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Summary. Approximately 1500 cultures of microorganis- 
ms were isolated from rocks and soils of the Ross Desert 
(McMurdo-Dry Valleys). From these, 15 coccoid strains 
were chosen for more detailed investigation. They were 
characterized by morphological, physiological and 
chemotaxonomical properties. All isolates were Gram- 
positive, catalase-positive and nonmotile. Six strains 
showed red pigmentation and could be identified as 
members of the genera Micrococcus (M. roseus, M. 
agilis) or Deinococcus. In spite of their coccoid mor- 
phology, the remaining nine strains had to be associated 
with coryneform bacteria (Arthrobacter, Brevibacteri- 
um), because of their cell wall composition and G+C 
ratios. Most of the strains were psychrotrophic, but one 
strain was even obligately psychrophilic, with a tempera- 
ture maximum below 20°C. Red cocci had in vitro pH 
optima above 9.0 although they generally originated from 
acid samples. Most isolates showed a preference for sugar 
alcohols and organic acids, compounds which are com- 
monly known to be released by lichens, molds and algae, 
the other components of the cryptoendolithic ecosystem. 
These properties indicate that our strains are autochtho- 
nous members of the natural Antarctic microbial popula- 
tion. 

Introduction 

The "Ross Desert" (McMurdo Dry Valleys) of South-Vic- 
toria Land lacks visible life forms on the surface of soils 
and rocks, perhaps with the exception of a few lichens in 
protected locations (Friedmann 1982). Dry and cold 
katabatic winds warm up by descending from the Antarc- 
tic ice plateau and create true desert conditions in the 
valleys. Life is restricted to a narrow zone under the sur- 
face of rocks, especially of beacon sandstone, which is 
colonized by endolithic microorganisms. Friedmann and 
Ocampo (1976) first reported on this kind of cryptoen- 
dolithic life. Meanwhile a considerable number of dif- 
ferent microorganisms (algae, yeasts, filamentous fungi, 

cyanobacteria and eubacteria) have been isolated from 
these habitats. Some taxonomical and physiological work 
has already been reported on Antarctic eucaryotic micro- 
organisms and cyanobacteria (Friedmann and Ocampo 
1976; Friedmann et al. 1980; Vishniac 1982; Kappen 
1983; Kappen and Friedmann 1983; Hale and Ocampo- 
Friedmann 1984). However, little is known so far about 
heterotrophic bacteria and their part in the cryptoendo- 
lithic microbial ecosystem. 

Coccal-shaped heterotrophic bacteria formed the ma- 
jority of 1500 cultures which were isolated in our recent 
attempts to characterize the natural microflora of Dry 
Valley rocks and soils (Hirsch et al. 1985). Therefore, we 
selected 15 representative coccoid strains for identifica- 
tion by classical and chemotaxonomic methods. Also, 
some ecophysiological experiments were performed to 
show which properties would enable these bacteria to sur- 
vive in such an  extreme environment as the Ross Desert. 
Our data indicate that the coccal isolates could be placed 
with 6 different taxa, although morphologically they were 
quite similar. 

Materials and Methods 

The origin of the bacterial strains and method of their enrichment are 
shown in Table 1. With the exception of AA36 and AA63, which came 
from samples taken by E. I. Friedmann during the 1979/1980 season, all 
other strains came from samples collected 1984/1985 by one of us 
(P.H.) on Linnaeus Terrace (McMurdo Dry Valleys). A detailed descrip- 
tion of the aseptic soil sampling procedures has been published previ- 
ously (Hirsch et al. 1985). Aseptic rock samples were obtained with 
ethanol-treated hammer and chisel and transported in double, sterile 
Whirl-Pack plastic bags over dry ice. For the enrichment the rock 
samples were fragmented after wrapping in 4 layers of sterile gauze and 
2 layers of sterile aluminium foil. To prevent losses during purification 
procedures the organisms were always cultivated as during their initial 
isolation. Purification was achieved after 3 to 5 subcultures on solid 
media. The following media were employed: PYGV (Staley 1968); 
PYGV/10 was a tenfold dilution of PYGV; 66a/5 was a fivefold dilution 
of Bacto Nutrient Broth (Difco, Detroit) with 2 g/1 of glucose. Solid 
media contained 1.8% Bacto-Agar. Growth was evaluated after 2 - 3  
weeks of incubation. For measurements of bacterial growth, whole cell 
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protein was determined by the Bio-Rad protein assay (Bio-Rad, Mtin-  
chen). Biochemical and enzymatic tests (starch hydrolysis, gelatine 
liquefaction, esculin hydrolysis, phosphatase, I]-galactosidase, nitrate 
reduction, NaC1 tolerance and resistance against 100 ~tg/ml penicilfin 
G) as well as the Gram-reaction were carried out following methods of 
Smibert and Krieg (1981). The oxidation or fermentation of glucose 
were tested according to Baird-Parker (1965). For testing the ability to 

Table 1. Origin and enrichment conditions of the coccoid bacterial 
strains tested. The pH was determined 30 min after suspension in 0.1 N 
KCI 

Strain Sample pH Enrichment 
(AA-) 

No. Type a Medium Temp. (°C) 

From rock samples: 
36 A 790/23 G n.d. b PYGV 4 
63 A 790/44b M n.d. PYGV 4 

306 845/207 S 4.2 PYGV 9 
318 845/210 S 3.8 PYGV 9 
370 845/232 S 4.4 PYGV/10 20 
384 845/235 S 4.3 PYGV 9 
412 845/238 S 4.9 PYGV 20 
428 845/239 S 4.9 PYGV 20 
455 845/249 S 4.8 PYGV 20 
467 845/250 S 4.6 PYGV 20 
532 845/256 S 5.3 PYGV 9 
From soil samples: 
663 845/205 S 6.4 66a/5 9 
692 845/224 S 6.5 PYGV 9 
753 845/226 S 6.2 PYGV 9 
761 845/227 S 6.2 PYGV 9 

aG = granite, M = marble, S = Beacon sandstone 
bNot determined 

tolerate UV radiation, 0.1 ml of young cultures were plated on PYGV 
and kept for 10 rain under UV light of 254 nm (MinUVis, Desaga) at 
a distance of 8 cm. To differentiate Gram-positive bacteria, modern tax- 
onomy relies heavily on the structure and composition of the bacterial 
cell wall, especially the amino acid and sugar composition of the rigid 
part of the cell wall (murein or peptidoglycan). To identify the pep- 
tidoglycan type, we followed the procedures of Schleifer and Kandler 
(1972), with qualitative as well as quantitative analyses by two-dimen- 
sional thin-layer chromatography (Harper and Davis 1979), and 
employing an aminoacid analyzer (Multichrom B, Beckman, M0n- 
chen). DNA base compositions were determined by the melting point 
Tin-method (Marmur and Doty 1962; Mandel et al. 1970). Cell lysis 
was achieved enzymatically by lysozyme and SDS treatment. The 
purification of DNA followed the method of Marmur (1961). Fatty 
acids were extracted, methylated and identified by gas chromatography 
as described by Eckardt et al. (1979). The pigments of red strains were 
isolated according to Cooney et al. (1966). Absorption spectra (250 to 
600 nm) were obtained with a Unicam SP-1800 UV spectrophotometer. 
Plasmid DNA isolation and separation on 0.7% agarose by gel elec- 
trophoresis were done according to Anderson and MacKay (1983). 

Experiments with special ecological relevance such as the determina- 
tion of temperature- and pH-ranges as well as growth stimulation by 
specific carbon sources (sugars, sugar alcohols, organic acids) were car- 
ried out in oligotrophic medium PYGV. For testing pH ranges, medium 
PYGV was supplemented with 0.05 g per liter each of KHzPO 4 and 
NazHPO4.2H20, and the pH adjusted accordingly. Carbon sources 
were added as sterile solutions to medium PYV (i.e., PYGV without 
glucose) at a final concentration of 2 mM. All solutions were sterilized 
by filtration and inoculated. 

Results 

Growth 

Most strains grew well on oligotrophic medium PYGV. 
Growth on "richer" media, like 66a, was more slowly and 

Fig. 1A-D.  Phase contrast micrographs of coccal Antarctic bacteria from soil grown on medium PYGV at 9°C. A strain AA663; B AA692; 
C AA753; D AA761. Wet mounts on agar slides; bar represents 10 ]xm 
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Fig. 2A-E Phase contrast micrographs of coccal Antarctic bacteria from rocks grown on PYGV at 9°C. A strain AA306; B AA318; C AA384; 
D AA532; E AA36; F AA63. Wet mounts on agar slides; bar respresents 10 ~tm 

the cells often showed microscopically aberrant forms. 
Strains isolated at 4 ° or 9°C grew faster on medium 
PYGV than those obtained on 20°C. 

Morphology 

Most strains were true cocci except for AA428 and 
AA532, which sometimes resembled short rods. All were 
Gram-positive, nonmotile, and had their cell diameter be- 
tween 0.4 and 2.0 gm (Figs. 1 and 2). Six strains, which 
represented the majori ty of  all coccal isolates had red 
pigmentation. Table 2 describes the colony morphology 
and pigmentation of the strains on PYGV. 

Biochemical Properties 

All strains were catalase- and cytochrome positive and 
did not show acid or gas formation with glucose, 

aerobically or anaerobically. Selected physiological and 
biochemical properties (Smibert and Krieg 1981) in- 
cluding resistance against penicillin G and UV radiation 
are presented in Table 3. Two strains (AA63 and AA692) 
still showed growth after 10 min of  UV radiation. 

Cell Constituents 

The cell wall compositions of  our Antarctic coccoid 
strains with qualitative (diamino acid) and quantitative 
data (molar ratios) as well as their G + C  base composi- 
tions are described in Table 4. The G + C  content ranged 
from 61.3 to 69.4 mol%. 

Fatty acid compositions of  three selected, red 
pigmented cocci are shown in Table 5. The predominant  
components  detected in strain AA761 were branched- 
chain esters, escpecially C15:0Br (for nomenclature see 
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Table 5). These branched-chain acids were absent in 
AA63 and AA692; here the C16:1 fatty acid dominated. 
In addition there were oddnumbered straight-chain fatty 
acids (C15 : 0, C17:0). 

Absorption spectra of  the chloroform extract of  the 
six red pigmented strains were determined. Strains AA36, 
AA663, AA753 and AA761 had three maxima at 477, 505 
and 541 nm; the remaining two strains had only one peak 
at 490 nm. Seven of  the 15 strains had plasmids of  dif- 
ferent size (Table 6). 

Special Ecologically Relevant Properties 

The temperature range for growth in PYGV was deter- 
mined for all strains, with the exception of  AA63 (Table 

T a b l e  2.  C o l o n y  m o r p h o l o g y  a n d  p i g m e n t a t i o n  o f  c o c c a l  s t r a i n s  f r o m  

r o c k  a n d  so i l  s a m p l e s .  I n c u b a t i o n  2 w e e k s  o n  P Y G V  a n d  a t  t h e  o r i g i n a l  

e n r i c h m e n t  t e m p e r a t u r e  

S t r a i n  ( A A - )  C o l o n y  m o r p h o l o g y  P i g m e n t a t i o n  

F r o m  r o c k  s a m p l e s :  

36  

63 

306  

318 

370  

384  

412  

428  

455 

467  

532  

F r o m  so i l  s a m p l e s :  

663 

692  

753 

761 

c i r c u l a r ,  s m o o t h  p i n k / r e d  

c i r c u l a r ,  s m o o t h ,  s l i m y  p i n k / r e d  

c i r c u l a r ,  s m o o t h ,  s l i m y  y e l l o w  

I r r e g u l a r ,  r o u g h  b r i g h t  y e l l o w  

c i r c u l a r ,  s m o o t h  o c h r e / y e l l o w  

i r r e g u l a r ,  r o u g h  b r i g h t  y e l l o w  

c i r c u l a r ,  s m o o t h  o r a n g e  

c i r c u l a r ,  s m o o t h ,  s l i m y  w h i t e  

c i r c u l a r ,  s m o o t h  w h i t e / b r o w n  

c i r c u l a r ,  s m o o t h  w h i t e  

c i r c u l a r ,  s m o o t h ,  s l i m y  w h i t e  

c i r c u l a r ,  s m o o t h ,  s l i m y  p i n k / r e d  

c i r c u l a r ,  s m o o t h ,  s l i m y  p i n k / r e d  

c i r c u l a r ,  s m o o t h  p i n k / r e d  

c i r c u l a r ,  s m o o t h  p i n k / r e d  

7). Only one strain had the optimum above 20°C, and 
three strains had their maximum at 30 °C or above. Most 
cultures, especially those isolated at 4°C or 9°C, still 
grew at 0.5 °C, the lowest temperature tested. There was 
no growth at 37 °C. 

The strains were also tested for their pH range. There 
was definitely better growth in the alkaline range (Table 
8). Especially the high pH optima of  red pigmented cocci 
(Table 2) were remarkable as most of  these strains came 
from rather acid rock- or soil-samples. 

Table 9 summarizes the results with those eight strains 
which were stimulated by selected carbon sources. The 
other seven strains did not grow with any of  these com- 
pounds. Glucose or mannose were utilized only in a few 
cases, but sugar alcohols (mannitol, ribitol) or organic 
acids evidently served as good carbon and energy sources. 

Discussion 

Most of our strains are oligotrophic. This is so since they 
grew much better in oligotrophic medium PYGV than in 
Bacto Nutrient Agar ("66a"),  a characteristic which 
could be the result of  selection by their location, where 
low nutrient fluxes prevail and productivity is low due to 
the harsh environmental conditions (Friedmann 1982). 
Oligotrophic bacteria often use amino acids (i.e., gluta- 
mate) and certain organic acids, especially glycolate 
(Ishida and Kadota 1981), which indicates a close 
dependency on algal exsudated products. It could be ex- 
pected that there exists a correlation between this special 
stimulation by exsudates and the location, from where 
these strains originated. The cryptoendolithic ecosystem 
is a very simple one with no higher predators (Friedmann 
1982) and with only an autochthonous microflora having 
a small but crucial primary production. Allochthonous 

T a b l e  3. S e l e c t e d  p h y s i o l o g i c a l  p r o p e r t i e s  o f  c o c c a l  i s o l a t e s  f r o m  t h e  M c M u r d o - D r y  V a l l e y s  

S t r a i n  S t a r c h  G e l a t i n e  E s c u l i n  P h o s p h a t a s e  13-galac- N i t r a t e  

( A A - )  h y d r o l y s i s  l i q u e f a c t i o n  h y d r o l y s i s  t o s i d a s e  r e d u c t i o n  

Sa l t  t o l e r a n c e  P e n i c i l l i n - G  

r e s i s t a n c e  

5°70 10070 ( 1 0 0 u g / m l )  

U V  r e s i s t a n c e  

(254  n m )  

F r o m  r o c k  s a m p l e s :  

36  - + _ + + ( + ) a  + _ 

63 ( + )  - - + + - - - 

306  - + - + - - + - 

318 - - + - ( + )  ( + )  - - 

370  - - - + - + - - 

384  - - + - ( + )  ( + )  - - 

412  + + + + + - + - 

4 5 5  - - - + - + - - 

467 . . . . . . . .  

532  - + - + - + + + 

F r o m  soi l  s a m p l e s :  

663 - - + + + - + - 

692  ( + )  - - - + - - - 

753 + - - + - - + - 

761 + - - + - - + - 

+ 

+ 

+ 

m 

+ 

a W e a k  r e a c t i o n  
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T a b l e  4. Cell  wal l  c o m p o s i t i o n  a n d  base  r a t i o  (Tm) o f  14 A n t a r c t i c  cocca l  i sola tes .  T h e  c o l u m n  " d i a m i n o  ac id  t y p e "  re fe rs  to  t he  p resence  o f  a 

d i s t inc t  d i a m i n o  ac id  in the  p e p t i d o g l y c a n  pe p t i de  side c h a i n  

S t r a i n  Q u a n t i t a t i v e  d a t a  ( m o l a r  r a t ios :  m u r a m i c  ac id  = 1.0) Base  r a t io  

( A A - )  ( m o l %  G + C)  

D i a m i n o  ac id  t y p e  b G l c N H  2 G a l N H  2 G l u  A l a  G l y  T h r  

F r o m  r o c k  samples :  
36 lysine:  1.0 1.0 - 1.0 6 .2  - 1.1 64.1 

63 o rn i th ine :  1.0 1.0 - 1.2 1.8 1.7 - 62 .8  
306 L L - D A P :  1.0 1.0 - 1.1 2.1 1.0 - 69 .4  

318 m / D D - D A P :  1.0 0 .9  - 1.1 1.7 - - 62.1 
370  L L - D A P :  1.0 1.0 - 1.3 2 .2  1.1 - 68.1 

384  m / D D - D A P . "  1.0 0 .8  - 0 .9  1.4 - - 61.8  
412  L L - D A P :  1.0 1.1 - 1.2 1.6 2 .9  - 68 .9  
428 m / D D - D A P :  1.0 1.9 0 .8  1.3 3 .2  - - 66 .2  
467 m / D D - D A P :  1.0 1.2 - 1.2 2 .4  - - n . d .  a 

532  m / D D - D A P :  1.0 1.1 - 1.0 1.8 - - 67.3 
F r o m  soil  samples :  
663 lysine:  1.0 2 .2  - 1.1 5.7 - 1.0 62.8  
692  o rn i t h ine :  1.0 1.0 - 1.0 1.9 1.6 - 61.8  
753 lysine:  1.0 3.1 - 1.5 5.3 - - 61.3 
761 lysine:  1.0 2 .4  - 1.3 5.7 - - 62 .0  

a N o t  d e t e r m i n e d  
b D A P  = d i a m i n o p i m e l i c  ac id  

T a b l e  5. P e r c e n t a g e s  o f  p r i n c i p a l  f a t t y  ac ids  o f  3 red  p i g m e n t e d  A n t a r c t i c  cocc i  

S t r a in  (AA-)  i 1 4 : 0  a 1 4 : 0  1 5 : 0  1 5 : 0 b r  1 6 : 0  i 1 6 : 1  16:1  1 7 : 0  1 8 : 0  u n  b 

63 - 2 .65 2 .78 - 27 .94  - 52 .44  1.98 1.08 11.13 
692 - 0 .40  0 .98 - 10.19 - 58 .65  14 .40  1 .00 14.38 

761 3 .09  1.99 - 24 .36  10.26 6 .56  33.31 1.39 0 .39  18.65 

a N u m b e r  to  the  lef t  o f  the  c o l o n  refers  to  n u m b e r  o f  c a r b o n  a t o m s ;  n u m b e r  to  r i gh t  re fe r s  to  n u m b e r s  o f  d o u b l e  b o n d s ;  b r  deno te s  b r a n c h e d - c h a i n  
ac id ;  i deno te s  m o d u s  o f  b r a n c h i n g  
b U n i d e n t i f i e d  

T a b l e  6.  N u m b e r  o f  p l a s m i d  b a n d s  a n d  the i r  sizes f r o m  p l a s m i d -  

pos i t ive  A n t a r c t i c  cocci  

T a b l e  7.  T e m p e r a t u r e  r a n g e s  f o r  g r o w t h  o f  A n t a r c t i c  cocc i  

S t r a in  I so l a t i on  T e m p e r a t u r e  ( °C)  

S t r a in  N o .  o f  Size a (AA-)  T e m p .  (°C)  
(AA-)  p l a s m i d  b a n d s  M i n i m a  a O p t i m a  M a x i m a  

> R P 4  < R P 4  

63 6 3 3 
318 1 - 1 
384 3 - 3 

412 1 1 - 

467 2 2 - 
692  4 1 3 
753 2 2 - 

a M o l e c u l a r  w e i g h t  s t a n d a r d  p l a s m i d  R P 4  = 36.3 M d a l  

input of organic carbon is almost negligible. The bacteria 
are therefore restricted to primary products released by 
algae or cyanobacteria, or organic matter becomes avail- 
able after lysis or cell death. Sugar alcohols (i.e., ribitol) 
play a major role as transport metabolites from algae to 

F r o m  r o c k  samples :  

36 4 0.5 17.0 26 .0  
63 4 n . d .  b n . d .  n . d .  

306 9 2 .0  17.0  30 .0  
318 9 0 .5  12.5 24 .0  
370 20  11.5 17.5 22 .0  
384 9 0 .5  10.0  24 .0  
412  20  0 .5  14.0 32 .0  
428 20 0 .5  17.0 31 .0  

455 20 12.0 19.0 23 .0  
467  20 14.0 21 .0  24 .0  

532 9 0 .5  17.0 26 .0  
F r o m  soil s amples :  
663 9 0 .5  12.5 27 .0  
692 9 0 .5  18.0 25 .0  
753 9 0 .5  11.0 23.5  
761 9 0 .5  10.0 18.0 

a0 .5  ° C  w a s  the  lowes t  t e m p e r a t u r e  t es ted  
b N o t  d e t e r m i n e d  
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Table 8. pH opt ima and ranges for growth of Antarctic cocci in PYGV 
in comparison to the original sample pH 

Strain pH 
(AA-) 

Opt imum Range Original  sample 

From rock samples: 
36 > = 9.0 6.0 to > = 9.0 n.d.1 

63 n.d. n.d. n.d. 
306 7.0 6.0 to > = 9.0 4.2 
318 5.0 5.0 to 7.0 3.8 
370 8.0 6.0 to > = 9.0 4.4 
384 6.0 5.0 to 7.0 4.3 
412 5.0 5.0 to > = 9.0 4.9 
428 8.0 5.0 to > = 9.0 4.9 
455 9.0 6.0 to > = 9.0 4.8 
467 6.0 < 4 . 0  to 7.0 4.6 
532 8.0 5.0 to > = 9.0 5.3 
From soil samples: 
663 > = 9.0 6.0 to > = 9.0 6.4 
692 > = 9.0 6.0 to > = 9.0 6.5 
753 > = 9.0 7.0 to > = 9.0 6.2 
761 > = 9.0 7.0 to > = 9.0 6.2 

aNot determined 

Table 9. Selected carbon sources (2 raM) utilized by some coccoid Ant-  
arctic isolates. Growth of strains AA306, AA318, AA384 and AA412 
(from rock samples) or AA692 (from soil) was not st imulated by any 
of these compounds.  (glyc = glycolate; ac = acetate; mal  = malate; 
cit = citrate) 

Strain Carbon sources utilized 
(AA-) 

Sugars Sugar alcohols Organic acids Amino acid 

From rock samples: 
36 mannose mannitol  

428 ribitol glyc, ac 
455 ribitol ac, mal,  cit 

467 
532 
From soil samples: 
663 mannitol  
753 cit 
761 glucose mannitol  

glutamate 
glutamate 

glutamate 
glutamate 

fungi (Richardson et al. 1968; Hill 1970). Mannitol is a 
well known storage product in lichens (Lewis and Smith 
1967), and it occurs in many algae (Craigie 1974). Tearle 
(1987) reported on the release of arabitol by Antarctic 
lichen fungi. Glycolate is excreted into the environment 
by most algae (especially Chlorophyceae) and by cyano- 
bacteria due to photorespiration (Hellebust 1974). This 
all explains the organism's stimulation by glutamate, 
mannitol, ribitol, glycolate and other organic acids over 
sugars. It indicates that there indeed are close interactions 
between the members of this ecosystem. In situ carbon 
metabolism experiments of Vestal and Friedmann (1982) 
with 14C-labeled organic carbon sources suggested that 
the cryptoendolithic community actively metabolized 
dissolved carbon compounds. 

In nature oligotrophic bacteria are often psychrophi- 
lic (Ishida and Kadota 1981), as low temperatures often 
prevail where there is also a lack of nutrients (i.e., in 
oceans and polar regions). Depending on the definition 
used (Stokes 1963; or Morita 1975), most of our coccal 
isolates would be psychrotrophs or even psychrophiles, 
which indicates that they are part of the indigenous cryp- 
toendolithic ecosystem. The unusually high pH optima 
of red cocci are in contrast to the pH observed in rock or 
soil samples (Table 8). Presently, this discrepancy can not 
be explained unless one assumes special conditions in the 
organisms' microhabitats, as for example an increased 
pH existing within polymer capsules. Such pH ranges are 
not uncommon in Antarctic soil samples (Johnson and 
Bellinoff 1981; Johnson et al. 1981). 

All 15 strains were Gram-positive, catalase-positive, 
aerobic, and nonmotile. Because of their morphology, 
pimentation, and cell wall composition, four of the six 
red pigmented strains could be placed in the genus 
Micrococcus (M. roseus, M. agilis), while the other two 
red strains belonged to the genus Deinococcus in the 
sense of Schleifer (1986). Table 10 summarizes those pro- 
perties of the isolates, which lead to their identification. 
Strains belonging to the genus Micrococcus could be easi- 
ly distinguished from Deinococcus spp. (Brooks et al. 
1980) by their fatty acids (Table 5) and by less UV 

Table 10. Properties of the red-pigmented M i c r o c o c c u s / D e i n o c o c c u s  strains leading to their identification 

Characteristic "Micrococcus  roseus"  Mic rococcus  "Micrococcus  agi l is"  Mic rococcus  
roseus  a agilis a 

AA753 AA761 AA36 AA663 

"Deinococcus  sp." 

AA63 AA692 

Deinococcus  
ssp. a 

Peptidoglycan type Lys-Ala3_ 4 Lys-Ala3_ 4 Lys-Thr-Ala3 _ 4 Lys-Thr-Ala3_ 4 
G + C  (mol%) 61.3 62.0 6 6 - 7 5  64.1 62.8 6 7 - 6 9  
Characteristic 

fatty acid n.d. 15:0br 15:0br n.d. n.d. 15:0br 

UV resistance . . . . . .  
Pigments in 

CHC13 (nm) d 505 505 n.d. 505 505 n.d. 
Plasmid bands 2 - + (55%) c - - + (20%) c 

Orn-Gly 2 
62.8 61.8 

16:1 16:1 
+ + 

490 490 
6 4 

Orn-Gly 2 
6 2 -  70 

16:1 
+ 

n,d. 
2 or 3 size 
classes b 

aSchleifer (1986); bMacKay et al. (1985); CMathis and Kloos (1984); dMain absorption peak 



resistance (Table 3). Additional differences were the oc- 
currence of  plasmids (Table 6; MacKay et al. 1985; 
Mathis and Kloos 1984) and the absorption spectra of  
their pigments. The G + C-ratios of  deinococci were in the 
lower range of  the data reported in the literature 
(Schleifer 1986). The G+C-rat ios  of our Micrococcus 
strains (Table 10) were also considerably lower than those 
published so far for micrococci (Schleifer 1986). 

In spite of  their more coccoid morphology, the re- 
maining nine strains will have to be placed within the cor- 
yneform bacteria (Arthrobacter, Brevibacterium; Table 
11) because of their cell wall composition and DNA base 
ratios (Goodfellow and Minnikin 1981; Keddie and Jones 
1981). The properties of  five strains were in accordance 
with Brevibacterium linens (Goodfellow and Minnikin 
1981; Keddie and Jones 1981). This organism has been 
isolated previously only from habitats with low water ac- 
tivity (cheese, sea fish; Keddie and Jones 1981). None of  
our strains was orange pigmented. The remaining four 
strains had LL-DAP in their cell wall and had higher 
G +  C-ratios than the Brevibacterium strains mentioned 
above. These strains could be associated with the '~ r -  
throbacter simplex/tumescens" group (Keddie and Jones 
1981). The unassigned species cited by Keddie and Jones 
(1981) (a heterogeneous assemblage of  mainly unnamed 
strains of uncertain taxonomic position) show some of 
the characteristics of  our nine strains. As we know today, 
the genus Micrococcus is closely related to Arthrobacter 
(Stackebrandt et al. 1980), and there are currently only 
practical reasons for separating these two genera (Jones 
and Collins 1986). Therefore, there may exist coryneform 
bacteria, which have a coccoid morphology during all of  
their life cycle. Schleifer and Kandler (1972) have already 
mentioned such strains. 

Table 11. Properties of  Antarctic coccoid strains lacking red pigments 
and tentative identification 

Microorganism Characteristic 
(AA-) 

Peptidoglycan type G + C mol% Gelatine 
liquefaction 

Brev ibac ter i -  
u m  l inens  a 

428 
532 
318 
384 
467 
A r th robac t e r  

s i m p l e x / t u m e -  

scens  group 
306 
370 
412 
455 

m / D D - D A P  direct 
m / D D - D A P  direct 
m / D D - D A P  direct 
m / D D - D A P  direct 
m / D D - D A P  direct 
m / D D - D A P  direct 

60 - 69 + 
66.2 + 
67.3 + 
62.1 
61.8 
n.d.  

LL-DAP-Glyl  or 3 7 0 -  76 slowly + 
LL-DAP-Gly  69.4 + 
LL-DAP-Gly  68.1 - 
LL-DAP-Gly  3 68.9 + 
LL-DAP b n.d.  - 

aGoodfellow and Minnikin (1981), Keddie and Jones (1981) 
bGly not  tested 
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Previous studies of  Antarctic soil bacteria were main- 
ly concerned with the occurrence and distribution of  
psychrophiles and contaminants introduced by man 
(McLean 1918; Darling and Siple 1941; Straka and Stokes 
1960; Boyd et al. 1966). Since then only few taxonomical 
investigations have been made (Johnson et al. 1978; Mad- 
den et al. 1978; Johnson and Bellinoff 1981; Johnson et 
al. 1981). The majority of  strains isolated by Johnson et 
al. (1978) were Gram-positive, catalase-positive and non- 
motile. They did not ferment glucose and were mor- 
phologically identified as Corynebacterium, Arthrobac- 
ter, Brevibacterium, and Micrococcus spp.; 71°70 of  all 
strains investigated here belonged to these genera. Gram- 
negative bacteria (i.e., Pseudomonas) were nearly absent. 
Our results agree with these findings. Quite surprising 
was the discovery of  Deinococcus strains among our 
isolates (AA63 and AA692). Counsell and Murray (1986) 
studied strain AA63 which came from a rock sample and 
related it to D. radiopugnans. This can now be confirm- 
ed. With respect to strain AA692 we can show for the 
first time, that deinococci also occur in soils of  the Dry 
Valleys, sites which are not normally exposed to high 
radiation doses (E. I. Friedmann, personal communica- 
tion) as all previous Deinococcus habitats were (Brooks 
and Murray 1981). 

In addition to the coryneform bacteria, which seemed 
to dominate in Antarctic soils, Johnson et al. (1981) char- 
acterized Micrococcus strains in more detail. They were 
nonmotile, strictly aerobic, yellow or red pigmented and 
did not produce acid from glucose. The G+C-rat ios  of  
their DNA ranged from 58 to 72 mol percent. In all cases 
lysine occurred in the cell wail. The red pigmented strains 
were classified as 34. roseus, but it is possible that some 
of  them were misclassified and might have belonged to 
M. agilis since the cell walls were not studied quantitative- 
ly. The main difference between M. roseus and M. agilis 
is the lack of threonine in the cell wall. 

Our data on the properties of  the 15 coccal isolates 
show greater physiological diversity than would be ex- 
pected from morphological considerations. At least six 
different taxa could be identified. The ecophysiological 
observations indicate that these isolates were well adapted 
to the local Antarctic conditions, a fact that excludes the 
possibility of  their origin by human contamination. 
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