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Phototrophic growth of Chromatium vinosum  strain D on 
pyruvate or malate, and of Thiocapsa roseopersicina  strain 
631.1 on malate or sulfide as sole electron donors was pro- 
motedby 5 m M  L-ascorbate, while growth of T. roseopersicina 
on fructose was inhibited. Slow growth was obtained also 
with ascorbate alone. In ascorbate-containing cultures the 
medium developed a yellow to red-brown colour which show­
ed an absorption maximum at 310 —320 nm. As colourless 
products of L-ascorbic acid degradation by the two strains 
examined erythroascorbic acid and 2T3-enediol pentonic 
acid were found in cell-free culture filtrates by gas chromato­
graphic analysis of the silylated residues and identified by 
their mass, IR and UY spectra.

Most species of the purple sulfur bacteria (fam ­
ily Chromatiaeeae) are strict anaerobes and therefore  
usually are cultivated in com pletely filled screw  
cap bottles in media containing sulfide which serves 
as electron donor for photosynthesis and also re­
m oves residual oxygen. Many strains, however, are 
able to utilize simple organic substrates in the ab­
sence of reduced sulfur com pounds, and in these 
cases the addition of ascorbic acid to the m edium  
is recommended [1 ] to lower the redox potential 
sufficiently.

W hen we cultivated Chromatium vinosum  and 
Thiocapsa roseopersicina  on organic substrates as 
the only photosynthetic electron donors in  the pres­
ence of ascorbic acid, we observed a brow ning of 
the liquid medium during growth, and a change of 
the growth rate in som e cases com pared to cultures 
grown without ascorbate. This led us to study  
growth of both organism s with ascorbic acid and 
to look for possible degradation products of ascor­
bate in the culture liquid.

Requests for reprints should be sent to Dr. Eckhard Bast, 
Institut für Mikrobiologie der Universität Bonn, Mecken- 
heimer Allee 168, D-5300 Bonn 1.

C hromatium vinosum  strain D (DSM  * N o. 
180) and Thiocapsa roseopersicina  strain 63 1 1  
(D SM  N o. 2 1 9 ) were grown anaerobically in the 
light (incandescent lamp, 10 0 0  lux) at 28  C in  
100  ml- or 1 1-screw cap bottles. The m odified P fen ­
n ig ’s m edium  [1 ]  was used containing either N a2S ‘ 
9 H 20  (0.075%  w /v =  3 .1m M ) or an organic sub­
strate (1 0  m M ) as sole electron donor; in the latter 
case 0.04%  N a2S 0 4 were added. The pH was about 
7 .2 . Cells w ere grown with or w ithout addition of 
0.1% (5 m M ) sodium  L-ascorbate after precultiva­
tion in the sam e m edium.

Growth was measured turbidim etrically at 7 0 0  nm  
with a Bausch & Lomb Spectronic 20  photom eter, 
and by protein determ ination of whole cells accord­
ing to Schmidt et al. [2 ] .

For the exam ination of the culture liquid cells 
were rem oved by centrifugation and subsequent 
filtration through a membrane filter. V isible and U V  
absorption spectra of the filtrates were recorded 
with a Beckman Acta M VI spectrophotometer. For 
gas chrom atographic separation filtrates were freeze- 
dried, and the residues (each 10 m g) were silylated  
with hexam ethyldisilazane and trimethylchlorosila- 
ne [ 3 ] .  A Hewlett Packard gas chromatograph 
m odel 5 7 5 0  equipped with F. I. D . was em ployed, 
using a 1 .8  m x  2 .3  mm I .D .  stainless steel colum n  
with 10% silicone UCCW 98 2  on Chromosorb W  
AW  DMCS 8 0  —100  mesh. Carrier gas: helium , 
flow rate 29  m l/m in. Temperature program : 4  °C /  
m in from  1 0 0  ° to 2 6 0  °C. Sam ple size: 3 ju\.

The GC eluates were transferred through an open  
split connection [4 ]  into the ion  source of an AEI 
m ass spectrom eter m odel MS 30 . The mass spectra 
were obtained at an ionization energy of 2 0  eV and 
an accelerating voltage of 4  kV. Temperature of the 
ion  source: 2 0 0  °C ; temperature of the inlet sys­
tem : 2 2 0  °C .

To obtain IR and U V  spectra of the eluted sub­
stances, sam ples were collected in m icrocuvettes 
and m easured in  an IR spectrometer type 257  and 
an U V -V IS spectrom eter type 157 (Bodenseewerk  
P erkin-E lm er).

Results and Discussion

Addition of 5 m M  L-ascorbate to a medium con­
taining sulfide or a simple organic substrate as the
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only electron donor had a varying effect on the 
growth rates of Chromatium vinosum  and Thio- 
capsa roseopersicina  (Table I ) .  Growth of C. vino-

Table I. Phototrophic growth of Chromatium vinosum  and 
Thiocapsa roseopersicina  in the presence of 5 mM L-as- 
corbate.

Substrate 
(10 m M )

Relative growth *

Chromatium  
vinosum  
strain D

Thiocapsa 
roseopersicina  
strain 6311

Acetate 90 1 1 0
Pyruvate 630 1 2 0
DL-Malate 140 160
Fructose n. g. 2 0
Sulfide (3.1 m M ) 10 0 160

* Growth was measured as optical density at 700 nm and 
as protein content of 1— 3 days old cultures and ex­
pressed as percent of the growth of corresponding cul­
tures without ascorbate. 

n. g., no growth with or without ascorbate.

sum  was markedly enhanced on pyruvate and, to a 
lower extent, on m alate; growth of T. roseopersicina  
was prom oted on malate as well as on sulfide, but 
was inhibited on fructose. Slow  growth was ob­
tained also with ascorbate alone. In all cultures 
containing ascorbate the previously colourless m e­
dium developed a yellow  to red-brown colour which 
deepened as growth proceeded. The visib le and UV  
spectra of the cell-free culture filtrates (w ith a final

pH between 7 .0  and 8 .1 ) showed an increase of 
absorption below 6 0 0  nm with a maximum between 
3 1 0  and 3 2 0  nm. W hen the same medium was incu­
bated under sterile conditions without inoculation  
either under vigorous aeration for 48  hours, or 
anaerobically for one month, no colouration was 
observed.

From  these findings we conclude that L-ascorbate 
does not only act as m etabolically indifferent sub­
stance by low ering the redox potential of the me­
dium , but that it is involved in the m etabolism  of 
the two strains exam ined and can serve as a source 
of electrons for photosynthesis. The electrons may 
be taken up by cytochrome c — which is readily  
reduced by ascorbate in vitro [5 , 6] — and from  
there be transferred to bacteriochlorophyll.

W e analyzed the first products of ascorbate de­
gradation to be found in the cell-free culture liquid  
using GC-MS coupling. The gas chromatographic 
separation of the silylated residues from lyophiliza­
tion revealed two m ain peaks (F ig. 1, No. 10 and 
11) from  ascorbate degradation. Peak 10 belongs 
to a silylated com pound with a molecular weight 
of m /e =  362  (Table I I ) . From the IR absorption  
at 1595  cm -1 and 1 7 5 0  cm -1, and the UV absorp­
tion at 2 6 5  nm it has the nature of an a, /?-unsatu- 
rated five-ring lactone. Peak 10 therefore refers to 
erythroascorbic acid ( I ) .  Peak 11 belongs to a 
silylated com pound with a molecular weight of m /e  
=  5 2 4 . The mass fragm entation (Table III) re­

set 30 20 10

Fig. 1. Gas chromatogram of a freeze- 
dried and silylated culture filtrate of 
Thiocapsa roseopersicina grown on d l - 
malate plus L-ascorbate. 1 — 5, peaks 
from Pfennig’s medium; 6 , malic acid; 
7 — 9, not identified degradation prod­
ucts of ascorbate; 1 0 , erythroascorbic 
acid (I) ; 1 1 , 2,3-enediol pentonic 
acid (II) ; 12, ascorbic acid; 13, octa- 
decanol as internal standard.
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Table II. Main peaks from the mass spectrum of erythro- 
ascorbic acid (I).

m /e Relative intensity 
[%]

Possible coordination

362 3.0 molecule ion
347 2 .6 M —C H ,‘
332 3.9 M -C H .,0
318 1.4 m - c o 2
304 1 .0 m/e 332—CO
272 0.9 M -H O T
257 4.9 m/e 347- H O T

75 1 0 0 .0 base peak, unspecific

T, trimethylsilyl-.

Table III. Main peaks from the mass spectrum of i
enediol pentonic acid (II)

m/e Relative intensity 
[%]

Possible coordination

524 molecule ion, not registered
509 3.5 M - C H 3‘
421 2 .2 M -CHoOT*
393 1.3 m/e 421 — CO
331 2 .0 m/e 4 2 1 -H O T
319 3.0 M —CH.,OT-CHOT*
305 16.0 CHOT==COT-CHOT+
292 50.5 C ( O T ) ,- C H O f | +
277 6.3 m/e 292— CH3
205 18.5 CH2OT-CHOT+

73 1 0 0 .0 base peak, unspecific

T, trimethylsilyl-.

veales an enediol com pound. The absorption m ax­
im a at 1 7 2 0 /1 6 3 0  cm-1 and at 2 6 0  nm, respectively, 
are due to a 2,3-enediol structure. Peak 11 therefore 
refers to 2 ,3-enediol pentonic acid ( I I ) .

A semi-quantitative determ ination of the con­
centrations of the identified com pounds in a culture 
filtrate of T. roseopersicina  grown for five days on  
malate plus ascorbate resulted in approxim ately  
38% unchanged ascorbic acid, 30% 2,3-ened iol pen- 
tonic acid and 14% erythroascorbic acid. A bout

O ^ o ^ C h U O H  C - O H
z  II

C -O H
I

I  H O - C - H
I
c h2 oh

I I

20% of the original ascorbate obviously are con­
verted into yellow  to brown-coloured products which 
are responsible for the well-known nonenzym atic 
brow ning of ascorbic acid.

Erythroascorbic acid has been reported to arise 
from  xylon ic acid in rat liver m icrosom es [ 7 ] ,  from  
xylose in Serratia marcescens  [ 8 ] ,  and from  various 
pentoses in Candida utilis [9 ] .  As products of 
ascorbic acid catabolism  dehydroascorbic acid, 2 ,3- 
diketogulonic acid [1 0 , 1 1 ] ,  lyxonic and xylonic  
acids [1 2 ] ,  xylose [ 1 0 ] ,  as well as oxalic acid and 
possib ly  threonic acid [1 0 , 13 — 16] have been 
found in anim als, w hile in higher plants ascorbic 
acid is converted to oxalic and tartaric acids [1 7 ] ,  

The form ation of these various m etabolic prod­
ucts from  L-ascorbate m ay be understood, when 
we assum e two separate degradation pathways
[1 8 ]  : 1 .) cleavage of the (bicyclic) dehydroas­
corbic acid [1 9 ] into a 2-carbon fragm ent (oxalate) 
and a 4-carbon fragm ent (threonolactone and thre- 
onate, respectively), and 2 .) decarboxylation of the 
interm ediate 2,3-diketogulonic acid to a 5-carbon  
com pound. In C. v inosum  and T. roseopersicina  
the second pathway seem s to be realized involving  
oxidation  of the 5-carbon compound to 2,3-enediol 
pentonic acid, follow ed by lactonization to erythro­
ascorbic acid. So far, however, nothing is known 
about the enzymes which m ight be involved in this 
path of ascorbate catabolism .

The authors wish to thank Mrs. Sabine Malzer 
and Mr. Jens Hochreuter for skilfull technical as­
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HCL O H  C 0 0 H

[1] C. B. van Niel, Methods in Enzymology, Vol. 23 (S. 
P. Colowick, N. O. Kaplan, eds.), pp. 3 — 28. New 
York-London, Academic Press 1971.

[2] K. Schmidt, S. Liaaen Jensen, and H. G. Schlegel, 
Arch. Mikrobiol. 46, 1 1 7 -1 2 6  (1963).

[3] K. Pfeilsticker and F. Marx, Chromatographia 7, 
3 6 6 -3 6 8  (1974).

[4] D. Henneberg, U. Henrichs, and G. Schomburg, Chro­
matographia 8 , 449—541 (1975).

[5] E. C. Slater, Biochem. J. 44, 3 0 5 -3 1 8  (1949).
[6 ] A. L. Lehninger, M. ul Hassan, and H. C. Sudduth, J. 

Biol. Chem. 210, 9 1 1 -9 2 2  (1954).
[7] G. Ashwell, J. Kanfer, J. D. Smiley, and J. J. Burns, 

Ann. N. Y. Acad. Sei. 92, 1 0 5 -1 1 4  (1961).
[8 ] T. Takahashi, S. Murakawa, and M. Barada, Agr. 

Biol. Chem. 40, 1 2 5 5 -1 2 5 6  (1976).
[9] S. Murakawa, S. Sano, H. Yamashita, and T. Taka­

hashi, Agr. Biol. Chem. 41, 1799— 1800 (1977).



792 Notizen

[10] P. C. Chan, R. R. Becker, and C. G. King, J. Biol. 
Chem. 231, 2 3 1 -2 4 0  (1958).

[11] J. J. Burns, J. Kanfer, and P. G. Dayton, J. Biol. 
Chem. 232, 1 0 7 -1 1 5  (1958).

[12] J. Kanfer, G. Ashwell, and J. J. Burns, J. Biol. Chem. 
235, 2 5 1 8 -2 5 2 1  (1960).

[13] C. O'H. Curtin and C. G. King, J. Biol. Chem. 216, 
5 3 9 -5 4 8  (1955).

[14] L. Heilman and J. J. Burns, J. Biol. Chem. 230, 
9 2 3 -9 3 0  (1958).

[15] M. Banay and E. Dimant, Biochim. Biophys. Acta 
59, 3 1 3 -3 1 9  (1962).

[16] E. M. Baker, J. C. Saari, and B. M. Tolbert, Amer. 
J. Clin. Nutr. 19, 3 7 1 -3 7 8  (1966).

[17] F. A. Loewus, G. Wagner, and J. C. Yang, Ann. N. 
Y. Acad. Sei. 258, 7 - 2 3  (1975).

[18] K. Pfeilsticker and F. Marx, Mitteilungsbl. GDCh- 
Fachgr. Lebensmittelchem. gerichtl. Chem. 30, 41— 
45 (1976).

[19] K. Pfeilsticker, F. Marx, and M. Bockisdi, Carbohydr. 
Res. 45, 2 6 9 -2 7 4  (1975).


