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Summary. The three species of the genus Ectothiorhodospira have been found to 
contain the carotenoids of the normal spirilloxanthin series, spirilloxanthin itself 
being the major component. While the carotenoid composition of E. mobilis and 
E. shaposhnikovii is not sufficiently different to allow interspecifie differentiation, 
that of E. halophila differs from the two former species by its lack of rhodopin, and 
its higher amount of spirilloxanthin. 

At  present,  the phototrophic  bacterial  genus Ectothiorhodospira Pclsh 
comprises the three species E. mobilis (Pelsh, 1936; Triiper, 1968), E. 
halophila (Raymond  and  Sistrom, 1967, 1969) and  E. shaposhnikovii  
(Cherni et al., 1969). The most  impor t an t  differentiating properties of 
these species are their  relat ion to salinity,  deoxyribonucleic acid (DNA) 
base ratios, and  certain i tems of the fine structure.  

The purpose of this s tudy  was to find out  whether  the carotenoid 
composit ion of the three species could supply addi t ional  da ta  useful in  
their  taxonomic  differentiation. 

Methods 

E. mobilis strains SMG 237 (neotype strain, Pfennig and Triiper, 1971b), 
SMG 238, SMG 239, SMG 240, and E. shaposhnikovii strain SMG 2~3 (type strain) 
were grown in the light in a modification of Pfennig's medium according to Triipcr 
(1970). E. halophila strain SMG 2 ~  (type strain) was grown in the light in medium A 
of Raymond and Sistrom (1967), supplemented with 22~ NaC1, 0.1~ Na~S20~and 
0.1 ~ sodium sueeinate. All strains are kept at the Sammlung fiir Mikroorganismen, 
GSttingen. Cells were harvested by centrifugation, washed with water of the same 
salinity as the respective medium, and stored at -- 20 ~ C. 

For extraction and saponification of the pigments, the frozen cells were thawed, 
extracted with acetone and finally with a small volume of methanol until no more 
pigment was dissolved. The combined extracts were dried in vacuo, dissolved in 
ether and saponified with an equal volume of 10~ KOtt in methanol for about 1 h. 
The unsaponifiable matter was transferred to ether. The ether solution was dried 
again in vacuo and the pigments were redissolved in petroleum ether for chromato- 
graphic purification. 
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Table 1. Adsorptive properties o/the carotenoids o/Ectothiorhodospira strains 

Compound Eluent required 
from neutral 
aluminum oxide 
activity grade 2 
(in petroleum 
ether) 

Rr values on Schleicher & Schiill 
paper No. 288 

2o/o ~ 5% 10% 20% 

Neurosporene 50/0 ether 
Chloroxanthin 80/0 acetone 
Lycopene 15-- 20~ ether 
Rhodopin 8-- 10~ acetone 
Rhodovibrin 10~ acetone 
5~onodemethyl. 20o/o acetone 

spirilloxanthin 
Spirilloxanthin 5o/o acetone 
Di-OH-lycopene b 250/0 acetone 

0.79 

0.65 0.82 
0.60 

0.52 
0.43 
0.33 

0.33 0.65 
0.34 

a Acetone in petroleum ether. 
b For: 1,1'-dihydroxy-l,2,1',2'-tetrahydrolycopene. 

Chromatography and purification of the pigments: The pigments were first 
separated on columns filled with neutral aluminum oxide, activity grade 2 (Brock- 
mann and Schodder, /941; Liaaen-Jensen et al., 1958; Liaaen-Jensen, 1962) and 
then purified a) on paper with aluminum oxide filler, Schleicher & Sehiill No. 288 
(Jensen and Lio~aen-gensen, 1959), b) on Silicagel G (Merck AG) thin layer plates. 

Identification of the pigments: The purified pigments were identified by their 
absorption spectra, their adsorptive properties (eluent required on aluminum oxide 
columns, R~ values: cf. Table 1), their partition coefficients (Petraeek and Zech- 
meister 1956, Liaaen-Jensen, 1962), and by coehromatography with authentic caro- 
tenoids. The absorption spectra were recorded on a Unicam spectrophotometer, 
model Sp 700. 

Results 

Table 2 shows tha t  all invest igated Ectothiorhodospira strains belong 
to the spirilloxanthin series, group 1, according to Schmidt  et al. (1965). 
Sph'i l loxanthin is the main  produc t  in the carotenoid biosynthesis of  
these organisms (61--88~ of  total  carotenoid content).  Excep t  in E. 
halophila, rhodopin is synthesized in relatively large amounts  (10--20~ 
while all other intermediates of the biosynthetic  pa th  of spirilloxanthin 
are found in remarkably  smaller amounts  (below 10~ Anhydro-rhodo-  
vibrin was below the limits of  detection. 

Discussion 

The carotenoid composit ion of  the Ectothiorhodospira strains tested 
(Table 2) reveals a ra ther  uniform picture. An  earher determinat ion of  the 
carotenoids in E. shaposhnikovii (Kondrat ieva and Malofeeva, 1964; 
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Table 2. Composition o/carotenoids o/Eetothiorhodospira strains 

Species strain Carotenoid in ~ of total 

E. mobilis NMG237 b (0.5) 1 9 19 4 5 62 
SMG237c 6 19 9 5 61 
SMG238 4 13 = 6 4 73 
SMG239 (0.5) 1 5 19 ~ 2 (0.5) 72 
SMG240 (0.5) 1 5 10 ~ 2 6 76 

E. halophila SMG244 a (0.5) 1 (0.5) ~ 1 4 88 (0.5) 
O 

E. shaposhnikovii SMG2~3 7 18 ~ 3 2 70 (0.5) 

a See Table 1 b. 
b Batch, 1968. 
o Batch, 1971. 
d The missing percentage is due to denaturation products that occurred during 

extraction. 

then, the species was still called the "autotrophic Rhodopseudomonas 
spee.") had shown a carotenoid composition of 60/0 lycopene, 21.2~ 
rhodopin, 24,40/0 P-481, 8.5~ rhodovibrin, 12.2~ monodemethylated 
spirilloxanthin, and 27.70/0 spirilloxanthin. The differentiation between 
anhydro-rhodovibrin (P-481) and cis-isomers of spirilloxanthin is, how- 
ever, difficult (Raymond and Sistrom, 1967). During the present investi- 
gation we always found carotenoid fractions with the absorption maxima 
458, 483, and 518 nm in petroleum ether in amounts of about  t0--25~ 
These fractions were isolated and subjected to iodine catalysis 
(Liaaen-Jensen, 1962). The resu]ting stereoisomeric set was typical for 
spirilloxanthin. Therefore, we believe tha t  the amount  of P-481 found 
by Kondrat ieva and Malofeeva (1964) has to be added to the 27.7~ 
spirilloxanthin, thus arriving at  values close to those given for spirillo- 
xanthin in Table 2. 

A comparison with the other genera of the Chromatiaceae (synonym 
Thiorhodaceae), tha t  belong to group 1 (the normal spirilloxanthin 
series), indicates tha t  the Ectothiorhodospira strains tested have to be 
grouped into subgroup 1 A (Schmidt et al., 1965). This subgroup comprises 
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those species, whose major carotenoid is sphdlloxanthin. These are Amoe- 
bobaeter roseus (synonym Rhodotheee eonspicua, Pfennig and Trfiper, 
1971a), A. pendens (synonym Rhodothece penden8), and Thiocapsa roseo- 
persicina (synonym T. / lor idana;  also Thiopedia sp. strain Lascelles be- 
longs to this species). 

Within subgroup 1 A the two species E. mobilis and E. shaposhnikovii 
are unique in possessing a rhodopin content as high as 10--20~ . E. halo- 
phila, lacking rhodopin, has a carotenoid composition similar to tha t  of 
Thiocapsa ~vseopersi~ina , also with respect to the relatively higher 
spirillox~nthin content. 

Thus, the carotenoid compositions of the three Eetothiorhodospira 
species, in spite of their basic similarity, allow specific differentiation of 
E. halophila. As a consequence, the most typical specific properties now 
~ E e  : 

E. mobilis. Salinity requirement between 2 and 14~ NaC1; a special 
textured outer layer of the cell wall; a polar tuf t  of flagella; a DNA base 
ratio of 67.3--69.9 moles ~ guanine plus cytosine (Trfiper, 1968; 
Remsen et al., 1968) ; a rhodopin content of 10--20~ of total  carotenoids. 

E. halophila. Salinity requirement between 14 and 22O/o NaC1; a single 
sheathed flagellum (Raymond and Sistrom, 1967); a DNA base ratio of 
68.4 moles ~ guanine plus cytosine; a rhodopin content bclow l~ of 
total  carotenoids. 

E. 8haposhni/covii. ~o  salinity requirement; a smooth cell wall (S. W. 
Watson, C. C. Remsen, t t .  G. Trfiper, unpublished); a DNA base ratio 
lower than tha t  of the other two species, namely of 61.2--62.8 moles ~ 
guanine plus cytosine (R. Matheron, personal communication) ; a rhodo- 
pin content of 10--20~ of total carotenoids. 
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