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Metabolic pathways of d-faminolaevulinic\:k acid in [Rhodopseudomonas spheroides
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Summary. Incorporation of d-aminolaevulinic acid 5 “C and 4 C into the inosine monophosphate pool and into
porphyrins, was studied in cell suspensions of R. spheroides. The results contradict a direct incorporation of d-amino-
laevulinic acid into the purine ring of nucleotides through yd-dioxovaleric acid. It would suggest a nonspecific incorpo-

ration after degradation of §-aminolaevulinic acid without a transamination as a first reaction.

It is generally recognized that J-aminolaevulinic acid
(0ALA) is a precursor in porphyrin biosynthesis through
its conversion to prophobilinogen. Moreover, it is known
that a transamination reaction involving dALA and yé-
dioxivaleric acid (DOVA) is also possible.

Nemeth et al.® demonstrated the incorporation of the
5 C of JALA into the purine ring through its transamina-
tion to DOVA. Braunstein et al.% found the 5 C of SALA
inclusion into inosine monophosphate (IMP) and hypo-
xanthine in pidgeon liver. In addition JALA transamina-
tion was studied in different tissues® ¢. However Neuber-
ger and Turner? working with R. spheroides pointed out
that the reverse reaction, namely SALA formation from
DOVA, is favoured. Furthermore, according to Las-
celles®, R. spheroides grown anaerobically and in the
presence of light, excreted porphyrins, mainly copropor-
phyrin III. Such excretion did not take place in aero-
biosis and dark.

In this paper C incorporation from JALA 5 “C and
SALA 4 1C into IMP and porphyrins was studied in cell
suspensions of R. spheroides.

Materials and methods. SALA 4 1*C and dALA 5 *C, and
glycine 2 14C were purchased from New England Nuclear.
Media, growth and harvesting of cultures were performed
according to Lascelles®,

Cells were grown in anaerobiosis and light or aerobiosis
and dark. The incubations were performed in aerobiosis
and dark at 36-37°C, suspending them in a mixture
indicated in the different experiments. After incubation,
the cell suspensions were centrifuged at 40,000 x g.

The cell pellets containing the intracellular pool of IMP
were carefully washed with saline and resuspended in a
carbonate-bicarbonate buffer 0.1 M, pH 10.7, with un-
labelled IMP as carrier. Proteins were eliminated by
heating and centrifugation. Supernatants were passed
through columns of 2 ml of cationic resin AG 1Xx8.
A solution of 6 mM HCI was added in order to reach
pH 8.0. Finally the IMP fractions were evaporated and
radioactivity was measured. The recovery of IMP from
the resin was 909%; the corresponding fractions contain
some guanosine monophosphate and adenosine mono-

phosphate. The IMP fraction was hydrolyzed to hypo-
xanthine in 0.5 M HCI for 10 min at 100°C. IMP and
hypoxanthine were identified by thin layer chromatog-
raphy using plates of cellulose MN 300 G and developed
with a mixture of isopropanol: HCl:water; 65:16.5:100
(viv).

Porphyrins were isolated from the supernatants with a
new batch method using a permutit anionic resin?®. Ac-
cording to this method, nonporphyrinic radioactive
compounds and the excess of labelled ALA were dis-
carded. The supernatants were mixed with 1 ml of the
resin. After washing carefully with distilled water, the
porphyrins were eluted and esterified with a mixture of
methanol-sulphuric acid 19:1, The suspensions were left
24 h in the dark and finally porphyrins were extracted
with chloroform. The amount of porphyrins were deter-
mined spectrophotometrically using the extinction coef-
ficient for coproporphyrin I111°, After evaporation, radio-
activity was measured in a flow counter.
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14C incorporation from labelled aminolaevulinic acid into IMP fractions and porphyrins

Experiment Culture Substrate IMP recovery  JALA conversion Porphyrins JALA conversion

No. (cpm) into IMP recovery into porphyrins
(nmoles) {cpm) (nmoles)

1 Aerobic JALA 51C 140 111 1202 956

2 Anaerobic JALA 5 1C 481 381 12496 9847

3 Aerobic JALA 4 UC 250 198 1248 983

4 Anaerobic JALA 4 14C 235 186 12598 9998

Each tube contained: sodium bicarbonate 200 wmoles; radioactive ALA 100 y.moles (spec. act. 1260 cpm/umole), Medium up to 5 ml. Bacterial
concentration 6 mg/ml (dry wt/ml). Aerobiosis and dark incubation: Time of incubation 4 h; incubation temperature 37°C.
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Results and discussion. In a first series of experiments,
the incorporation of #C from glycine into IMP was
investigated. In these experiments, each tube contained:
sodium bicarbonate: 200 pmoles, sodium formiate: 120
pmoles, glycine 2 4C: 120 pmoles (spec. act.: 2000 cpm/
pmole). Furthermore all acidic fractions containing IMP,
co-chromatographied with unlabelled IMP. In order to
ascertain that radioactivity was located in the purine
ring, each labelled spot was eluted from the plate and
hydrolyzed. Then the hydrolysate was run under identical
conditions and all radioactivity was found at the same
position as unlabelled hypoxanthine. According to our
results, cell suspensions of R. spheroides (1.8 mg dry
wt/ml) incubated in aerobiosis and dark were able to
synthesize labelled IMP using glycine 2 #C as substrate.
2%, of the radioactivity was incorporated within 4 h
(data not shown) instead of only 1% in Schulman’s ex-
periments ! working with animal tissues.

In order to study the biosynthesis of the purine ring
through ALA transamination to DOVA, similar experi-
ments were performed using SALA 5 14C and dALA 4 14C
as substrates. The table shows the comparative incorpo-
ration of 1C from JALA 5 1C and JALA 4 C into IMP
fractions and porphyrins.

When dALA 5 1%C was the substrate, anaerobic and light-
grown bacteria incorporated more radioactivity into
porphyrins (109%) than cells grown aerobically in the
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dark (19%). However, the “C incorporation into IMP
was low in both conditions, in spite of the fact that cells
grown aerobically and in the dark could favour this
incorporation due to their low rate of porphyrin biosyn-
thesis. Also with 4 1C, dALA incorporation of radio-
activity into IMP is low in both conditions of growth.
These results are not in agreement with a direct incorpo-
ration of JALA into the purine ring of nucleotides,
through its conversion to DOVA. According to this path-
way, at least more than 29, incorporation into IMP
would be expected, instead of 0.1-0.39, obtained when
using SALA 5 4C as substrate, an intermediate closer to
the end product than glycine.

Our results suggest a nonspecific incorporation of 14C
from SALA into IMP, after JALA degradation; without
a direct transamination. In addition, our data support
the results of Neuberger and Turner’ and Lohr and
Friedman?!? that the transamination works in the reverse
sense from DOVA to JALA.
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Electrophoretic variation in esterases in 3 wild-type and respective mutant strains of Aspergillus

flavus?
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Summary. Wild-type strains and auxotrophic mutants of Aspergillus flavus, differing regarding aflatoxin production,
were tested for esterases isozymes. Esterases variation was found in all strains used, and a possible correlation between
the pattern of esterase bands and aflatoxin production is suggested.

The present work was designed to obtain preliminary
information about the extent and the nature of electro-
phoretic variation of esterases isozymes within 3 wild-
type isolates of the filamentous fungus A spergillus flavus.
Mutants derived from such strains were also tested for
esterases isozymes in an attempt to study the influence
of such mutants in relation to esterase production.

Material and methods. 3 wild-type strains (A5a, A6e and
B2d) were used. The strain A5a did not produce afla-
toxin, either in culture medium or mycelia. A6e has a
high production of aflatoxin in mycelia (400 ppm of BI-
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Fig. 1. Schematic representation of esterases zymograms from
mycelia of wild-type strains: 2(A5a), 3(B2d), 8(A6e) and of mutants
strains: 1(A6e y), 4(A5a arg), 5(A6e arg), 6(A5a w), 7(B2d lys) and
9(A6e pur).

aflatoxin and 300 ppm of Gl-aflatoxin) but a low produc-
tion in culture medium. B2d produces a high amount of
aflatoxin both in culture medium (40 ppm of Bl and
30 ppm of Gl) and in mycelia (400 ppm of Bl and 300 ppm
of Gl). Mutants strains A5a arg, A5a w, A6e arg, A6e
pur, A6e y and B2d lys were also used. Mutant alleles
were designated as follows: w and y, white and yellow
conidia respectively; arg, lys and pur, requirement re-
spectively for arginine, lysine and purines. The isolation
of mutants and the aflatoxin determinations were re-
ported elsewhere?. Stock cultures were mantained on
complete medium slants3. Cultures were transferred to
liquid minimal medium and, after 7 days incubation at
28°C, they were used for electrophoretic analysis both in
mycelia and culture medium. The electrophoretic tech-
nique was as follows: mycelia were homogeneized in
0.05 ml of distilled water at 4 °C. The homogenate and the
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