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Abstract 

Biodegradation of aromatic compounds by Rhodopseudomonas blastica and Rhodospirillum rubrum appears to be 
lacking in the literature. The above species grew phototrophically (illuminated anaerobic conditions) on a variety 
of organic compounds. They were found to degrade benzoate, benzyl alcohol, 4-hydroxy-3,5-dimethoxybenzoate 
(Syringate) and 4-hydroxy-3-methoxybenzoate (vanillate). The ability of the above species to photocatabolize 
aromatic compounds indicates that these organisms may be ecologically significant as scavengers of aromatic 
derivatives in illuminated anaerobic habitats in nature. 

Introduction 

A diverse array of aromatic compounds exists in nature, 
primarily as substances released from decaying plant 
material (Sleat & Robinson 1984; Berry et al. 1987; 
Leahy & Colwell 1990; Wright & Madigan 1991). 
Methoxylated aromatic compounds are structural com- 
ponents of peats, coal and lignin; the second most abun- 
dant organic residue on Earth (Sarkanen & Ludwig 
1971). Purple nonsulfur bacteria occur in a variety of 
habitats where they carry out an oxygenic photosynthe- 
sis (Shoreit et al. 1989, 1992; Imhoff & Trtiper 1991). 
Recently numerous studies have shown that substituted 
benzoates including chlorinated, methoxylated, nitro-, 
and aminoaromatics and also aromatic hydrocarbons 
and phenolic compounds, can be broken down under 
anaerobic conditions by microorganisms in sediments 
from the Atlantic Coastal Plain and isolates of pho- 
totrophic bacteria (Evans & Fuchs 1988; Harwood & 
Gibson 1988; Kamal & Wyndham 1990; Wright & 
Madigan 199 l; Blasco & Castillo 1992; Liu & Suflita 
1993). In this paper, some isolates of Rhodospirillaceae 
resistant to aromatic compounds are described and 
characterized. They were isolated from Aswan-High- 
Dam-Lake (Egypt). The utilization of benzoate, benzyl 
alcohol and vanillate by Rhodopseudomonas blastica 
and Rhodospirillum rubrum is particularly notewor- 

thy. This is the first report of photocatabolism of these 
substrates. 

Materials and methods 

Culture and cultural conditions 

Phototrophic purple nonsulfur bacteria were isolat- 
ed from the Aswan High Dam Lake and identi- 
fied as Rhodopseudomonas blastica, Rps. palustris, 
Rhodobacter capsulata and Rhodospirillum rubrum 
(Shoreit et al. 1989, 1992). All isolates were main- 
tained on modified synthetic medium RCVB (Tayeh 
& Madigan 1987) in which acetate replaced malate as 
sole carbon source. For testing the bacterial growth on 
aromatic compounds, the medium RCVB was modi- 
fied by omitting acetate, EDTA, vitamins and adding 
0.35 %, wt/vol (Final concentration) sodium bicarbon- 
ate, 0.05 % sodium ascorbate and an aromatic com- 
pound at 1 to 3 mM final concentration. Inoculated 
liquid cultures (3 to 5 % inocula), in completely filled 
screw-cap test tubes, were placed in darkness for 8 
to 12 hours to allow for reduction of the medium and 
then incubated at 35°C in light at an intensity of 4500 
to 5000 lux. 



72 

,-4 
E 

0 

-.~ 

a x 

mg "~g 

0.6/12 

X ~1-1 * 
mM Abs 

3.oli.s 'kRhodops¢udomonas bla~tica 

0 . 5 / ~ 0 t , . ~ .  ~ - 

0.316 

I oRh~dopseudomonas p ~ / s  12.511.25 

' ' "~ - - ~  1.510.75 

0 .2 /4  ~ . ~ ~ .  >: , o 1 . 0 / 0 . 5  

~- / / ' ,  \ 1, / "  \ '= 
o . . .~  ° ' \~- . . .  ~ ~ . - , ""~ 

j i I , i \ A _ . _ J _ ~  O/0  0 

-~ 0:5110, ~ ". \ - 2 . 5 / 1 . 2 5  = 

<~ 0 418 \ ' ,  , . . . . . .  / "  }}~ ,, 2 . 0 1 1 . 0  o 

5-----""I : N ~ 
• - . - i / ;~I- \ '. >~ -~<'"¢~---~---%1.5/0.75 

I . / ° 
0.214- ~'>' ," ' ,  ~ /t- ,x___~.~ .. / 1 o'o s 

01 ' ° " 0 / 0  / 1 .  >: , • . ,  \ H- y ., , ~ . \  -. . 5 ,  . 

• / : II/ " " 

. .  

t ,  ~ ~-° . . . . . .  / / / , '  ~ . . ~  " ~  ' . .  

0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 /4 5 6 7 8 9 i0 ll 

Time (days) 

Fig. l. Growth of Rhodospirillaceae on benzoate plus growth limiting levels of acetate. ~, acetate concentration (mM). o, benzoate 
concentration (mM). *, growth (A660). A biomass (mg protein/ml). ×, Bchl a concentration (#g/ml). 

Analyses 
Bacterial growth was measured turbidimetrically and 
increases in both protein and dry weight were esti- 
mated. Cell densities were measured at 600 nm with 
spectronic-601-spectrophotometer.  Changes in the dry 
weight were followed as described by Madigan & Gest 
(1979). Cell protein content, were estimated by the 

method of Lowry et al. (1951), fol lowing extraction 
by boiling in 1 N NaOH for 20 min. Concentrations 
of  all aromatic compounds were estimated from their 
UV absorption in the growth medium following the 
establishment of standard curves relating concentra- 
tions to UV absorbance. The concentration of  benzoate 
was determined by using its absorption maximum of  
276 nm, the concentration of  vanillate was estimated 
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from the absorption maximum at 285 rim, and the con- 
centration of  acetate was estimated by its absorption 
at 265 nm (Boltz et al. 1978). Bacteriochlorophyll  a 
content was determined by extraction of  cell pellets 
with ice-cold methanol for 1 h at - 20°C (in darkness), 
fol lowed by centrifugation of  the mixture, and final- 
ly reading the absorption of  the methanol extract at 
770 nm. Absorbance  was converted to concentrations 

of  Bchl. by using the extinction coefficient of46.11 g -  I 
cm - I  for Bchl a in methanol (Smith & Benitez 1955). 
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Table l. Utilization of aromatic compounds for photoheterotrophic growth of  different genera 
and species of Rhodospirillaceae*. 

Substmte a Isolates and growth response b 
Rps. Rps. Rhodobacter Rhodospirillum 

blastica palustris capsulata rubrum 

Control (Acetate) ++++ ++++ 
Control (no substrate) 
Benzoate ++++ ++++ 
Benzyl alcohol ++ ++ 
3-chlorobenzoate + + 
3,4-Dimethoxybenzoate 
3 -methoxybenzoate 
N-benzylglycine (Hippurate) + + 
4-hydroxybenzoate 
4-hydroxy-3,5-di- 

methoxybenzoate 
(syringate) ++ ++ 

3,4,5-trimethoxybenzoate 
4-hydroxy-3-methoxybenzoate 

(Vanillate) ++++ ++++ 

++++ ++++ 

+++ +++ 

++ ++ 

++ + 

++ ++ 

* All isolates was grown in media containing bicarbonate. 
Incubation time was 30 days. 
a: All substrates were supplied at a final concentration of 3 mM, 
except for acetate (at 30 raM). 
b: Optical density at (660 nm) were as follows 
-, 0.05; +, 0.06 to 0.1; ++, 0.11 to 0.3; +++, 0.31 to 0.6; ++++, > 0.61. 

Results  and discussion 

Utilization of aromatic compounds by pure cultures of 
different genera and species of Rhodospirillaceae 

Four species belonging to three genera were tested for 
utilization of  benzoate and different benzoate deriva- 
tives, at 3 mM each, (benzyl alcohol, 3-chlorobenzoate, 
3,4-dimethoxybenzoate,  3-methoxybenzoate, N-benzyl-  
glycine (hippurate), 4-hydroxybenzoate,  4-hydroxy- 
3,5-dimethoxybenzoate (syringate), 3,4,5-trimethoxy- 
benzoate and 4-hydroxy-3-methoxybenzoate  (vanillate)). 
The results in Table 1 show that the growth ofRps, blas- 
tica, Rps. palustris, Rhodobacter capsulata and Rho- 
dospirillum rubrum was supported photoheterotrophi- 
cally on benzoate as a sole carbon source. 

Thus, Rps. blastica, Rhodospirillum rubrum and 
similarly Rhodomicrobium vannielii (Wright & Madi-  
gan 1991), Rps. palustris (Harwood & Gibson 1988), 
Rhodocyclus purpureus, (Pfennig 1978), and R. ful- 
rum (Pfennig et al. 1965) can now be regarded as the 

anoxygenic phototrophic bacteria known to be capa- 
ble of  benzoate catabolism. Benzyl-alcohol  appears 
to be used by all species tested in this report, but 
less efficiently than benzoate. This represents, to our 
knowledge the second report  after Wright  & Madi-  
gan (1991), who stated that benzyl alcohol was pho- 
tocatabolized by only one out of  five R. vannielii 
strains tested. Anaerobic benzyl-alcohol  catabolism by 
bacterial pure cultures is not common and has been 
reported for only one other bacterium, a denitr ify- 
ing Moraxella species isolated from soil (Will iams 
& Evans 1975). It is thus possible  that Rps. blast# 
ca and Rhodospirillum rubrum are ecological ly sig- 
nificant as consumers of  benzyl-alcohol  in nature. 
Of the other aromatic compounds tested, vanillate 
and syringate were better growth substrates for the 
two species of  Rhodopseudomonas (OD660>0.6, 0 .1 -  
0.3) than for the Rhodobacter strain (OD660 0.1-0.3, 
0.1-0.3) and the Rhodospirillum isolate (OD660 0 .1 -  
0.3, 0.06-0.1). When the other derivatives of  ben- 
zoate (3,4-dimethoxybenzoate,  3-methoxybenzoate,  4- 



hydroxybenzoate  and 3,4,5-trimethoxybenzoate) were 
offered as a carbon source, no growth was observed 
by the three representatives of  the Rhodospiril laceae. 
However, Rhodopseudomonas species exhibited l imit-  
ed growth on 3-chlorobenzoate and on hippurate each 

(OD660 0.06-0.1).  

Growth and pigment synthesis by different genera and 
species of RhodospiriIlaceae grown on benzoate and 
vanillate 

The growth on acetate-benzoate or acetate-vanillate 
was examined in the cultures of  Rps. blastica, Rps. 
palustris, Rhodobacter capsulata and Rhodospirillum 
rubrum in which acetate was present in growth limit- 
ing amounts. Figure 1, shows that in most cases ben- 
zoate was apparently catabolized faster than acetate. R. 
rubrum, however catabolized benzoate less efficiently 
than acetate. The pattern of  growth on acetate-vanillate 
showed that acetate utilization was initiated before the 
util ization of  the aromatic compound vanillate (Fig. 2). 
However, as the vanillate catabolism almostly com- 
menced, the rate of  Bchl a synthesis reached the steady 
state (4-6  #g/ml)  and accompanied by almost constant 
value in protein contents and turbidity. However, at the 
end of  the experiment,  substantial amounts of  vanillate 
still remained in the medium (--~ 0.75 mM) (Fig. 2). The 
above results suggest that benzoate degrading enzymes 
are present in vanillate grown cells of  all cultures 
tested. Organotrophic anaerobes, e.g. Acetobacterium 
woodii, catabolize methoxylated aromatic compounds 
(syringate & vanillate) via demethoxylation,  yielding 
free methanol which is then used as an acetogenic sub- 
strate (Bache & Pfennig 1981). This conclusion was 
also reached by Frazer & Young (1986) in experiments 
involving the util ization of  a 14C-labled methoxy sub- 

stituent of  vanillic acid under anaerobic conditions. 
If  the above tested phototrophic bacteria, catabolize 
vanillate or syringate via demethoxylation,  they may, 
in addition, util ize methanol as a photoheterotrophic 
growth substrate (Quayle & Pfennig 1975). Exoge- 
nously supplied methanol (up to 7 mM final concen- 
tration) had no inhibitory effect on the growth of  the 
above tested species with benzoate or vanillate. Also, 
the presence of  r ibulose diphosphate carboxylase in 
the methanol-grown organisms at specific activity of 
fourth-fold that in the acetate grown organisms is con- 
sistent with this interpretation (unpublished results). 

In conclusion it is clear that the purple nonsul- 
fur bacteria Rhodopseudomonas blastica and Rho- 
dospirillum rubrum were capable of  photoheterotroph- 
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ic (anaerobic) growth on certain benzoate derivatives. 

Further work on the metabolism of  methoxylated aro- 
matic compounds by these organisms is required to 
trace the biodegradable products at different cultural 
conditions. 
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