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Increased Production of Carotene
by Mixed + and — Cultures
of Choanephora cucurbitarum

The production of carotenoid pigments
by filamentous fungi is apparently quite
common, but knowledge of their func-
tions in fungus metabolism is meager.
There is evidence that -carotene is con-
cerned with phototropic responses of cer-
tain fungi, and in many fungi, visible
amounts of carotenoids are produced
only in the reproductive structures. Good-
win (/) has reviewed the literature on
this subject. Phycomyces blakesleeanus
has been the principal test fungus, and
the mycelium of either the + or the — sex
(2). has been used. Choanephora cucur-
bitarum is not mentioned as a carotene
producer.

Choanephora cucurbitarum is hetero-
thallic (3) and zygospores have been ob-
served and described (4, 5). No mention
has been made of carotenoids in the my-
celium, and only Wolf (5) reports ob-
serving “numerous yellowish oil globules”
in immature zygospores.

During routine culturing of C. cucur-
bitarum, it was observed that the my-
celium of combined + and — cultures in
liquid medium became bright yellow
within a few days, while the mycelium
of either the + or — sex cultured alone
was only slightly yellowish. This paper
(6) reports results of subsequent experi-
ments that show that the production of
B-carotene by C. cucurbitarum is greatly
increased in mixed + and — culture.

The + and — cultures of C. cucurbi-
tarum used in this study were isolated
from the same diseased pumpkin flower
at Morgantown, W. Va,, in 1954. A
liquid medium (glucose, 25 'g; acid-hy-
drolyzed casein, 2 g/lit, "essential salts,
and thiamine) at an initial pH of 6.0 was
used.

The fungus was cultured at 25°C in
250-ml flasks containing 25 ml of me-
dium ‘without agitation and at 28°C in
9-lit bottles containing 6 lit of medium
through which sterile air bubbled con-
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tinuously. The experiments have been re-
peated a number of times with similar
results, although quantitative carotene
determinations were made on only some
of the cultures.

Under both sets of cultural conditions,
the mycelium in the mixed + and — cul-
tures began to show yellow pigmentation
after about 3 days, reaching a maximum
intensity about the fifth or sixth day. The
+ and — mycelia produced little yellow
pigment when they were grown sepa-
rately.

Under all conditions of growth, the
mycelium contained much oil after a few
days, but only the mycelium in the mixed
cultures showed conspicuous yellow pig-
ments in the oil. Later, during sexual re-
production, these pigments usually be-
came concentrated in the suspensor cells
that subtend the immature zygospores.
Some yellow pigment is evident in the
oil droplets in immature zygospores.

The yellow mycelium was squeezed
between layers of cloth to remove excess
water, and drying was completed with ab-
solute methanol. The pigments were ex-
tracted with petroleum ether, saponified
and reextracted with petroleum ether.
The B-carotene content of each extract
was determined by measuring the optical
density of 460 mu in a Beckman photo-
electric spectrophotometer according to
the procedures of Garton et al. (7).

By using chromatographic adsorption
techniques (7) and repeated recrystalli-
zations from a 1-to-1 solution of ethanol
and petroleum ether (bp 40° to 60°C),
it was possible to isolate the primary
pigment. This material was character-
ized by the use of chromatographic ad-
sorption techniques (7), molecular ex-
tinction curves and extinction values
(E; ot Peroent=2400 at 455 mp in cy-
clohexane) (8), and identified as B-caro-
tene. The yields of B-carotene in one
typical experiment are presented in
Table 1.

Under these conditions, the mycelium
grown in mixed + and — cultures pro-
duced 15 to 20 times as much B-carotene
per gram of mycelium as did ‘that of
either sex grown alone. The evidence
suggested that the stimulatory substances
responsible for the enhanced carotene
production were secreted by the my-
celium of the opposite sex.

When the + and — mycelia are -grown
on opposite sides of a cellophane mem-
brane, both mycelia usually show in-
creased pigment production, indicating
that the stimulating substances are dif-
fusible through cellophane and ‘that the
effect is reciprocal. The failure of these
cultures 'to form zygospores after further
incubation is evidence that the mycel-
ium did not penetrate the cellophane.

Increased carotene production by the
mycelium in 'mixed + and — cultures of
a fungus does not seem to have been pre-

Table 1. Weight of dry mycelium and
B-carotene after 6 days in 6-lit aerated cul-
tures when + and — sexes were grown sepa-
rately and together.

Amt.
B-caro-
Cul- Il?ll;): B-caro- tene
ture celium (t:f;) ”r]n‘jrfy
(2) celium
(ug/g)
+ 25 1,140 45.6
- 22 1,377 62.6
+ 18 16,560 920.0

viously reported. Since there is normally
no anastomosis between the + and —
vegetative hyphae of the Mucorales,
which would result in heterocaryotic my-
celium, the stimulation in C. cucurbita-
rum must originate as secretions from the
mycelium of the opposite sex. These
secretions are possibly of the nature of
hormones. It seems probable that some
relationship exists between the produc-
tion of carotene and sexual reproduction
in C. cucurbitarum.

These investigations, as well as others
designed to give more information on the
role of carotenoids in the fungi and stud-
ies particularly concerning the relation-
ship of carotene to sexual reproduction
of C. cucuribitarum, are being continued.
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Fate of Radiostrontium Fed to
Habrobracon Females

Strontium-89 has been of interest to
us, not only because it is a biologically
important product of nuclear fission, but
more specifically because it is the only
pure beta-emitting radioisotope with
which we have been able to produce per-
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