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Summary. The rate of protein synthesis, as measured by pulse-labeling with [3H] leucine, and the level of polysomes were 
found to be reduced considerably in conidia of Neurospora crassa growing isometrically at 46 ~ when compared to those 
in conidia normally germinating at 25 ~ 

Incubation of conidia of Neurospora crassa in a nutritional 
medium with 2% sucrose at 46 ~ for 15 h prevents forma- 
tion of their germ tubes and induces an isometric enlarge- 
ment of spores, which is approximately twice the normal 
'swelling' at 25 ~ 2,3. Protein synthesis is required for germ 
tube outgrowth from fungal spores 4. It was therefore of 
interest to compare levels of protein synthesis and poly- 
some formation in normally germinating conidia at 25 ~ 
with those occurring in heat-treated, overswollen conidia. 
Material and methods. Wild-type Neurospora crassa, strain 
Lindegren 354 A, was grown in Fernbach flasks containing 
solid nitrate minimal medium for 2 days in the dark at 
25 ~ and 4 days under constant aeration with humidified 
air in the light. Conidia were harvested with sterile distilled 
water, filtered to remove mycelium and washed by centrif- 
ugation. They were inoculated at a concentration of 5 x 106 
pe t ml in 500 ml conical flasks containing 150 ml Vogel's 
medium 5 with 2% sucrose. Flasks were incubated in a 
water-bath for 15 h at 46~ under reciprocal agitation. 
Control cultures were grown at 25 ~ under the same 
conditions 3. 
Total cellular protein was determined on aliquots after 
hydrolysis in 1 M NaOH by the method of Lowry et al. 6 
using bovine serum albumin as standard. Dry weight mea- 
surements were made by filtering samples on preweighed 
filter papers, washing with acetone and drying to constant 
weight in a desiccator. For the measurements of the rate of 
protein synthesis, aliquots of 5 ml cultures were removed at 
intervals and incubated in a shaken water-bath for 15 rain 
with 0.5 ~tCi/ml of L-[4,5-3H] leucine (Radiochemical 
Centre, Amersham, England; sp. act. 53 Ci/mmole) at 
appropriate temperatures. 2 ml of 10% trichloroacetic acid 
was added to duplicate samples of 2 ml each, placed in a 
water-bath at 100~ for 15 min and chilled. Suspensions 
were filtered on Whatman G F / C  filters, washed with ice- 
cold 5% trichloroacetic acid, then with alcohol, dried and 
counted in a toluene-based scintillation solution in a 
Nuclear Chicago scintillation spectrometer. The linearity of 
incorporation was verified by analyzing samples at 5 and 10 
rain pulses. 
Isolation of polysomes was made as described previously, 
at 4 ~ using sterile glassware and solutions 7. After harvest- 
ing cultures with cycloheximide (50 lag/ml) to prevent 
ribosomal run off 8, the conidia were broken for 180 see on 
a Vortex mixer with glass beads and a high ionic strength 
homogenization buffer (pH 8.5, 50 mM Tris-HC1, 400 mM 
KC1, 50 mM Mg acetate, 200 mM sucrose). After centrifu- 

gation at 16,000x g for 15 rain, the supernatant was layered 
on to a pad of 1 M sucrose in buffer B (pH 7.8, 50 mM Tris- 
HC1, 200 mM KC1, 10 mM Mg acetate) and centrifuged at 
160,000x g for 4 h. The ribosomal pellet was resuspended 
in buffer B and centrifuged for 40 min at 190,000• g on a 
10-40% (w/v) linear sucrose gradient made up in buffer B. 
Gradients were scanned at 260 nm and the areas under the 
polysome and monosome peaks were calculated to deter- 
mine the percentage of ribosomes in polysomes. All results 
are representative of several experiments. 
Results and discussion. During isometric growth of the 
conidia of IV. crassa, owing to the elevated temperature of 
incubation (46~ the amount of total proteins and dry 
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Figure 1. Changes in protein content and dry weight during the Ist 
h of germination at 25 ~ and heat-treatment at 46 ~ in shaken 
cultures of N. crassa in Vogel's medium at a concentration of 
5 • 106 conidia/ml. Protein content of germinating conidia (0) and 
heat-treated conidia (�9 and dry weight of germinating conidia 
(11) and heat-treated conidia (El). The inset shows the ratio protein 
(mg) per dry weight (mg) during germination (A) and heat- 
treatment (A). 
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Figure 2. Rate of synthesis of total proteins measured by incorpora- 
tion of L-[4,5-3H] leucine into hot trichloroacetic acid-precipitable 
material during the 1st h of germination (0)  at 25 ~ and heat- 
treatment (�9 at 46~ of conidia of N. crassa. Conditions of 
culture as described in figure 1. 

weight increased at a slower rate than under normal 
conditions of germination at 25 ~ (fig. l). At 46 ~ the 
amount of protein per unit dry weight decreased rapidly 
during the first 2 h and then increased, becoming stable 
after 10 h of incubation (inset, fig. 1). This suggests that in 
the early period of heat-treatment the growth is unbalanced 
and the metabolism is oriented more towards the synthesis 
of cell wall polysaccharides than protein synthesis. Slow 
growth and excessive cell wall thickening has also been 
observed during spherical growth of Aspergil lus niger at 
44 ~ by Smith et al. 9. In germinating conidia, however, the 
ratio of protein to dry weight was more or less constant, 
indicating a more balanced synthesis of cellular material. 
The rate of protein synthesis, as measured by [3H] leucine 
incorporation into proteins, started to rise immediately 
after the inoculation of conidia at both temperatures of 
incubation (fig. 2). At 25 ~ it increased sharply up to 2 h, 
but declined subsequently. The initial rise in the rate of 
protein synthesis preceded the outgrowth of the germ tubes 
and then declined with the transformation of germ tubes 
into hyphae. At 46 ~ after an initial slight rise (up to 
30 min), the rate of incorporation of [3H] leucine into 
proteins declined constantly till the end of the heat-treat- 
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Figure 3. Comparison of the level of polysomes during the first 2 h 
of normal germination (O) at 25 ~ and during the heat-treatment 
(O) at 46 ~ of conidia of N. erassa. 

ment. At the peak of incorporation, heat-treated conidia 
synthesized proteins at 70% reduced rate, compared to 
conidia incubated at 25 ~ The rapid increase in the rate of 
protein synthesis observed in the first 30 min at 46 ~ might 
reflect an adjustment to the supraoptimal temperature. In 
fact, heat-shock proteins (70, 78 and 90 kdaltons) have been 
shown to be synthesized during the first 30 rain of incuba- 
tion at 46 ~ 1~ 
The uptake of [3H] leucine by the heat-treated cells was a 
reflection of the rate of protein synthesis. Our measure- 
ments of the specific activity of the endogenous pool of [3H] 
leucine also showed a progressive decline. This means that 
the transport of leucine was slowed down, and only a small 
amount of leucine entered into the internal pool. The 
leucine taken up by the cells was rapidly equilibrated with 
endogenous leucine and used for protein synthesis. 
The level of polysomes was found to be low in the 1st h of 
heat-treatment at 46 ~ but increased slowly and steadily 
up to 10 h, by which time it represented 4.9 times the initial 
value of 10% (fig.3). In contrast, germinating conidia at 
25 ~ showed a 6.4 times increase of polysomes in the 1st h 
of germination, a value close to that found by Mirkes li. In 
conclusion, the reduction of the rate of protein synthesis 
found in heat-treated, overswollen conidia compared to 
normally germinating conidia may be the consequence of 
both a lower level of polysomes and a reduced availability 
of the amino acid precursor. Active transport of amino 
acids and their incorporation into proteins being known to 
be energy-dependent processes 12, their lowered efficiency 
in overswollen, ungerminated conidia might well result 
from their heat-induced switch to the low energetic, cya- 
nide-insensitive respiratory pathway 13. 
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