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FIG.1. Effect of exhaustive exercise upon postirradiation 
survival. 

doses (700 r-860 r )  that  are, to a degree, lethal for  non- 
exercised animals, the exercised animals had a much 
shorter postirradiation survival time, as  well as  a higlier 
mortality rate. 

As the animals were immersed in water during the pe- 
riod of exercise, i t  became necessary to know whether ex- 
posure to water without exercise would alter the mortality 
of irradiated rats. After a dose of 860 r, 30 irradiated 
ra ts  were immersed to the neck in the swimming tanks 
20 min daily fo r  3 weeks in wire containers tha t  did not 
permit the  animals to exercise, without altering the mor- 
tality rate from that  of nonexposed irradiated rats. To 
determine whether exercise prior to irradiation would 
alter the mortality rate, a group of 20 rats, irradiated 
with 860 r, was exercised exhaustively for  ten trials be- 
fore irradiation and given na  further treatment. The 
mortality rate was similar to tha t  of nonexercised irradi- 
ated animals; hence it appears tha t  the mortality rate is  
altered only if the animals are exercised after irradiation. 

The increase in mortality with exercise following ir- 
radiation could not be correlated with alterations in total 
body weight. The time a t  which minimum body weight 
had been reached following radiation was similar for  
exercised and nonexercised animals. The weight loss was 
not sufficiently greater in exercised animals to provide 
evidence for a correlation between weight loss and in- 
creased mortality. 

I t  is  apparent that  the lethality of roentgen rays a t  the 
doses studied (600 r, 700 r, and 8GO r )  is  increased by 
the repeated performance of vigorous exercise following 
irradiation. It is  suggested that  the increased mortality 
observed with animals exercised after irradiation pro-
vides additional evidence of the relation between radio- 
sensitivity and metabolic level. 
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Adaptive Production of Amylase and Lipase 
by Three Species of Fungi1 

J. 	 J. Goodman 

Department of Plant Patbology, 
University of Minnesota, St. Paul 

Recently, i t  was found tha t  several bacteria and yeasts 
form certain enzymes adaptively ( 4 ,  6, 9). The present 
paper describes what appears to be adaptive production 
of amylase and lipase by three fungi. 

Aspergillus flavus Link, A. ferreus Thom, and a species 
of Penicilliunz tentatively identified as  P. notatum West-
ling were grown a t  room temperature in 250-ml Erlen- 
meyer flasks containing 50 ml of medium. The basal 
medium for  all the experiments was tha t  of Czapek-
Dox ( 8 ) .  Sucrose and soluble starch mere compared as  
carbon sources of amylase production, and sucrose was 
compared with Maz6la"'Born oil as  a carbon source for  
lipase production. 

Amylase. Twenty milliliters of a 1% agar solution 
containing 0.1% soluble starch ana, as  a preservative, 
1 part  formaldehyde in 1,500 parts of medium, was 
dispensed into each of several Petri  dishes and allowed 
to harden. Fil ter  paper disks 15 mm in diam were 
dipped into a solution or suspension of the material to  
be tested fo r  amylase activity, the excess was drained 
off, and the disks were placed on the agar. Four disks 
were appiied to emh  plate, three disks containing active 
material and one containing material heated in boil-
ing water to serve as  a control. T l ~ e  dishes were incu- 
bated a t  30' C for  24 hr, and then were flooded with 
iodine-potassium iodide. The diameter of the clear zone 
around each disk was used as  a measure of the amount 
of amylase present. (5). 

The amylase activities of the mycelium, and of the 
culture liquid in which the mycelium was growing, were 
tested. The mycelium was ground in several changes of 

1 Paper No. 2642, Scientific Series, Minnesota Agricultural 
nxperiment 'Station. 



acetone, and given a final wash in ether, as  described by 
Tate (7 ) ,  and the filter paper disks were dipped in a 
1 %  suspension of this powder in distilled water. The 
culture liquid was tested without dilution. 

Results of such tests with A. flavus and A. terreus, 
growing on 3% sucrose and on 2% starch, are given in 
Table 1. 

TABLE 1 

ARlYLASE ACTIVITY* MEDIURIOR THE MYCELIUM AND CULTURE 
o r  Two FUNGIGROWNO N  SUCROSEOR STARCH 

A S  A CARBON SOURCE 

A. navus A. terreus 

mycelium medium mycelium medium 

-5 O t i +  -t - 0 + + -
8 O H + - 0 + O + +  

11 trace + - - trace trace - -
-

* Rate& 0 to  tic on the  basin .of sise of zone w judge& by 
eye but not measured. 

t Not tested. 

A commercial sample of Taka-diastase was diluted with 
distilled water to give solutions of lo%,  I%,  0.1%, 
0.01%, and 0.001%, and these were similarly tested. The 
results are shown in Fig. 1, each point representing a n  
average of 9 disks. The relationship between diameter 
of clear zone and enzyme concentration appears 'to be 
logarithmic. 

Basal media containing 3% sucrose and 1% starch 
were mixed to  give the following combinations : 

Medium 
Pa r t s  of :  No. 

3% 1% 
Sucrose Starch 
medium medium 

1 100 0 
2 80 20 
3 60 40 
4 40 60 
5 20 80 
6 0 100 

These media were inoculated with A. flavus, and the 
medium and n~ycelium were periodically tested for  amy- 
lase. The results for  four of the media are  presented in 
Fig, 2. Media 3 and 4 were essentially similar to  5. 
Amylase activity increased in both the medium and the 
mycelium as  the amount of starch in the medium was 
increased. I n  cultures 34 days old, considerable amylase 
was still present in the medium, but only a trace was de- 
tected in the myoelium. 

I n  another experiment, A. flavus was grown for  9 days 
on media containing different proportions of sucrose and 
starch. The culture liquid was then poured off, the mat 
was washed several times with sterile distilled water, and 
a 0.1% solution of starch, in distilled water Containing 
formaldehyde in the proportion of 1: 1,500, was intro-
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FIO.1. Relationship between diameter of clear zone and 
concentration of Taka-diastase using paper-disk assay 
method. 

duced under the mats in the flasks (8). Aliquots of this 
solution were tested periodically with iodine-potassium 
iodide. The results, given in Table 2, confirm those ob- 
tained when paper disks were used. 

Lipase. A. fEavus and Penioillium sp. were inoculated 
into replicate 250-ml flasks containing 50 ml of the fol- 
lowing media: (1) Three percent sucrose; (2)  1.5% Ma- 
zola corn oil; 0.1% sucrose. The 0.1% sucrose solution 
was added to the second medium to  permit the mycelium 

MEDIUM MYCELIUM 

I 
MEDIUM 

.-a MED. I 
0-0 MED. 2 
A-A 
A-b 

MED. S 
MED. 6 

/ I 
5 lo 6 3 4  6 10 15 34 

AGE IN DAYS 

FIG.2. Amylase activity of the culture medium and mp- 
celium of A. flavus on media difEerentpro-
portions of sucrose and starch. See text for composition of 
media. 
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TABLE 2 

Houns FOR STARCHTO SHOW CHANGE FROM 


Btun TO VIOLET W I T H  I-hI 


Medium used for growth of fungus 

Percent sucrose . . . . . . . . . . . . . . 3 2 1 0 
Percent starch . .. . .. . . . .. . . . . 0 1 2 3 
Hours for replaced solution 

to show color change . .. . . . . . 52 5 2  42 18 

to become well established. Agar, 0.25%, was added 
to both media. The corn oil was emulsified by passinz 
the medium several times through a hand-operated homo- 
genizer, and the agar served to stabilize this emulsion. 
When a heavy, well-sporulating mat had formed on the 
surface of tlie liquid, the mycelium in replicate flasks 
was harvested and treated as  follows: 

1. The mycelial mats were ground with ten times 
their wet weiglit of 9070 glycerol, as  described by Fodor 
( 1 ) .  The ground material was kept a t  room tempera-
ture fo r  24 hr and then centrifuged to remove most of 
the cell debris. The centrifugate was stored a t  2" C until 
tested. 

2. Acetone powders were prepared as  described in the 
tests for  amylase. 

3. The mats were air dried on blotting paper for  24 hr,  
and then were ground to a fine powder in a mortar. The 
powder, so prepared, and tha t  prepared with acetone, 
were kept in a desiccator over CaCl,. 

OL * OLYCEROL' 1 

AC ACETONE 
OR ' DRYI 


METHOD OF PREPARATION 

FIG. 3. Lipase activity of the mycelium of two fungi 
grown on sucrose or corn oil using three methods of prepar- 
ing the myceliuln for testing. 

The substrate for  testing lipase activity was similar 
to that  described by Peters and Nelson ( 3 ) , consisting 

of corn oil and 0.25% agar in a citrate-phosphate buffer 
a t  p H  6.5. This was dispensed in 10-ml amounts into 
125-ml flasks. Three parts of the glycerol extracts were 
diluted with two parts of buffer before use, and 3 ml 
of this was added to  each 10 ml of substrate. The dry 
powders were added a t  the rate of 0.05 g to 10 ml of 
substrate. Heated controls were included. 

The substrate and enzymes were incubated for  48 hr 
a t  room temperature (about 22" C). At  the end of this 
period, 50 ml of 1 :  1 ether-alcohol was added to  each 
flask, and the fa t ty  acids were titrated with N/20 alco-
holic NnOH. 

The results, representing tlie average difference be-
tween the heated control and the active preparation for 
three flasks of each treatment, are presented in Fig. 3. 

UC t 
OAY )PENICILLIUM SP.I A T  I 2  DAY 

WET WEIGHT (OMS.) 
F I G .  4. Weight of mycelium of two species of fungi grown 

on sucrose or corn oil. 

The powders are directly comparable with one another in 
amounts of fungus material added. I t  is  estimated 
tha t  the glycerol extracts represent only about 1/4-4/9 
the amount of fungus material present in the powders. 
The mycelium of both fungi, in all three methods of 
preparation, had a much higher lipase activity when 
grown on the medium containing corn oil than when 
grown on tha t  not containing corn oil, although a n  
appreciably greater weight of mycelium was produced 
on the medium not containing corn oil, as shown in Fig.  4. 

It has been shown that  amylase and lipase are pro-
duced adaptively liy the fungi used in these tests, con-
siderably more enzTme being produced when the organ- 
isms were grown in the presence of the specific enzyme 
substrated. This is in agreement with the work on 
adaptive hydrolytic enzymes in bacteria and yeasts. In 
the present studies enzyme activity was measured in the  
absence of growth, formaldehyde being used as  an  anti- 
septic. It is not known how long the specific activity 
would be retained had the substrate been changed and 
growth permitted to continue. The possibility of selec-
tion from a heterogeneous population of strains better 
adapted to a specific medium was not ruled out, and 
this possibility must be investigated. 

The fungi used in these studies are commonly asso-
ciated with the deterioration of stored grain, and are 
among several of the organisms being investigated in 
connection with such spoilage. The results suggest tha t  
enzymatic activities of such fungi may be influenced by 
the substrate on which the fungi are growing, and this 
may be of some significance in the field of grain deterio- 
ration, as well as  in the field of commercial production 
of enzymes. 
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Determination of Circulating Red Cell 
Volume by Radioactive Chromium1 

Seymour J. Gray and Kenneth sterling2 

Biophysical Laboratory and Departmevat of Medicine, 

H a r v a ~ dMedical School, and medical Clinic, 

Peter Belzt Brigham Hospital, Boston 


Previous investigators (3-3) have reported accurate 
methods of measuring the circulating red blood cell 
volume by the injection of red cells labeled with radio- 
isotopes. Radioactive iron and radioactive phosphorus 
were available for  these studies. The preparation of red 

cells tagged with radioactive iron necessitates the ad-
niinistration of radioiron for  several weeks to volunteer 
donors who incorporate it into the hemoglobin of their 
red cells, which must then be transfused into the experi- 
mental subject (3-5). Radioactive phosphorus (6-9) 
may be used to label a small volume of the experimental 
subject's own red cells in vitro. However, the phosphate 
exchanges rapidly between the red cells and plasma, 
causing the radioactivity of the tagged cells to  fall  
significantly after 1-3 h r  (6-9). 

The present study concerns a new biological tracer, 
radioactive chromium (Cr"), with a half-life of 26.5 
days. When this isotope is  added to  blood in vitro as  
Na,Cr6'0,, i t  is taken up avidly by the red cells, which 
retain their radioactivity without significant loss fo r  
periods of 1day or more af ter  injection into experimental 
animals. The uptake of Cr61 by human red cells i s  illus- 
trated in Fig. 1, demonstrating the marked affinity of 
red cells for  Na2Cra0,. Since the exchange of Cfli be-
tween red cells and plasma is negligible fo r  24 hr, this 
isotope appears ideal for  the tagging of red blood cells 
and the measurement of the circulating red cell volume. 

Approximately 50 ml of whole blood was withdrawn 
from a normal mongrel dog and heparinized. CrK1 
(7-26 kc): as Na,CrG1O,, was added to whole blood or 
a red cell suspension in saline. After a n  hour, the red 
cells were washed with either physiological saline or 
plasma and then resuspended in  plasma from the same 
dog. The plasma radioactivity was less than 1% of the 
radioactivity of the red cells. 

A 4-ml aliquot was removed for  counting, and the re-
maining measured volume of blood containing tagged red 
cells was injected intravenously into the dog. After al- 
lowing time fo r  mixing in the circulation, 4-ml samples 
were withdrawn for  counting a t  intervals varying from 
10 min to  24 hr. 

The injected blood and all subsequent blood samples 
were centrifuged in 4-ml hematocrit tubes, and the plasma 
was separated. One milliliter of each plasma sample was 
pipetted into a weighed planchet, dried overnight a t  60" 
C ( to  constant weight) and counted with a Geiger-
Miiller counter. The plasma, regardless of the time 
interval, had no significant counts above background. 
The packed red cells were dried overnight a t  60" C, 
then ground to  a fine powder and counted i n  weighed 
planchets, preferably in duplicate. Since Cr" is  a soft  
x-ray emitter, self-absorption corrections were applied 
to a11 saniples. All counts were corrected fo r  radioactive 
decay. 

5 15. 30 45 Ihr. Ikhrs. 2hrs. a The radioactivity dosage required for this method is well 
rnln. rnrn , rnln. rnrn. rnln. within the tolerance limits for human use. From the dis- 1' 


TIME integration scheme of 13. Bradt et at. (I), the admini8tmtion 
of 42 pc of Crm per kg body wt approximates a total dose 

Uptake of Cra as Na~Cr610r by human red blood of 1 rep (Z), on the conservative assumptions that there is 6113.1. 
cells; 86 wg chromium added to 2 ml packed red cells sus. 
pended in saline a t  24' C .  

IThis work was supported in part by the U. S. Atomic 
Energy Commission, the OWce of Naval Research, and the 
National Cancer Institute, U. S. Public Health Service. 

'The anthors wish to thanlr Arthur K. Solomon and 
Charles B, Robinson for their assistance in the processing 
and counting of the radioactive isotopes. 
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no excretion and that radiation is localized in the red cells. 
The amount of chronlium injected per kg body wt varied 
from 1 wg to 20 pg, depending upon the specific activity of 
the sample. This is well below the toxicity level. 

In order to obtain the high specific activity required for 
this research, samples of chromium, enriched in CrEo. were 
bombarded in the nuclear reactor. We wish to express our 
thanks to the Isotopes Division of the Atomic Energy Com- 
mi.;sion for making this material available. 


