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Abstract-The mam pigment of Breuzbacterzum lznens 1s the aromatic carotenold 3,3’-dlhydroxy-lsoremeratene (4, & 
carotene-3,3’-dlol) Minor components are the correspondmg monohydroxy compound and the hydrocarbon, 
lsoremeratene The dthydroxyphenyl carotenotd IS responsible for the colour shift from yellow-orange to pink-purple 
observed when colontes of B hrzens are covered with an alkaline solution The mass spectra of the three pigments and 
of the acetates of the hydroxy compounds are presented for the first time 

INTRODUCTION 

The flexlrubm-type pigments, discovered m certain ghd- 
mg bacteria [l, 21, seem to have a rather narrow 
dlstrlbutlon among prokaryotes They occur, wtth shght 
structural modlficatlons, m terrestrial Cytophaga-hke 
bacteria, Including Flexzbacter and Sporocytophaga, and 
m several of those flavobacterla possessmg DNA with a 
low guanosme +cytosme content [3-51 Thus the 
flexlrubm-type pigments are valuable chemosystematlc 
markers, particularly as their presence can be dem- 
onstrated by a simple test Thus when the yellow or orange 
colonies are covered with a 20”/ potassium hydroxide 
solution, they immediately change their colour into purple 
or brown This colour shift can be fully reversed by 
replacing the potassium hydroxide with hydrochloric 
acid It 1s a phenolate reaction and thus not necessarily 
specific for the flexlrubm-type pigments The rehablhty of 
the colour reaction as an indicator of the taxonomlc 
groups mentioned above obviously depends on the ab- 
sence of pigments with a similar behavior m unrelated 
bacteria With Gram-negative bacteria, we have not found 
any other yellow strains which change their colour upon 
addition of alkali But there are several Gram-positive 
bacteria with tha property Our attention was kindly 
drawn by Dr H J Parish, Leeds, to Breutbacterzum Iznens, 
for which it was known for some time that its yellow 
colonies quickly turn into pmklsh purple if covered with 
an alkaline solution As apparently nothing was known 
about the pigments of this organism, we decided to 
investigate the matter It turned out that B lznens contains 
unusual aromatic carotenolds 

*Part 24 m the senes “Investlgattons on Metabohtes of Mtcro- 
orgamsms” For Part 25 see Achenbach, H, Bottger-Vetter, 
A, Fautz, E and Retchenhach, H Arch Mzcrobrol (m press) 

$Present address Lehrstuhl fur Pharmazeutlsche Chemle, 
Umversitat Erlangen-Numherg, D-8520 Erlangen, West 
Germany 

RESULTS 

B lznens contamed three pigments, m order of mcreasmg 
polarity (SI gel) 1,2, and 3 Dilute solutions of all three 
pigments were yellow-orange and had virtually identical 
electron spectra (1&yH 454 nm) Addltlon of alkali shlf- 
ted the absorption maximum of 3 by 12nm to longer 
wavelengths (MeOH) This bathochromlc shift could be 
fully reversed by the addition of acid With 1 and 2, alkali 
did not gve a bathochromlc effect 

R 

2 R=H,R.OH 
3 R,W=OH 

In the mass spectrum of the main component, 3, the 
[M]+ was at m/z 560 (C40H4s02) The [M]+‘s of 2 and 
1 were 16 and 32 amu lower, correspondmg to Cqo H,, 0 
and Cd0 H,s , respectively In all three spectra, the ions 
[M -92]+, [M - 106]+ and [M - lSS]’ were significant, 
as IS characterlstlc for carotenolds [6-81 Strong frag- 
ments were observed at m/z 133 (l), 133 and 149 (2), and 
149 (3) These fragments are characterlstlc for carotenolds 
with aromatic end groups [6, 7,9], analogous fragments 
are found also m other w-phenyl polyenolc compounds 
like the flexlrubm-type pigments [lo] From these data it 
was concluded, that the pigments of B lznens were blcychc 
aromatic C,, carotenolds. and that 3 contained two 
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monohydroxylated trlmethylbenzene rmgs, 2 one such 
ring besldes a non-hydroxylated rmg, and 1 two non- 
hydroxylated rmgs To confirm these conclusions, 2 and 3 
were reacted with acetic anhydride m pyrldme As ex- 
pected, 2 gave a monoacetate ([Ml + m/z 586) and 3 a 
dlacetate ([Ml + m/z 644) The mass spectra of both 
compounds showed the characterlstlc fragments 
[M-42J+,[M-92]+,[M-106]+,m/z 149and,m the 
case of 2 acetate, m/z 133 

Among the aromatic carotenolds described m the 
literature (for a review, see ref [l l]), the three pigments 
remerapurpurm (4), rerueratene (5), and lsoremeratene (l), 
which were orlgmally isolated from the sea-sponge 
Remera purpurea, or Hahchondrra pamcea [ 121, had the 
same elemental composition as pigment 1 

Comparison of the electron spectra of these com- 
pounds showed that pigment 1 [ n$$nrn 430 (sh), 
462,492] was neither remerapurpurm [ A$,$ nm 464 (sh), 
487, 519 [ 1311 nor remeratene [1’$6 nm 457 (sh), 476, 

507 [13]], but that it did have the same absorption 
characterlstlcs as lsoremeratene [A$: nm 430 (sh), 463, 
492 [13]] 

The pigments lsoremeratene (I), 3-hydroxy-lso- 
remeratene (2) and 3,3’-dlhydroxy-lsoremeratene (3) have 
been described from the bacterium, Streptomyces 
medlolam [ 14, IS] To prove the identity of these pigments 
with 1, 2 and 3, respectively, from B Imens, the Strepto- 
myces pigments were isolated from an extract kindly 
supplied by Dr Arcamone, and compared with the 
correspondmg pigments from Brevrbacterzum by high 
performance TLC and HPLC There was full agreement 
m all three cases We then prepared the peracetates of the 
hydroxylated Streptomyces pigments and compared them 
with the acetates of 2 and 3 from B hens Again, there 
was complete agreement In addltlon, the IR-spectra of 3 
and dlhydroxy-lsoremeratene were m agreement We 
therefore conclude that 1 1s lsoremeratene, 2 its 3- 
hydroxy-, and 3 its 3, 3’-dlhydroxy derlvatlve The exact 
posltlon of the hydroxyl group(s) was deduced from the 
followmg observations (a) The hydroxyls must be located 
on the aromatic nucleus This was shown by the strong 
[M - 149]+ fragments m the mass spectra, and by the 
acidic nature of the hydroxyls, which easily form methyl 
ethers and phenolates (b) The electron spectra allowed 
only a 1,2,5-methylatlon pattern of the aromatic nucleus 
[13], therefore, the hydroxyls must be located at either 
posltlons 3 or 4 (c) The para (3) posltlon was mdlcated by 
the blue oxldatlon product of 3, which has been demon- 
strated to have a para-qumold structure [9], and by the 
pronounced bathochromlc shift m the electron spectrum 
caused by the phenolate reactlon, which can be expected 
only if the hydroxyl was m the para position (d) Finally, 2 
and 3 and then acetates appeared to be Identical with the 
above-mentioned Streptomyces pigments, for which the 3- 
posltlon of the hydroxyls had been unequivocally proved 
by oxldatlve degradation, yielding 2, 3, 6-trimethyl-4- 
hydroxy benzaldehyde, and by total synthesis [ 151 

DISCUSSION 

The pigments of B hnens are aromatic carotenolds 
They are thus chemrcally completely different from the 
flexlrubm-type pigments [3], although they @ve a similar 
colour reaction with alkah The occurrence of the latter IS 
therefore still limited to certain Cytophaga-like bacteria 

and to flavobacterla with DNA with a low guanosme 
+ cytosme content [4] 

There are several simple methods which can be used to 
dlstmgulsh between phenohc carotenolds and flexlrubm- 
type pigments While the mam absorption maxima are m 
approximately the same range (ca 450nm m ethanol, at 
least as far as the more common octaene flexlrubm-type 
pigments are involved), the bathochromlc shift upon 
addition of alkali 1s much smaller m the case of 3,3’- 
dlhydroxy-lsoremeratene (12 nm) than with flexlrubm- 
type pigments (38 nm) Therefore colonies of B hnens 
change colour from yellow-orange to pink-purple when 
covered with potassium hydroxide solutton, and not from 
yellow-orange to red or brown-violet as 1s the case with 
Cytophaga-like bacteria The mono-hydroxylated lso- 
remeratene (2) does not give a colour reaction with alkah, 
as reported m the literature [9] Further, the phenohc 
carotenolds, particularly the dlol, are relatively sensltlve to 
oxldatlon [9] On thin-layer chromatograms they quickly 
turn light blue when exposed to Iodine vapours, and 
solutions of crude or purified pigment m acetone may 
soon become deep green or blue, even when stored m the 
deep-freeze The flexlrubm-type pigments are more stable 
m solution, although they too become brown or deep 
violet on thin-layer chromatograms when exposed to air 
As the biosynthetic pathways are different for the two 
classes of pigments, it 1s also possible to dlstmgulsh 
between the two by allowmg the bacteria to mcorporate 
radloactlve specific precursors mto their pigments [16] 

Isoremeratene and its hydroxy derlvatlves seem to be 
relatively unusual natural compounds Isoremeratene 
itself was orlgmally described m 1937 as leprotene from a 
strain of Mycobactenum leprae, later identified as M phler 
(for a survey of the older literature m this field, see ref 
[17]) The structure of leprotene was not known at that 
time, but Its identity with lsoremeratene was immediately 
suspected and soon proved by comparison with authentic 
samples [l&20], after lsoremeratene had been isolated 
from the sea-sponge Remera purpurea and its structure 
had been elucidated as the first natural aryl-carotene [ 12, 
181 In addition to the examples mentioned above, 
lsoremeratene has been found so far only m several other 
strains of Mycobacterwm [17], m the phototrophlc 
bactermm ‘Phaeobzum’, a brown Chlorobrum species [21], 
m Corynebactertum fasczans [22] and m Streptomyces 
medzolam [14, 151 The two hydroxy derlvatrves of 
lsoremeratene were dlscovered m the latter organism, but 
seem not to have been found m any other orgamsm smce 
With the discovery of 3-hydroxy-, and 3,3’-dlhydroxy- 
lsoremeratene m B hnens, these compounds are now 
readily accessible 

The very restricted and patchy dlstrlbutlon of ISO- 
remeratene and its hydroxy derlvatlves has two interesting 
aspects Firstly, the hydroxy compounds could be useful 
for the diagnosis of B hnens because of the characteristic 
colour reaction of the dlol with alkali Preliminary results 
indicate that all tested strains of B lznens produce these 
pigments, but it remains to be seen whether the pigments 
are really hmlted to the species To answer this question, it 
1s helpful that the taxonomy of Breulbacterlum IS presently 
under study [23] Secondly, m spite of Its occurrence m 
obviously unrelated organisms, lsoremeratene could be a 
valuable chemosystematlc marker, because there are 
sufficiently large gaps between the different groups con- 
tammg this unusual carotene Most orgamsms from 
which lsoremeratene has been isolated so far belong into 
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