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

The production of carotenoid pigments 
hl- filamentous fungi is apparently quite 
common, but knowledge of their func- 
tions in fungus metabolism is meager. 
There is evidence that jj-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- 
rjin ( I )  has reviewed the literature on 
t h i ~  subject. Phycomyces blakesleeanus 
has been the principal test fungus, and 
the mycelium of either the 4 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 
hay 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 mv-
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 
P-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 25OC in 
250-ml flasks containing 25 ml of me-
dium without agitation and at 28OC 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 yellou 
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. 

T h e  yellow mycelium was squeezed 
between layers of cloth to remove exceys 
water, and drying was completed with ab- 
solute methanol. The pigments were ex- 
tracted with petroleum ether, saponified 
and reextracted with petroleum ether. 
The  (3-carotene content of each extract 
was determined by measuring the optical 
density of 460 mv 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 4.0' to 60°C),  
it 	 was possible to i~olate  the primary 
pigment. This material was character-
ized by the use of chromatographic ad- 
sorption techniques ( 7 ) ,  molecular ex-
tinction curves and extinction values 
(El ,,I "*cent = 2400 at 455 mv in cy-
clohexane) ( 8 ) ,and identified as p-caro- 
tene. The  yields of jj-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 p-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 t and - cultures of 
a fungus does not seem to have been pre- 

Table 1. TVeight of dry nlycelium and 
jj-carotene after 6 days in 6-lit aerated cul- 
tules wil-n - and szxes were grown sepa- -

rately a'ld together. 

Amt. 

Dry p-caro-

Cul- my- jj-caro- tene 

ture ccliurn tene in dry 
(FLS) my-(s) cclium 

viously reported. Since there is normally 
no anastomosis between the + and -
vegetative hyphae of the hfucorales, 
which u~ould 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. I t  seems probable that some 
relationship exists between the produc- 
tion of carotene and sexual reproduction 
in C. cucurbitarum. 

These investigations, as well as others 
de~ignedto give more information on the 
rolr 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- 



manent sterility in Habrobracon feeding 
experiments (unpublished). This report 
( 1 )  gives observations on the biological 
half-life, on the proportionate gross dis- 
tribution, and on the egg radioactivity 
after these female braconid wasps have 
been fed SrS? The results differ, not only 
from findings on H,abrobracon after 
feedings (Z) ,  but also from strontium re- 
tention studies in vertebrates (3 ,4 ) .  

Forty virgin females from wild-type 
stock 33 of Habrobracon juglandis [Mi- 
crobracon I~cbctor (Say)] were starved 
at least 4 days, and each was weighed on 
a precision balance (Roller-Smith) .They 
were then fed SrY%itrate in a honey mix- 
ture at a level of 227 ~ c / g  of mixture. 
With the stock solution of citrate avail- 
able, this level resulted from mixing in 
equal proportions with honey. After 
feeding, each wasp was reweighed. Four 
that had not fed satisfactorily lvere dis- 
carded. Then, in order to obtain a meas- 
ure of initial radioactivity for each ani- 
mal, counts per second lvere obtained 
using a thin end-~vindow Geiger tube 
\uith standard scaler. Subsequent main- 
tenance follo~ved standard practice in our 
laboratory. All wasps were provisioned 
with two host larvae (Ephestia) per day 
and maintained in individual Stender 
dishes at  30°C. 

T~velve wasps were chosen at  random 
to be followed in a study of total body 
radioactivity. The intact wasp ( 2  by 0.6 
inm),  periodically immobilized by brief 
cooling, can be subjected to Geiger-Miil- 
ler counting. Thus counts per second 
were obtained for each animal of the 
sample 12 hours subsequent to feeding. 
The emissions were counted again at  the 
end of 24 hours and at daily intervals for 
11 days. After this time, the wasp radio- 
activity was barely above background. 
Figure 1 presents a summary of the re-
sults in net counts per second. 

Fig. 1. The relative radioactivity of female 
Habiobracon fed SrRDin hoqey mixture 
The lower broken line represents averaae 
radioactivity for nine wasps that ingested 
the usual quantity, 0.2 to 0.3 mg of the 
mixture. The upper broken line shows the 
same for two females that ate 0.5 mg. The 
solid line, which extrapolates to an ade- 
quate representation of typical Sr8' decay, 
is taken to represent this phenomenon as 
measured in a dead wasp. The female ex- 
pired shortly after its heavy feeding (0.5 
ms) .  

In  view of the physical half-life of 55 
days, the biological half-life was achieved 
in the surprisingly short time of less than 
1 day, which indicates very little reten- 
tion. The dead animal carried for com- 
parison demonstrates the loss in radio- 
activity owing to isotope decay only (Fig. 
1 ) .  This picture is quite different from 
that in vertebrates, in which more than 
half of a dose may persist after 9 days 
( 4 )  and in which the rate of elimination 
can be less than the rate of radioactive 
decay (5 ) .  

A further point brought out by this 
experiment is that differences in wasp 
radioactivity following heavy and aver-
age feedings are not significant after the 
biological half-life has been exceeded. 
Even at the end of the first day, the 
standard error of the mean for the ani- 
mals from average feedings is 9.97 counts 
per second. On the second day, the range 
of the groups includes the mean value 
for the high feedings. Ultimately, as is 
sholvn by Fig. 1, the curves converge 
T\ hen the means become identical. 

The remaining 36 animals were sacri- 
ficed in groua, of four bv transection at  

L . .  

the petiole, so that the anteriors and pos- 
teriors could be counted separately (sac- 
rifice schedule: days 2, 4, 6, 7, 8, 9, 10, 
11, and 12) .  During the first week after 
feeding, it was evident that more than 90 
percent of the radioactivity that was 
demonstrable for each feniale came from 
the abdomen. Indeed, in the majority of 
cases, 97 to 99 percent of the radioactiv- 
ity lvas shoiun to be abdominal. In the 
second T\ eek, when radioactivity of the 
entire animal was barely above back-
ground, abdominal radioactivity fell off 
only slightly. On the 12th day, the ab- 
domens held 86 to 92 percent of total 
radioactivity. The abdomen contains 
most of the digestive tract and all the 
organs of excretion and reproduction. 

Eggs laid by the wasps of the transec- 
tion experiment were collected until the 
day of sacrifice, and their radioactivity 
was determined. Eggs laid on the first 3 
days were slightly radioactive, an indi-
cation that at least some SrS9 gets into 
the physiological interior of fed females. 
Eggs laid on the third day were barely 
above background radioactivity. Those 
laid on subsequent days were not dem- 
onstrably radioactive. The average net 
counts per second per egg were 0.0094 
on day 1,0.0040 on day 2, and 0.0007 on 
day 3. 

When these results were co~npared with 
the radioactivity of the ovipositing fe- 
males, it was found that little more than 
0.03 percent of the radioactive material 
lost from the animal was lost by way of 
the eggs. This is consistent with the in- 
dications from the biological half-life 
that egestion of feces and excretion plays 
the important role for this isotope, a 

finding quite different from that with 

P32, where the majority of the fed iso- 

tope is incorporated into the eggs and 

eliminated bv this route ( 2 ) . 
, r 

These discoveries concerning the fate 
of radiostrontium explained a perplexity 
that is met in autoradiographic technique. 
In  direct contrast to the results obtained 
when auioradiojitaphs are made after 
radiophosphorus feedings (2 ) ,radiostron-
tium shows up only in the oocytes and not 
even there if more than 2 days have 
elapsed since it, ingestion. Apparently 
adult insects have no tissue functionally 
analogous to bone In a biocl~emical sense. 
'In vertebrates, the prcsence of bone with 
its propensity f o ~  fixing the alkaline eaith 
elements is responuble for the rrtention 
of strontium. On the other hand, it is well 
established that the radioactivity of soft 
tissue of vprtebrates is negligible after 
doses of SrS" 13. ii\.Our results are es- 
sentially a demonstration of this latter 
point for an adult insect. 
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Alkaline Phosphatase i n  

Kidneys of Aglomerular Fish 

In a recent issue of Scicncc. I dis-
cussed the implication7 of the presence 
of alkaline phosphatase in the aglonier- 
ular renal tubule I ) . This discussion was 
based on unpublished observations by 
Danielli and Lorch and on my olvn ex- 
perience with the kidney of Opsanus tau. 
Since the publication of this note, my 
attention has been called to an earlier 
paper by Browne and a,iociates (2),who 
reported the prcsence of this enzyme in 
the tubules of a nurnbcr of teleosts, in- 
cluding three aglonlerular spccies, and in 
particular, Opsanus tau. From their ob- 
servations, these author, drew essentially 
the same conclusions about alkaline phos- 
phatase and tubular function as I did. 
Priority on these points therefore rests 
with them. 

Our conclusions with respect to the 
significance attached to previous reports 
of negative results differ. Browne and 
associates believed that slight variations 
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