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Intraductian 

The purpose of  t h i s  inves t iga t ion  w a s  t o  examine several 
sul f ide-containing environmentti f o r  the presence of phototrophic 
bac ter ia  and to obta in  enriched cu l tu res  o f  some of the bac ter ia  
present. The f i e l d  s i t e s  w e r e  A1c.n Rock State Park, the Palo 
A l t o  s a l t  m a r s h ,  the bay area s a l t  ponds (see map 11, and Biq 
SaJa Lake (near Fallon, Nevada). Bacter ia +rom these s i t e s  were 
characterized by microscopic examination, measurement of in 
v i t r o  absorption spectra, and analysis o f  carotenoid pigments. 

F i e l d  observations a t  one of  the bay area s a l t  ponds, i n  
which the s a l t  concentrat ion was saturat iqg (about 30 percent 
NaC1) and the  sediments along the  shore of the pond were covered 
w i t h  a gypsum crus t r  revealed a layer of purp le photosynthetic 
bac ter ia  under a green layer  i n  the qynsum crust. Samples of  
t h i s  gypsum crus t  w e r e  taken t o  the laboratory to measure l i g h t  
transmission through the c rus t  and t o  t r y  t o  i d e n t i f y  the  purple 
photosynthetic bac ter ia  present i n  t h i s  extremely sa l ine  
environment . 

Platerials and Methods 

Water samples from Alum Rack State Par): and from the Pala 
Alto s a l t  marsh were co l lec ted  i n  small screw-cap b o t t l e s  or 
tubes. Pieces of  the gypsum crus t  from the s a l t  pond were placeci 
i n  p l a s t i c  bags. Water .-mples taken from d i f f e r e n t  depths i n  
B ig  Soda Lake usinq a sampling b o t t l e  were t ransferred to 150 ml 
y l a s s  b o t t l e s  and t o  500 nrl and 1 l i t e r  p l a s t i c  b o t t l e s  tha t  w e r e  
completely + i l l e d  and kept on ice during t ranspor tat ion t o  the 
' aboratory. 

In order t o  stop the movtt?:ent o f  mo t i l e  bac ter ia  and to 
compress the bac ter ia l  ce!': .,sing examined i n t o  one focal plane. 
aqar s l i d e s  w e r e  used f o r  lnicroscopic examination. The agar 
s l i d e s  w e r e  prepared as fo l lows (Dr .  I). Caldwell, personal 
commun 1 cat  i on 1 : 
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1. D i f c u  bacto agar w a 5  d i s s o v e d  i n  b o i l i n g  HaO 
t o  f o r m  a 0.75 p e r c e n t  s o l u t i o n .  

2. The 0.  75 p e r c e n t  agar was p o u r e d  i n t o  250 m l  flasks 
to  a d e p t h  of a b o u t  1 c m  a n d  a l lowed to s o l i d i f y .  

3. Salts w e r e  d i a l y s i e d  f r a m  t h e  agar by washing  w i t h  3 
c h a n g e s  o f  d i s t i l l e d  H10 over  a 24 h o u r  per iod 
while s w i r l i n g  on an  orbital shaker. 

4. A l a y e r  uf c l e a n  micrcscope s l i d e s  w d 5  p l a c e d  on a 
c l e a n ,  w e t  s u r f a c e .  (Mater u n d e r  t h e  s l i d e s  and on the 
edges of t o u c h i n g ,  a d j a c e n t  s l i d e s  i n h i b i t s  seep.r\qe of 
agar around and  tinder t h e  s l i des . )  

5. ? h e  agar w a s  m e l t e d  b v  a u t o c l a v i n g  and p o u r e d  over- 
the s l i d e s  to a d e p t h  o i  a b o u t  3 mm. 

6.  A glass  p l a t e  w a s  placed a f e w  i n c h e s  above t h c  
s l ides  to  p r o t e c t  them f r s m  g a t h e r i n g  d u s t  and  the s l i d e s  
wez,-e a l l o w e d  to  d r y  a v e r  n i g h t .  

7. T h e  s l i d e s  w e r e  t h e n  s e p a r a t e d  a n d  s t o r e d  i n  a box a t  
r o o m  t e m p e r a t u r e  for f u t u r e  use .  

Water s a m p l e s  f r o m  t h e  s t u d y  areas w e r e  u s e d  to i n o c u l a t e  a 
c u l t u r e  medium for g r e e n  a n d  p u r p l e  s u l f u r  bacter ia  p repa r -ed  .ss 
d e s c r i b e d  b y  van Gemerden a n d  b e e f t i n l :  (1935). P u r e  b a c t e r i d 1  
c u l t u r e s  p r o v i d E d  b y  D r .  R. G u r r r e r o  w e r e  also grown in this 
medium. N a C l  i 3  percent) w a 5  added  t o  t h e  medium for bacteria 
frmn t h e  Pala  A l t o  s a l t  c a r s h .  S a m p l e s  of gypsum crust 
conta in ing  a d i s t i n c t  p u r p l e  l a y e r  were p l a c e d  i n  t h e  same 
c u l t u r e  medium m o d i f i e d  by i n c l u d i n g  a b t o c l a v e d  w a t e r  from t h e  
s a l t  pund C500 m l / l  o f  m e d i u m ) .  t h u s  q i v i n o  a f i n a l  s k l t  
c o n c e n t r a t i o n  0.f  a b o u t  15 p e r c e n t .  T o  d i s c o u r a g e  t t .e m-owth o f  
algae and c y a n o b a c t e r i a  i n  t h i s  medium t h e  inoculum was 
i l l u m i n a t e d  t h r o u g h  a f i l t e r  niade from 2 l a y e r s  0.F r e d  and 2 
l a y e r s  of b l u e  c e l l u l o s e  acetate. 7 h 1 5  f i l t e r -  a b s o r b s  v i s i b i e  
l i g h t  r e q u i r e d  for  a l g a l  ai-icl c y a n u b a c t e r i a l  w o w t h  but t r a n s m i t s  
i n f r a r e d  l i g h t  u s e d  i n  b a c t e r i a l  p h o t o s y n t h e s i s .  The 
t r a n s m i s s l o r 1  s p e c t r u m  of t h i s  f i l t e r  is shown i n  F i q u r e  II-i. 

A b s o r p t i o n  and  t r a n s m i s s i a n  s p e c t r - a  w e r e  o b t a i n e d  u c i n g  a 
V a r i a n  T e c h t r o n  model 6.35 UV--L'r$ c ~ e L t i ~ o p h o t . o m e t e r  equipred w i t h  
a n  X-Y r e c o r d e r .  Two m e t h o d s  w e r e  examined  tor- o b t a i r i i n o  in 
V J  v o  s p t x t r . a  o f  photos; 'nthet:rc s u l f u r  b a c t e r i a .  i n  t h e  
s i m p l e . = , t  nreChud, cells i n  aqueous s u s p e n s i o n  were p l a c e d  i n  t h e  
sample c u v e t t e  and  water i r r  t h e  r e f e r e n c e  c u v e t t e .  Thc cuvett (~*:  
w e r e  o r i e n t e d  so t h a t  t h e  m e a s u r i n q  beam G f  t h e  s p e c t r u ~ h o t a r r i ~ ~ t . e r  
passed t h r o u g h  tire +rosL.ed r a t h e r  than the clear ylasa f a c e s  o+ 
t h e  c u v e t t e s .  T h i s  rninirrtized t h e  e f f e c t  of l i g h t  scatt-er-rnq b v  
the  b a c t e r i a l  ce115 b y  imposiriy a !itr-gcr and n e a r l y  ident i c . ;? l  
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scat te r ing  on the  l i g h t  beams passing through the reference snd 
sample cuvettes. 

I n  the  other method (Trueper and Yentreich, 19671, the  
bac te r ia l  c e l l  suspension w a s  loaded i n t o  a syringe. The 
bac ter ia  were then co l lec ted  by fo rc ing  the  suspension through a 
Swinney f i l t r a t i o n  device w i t h  a f i be rg lass  or  m i l l i p o r e  f i l t e r .  
Pieces o f  aluminum f o i l  w i t h  rectangular s l i t s  about 15 mm >: 4 mm 
were placed over the  windows separating the spe=trophotometer 
sample compartment from the  photomul t ip l ier  compartment, w i t h  +he 
s l i t s  al igned so t h a t  the  reference and messuring l i g h t  beams 
passed through them. The f i l t e r  w i t h  the  co l lec ted  bac te r ia l  
c e l l s  was taped over the s l i t  on the  sample s ide whi le  an 
i den t i ca l  f i l t e r  moistened w i t h  d i s t i l l e d  water w a s  taped Over 
the  s l i t  on the reference s ide  of  the spectrophotometer. 

Pieces of  t he  gypsum c rus t  from the s a l t  pond sediment were 
prepared f o r  l i g h t  absorption measurement as fol lows. Loose 
p a r t i c u l a t e  matter on top o f  the  c rus t  and black mud below the 
c rus t  were removed by washing w i t h  tap water. Sections of c rus t  
about 1 cm x 2 t o  2.5 c m  were cu t  out usjnq a hack saw blade. 
Four d i s t i n c t  layers  seen i n  cross sectio,t rhr-cugh the  gypsum 
c rus t  could b e  observed. The uppermost layer  w a s  tan  and about 2 
rmn th ick.  Under th is  was a green layer of s im i l a r  thickness. 
Below the  green layer  was a thinner, somewhat i r r e g u l a r  purp le  
layer, and below th is  a very i r regu la r ,  ra ther  crumbly black 
layer. Using sand paper on the 1 cm x 2-2.5 cm blocks, i t  was 
possible t o  remove layers from the lower surface se lec t i ve l y  and 
thus t o  ob ta in  s labs consis t ing of the t a n  and green layers  and 
the  tan layer  only. An attempt t o  obtain t he  purpie layer only 
by removing the layers  above was unsuccessful, although i t  w a s  
possible t o  obta in  discontinuous patches of  the purp le layer  
attached t o  a green layer  backing. Spectra of these layers  were 
obtained by p lac ing them i n  the sample cuvette holder of  t he  
spectrophotometer o r  taping them over a s l i t  on a piece of 
aluminum f o i l  taped over the  window o f  the spectrophotometer 
sample compartment. ( A  piece of  white t i ssue  paper was placed 
over the window t o  the pnotomul t ip l ier  on the  reference s ide of 
the sample compartment to p a r t l y  o f f s e t  l i g h t  sca t te r ing  by the 
gypsum crust .  ) 

Carctenoids were extracted from bac te r ia l  c e l l s  and 
separated by t h i n  layer  chromatography a5 described hy Montesinos 
e t  a1 (1983) w i t h  minor modif icat ions. Chromatography w a s  
performed on both neutra l  alumina (Merck Type E, 60 F 254) and 
s i l i c a  gel  (Merck Kiesielgel 60) p la tes  without a c t i v a t i o n  by 
heating p r i o r  to use. Colored spots were scraped from the 
chromatography p la tes  and extracted w i t h  abobt 1 m l  of  acetone. 
A f te r  cen t r i f uga t ion  to sediment the powdwed s i l i c a  gel or  
alumina, the l i q u i d  was decanted and placed i n  a microcuvette ( 1  
cm pathlength, 0.6 m l  volume) f o r  measurement o f  the absorption 
spec t r u m  . 
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Cells from Big Soda Lake used for carotenoid determination 
were collected by centrifugation from 1 liter of water collected 
from a depth of 20 m. The rpxtrrct from the purple layer of thm 
gypruan crust was made using a culture somewhat enriched in purple 
sulfur bacteria by growth under infrared illumination. This was 
not a pure culture, however, and also contained some filamentous 
cyanobacter i a. 

Carotenoids from these natural samples were chromatographed 
simultaneously with extracte of known carotenoid composition from 
cells of Thiocepsa rosropersicina, Rbodopseudomonas c e p s u l s t e ,  
Cbronatiua vinosub, and T k i o c y s t i s  gelrtinoxa for 
comparison. These extracts were provided by Dr. R. Guerroro. 

Results and D i s c u s r i a  

Figures 11-2 through 11-5 show the in v i v o  abeorption 
spectra of 4 species oi purple sulfur bacteria. These spectra 
were obtained using the first of the methods described, although 
similar spectra could be obtained using the second method (cells 
collected on filters). The first method is generally preferable 
with pure cultures because of its simplicity. The second method 
is useful, however, for concentrating cells frois A w g e  dilute 
samples (e.g., the bacterial plate from Big Soda Lake) or sampler 
in which settling of bacterial cells from an aqueous suspension 
prevents using the first method. 

Figures 11-2 through 11-5 demonstrate that the absorption 
spectra of the pure cultures of purple sulfur bacteria differ 
significantly in wavelength, which ranges between 800 and 900 nm 
and between 430 and 550 nm. Light absorption between 800 and 900 
nm is due to bac*-eriochlorophyl (Bchl a). Differences in 
absorption in this part of the spectrum are due to different 
interacti . I  of Bchl a_ molecules with each other and with 
proteins (Thornber et al., 1978). Differences in absorption from 
430 and 550 nm is due to the presence of different carotenoids. 
A1 though the absorption spectrum of a bacterial species depends 
on culture conditions, particularly light intensity (Thornber et 

be characteristic enough to distinguish bacterial species. 
tl . , 19761, Figure 11-5 demonstrates, that absorption spectra may 

The absorption of an enriched culture of a green sulfur 
bacterium obtained from a Palo Alto salt marsh water sample is 
shown in Figure 11-6. The absorption maxima at 756 and 457 nm 
are characteristic of Bchl g (Pfennig, 1978) .  The cells 
failed to grow without NaCl added to the culture medium. 
Microscopic examination showed spherical cells about 1 urn in 
diameter. This green bacterial species was identified as 
P r o s t h a c o c h l o r i s  sestuarii. 

The absorpticn spectrum of a green sulfur bacterial culturc 
obtained from f i l u m  Rock State Park i5 shown in Figure 11-7. Bchi 
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5- is the principle photosynthetic pigment. (An abswption 
b m d  at 855 nm i s  due to the presence of  unidentified purple 
photosynthetic bacteria in the culture.) No added salt was 
required fcw growth. The cells wwe short rods, often joined end 
to end to fora, chains. On this basis these bacteria were 
identified as Chlorobiur l i r i c o l a .  

The absorption spectra of the tan upper layer of the gypsum 
crust and of this layer together nith the adjacent qreen l a y w  
are shown in Fiqures 11-8 and 11-9. The absorption spectrum of 
the green layer alone w a s  lrbtained from another piece of the 
crust: it was practically identical to the spectrum in Figure 
11-9. The qvpsum -rust itself absorbs s h w t  b:avelenqth light 
b e r y  strongl; and becomes increasingly transparent nith 
increasinc wavelenqth (Figure 11-8). This crust is sufficiently 
transparent to red light to permit growth of cyanobacteria, which 
contribute a prominent absorption peak (about 675 n m )  in the red 
part of the spectrum. Poth filamentous and coccoid cyanobacteria 
w e  obsrrved during microscopic examination of scrapings from 
the gypsum crust. The filamentous f w n  g r e w  profusely in 
bacterial culiure mediua with about 15 pL-cent NaC1. The tan and 
green la*;crr together absorb most of the incident light at 
wavelengths bel- about 7 W  nta but are transparent to longer 
wavelenqth {infrared) radiatioli. The ability of Bchl to absorb 
infrared liqht clearly is important f w  the growth of purple 
sulfur bacteria in the gypsum crust- 

The relatively h i g h  transmission of infrared light by the 
qypsum crust m a k s 5  this natural light filter rather similar to 
tt.e artificial filter constructed from red and blue cellophane 
t F i q .  11-11. Bacterial cultures qronn by illumination throuqh 
this artif: ::.a1 filter nere dominated t y  purpie sul+ur bdctwia 
while a control cui ture  grown in unfiltered liqht w a s  completely 
overgrown by cyanobacteria. Thus the artificial filter mimics 
the natural filter in providing a light environment which 
selectively encour-ages tbe growth of purple sulfur bacteria in 
the presence of cyanobacterial competitors. 

Attempts to obtain a continous piece or' the purple bacterial 
layer large enough to obtain an absorption spectrum were 
unsuccessful. However. the absorption spectrum of a porticn o+ 
the green Iaver -  with discontifiuous purple patches adherlnq to it 
is stiown in Fiq. 11-10. Infrared absorption bands at about 9SO 
and 795 nm. ty:.acal of 6chl a_ in purple photosynthetic 
bzlcter-id, are present in this spectrum. 

F l q u r e  11-1 1 shows the absorpcion spectrum of pnotosythetic 
bacteriai selt ' i  taken f r o m  a plate located 20 m below the surfae 
of B i q  Soda Lake. To obtain this spectrum cells from 5 liter of 
iaLe water- w e r e  concentrated to a volume of about 2.5 m l  by 
centr ifuqing and resuspending. T h x s  spectrum strongly resembles 
the absorption spi?ctrum of a pure culture of T h i o c y s t z s  
. ;+ i .z tznoia  (Fig. 11-5). except tor the presence of a small 
absorption band at about 675 nm. T n i s  absorption peaks at 675 
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GRIGINAL PAGL rS 
of POOR QUALITY 

nm, a p p a r e n t l y  due t o  t h e  g r e e n  algae o b s e r v e d  on microscopic 
e x a m i n a t i o n  of t h o  b a c t e r i a l  sample from B i g  Soda  Lake. T h e s e  
a l g a e ,  c l u s t e r s  of ce l l s  enclosed i n  a t h i c k  q e l a t i n o u s  s h e a t h ,  
w e r e  t e n t a t i v e l y  i d e n t i f i e d  as O o c y s t i s  sp. When d p o r t i o n  
o f  t h e  b a c t e r i a l  s a m p l e  w a s  c e n t r i f u g e d  on a p e r c o l l  d e n s i t y  
g r a d i e n t ,  a heavy  band of purple bacterial cells  collect  a t  a 
d e n s i t y  of 1.030 q/cms,  a n d  a l i q h t e r  u n i d e n t i f i e d  p u r p l e  
band  a t  1.020 q/cms. T h e  g r e e n  a l g a e  separated i n t o  a 
still l i g h t e r  band h a v i n g  d b u o y a n t  d e n s i t y  of 1.017 
g i c m = .  

Al though t h e  s i m i l a r i t v  of t h e  a b s w p t i c n  s p e c t r u m  G t  t h e  
b a c t e r i a l  c e l l s  f rom 6iq Soda L a k e  t o  t h a t  of a pure c u l t u r e  of 
T h i o c y s t i s  g c l a t i o o s s  s u g g e s t s  t h a t  t h e  dominan t  o r q a n i s m  i n  
the b a c t e r i a l  p l a t e  is T- qelatincsa. t h i s  e v i d e n c e  i5  n o t  
c o n c l u s i v e .  G d e t i n i t i v e  i d e n t i f i c a t i o n  ot t h e  dominan t  b a c t e r i a  
species i r i  t h e  p l a t e  a t  t h e  t i m e  of s a m p l i n g  is of p a r t i c u l a r  
i n t e r e s t .  s i n c e  a p r e v i o u s  s t u d y  ( C l o e r n  et a l . ,  15183) r e p o r t e d  
t h a t  Ectothiorhodospzra vacuolata w a s  t h e  dominant  o r g a n i s m  
i n  the b a c t e r i a l  p l a t e  t w o  years ago. To f u r t h e r  c h a r a c t e r i z e  
t h i s  bacterial  sample, c a r o t e n o i d s  were extracted,  s e p a r a t e d  by  
t h i n  layer chromatography ,  and  i d e n t i f i e d  o n  t h e  basis of t h e i r  
R f  v a l u e s  and  a b s o r p t i o n  s p e c t r a .  

T h e s e  r e s u l t s  and  t h e  results o t  s i m i l a r  e . : p e r i m e n t s  of 
c h r o m a t o g r a p h i c  s e p a r a t i o n  on s i l i c a  q e l  a n d  a l u m i n a  w e r e  
performed using purple s u l f u r  b a c t e r i a  t h a t  y r e w  o u t  o f  t h e  
gypsum c r u s t  and are shown i n  T a b l e s  I and  11. C a r o t s n o i d s  on 
the p l a t e s  w e r e  A d e n t i f i e t i  f r o m  t h e i r  ,- D s o r p t r o n  spectra af ter  
+ . : ; t r a c t i a n  i n t o  acetone or  p e t r o l e u m  e: her. Thcse  spectra w e r e  
cbmpar-ed w i  t h  pub1 i shed s p e c t r a l  data  idocd ,  1973) and w i t h  
spectra of cktfrione, rhadopin ,  and s p i r i  l l o x a n t h i n  i n  p e t r o l e u m  
e t h e r  provided bv Dr .  R. Guerrero. 

The E a n p l e  f r o m  Big Soda La1.e c o c t a i n e d  o n l y  J s i n g l e  
carotcnoid i d e r , t i f  i e d  a5 o1:cnone. The s p e c t r u m  of okenone 
extracted i r - o m  this s a m p l e  is shown i n  F i g u r e  11-12. An 
i d e n t i c a l  spectrum w a s  o b t a i n e d  for okencsne f r o m  t h e  I 'h iocvs i l s  
yelatrnoia extcact .  ;he K f  v a l u e s  f o r  ol:enone trom the Big  
Soda L a l e  sample arrd f r o m  ttie T h r o c y s c i s  gcistinosa extract  
w c r c  d i f f e r e n t  on alumina. !An excessive amount of okenone  w a 5  
p r o b a b l y  a p p l i e d  i n  t h e  T. qe' latrrrcsa e:.tr-act so t h a t  t h e  
s o l v e n t  was u n a b l e  to d i s s o l ~ e  and  t r a n s p o r t  a l l  Gf i t  
si :nu1 t a n t + > L ! s i  y ) . 

T h e  e: ; t r -z i t  f run t h e  bacter ia  o b t a i n e d  from t h e  qypsum c r u s t  
i c m t a i n e d  5pxr- i  l l o x a n n h i n  and two o t h e r  major c a r o t e n o i d s .  The  
a b s u r p t i a i  spectrum of s p i r i  11o::anthin f r o m  T t > z O C i i j ~ s a  

.rc-.~.ei.+crstr--~na 15 shown i n  Fiqure 11-13. The spectrum of 
spir  i l1~i : :a r t t l - r in  f r o m  t h e  b a c t e r i a  unde r  t h e  qypsum c r u s t  was 
,dentical. One of the other major- C a r G t e n o i d s  a p p e a r e d  as a 
yellovr +est w h i c l i  ran sliqhtly atread of s p i r i l  1uxant t ; in  on ttie 
chr-umatoyrams. i T h 1 . j  c a r c j t e n o i d  was not c o m p l e t e l y  separated 
f r - a m  s p i r i  1 lo . :Lmtl ; i r i  G ~ I  zturninit. 1 The o t h e r  malor c d r o t e n u i d  was 
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a very tightly ads- Led (Rf=O) orange pigment. The absorption 
spectrum of this orange carotenoid is shown in Figure IX-15. 
Neither the yellow nor the orange carotenoid was identified. It 
is possible that one or both of these are cyanobacterial 
pigments, since the culture from which the extract w a s  made still 
contained cyanobactwia and the initial extract in 90 percent 
acaLone contained about 40 percent as much Chl g as Bchl 
e, judging from the absorption spectrum of the extract. 

Although an extract from Chroaat iun v ibasuw was used as 
the standard for rhodopin, the spot for spirilloxanthin in the 
chromatograms of the C, vinosua .xtract w a s  slightly larger 
than the spot Cor rhodopin. An absorption spectrum obtained from 
the spot identified as rhodopin i s  shown in Figure 11-16, 

TO complete the identification of the bacterial cells 
obtained from Big Soda Lake, they w e r e  examined microscopically 
and are described a5 f~llows: Individual cells that contain 
intracellular sulfur qlmbules w e r e  spherical and abwt  2-3 urn 
in diameter. Slime capsules surruunded the cells that occur as 
diplococci tetrads. and larger clumps. Gas vacuoles were 
absent; motility w a s  not observed, Pigments were Bchl 5 
and okenone. Except for the lack of motility, these 
characteristics describe T h i o c y s t i s  geiafinosa, which m a y  be 
itnmobile in natural samples (Pfennig and Trueper, 1974). These 
bacteria w e r e  therefore identified a5 T h i o c y s t i s  gelatinosa. 

The  bacteria grown from the gyrisum crust were also examined 
microsacpically and m a y  be described as follows: Cells, 
c-mtaininq intracellular sulfur globules, w e r e  thick rods (3-4 
urn wide and 6-9 urn long; dividing cells sometimes m o r e  
than 10 urn l o n g ) .  Endividua! cells were colorlesr; clumps 
were pink-violet. Cells fa-med large aggregates, but individual 
cells w e r e  motile, especially @hen the aggregates were disrupted. 
Slime capsules and gas vacuoles were absent. The cells occur in 
highly saline environments and w e r e  grown in medium with 15 
percent NaCl. Bchl a_, spirilloxanthin, and 2 unidentified 
carotenoids were found in zn extract from an enriched culture. 
On the basis of these characteristics, these bacteria wet-e 
probably Chromati urn b u d s r i  although the caratenoid prcsent 
in described strains of Chronatium budari is rhodopinal 
rather than spirilloxanthin (Pfennig and Trueper, 1974; Trueper 
and Pfennig, 1978).  Rhodopin has a single absorption maximum at 
498 nm (Good, 1?73) and therefore cannot be m e  of the 
uni dent i f i ed carotenaids. 
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Figwe 11-1s- Absorption spectrum of 

orange carotenoid CRf = 0 )  
from bacteria i n  gypsum 
crustcin 90% aceton4 

Figure 11-16. Absorption spectrum 
ob rhadopin (from C ~ P O D ~ ~ U D  

v i n o s u r )  in acetone, 
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Rf color rant i t i t  

0.56 Pink ak.nanr 

~ 

Chrowfiam v i w r w  
(Rhodopin mtmdud) 

Table I S - 1 .  Separation of bacterial carotenoids on silica gel 
with Rf values, colors of observed spots and the identities oi 
t h e  spots listed under each b a c t e r i a l  species. 
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l8blo  11-2- (kpurtion of brctwial cmotmoidr on alumina with 
Rf values, colors of ob-vnl 1pot8 urd the identities o+ t h e  
spots listed undw each brctmrial rgwirn- 
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