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This study is concerned with observations on the cell nuclei of Penicillium chrysogenum and the intracellular distribution of ribonucleic acid,
both in the pre-germinative state, and in the early stages of germination
and hyphal growth in submerged culture.
Methods and Results
Strain

The strain Q 176 of P. chrysogenum was used.
Spore suspensions were prepared as described in the paper by Camici,
Sermonti & Chain,a and kept in the refrigerator for several days before use.
200 ml of culture medium (Czapek-Dox, modified by Clutterbuck 6) in
one-litre Erlenmeyer flasks were inoculated with a spore suspension of
such strength that the final concentration of conidia in the culture medium
was about 500,000 per ml. With this number of conidia, filamentous growth
was always obtained. The flasks were agitated on a reciprocal shaker
(Camici et al.a) at 240 C.
Methods of staining nuclei
The nuclei were stained, using the crystal-violet method of Newton
modified by La Cour, after fixation in 2BD (La Cour; 11 Darlington &
La Cour 7). This method gave good results with hyphae, but differentiation
always proved very difficult with conidia.
a Se., page 265 in this number of the Bulletin.
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Distribution of nucleic acids
The distribution of ribonucleic acid in the cells was studied by means
of the staining method of Brachet2 and the ultra-violet photography method
of Caspersson,5 before and after the action of ribonuclease. The ribonuclease used was a commercial preparation.b The material was fixed in
Zenker's solution plus formalin. It was examined in some cases entire, in
others in paraffin sections of a thickness of 1-10,u. In a few cases the intracellular distribution of thymonucleic acid was studied by the Feulgen reaction (see Darlington & La Cour 7). For this reaction the material was fixed
in Bouin-Allen solution and incorporated in paraffin, and sections 7-lIO,
thick were cut. The sections were hydrolysed in N hydrochloric acid for
12 minutes at 600 C. Difficulties were experienced with this method, which
gave poorly reproducible results.
Behaviour of the nucleus in conidia in the pre-germinative state
At the time of inoculation into the culture medium, nearly all the conidia
were found to have one nucleus only (fig. 1); a conidium with two nuclei
was exceptional. This confirms the observations of Baker' for Penicillium
notatum. About eight hours after the inoculation, when the first signs of
germination appear in some conidia, more than half the conidia not yet
germinated showed two nuclei; only 25% remained with one nucleus;
while the rest had more than two nuclei (fig. 2). In the third group, conidia
containing up to six nuclei were found. All conidia in which germination
had started showed two or more nuclei.
From these observations it is clear that active nuclear division, and
hence the synthesis of nucleic acids, occurs in the conidia in the pre-germinative state.
It has not been possible to demonstrate the'presence of nucleic acids
in the conidia by means of ultra-violet spectroscopy because of the presence
of ribonuclease-resistant substances which strongly absorb the ultra-violet
light at 2,750 A. These substances were also apparent in the paraffin
sections (of 1-2,u thickness) of the conidia, thus excluding the possibility
that the ribonuclease did not penetrate into the cells.
Germination
Germination normally starts with a protuberance in a zone on the
surface of the conidium and the migration towards this protuberance of
one of the two nuclei (fig. 3). The nuclei of the conidia continue to divide
for many hours after germination. This activity leads to the formation,
after about one day, of new hyphae from the conidia.
b Produced by the Worthington Biochemical Laboratory, Freehold, New Jersey, USA.
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At the same time as the first signs of germination became evident with
the formation of the promycelium, the conidium, as well as the promycelium, contained large amounts of ribonucleic acid which appeared to
be concentrated in the former (fig. 4, 5, and 6); the data obtained by using
the technique of Brachet are in excellent agreement with those obtained
with ultra-violet photography. In sections stained with pyronine after the
action of ribonuclease it is clearly evident that promycelium and protoplasma completely lose their basophilia while it is retained in the exosporium.

Behaviour of the nucleus during the early growth phase
In hyphae just after their formation from germinated conidia, and
during the first phase of their development, one nucleus only was generally
present, but hyphae containing two nuclei were also found quite frequently,
while hyphae with more than two nuclei were rare (fig. 7). Mycelium of
a more advanced age generally contained two or three nuclei, rarely more.
Pontecorvo 12 has observed the occurrence of as many as 12 nuclei in
vegetative hyphae of P. notatum. The number of nuclei per cell and the
distance between nucleus and nucleus do not vary very much during the
early. growth phase. Silver Dowding & Buller 13 have made the same
observation with Gelasinospora tetrasperma, and have noted that the nuclei
are not shifted from their position by the protoplasmic current. These
observations were correlated to the exclusively apical growth of the hyphae
(Smith 14). If the nuclei of the cells divided with the same frequency all
along the hyphal trunk, a geometric increase would be expected in the
number of cell nuclei from the apical cell towards the older cells. It follows
that the most active division of nuclei takes place predominantly in apical
cells, although regular nuclear division also occurs in other cells. The
hyphal nuclei were weakly Feulgen-positive.
Distribution of ribonucleic acid in the hyphae
Both with the technique of ultra-violet photography and with the pyronine staining method, it was found that in the growing state the hyphae
contained large amounts of ribonucleic acid. In young hyphae (12-24 hours
after germination) the basophilia of the hyphae is not uniform, but zones
of more and less pronounced basophilia alternate. Gayet, 8 using the
technique of Brachet, observed the occurrence of ribonucleic acid in the
hyphae of Aspergillus niger, and Gerola & Vannini 9 made similar observations on Saccharomyces cerevisiae. The ribonucleic acid was found in
highest concentration at points where ramifications began to be formed
(fig. 8). The histological results are in agreement with the present concepts
of the special function of nucleic acid in cell growth (Brachet; 4 Caspersson; 5 Hammarsten 10, c).
c Unpublished data
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SUMMARY

RtSUMI

Cytological and cytochemical observations were carried out on cells of Penicillium chrysogenum in submerged culture
in different stages of development. The
behaviour of the cell nuclei was studied
by means of the crystal-violet staining
technique of La Cour, and the distribution of ribonucleic acid by means of
the method of ultra-violet photography
developed by Caspersson and the pyronine staining technique of Brachet, both
before and after the action of ribonuclease.
Conidia of P. chrysogenum in the state
of dormancy normally contain one nucleus.
Exceptionally, conidia with two nuclei
are found. After contact with culture
medium in agitated shake-flasks for about
eight hours, the first sign of germination
becomes apparent in some conidia,
although the majority shows no visible
signs of germination. However, more
than half of these apparently unchanged
conidia now contain two nuclei, and in
some cases conidia containing up to six
nuclei can be seen. This demonstrates
the occurrence of active nuclear division,
i.e., considerable metabolic activity, in
conidia in the pre-germinative state before
any morphological changes can be detected.
Hyphae formed immediately after germination of the conidia were usually
found to contain one nucleus only. Cells
of hyphae of more advanced age were
observed to contain two or three nuclei.
During growth the number of nuclei
remains approximately constant in the
cells all along the hyphal trunk. Cell
division therefore occurs mainly in the
apical cell ; this observation supports
the generally accepted view that hyphal
growth is mainly apical in character.
The distribution of ribonucleic acid
in the cells of P. chrysogenum was studied

Des observations cytologiques et cytochimiques ont e effectuees sur Penicillium chrysogenum cultive en profondeur, A divers stades de developpement,
A 1'aide des techniques suivantes: coloration des noyaux par le cristal-violet
selon La Cour; repartition de l'acide
ribonucleique par la methode de photographie ultra-violette mise au point par
Caspersson et par la technique de Brachet
de coloration au moyen de la pyronine,
avant et apres action de la ribonucleinase.
Les conidies de P. chrysogenum A
1'etat de vie latente ne contiennent normalement qu'un noyau; on trouve exceptionnellement des conidies binucleees. Huit
heures apres ensemencement dans des
flacons de culture places dans des agitateurs, seules quelques conidies commencent A germer; la plupart ne presentent aucun signe de germination.
Pourtant, plus de la moitie d'entre ces
dernieres contiennent alors deux noyaux;
on peut meme en trouver jusqu'A six.
Ce fait est l'indice d'une active division
nucleaire, c'est-A-dire d'une activite metabolique considerable dans les conidies au
stade pre-germinatif, avant qu'aucun changement morphologique puisse etre decele.
Les hyphes formes immediatement apr6s
la germination des conidies ne contiennent
en general qu'un noyau. Les cellules des
hyphes plus ages en contiennent deux
ou trois. Au cours de la croissance, le
nombre des noyaux demeure A peu pres
constant dans les cellules qui forment
l'hyphe central. La division cellulaire ne
se produit donc guere que dans la cellule
apicale. Cette observation confirme la
notion generalement admise que la croissance de l'hyphe est surtout apicale.
La repartition de l'acide ribonucleique
dans les cellules de P. chrysogenum a e
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FIG. 1. MONONUCLEATED CONIDIA AT TIME OF INOCULATION

Crystal-violet staining; magnification: x2400
FIG. 2. CONIDIUM 8 HOURS AFTER INOCULATION, SHOWING TWO
NUCLEI IN DIVISION

Crystal-violet staining; magnification

x2400
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FIG. 3. GERMINATING CONIDIUM SHOWING TWO NUCLEI, ONE OF WHICH IS
MIGRATING INTO THE PROMYCELIUM

Crystal-violet staining; magnification: x2400
FIG. 4. CONIDIUM AFTER BEGINNING OF GERMINATION
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Ultra-violet photography; magnification: x1200
B. After action of ribonuclease
A. Before action of ribonuclease
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FIG. 5. GROWING MYCELIUM, SHOWING PRESENCE IN EXOSPORIUM OF MATERIAL
ABSORBING ULTRA-VIOLET LIGHT AFTER ACTION OF RIBONUCLEASE
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Ultra-violet photography * magniflcation x1200
A. Before action of ribonuclease
B. After action of ribonuclease
FIG. 6. HYPHAE

A

B:

Ultra-violet photography ; magniflcation: x1200

A. Before action of ribonuclease

B. After action of ribonuclease
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FIG. 7. NUCLEI IN HYPHAE

Crystal-violet staining; magnification: x1600
FIG. 8. HYPHAE WITH LATERAL RAMIFICATIONS SHOWING STRONG ULTRAVIOLET ABSORPTION IN THE APICAL CELL

A;

A.

Before action

of ribonuclease

Magnification: x1200
B. After action of ribonuclease
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in different stages of development by
means of ultra-violet photography and
a specific staining method. It was found
that the highest concentration of ribonucleic acid occurred in actively growing
cells.
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etudiee a divers stades du developpement,
au moyen de la photographie ultraviolette et d'une methode de coloration
specifique. On a pu demontrer que les
plus fortes concentrations d'acide ribonucleique se rencontrent dans les cellules
en croissance active.
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