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Leslie Sise Leutwileri and  D.J. Chapman

Dopartment qf-Biolqg7, Uhiversip ofCalijbrnia, Les Angeies, Cblij?,mia 90024. U.S.A.

   The  conversion  of  nicotine-induced  pools of  radioactive  lycopene-i4C into chloro-

bactene was  studicd  in Chlerobium limicela. Removal  of  the  nicetine  and  rcsuspensien  of

cells  in radioactivity-free  medium  in the  absence  or  presence ofdiphenylamine  (to prevent
further carotenoid  synthesis)  indicates that the  lycopene is mctabolized  te chlorobactene.

Results suggest  that  somc  older  lycopene molecules,  in the  presence  of  nicotine,  become
inaccessib]e  to  the  carotcnogenic  enzymes,  and  arc  not  furthcr metabolizcd  upon  rcmoval

ofthe  inhibitor, Leucine is not  eflectively  incorporated into caretenoids  in C. Iimicela,
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    The  anaerobic  photosynthetic bacteria synthesize  carotenoids  which  differ in
chemical  structure  from those  found in aerobic  organisms.  The  cyclic  carotenoids

characteristica]ly  contain  aromatic  end  rings  [e.g., chlorobactene  (ip,ip-carotene) ]
in contrast  to the  cyclohexenyl  end  rings  of  aerobic  organisms  [e.g., 6-carotene
(fi,fi-carotene) ]. Cooper et  al. (1963) have proposed that  the  aryl  ring  systems  of

carotenoids  may  be formed by the  aromatization  with  accompanying  methyl  migra-

tion  ofacyclic  precursor [e,g., 7-carotene (fi,W-carotene) and  6-carotene]. Moshier

and  Chapman  (1973) showed  that  the  ary1  ring  of  chlorobactene  isolated from.
Presthecochloris aestuarii  [formerly enloropseudbmonas etltytica  (Pfennig and  Biebl I976) ]
is synthesized  via  the mevalonic  acid  pathway  and  involves the  migration  of  one  of

the  methyl  grothps originating  from  the  C-3' of  mevalenic  acid.  The  ebjective  of

this  work  was  te  determine  the  precyclization intermediate.

    Previous work  with  Chlorobium limicota (Leutwiler and  Chapman  i979) showed

that  nicotine  inhibited the  production ef  the  aryl  carotenoid,  chlorobactene,  and

caused  a  corresponding  accumulation  ofthe  acyclic  lycepene  (ip,ip-carotene). Re-
moval  ofnicotine  and  resuspension  in nicotine-free  medium  brought  a  small  transient

increase in the  amount  of  7-carotene, indicating the  pathway  for chlorobactene

biosynthesis proceeds through  lycopene and  the alicyclic  intermediate, 7-carotene.
Almost  all  of  the  lycopene which  accumulated  during nicotine  inhibition converted
to chlorobactene  on  removal  ofthe  inhibitor. However,  ifde novo  carotenogenesis

was  inhibited by adding  DPA  to cultures  resuspended  in fresh medium  after  removal

ofthe  nicotine,  the lycopene pool that  had  accumulated  in the presence ofnicotine
was  not  totally cyclized  to chlorobactene.  In order  to mere  closely  investigate this
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pessibility in C. timicola, radioactive  labeling experiments  were  performed with

acetate-2-14C.  These were  designed to examine  the  conversion  ofnicotine-induced

pools of  lycopene-i4C  on  removal  of  the  inhibitor. The  results  indicate that  the

pathway to chlorobactene  proceeds via  lycopene (di,di-carotene), and  provide support
for Kleinig's (1975) hypothesis of"assembly  Iine" carotenoid  biosynthesis,

                       Materials and  Methods

    Organism and  culture  conditions-Chterobium  limicola, f  thiosuijhtophilum strain

6230  (DSM 249), generously provided by Drs. N. Pfennig and  K. Schmidt, Institut
fur Mikrobiologie der Universitat G6ttingen, West  Germany,  was  cultured  on

Pfennig's Thiorhodaceae  medium  (Leutwiler and  Chapman  1979). Cultures (12
liters) were  grown  anaerobically  in the light at  250C for 14  days  as  previously
described (Leutwiler and  Chapman  1979). The  appropriate  amounts  of  a  1 M

nicotine  or  1 M  DPA  solution  in ethanol  were  added  aseptically  at  the time  of  ino-
culation.

    Chemicals and  selvents-Leucine-U-i4C  in O.OlN HCI  (320mCilmmol) and

sodium  acetate-2-i4C  (2 mCilmmol)  were  obtained  from New  England Nuclear,

Boston, MA,  U,S.A.  Organic  solvents  were  either  reagent  grade or  scintillation

grade as  appropriate,  unless  specified,  and  were  obtained  from Fisher Chemical,
Los Angeles, CA,  U.S.A,  orJ.T.  Baker, Orangeburg,  NJ, U,S,A,
    Liguid-scintillation spectrometly-Color quenching by caroteneids  was  eliminated

by bleaching, using  a  modification  ofthe  method  ofWalter  and  Purcell (1966), A

1 ml  se}ution  of  the  carotenoid  in petroleum ether  (b,p. 30-60eC)  was  added  te 1 ml

ofa  freshly prepared  benzoyl  peroxide  solution  (l g!40 ml  benzene). The  vial  was

capped  and  placed in sunlight  unti]  the  solution  was  colorless.  Then  5 ml  of  the

scintillation  cocktail  (3a70B from Research Products International Corp., Elk Grove
Village, IL) was  added  and  the  sample  was  counted  in a  Beckman  LS-150  liquid

scintillation  system.

    incubation ueJith radioactiveprecursot:s-For  labeling studies  with  inhibitors, the cells

were  incubated  in 18 liter cultures  for 96 hr with  acetate-2-i4C  (10"Cilmmol in

culture)  in the presence of2.5  × 1O-5 M  nicotine,  harvested, washed  free efthe  radio-

active  acetate  and  nicotine  and  resuspended  in fresh medium  (12 liters) containing

either  zero  or  5 × le+5 M  diphenylamine fbr 24 or  48' hr, respectively.

    Pigment extraction  andPurij7cation  Cells were  harvested according  to the procedure
of  Leutwiler and  Chapman  (1978) modified  from  Nakamura  (1965) and  then  ex-
'tracted

 and  saponified  in methanol  and  acetone  as  described previously (Leutwiler
and  Chapman  l979). Carotenoids were  purified to  constant  specific  activity  on

magnesium  oxide  : MNkieselgur  G  (1 : 1, w/w)  and  on  aluminum  oxide  GA  : MN
kieselgur G  (4 :3,  w/w)  thin layer chromatographic  plates and  developed in

acetone:benzene:petroleum  ether  (b,p, 30-600C) (1:1:8, vlv/v)  and  1-5%
acetene  in petroleum ether  (vlv), respectively.

    Pigments  were  initially identified from non-radioactive  cultures  by their electro-

nic  absorption  spectra  recorded  on  a  Beckman  Acta  CIII  recerding  spectrophote-

meter  and  their mass  spectra  recorded  on  an  AEI  MS-9  mass  spectrometer  at  70 eV

ionizing voltage,  I700C inlet temperature  (Leutwiler and  Chapman  1979).

Q/uantitative assay  was  performed  using  the El.%. values  ofDavies  (1965).
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