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DistriBuTION AND PROPERTIES OF Basic PROTEINS IN THE PHIALIDE
oF PENICILLIUM NOTATUM DuriNg CONIDIATION

In a study of the cytochemical changes in the phialide of Penicillium
notatum Westling during conidial development intense cytoplasmic staining
in alkaline fast green was observed in the early stages of phialide dif-
ferentiation which declined on maturation of the penicillus. Since it was
also observed that cytoplasmic ribonucleic acid (RNA) distribution
closely paralleled that of the basic proteins, the possible relationship
between the two was followed throughout development.

Penicillium notatum was grown on malt extract agar disks on coverslips
for 3—5 days at 20°C which gave a range of coverslip cultures consisting
primarily of young phialides after § days’ growth to predominantly mature
or senescent penicilli after 4 and 5 days’ growth respectively. Coverslips
were removed from the cultures and the adhering colonies were fixed in
either 959, alcohol, or acetic:alcohol 3:1, or 109% neutral buffered
formalin.

Since the methyl green-pyronin and Feulgen techniques are not generally
suitable for fungal material and gave inconsistent results in P. notatum,
nucleic acids were stained with toluidine blue or trypan blue or by the
acridine orange fluorescence method of Bertalanffy & Bertalanffy (1960).
General protein staining was achieved by the mercury-bromophenol blue
method at low pH and the coupled tetrazolium reaction (Danielli, 1947).
Basic proteins were selectively stained by alkaline fast green FCF (pH 8-1)
by the method of Alfert & Geschwind (1953), but since fading in perma-
nent mounts was rapid, temporary preparations were made in glycerine
jelly. Nucleic acids were removed, as applicable, with 5 9%, trichloroacetic
acid (TCA) for 15 min at go°, with ribonuclease (RNase) or cold per-
chloric acid, or with deoxyribonuclease (DNase).

Deamination was carried out by treatment with a mixture of equal
volumes of 59 TCA and 5%, sodium nitrite solutions at 20° for 3o min,
a treatment known to destroy the e-amino groups of lysine but not the
guanidino groups of arginine. Amino groups were blocked by fixation or
post-fixation in 10 %, neutral buffered formalin for 3 h at 20°. Arginine
was detected by the Sakaguchi reaction.

RNA and total protein methods revealed high concentrations of these
substances in the young phialides with decreased amounts in the older
structures, Removal of nucleic acids with TCA followed by alkaline fast
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green staining gave a strong reaction in the cytoplasm of young phialides
(PL. 23, fig. 1). Mature phialides in which spore production was at a peak
also showed relatively strong fast green staining (Pl. 23, fig. 2), whereas the
proportion of phialides showing strong staining decreased in older cultures
(PL. 23, fig. ). At all stages of phialide development the cytoplasm and
nuclei of the conidia stained intensely.

Selective removal of nucleic acids with RNase or perchloric acid or
with DNase before fast green staining revealed that the nuclei of the
mycelium and the phialides contained typical DNA-bound histone, but
the cytoplasmic staining of the young phialides was due primarily to
RNA-associated basic proteins. When tissues were deaminated before
RNA removal, alkaline fast green staining was reduced but it was still
appreciable. However, deamination after removal of RNA drastically
reduced cytoplasmic staining, thus confirming the existence of RNA-
associated basic proteins and indicating that they were rich in lysine.
Arginine staining showed low activity in the mycelium, phialides and
spores, strengthening the view that the alkaline fast green staining was due
primarily to lysine-rich proteins.

Formalin-fixed tissues subsequently subjected to RNA extraction with
perchloric acid and then stained by the alkaline fast green procedure
showed reduced cytoplasmic staining compared with the controls which
were TCA-extracted and stained, indicating that at least a part of the
staining by the latter method was due to basic proteins not associated with
RNA. If formalin-fixed tissues were subjected to RNA extraction and then
the exposed amino groups were subsequently blocked by a further period
of formalin fixation, cytoplasmic fast green staining was abolished. Such
procedures carried out on tissues originally fixed in acetic:alcohol gave
similar results, but the general level of staining was appreciably reduced,
indicating that the fixative had probably removed some of the basic
protein. The use of g5 9, alcohol as a fixative overcame this difficulty to
some extent, but as this is a poor fixative for fungi it resulted in distorted
preparations.

It was difficult to reconcile the original observations of cytoplasmic basic
proteins in Tetrahymena made by Alfert & Goldstein (1955) with the
absence of appreciable Feulgen-stainable DNA in the cytoplasm. However,
it is now well established cytochemically (Horn & Ward, 1957; Daven-
port & Davenport, 1965) and biochemically (Butler, Cohn & Simson,
1960; Lindsay, 1966; Shepherd & Noland, 1968) that such proteins can
occur in association with cytoplasmic RNA.

The present work clearly shows a decline in lysine-rich cytoplasmic
ribonucleoprotein of the phialide during the phase of rapid mitotic
division accompanying conidial production. At the end of conidial pro-
duction only nuclear DNA-bound histone could be demonstrated by the
fast green procedure at pH 8-1. It is apparent from the RNA and total
protein observations that a rough parallel exists between the distribution
of these and the cytoplasmic ribonucleoproteins during phialide develop-
ment. Such observations are particularly interesting in the light of the
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findings of Righelato, Trinci, Pirt & Peat (1968) that there is no net
synthesis of protein or RINA in chemostat cultures of P. chrysogenum after
induction of conidiation in mycelial cultures. It seems that the induction
mechanism alters the metabolism of the mycelium in such a manner that
existing protoplasmic components are translocated to the phialides where
materials appropriate to conidial formation are produced and accumulate.
Transfer of proteins between the cytoplasm and the nucleus is now well
established (Byers, Platt & Goldstein, 1963), and it is also known in
Amoeba (Prescott & Bender, 1963) that migration to the cytoplasm of
nuclear proteins bearing labelled basic amino acids occurs before mitosis
and that these return to the nucleus at a late stage in cell division. The
work of Hadley & Harrold (1958) indicates that spore production is
exceedingly rapid once conidiation commences in P. nofatum, and the
accumulation of high concentrations of cytoplasmic ribonucleoproteins
in the young phialide could be a means of providing an adequate pool of
available basic proteins for subsequent transfer to daughter conidial
nuclei and cytoplasm which are both rich in basic proteins. However, the
origin and role of this pool of cytoplasmic ribonucleoprotein are obscure
since it is not known if nucleohistone is transferred between the nucleus of
the phialide and the cytoplasm during each mitotic division. Further work
would be necessary to determine if these basic proteins operate in the
regulation of nuclear function and RNA synthesis in the manner suggested
by Huang & Bonner (1962).
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EXPLANATION OF PLATE 28§
Staining of basic proteins during phialide maturation in Penicillium notatum
Fig. 1. Young phialide from 3-day-old culture, first spores forming; intense cytoplasmic fast
green staining. Red filter. x 1800.

Fig. 2. Mature phialide in which fast green staining of the cytoplasm of the phialide is still
pronounced, but less than in Fig. 1. Cytoplasmic and nuclear staining in spores. Nuclear staining
in the mycelium (n, nuclei). Red filter. x 1800.

Fig. 3. Penicillus with mature phialides in which sporing has ceased, only nuclear fast green
staining remains in the phialides (n, nucleus); nuclear and cytoplasmic staining of spores. Red
filter. x 1800.

PENICILLIUM ARGILLACEUM SP.NOV., A THERMOTOLERANT PenrciLLIuM

In the course of an investigation of fungi occurring in mine tips in
Staffordshire, a brown-coloured, thermotolerant species of Penicillium was
encountered. Three strains of the same species, sent to the CBS for identifi-
cation, were isolated from wood chips by Dr T. Nilsson, Skogshogskolan,
Stockholm. The species proved to be sufficiently different from all de-
scribed species of Penicillium (Raper & Thom, 1949; Kulik, 1968) to
warrant its description as a new species. Cultures of this species as well as
dried type material are deposited at the Centraalbureau voor Schimmel-
cultures, Baarn, the Netherlands.

Penicillium argillaceum sp.nov. (Fig. 1)

Coloniae in agaro maltoso celeriter expandunt temperatura 30°C, velutinae, hyphis
laxe intertextis surgentibus, avellaneae; reversum incoloratum vel avellaneum.

Hyphae vegetativae hyalinae, leves, 1-5-3 #m diam. Conidiophori oriundi vel ipso e
substrato vel ex hyphis aeriis, 60~400 X 2--3(4) #m, hyalini, septati, parietibus vulgo
asperulatis vel nonnumquam levibus. Penicilli biverticillati asymmetrici, plerumque
consistunt € verticillis duarum ad quinque metularum capitulum phialidum portantium,
nonnumquam etiam maiores uno vel duobus ramis additis. Penicilli monoverticillati
quoque adsunt. Ommnes partes penicilli modice compressae, hyalinae, plerumque
asperulatae, sed nonnumquam leves. Rami 12-35X 1-5-3 gm. Metulae 12-25X 15—
3 pm, sursum expansae ad 4 gm diam. Phialides ad decenas in verticillo, plus minusve
abrupte convergentes ad tubulum angustum, plerumque g-14 X 1-5-2 gm, tubulus
conidiiferus 1-2 X 1 gm. Conidia cylindracea, ellipsoidea vel ovoidea, hyalina, levia,
2:5-4-5 pm longa, plerumque 3-4 x 1-2—2 gm; catenae conidiorum intermixtae vel in
columnis laxis tortuosis cohaerentes.

Typus: CBS 101.69, isolatus ex cumulo deiecto carbonariorum, Staffordshire, Anglia,
ab H. C. Evans, Maio 1967.

Colonies on Czapek agar attaining a diameter of 4 to 4-5 cm within
2 weeks at 30°C; with surface growth almost velvety; somewhat loose-
textured, consisting of a very thin network of hyphae either above or
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