-9n G& from the CCAP, Cambridge )
The toxicity of elements resulted several fold increased at pH 8.5 (Aliott:

s G E

buualwl!a act oLo}oPm la

-
Hg*/
i 0.8 o e
| 3 /o"’/
r e
£ 0.6 A
.
= -
S 0.4 s
g el
s e
0.2 s
: — T
z 4 6 8 10
1 days
s
0.2 A h \

growth rate
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Alkalophilic cyanobacteriaJ
Soda lakes in Africa an

Mono Lake
alkaline soda lake, pH 9
salinity 8%
B



- proteins rich in  a-helices and polar groups
which allow for greater flexibility
“antifreeze Ins” that maintain liquid

- intracellular condi
freezing points |

- active tr

.y &

F
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Some microorganisms thrive in 1
temperatures well below the freezing

point of water, such as in Antarctica Some researchers believe
that psychrophiles live in

conditions mirroring those
found on Mars
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:6'§énobacteria in melting waters of Antarctic glaciers. _
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Factors affecting ice algae growth™ -+

A

-

Ice algal community
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- o Table 5.11. Species recorded from the Antarctic

N

sea e (Bunt & Wood, 1963) and from the Arctic

sea tce (Meguro, Ito & Fukushima, 1966)

me h/z_ g

i Antarctic species

Arctic species

Amphiprora kjellmant
A. oestrupii
Biddulphia weisflogii
Coscinodiscus subtilis

_!".

Eucampia balaustium
Fragilaria linearis
HNitzschia marliana

N, seriata

Pleurosigma antarclicum
Rhizosolenia alata

R. rostrala

Endemic species

Amphiprora kryophila
Gomphonema exigium v. arclica
Navicula algida ‘
N, erucigeroides

N. direcia _

N, gracilis v, inaequalis

N, Kfellmanti

N, obtusa

N. transitans and v. derasa, erora
N, lrigocephala
N, valida
Nitzschia lapuensis
Pinnularia quadratarea and

v. biconsiricla, capilala, stuxbergii
P. semiinflata and v. decipiens
Pleurosigma stuxbergii and

‘v. rhomboldes

Stenonels incospicua

— _1




SNOW ALGAE and CYANOBACTERIA

. the development of a number of adaptlvgfeatures wﬁ‘ibhiﬁcludé plgments to"
protect against hlgh light, polyols (sugar alcohols, e.g. glycerlné)‘sugarq "ja_-'
and lipids (oils), mucilage sheaths; motile stages and-spore formatlc}rr- 8 .



A bloom of Chloromonas rubroleosa«in Antarctica

Snow Algae (Chlamydomonas nivalis)
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Table 5.10. The -spgr:z’gs which eccur in surface snows of different colours from sites in the South Orkney Islands.
Red spores include these from Chlamydomonas nivalis and Chlorosphacra antarctica and numbers for these
spectes are for green cells only. From Fogg 1967

Cell no./mm?® surface snows

(Green stiow,  Green snow,

P Y , Yellow Red show, Red 5now_;_n/
4. i1, bb, 12,11 66, 14. ii. 68, 4. ii. 66,

30. 1. 66, 1511 6hy
Meier Point, Moraine Factory Moraine Moraine Factory
Coranation Valley, Cove, Valley, Valley, Cove,
Species Island Signy Island  Signy Island  Signy Island  Signy Island  Signy Island
@ Chlamydomonas nivalis 455 0 0 0 0 G
Chloresphaera antarclica 15 0 Q 1 - 0
ed spores 0 0 0 0 40 45
@ @ Raphidonema nivale 115 4770 364 289 2 320
O Hormidium sublile® 758 0 0 0 0 8]
Trochiscia antarclica 2 0 O ] g 0
Chodatelia brevispina 0 12 0 a l 10
Scotiella antarctica 0 0 33 3 0 35
& Ochromonas (2) sp. 32 [2 2620 3 1 4170

%



(4 A cyanobacterium which can
4! survive in very harsh
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= world, and in the frigid Ross
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AMBIENTI SUBAEREI suoLo, ROCCE, PIETRE, ALBERI, EDIFICI

Cianobatteri, Diatomee, Alghe verdi, Xantophyceae

epilitici ed endolitici (sopralitorale, grotte, deserti caldi e freddi

epifiti di piante

simbionti di piante e animali

FATTORI AMBIENTALI

. UMIDITA’
. pH
« LUCE

TEMPERATURA
«  DISPONIBILITA’ DI NUTRIENTI

Ruolo dei cianobatteri
nell’ecosistema del suolo

Input di carbonio - fotosintesi
Input di azoto — azotofissazione
prevengono l'erosione del suolo

trattengono acqua




Soi/ dialoms

mm s wpevans un sun matoms 1n tour pH ranges. White columns, pH 8.1-7.0;

_ Soil cyanobacteria
tll;l;:é: black lines, pfif;tig: thin black lines, E}ii;!;g'(_}, and dotted Iines,w From Brendemuhl, ~ and algae

50

Achnanthes coarctata = R e R ﬁ
; ; : i : -Fig:5.27 rhicroscopic terrestrial algae’. " . Naviculal N, Hanlzchi
Navicula gincta var. Heufleri “fund on mineral soils, or brown carths below the . Chloromonas; Q,, Rhopalocy N
ety : : S, Myrmecia; T, Cylindrocystis; U, B
" Chiorhormidinm; W, Stichococcus; X, Dic

i : : graisé Defcﬁamp:ia_an;a_r’ctica' on Signy Tslands At o
Nodularia; B, Oseillatoria; Gy Nestoc; D,

N. caduca

; Phormidium; B, Phermidium;-F, Microcoleus; G, el Y, Microthamnium; Z, Gongrosira; AA,'.
N. mutica var. nivalis { Schizoihrix; H, Monodus; 1, Heterothrix; J, - BB, Planophila. ¢ dlidh
Achnanthes; K., Navicula; L, Pinnularia; M1 ; :

Surirella ovata

Navicula mutica var. ventricosa
Amphora montana
Achnanthes lanceolata
Mavicula mutica

Achnanthes minutissima

Gomphanema parvulum

Pinnularia viridis

Hantzschia amphioxys -

Stauroneis anceps

Nitzschia palea

Pinnulnria obscura

Navicula cryptocephala
N.gibbula

Nitzschia amphibia

Stauroneis montana var. lanceolata

- Pianularia borealis .
Nitzschia debil:'s. :
Navicula contenta . biceps

N, minima

N. insociabilis -

N. brekkaensis

Stauroneds montana
Navicula foss&fig
¥ Fﬂ?ﬂu{fa vulgaris

= P '.iubcap_-fl_fﬂt
" Eunotia ter
Pinnularia frrorata--- ... -

Pinnularia microstavron f.diminuata - 1
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trizia Albertano
a Tovr Vergata

Chroococcidiopsis nei deserti caldi e freddi BiII|and Potts 2002 Potts 1999)
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| Cianobatteri sono una componente dominante delle
“BSC - biological soil crusts” (spessore ~ 3 mm)

Brysem bicolor agg./ Brackymenium exile

:" \Peltigera rufescens
; Fulpensia fulgens

i

Nastoc sp. Calothrix parsetina
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licheni '
muschi

alghe verdi
diatomee
epatiche
+
batteri
funghi

(modificato da Belnap 2003)
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er, nutrient, temperature
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High abiotic
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Ambienti ipogel naturali

Grotte dei pipistrelli, Zuheros




BIoIms IJ—‘// 'ijjrumb' Cristiane aiiroma (/ / / SEc0/0)
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G . TaC s
| %% Photosynthetic Photon Flux Density
bt ,3,, site RH(%) T(°C) pmolm3s' W-m? lux
~.; CSC5 950 169 1.7 075 240
CSC6b 965 168 0.9 019 50
CSC7 906 1741 0.8 016 70
CSC9% 940 172 0.6 014 35
CSC12b 979  16.8 2.5 0.50
CP5 999  16.9 0.5 014 27
CP6 999 156 0.2 006 12
CP7 916  16.2 0.4 013 28
CP8a 999 165 0.6 0.14 31
CP8b 999 166 0.2 005 9
CP9 999 1758 0.5 013 24




Catacombe di S. Callisto

02

<o~ H

yS\‘

Atm. Press.
0 C
fm

Aumento del vapore acqueo e dell'anidride carbonica




