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Light-dependent transformation of anthranilate to indole by
Rhodobacter sphaeroides QU5
P Nanda Devi, C Sasikala and CV Ramana

Environmental Microbial Biotechnological Laboratory, Center for Environment, IPGS & R, JNT University, Mahaveer Marg,
Hyderabad 500 028, India

Rhodobacter sphaeroides OU5 transformed anthranilate (2 mM) to an indole (0.7 mM) in a light-dependent process.
Photobiotransformation was enhanced by tricarboxylic acid cycle intermediates and the indole formed was identified
as 2,3 dihydroxy indole. Journal of Industrial Microbiology & Biotechnology (2000) 24, 219-221.
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Introduction Transformation studies
. A log-phase culture oR. sphaeroidewas harvested by
.naentrifugation (16 00& g for 15 min), washed (twice) and

phototrophic bacteria from both an ecological and

biotechnological point of view [16]. Despite their limited
ability to utilize aromatic compounds for growth [10,16],
their ability to transform aromatic structures to value-adde

compounds is gaining importance [14,15]. Some of th ilate (3 mM) and succinate (0.5% wi/v) (unless otherwise

transformations reported. W.hiCh do_ not support growth o mentioned) and the assay tubes were incubated at 2500 lux
purple non-sulfur bacteria include: (a) 4-phenyl butyrate,fOr 72 h at 30k 2°C

6-phenyl hexanoate and 8-phenyl octanoate to phenyl acet-

ate [5]; (b) 2,4-dinitrophenol to 2-amino 4-nitrophenol [2]; Assay

() phloroglucinol (1,35 trihydroxy benzoate) to dihyd- sge "incupation, the cultures were centrifuged and the
rophloroglucinol [17]; (d) indole ta-tryptophan and other supernatant waé used for assays. Anthranilate was esti-
derivatives [14]; and (€) indole to indole-3-acetic acid [15]. mated colorimetrically by the foIIowihg procedure. To 5 ml

In t;}his .fttjd% V‘.’ed rtlapobrt extracelllular trar}?forrt;]ation of of the sample, 0.2 ml of phenol alcohol (10% w/v phenol
?{;} (;ar;)late 0 'r? Oe'd(éUaS plurdptle nor(lj—su ur bac ef”.Lt’m'in ethanol), 0.2 ml of sodium nitroprusside (0.5% w/v)
odobacter sphaerol - Indofe and a number ot 1S o4 g 5 m| of oxidizing agent (20 g of tri-sodium citrate

der_ivatives are of high commercial significance beca_use of 1 g of sodium hydroxide 25 ml of 15N sodium
their importance as phytohormones [15], for production of5chorite) were added, incubated for 30 min and the
the essential amino acidtryptophan [13], as well as other /0 jeyeloped was read at 640 nm against a blank. The
industrial applications [3'.4’6'11]' In this study an attempte,,centration of anthranilate was calculated from the cali-
was made to explore using purple non-sulfur bacteria fo‘bration curve prepared using anthranilate

production of indole. For analysis of mass, indole was extracted into ethyl
acetate from the supernatant after adjusting the pH to 9

dry wt mI™®) with basal medium (devoid of nitrogen and
carbon). One milliliter of this suspension was inoculated
jnto the assay medium (taken in fully filled ¥5125-mm
crew cap test tubes; approximately 15 ml) with anthra-

Materials and methods with saturated sodium bicarbonate solution. The ethyl acet-
) - ate layer was concentrated and the concentrate was ana-
Organism and growth conditions lyzed for mass using a Mass VG 70-70H mass analyzer.

Rhodobacter sphaeroid€3U5 (ATCC 49885; DSM 7066)

was grown photoheterotrophically (anaerobic/light) (2400 i )

lux) in fully filled 500-ml reagent bottles on Biebl and Pfen- R€sults and discussion

nig’s [1] mineral medium with malate (22 mM) and Anthranilate did not support phototrophic growth Bf
ammonium chloride (7 mM) as carbon and nitrogensphaeroideOU5 when used either as sole source of carbon
sources, respectively, at 3®°C. in the presence of 7 mM NJ&I or nitrogen in the presence

of 22 mM malate, as observed earlier withodopseudo-
monas palustrig10]. Moreover, anthranilate inhibited the
growth of R. sphaeroidegwith malate and ammonium
chloride as carbon and nitrogen sources, respectively) and
Correspondence: Dr C Sasikala, Environmental Microbial Biotechnolog—the IGso wa_s 1.8 mM. Though ant_hramlate -dld !’10t support
ical Laboratory, Center for Environment, IPGS & R, JNT University, phototrophic growth oR. sphaer0|de§)U.5, It_S dlsa}ppear-
Mahaveer Marg, Hyderabad 500 028, India ance from the medium was observed with time without any
Received 16 September 1999; accepted 20 December 1999 increase in biomass (data not shown). The supernatant after
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220 the assay gave a positive reaction witdimethylamino- Indole production was observed in the absence of exter-

benzaldehyde [PDAB] [12] and Salper's [8] reagents,nally supplied carbon (from 1 mM of anthranilate con-
which are specific for indole and its derivatives. And®  sumed, 0.3mM of indole was formed without any
0.96 by thin layer chromatography (acetone : isoproponol additional substrates) and thus the additional carbons
H,O : NH,OH 5 : 4 : 0.7 : 0.3) corresponded to that of required for transformation may be provided from the cell
standard indole, confirming the product of photobi-itself. In the presence of a number of other carboxylic acids
otransformation. and a few carbohydrates the cell was able to synthesize
Disappearance of anthranilate and its biotransformatioindole (Table 1). Among the various organic substrates
to indole were light-dependent (data not shown). The timeused, the tricarboxylic acid (TCA) intermediates resulted in
course of disappearance of anthranilate from the mediurhigher uptake of anthranilate and considerable enhancement
and the simultaneous formation of indole are shown inof indole production (except with citrate). The similar con-
Figure 1. The conversion of anthranilate to indole did notsumption of anthranilate observed with all the intermediates
result in stoichiometric molar yields. From the consumptionof TCA cycle used indicates that all these compounds may
of 2mM of anthranilate, only 0.7 mM of indole was be transformed to a common end product before attaching
obtained (Figure 1) which remained constant up to 120 lthemselves to anthranilate. Further, an increase in the
(data not shown in Figure 1). This might be due to a feedefficiency of anthranilate transformation to indole was
back inhibition of the product on anthranilate observed starting from citrate a-ketogluterate< succi-
consumption/indole formation, detailed studies on whichnate= malate= oxaloacetate< fumarate. These results can
are in progress. be explained by assuming that fumarate is the substrate
Since R. sphaeroidescould photoproduce tryptophan which is finally attached to anthranilate before forming
from indole and serine [14], it was of interest to see ifindole. The indole thus formed had a mass of 149
tryptophan could be produced directly from anthranil&e. (Figure 2) which may be from the molecular formula
sphaeroideOU5 did not produce tryptophan either in the CgH,NO, and the compound as 2,3-dihydroxy indole (not
presence of anthranilaté succinate+ serine, or indole as pure indole which has a mass of 117), an intermediate
(obtained from anthranilate} serine. However, indole inindole biodegradation by some heterotrophic bacteria [7].
obtained from anthranilate did not inhibit tryptophan forma-
tion from pure commercial indole+ serine (data not i ) L
shown), indicating that the indole thus formed from anthra-Isrti’éii Ogg‘;ﬁ‘gp;‘j‘g‘;frg‘;g;’gy{”;’;’,';;‘;’i’;eag‘Sga”"ate In the presence of
nilate does not participate in tryptophan formation and does

not inhibit biotransformation of pure commercial indole. gypstrates Biomass Anthranilate Indole %
Thus, this extracellular metabolism of indole must be dif-(0.5% wiv or v/v) yield consumed formation Conversion
ferent from intracellular synthesis sin€& sphaeroidess (mg dry  (mM) (mM)  efficiency
known to synthesize its own tryptophan. wtmi™) (Og’gg \f‘e”d
control)*
100 B— 9 100
Monocarboxylates
c Formate 0.5 1.3 0.2 0
.g - Acetate 0.7 1.0 0.3 0
Q O Propionate 0.8 0.34 0.15 0
E ®®  Pyuvate 11 2.1 0.4 10
a £ E  Lactae 0.5 0.0 0.0 0
c s g Butyrate 0.6 0.5 0.2 0
8' Ty Valerate 1.0 1.1 0.4 10
e [ . Caproate 0.6 1.0 0.4 10
- ° g\/ TCA intermediates
3 ° Succinate 0.96 2.0 0.7 40
g = Malate 0.9 2.4 0.7 40
.E Fumarate 0.83 1.7 1.0 100
-E Oxaloacetate 0.7 2.3 0.7 31
< Citrate 0.6 1.8 0.3 0
a-ketoglutarate 0.8 2.0 0.5 20
Carbohydrates
09 0 Ribose 0.7 2.4 0.5 14
Glucose 0.8 1.35 0.0 0
0 8 12 16 20 24 28 2 B Fructose 0.8 1.4 0.0 0
Control (without 0.5 1 0.3 NA
Time (h) substrate)

NA = Not applicable.

‘ﬁm @ indole | Results expressed are average values of two independent experiments done
in triplicate. Experimental details as in Materials and methods with initial
Figure 1 Time course of anthranilate consumption and indole formationbiomass of the assay being 0.9 mg dry wt'hadnd the results expressed

by R. sphaeroidesResults expressed are average values of experimentare after 72 h of light (2400 lux) anaerobic incubation at#32°C, in the

done in triplicate assayed under light (2400 lux) anaerobic incubation apresence of anthranilate (3 mM) along with the specified substrates. *Data
30+ 2°C. 100% anthranilate consumptier® mM, 100% indole  expressed are the values after subtracting from the control (1 mM anthra-
formation=0.7 mM. nilate consumption and 0.3 mM indole formation).
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Figure 2 Mass spectrum of the indole derivative.

In conclusion, the study suggests the possibility of anReferences

alternate Pathway of m_d0|e formatlor_] from amhramlate N1 Biebl H and N Pfennig. 1981. In: The Prokaryotes (Starr MP, Stolp

anoxygenic phototrophic bacteria (Figure 3) (which meta- H, Truper HG, Balows A and Schlegel HG, eds), Vol 1, pp 267-273,

bolize carbohydrates poorly [14]) involving a TCA cycle  Springer Verlag, New York.

intermediate instead of ribose phosphate [13] and its bio-2 Br']aSC? Rba”ﬁ F ‘F‘]aSti”O- r1]_99§- Lighfmiepde“t?e”t degfad?“‘iglgf nitro-
H H H enols the ototrophic bacteri odobacter capsulat .

chemical basis needs to the elucidated. The results.suggest/";IOpI Eoviion Mirobiol A8 690- 805, P

the probable role played Hy. sphaeroides transforming 3 gritcher SF, WC Lymma, SD Young, VE Grey and LO Tran. 1995.

aromatic compounds, particularly formation of indole (this  3-Substituted heterocyclic indoles as inhibitors of HIV reverse tran-

study) and its derivatives [14,15] under anoxic environ- scriptase. UK Pat Appl. GB 2 282 808. S

ments, thus benefiting paddy crop productivity [9] and 4 Bru-Margniez N, D Potin and JM Teulon. 1995. Analgesic piperidinyl

- - . thio indole derivatives: their preparation and pharmaceutical compo-
support the possibility of commercial production of phyto-  ¢o "0 s patont 5. 418, sap P - P

hormones [18]. 5 Elder DJE, P Morgan and DJ Kelly. 1992. Anaerobic degradation of
trans-cinnamate and omega-phenylalkane carboxylic acids by a photo-
synthetic bacteriunRhodopseudomonas palustrisvidence for aB-

Acknowledgements oxidation mechanism. Arch Microbiol 157: 148-154.

6 Frishman WH. 1983. Pindolol: a neg+adrenoceptor antagonist with
CS and CVR thank the UGC and CSIR, Government of partial antagonist activity. N Engl J Med 308: 940-944.

India, New Delhi for the award of a Research Scientistship 7 Fujioka M and H Wada 1968. The bacterial oxidation of indole.

and a Pool Scientistship, respectively. Financial support Biochim Biophys Acta 158: 70-78.

from the Department of Science and Technology and the8 Gordon SA and LG Paleg. 1957. Quantitative measurement of indole-
. . acetic-acid. Physiol Plant 10: 37-48.

Department of BIOteChnOIOgy’ Government of India, New 9 Haque MZ, M Kobayashi, K Fujii and E Takahashi. 1969. Seasonal

Delhi, are gratefully acknowledged. changes of photosynthetic bacteria and their products. Soil Sci Plant
Nutri 15: 51-55.
10 Harwood CS and J Gibson. 1988. Anaerobic and aerobic metabolism
COOH of diverse aromatic compounds by photosynthetic bactefRirado-
pseudomonas palustrig\ppl Environ Microbiol 54: 712-717.
11 Komatsu T, H Awata, Y Sasai, S Inaba and H Yamamoto. 1973.
Additional data on an antiinflammatory agent, ID-955. Arzneinittel-
Forsch 23: 1690.
H2 12 Kupfer D and DE Atkinson. 1964. Quantitative method for determi-
Anthranilate nation of indole, tryptophan and anthranilic acid in the same aliquot.
Anal Biochem 8: 82-94.
13 Nyeste L, M Pecs, B Sevella and J Hollo. 1983. Production-of
H COOH tryptophan by microbial processes. Adv Biochem Engin/Biotechnol
/ 26: 175-202.
=C 14 Rajasekhar N, C Sasikala and CV Ramana. 1998. Photobiotransform-
HOOC/ \H ation of indole to its value-added derivatives Rirodobacter sphaer-
oidesOUS. J Ind Microbiol & Biotechnol 20: 177-179.
Feed back| * 15 Rajasekhar N, C Sasikala and CV Ramana. 1999. Photoproduction of
inhibition Fumeran indole 3-acetic acid bRhodobacter sphaeroidéom indole and gly-
‘ cine. Biotechnol Lett 21: 543-545.
16 Sasikala C and CV Ramana. 1998. Biodegradation and metabolism of

() unusual carbon compounds by anoxygenic phototrophic bacteria. Adv
Microbiol Physiol 39: 339-377.

17 Whittle PJ, DO Lunt and WC Evans. 1976. Anaerobic photometabol-
ism of aromatic compounds Hghodopseudomonap. Biochem Soc
Trans 4: 490-491.

18 Yokoyama Y. 1990. Manufacture of plant growth stimulating indole

H 3-acetic acid and indole 3-butyric acid with purple non-sulfur bacteria.

zuihydmxy indole Jpn Kokai Tokkyo Koho JP 02/97, 395.
(Mass 149) [C gH7NOZ]

Figure 3 Photobiotransformation of anthranilate to indole derivative by
R. sphaeroides
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