
JOURNAL OF BACTERIOLOGY, Aug. 1978, p. 713-716
0021-9193/78/0135-0713$02.00/0
Copyright © 1978 American Society for Microbiology

Vol. 135, No. 2

Printed in U.S.A.

Presence of an Actin-Like Protein in Mycelium of
Neurospora crassa

E. D. ALLENI* AND A. S. SUSSMAN2

Veterans Administration Hospital' and Department of Biological Sciences, University ofMichigan,"2 Ann
Arbor, Michigan 48105

Received for publication 17 March 1978

Addition of ATP, CaCl2, and KCl to supematants prepared from mycelia of
Snowflake (strain 507), a morphological mutant of Neurospora crassa, results in
the formation of filaments 70 nm in diameter. The "decorated" appearance of
these filaments after incubation with heavy meromyosin from rabbits suggests
they are actin-like.

Actin-like proteins have been shown to be
present in a large number of nonmuscle cells and
tissues (4, 6, 8, 11), including platelets (3, 17),
Acanthamoeba castellanii (14), Amoeba pro-
teus (12, 13), and Chaos carolinensis (7). How-
ever, to our knowledge the presence of such
proteins in fungi has been described only for
nonfilamentous forms. These include the slime
molds, Dictyostelium discoideum (5, 16) and
Physarum polycephalum (1, 10).
The presence of actin-like proteins can be

demonstrated by using heavy meromyosin
(HMM), a subfragment prepared by the diges-
tion of myosin. HMM binds to actin and actin-
like proteins and, when visualized by electron
microscopy, reveals "decorated filaments" which
often show the HMM bound to the filaments in
an "arrowhead" configuration.
This note describes the presence of actin-like

proteins in extracts prepared from the mycelium
of Neurospora crassa. We have previously re-
ported that Snowflake (strain 507), a morpho-
logical mutant of Neurospora, possesses large
numbers of cytoplasmic microfilaments approx-
imately 70 nm in diameter. (2).
The preparation of extracts to visualize fila-

ments similar in size to those observed in intact
cells was done by using mycelia of Snowflake
harvested after several days of growth in liquid
culture (2% sucrose with 2% 40x Vogel salts)
(15). After washing with distilled water, the my-
celia were squeezed dry between paper towels
and ground by hand with a mortar and pestle.
After dilution with fresh culture medium (5 ml/
g of mycelium), the suspended slurry was cen-
trifuged two to three times (15,000 x g, 20 min.)
to remove extraneous materials. Several centrif-
ugations were required to remove a lipid layer
which floated on the supernatant. Grinding of
mycelia and centrifugation were carried out at 0
to 40C.

ATP (1 mM), CaCl2 (1 mM), and KCl (100
mM) were added to the supernatants which were
then left for 1 h at room temperature (20°C) or
in a water bath at 37°C, as suggested by Adel-
man (1). After standing, the supernatants were
fixed for electron microscopy (1.5% of both par-
aformaldehyde and glutaraldehyde in 0.1 M so-
dium cacodylate, pH 7.4, for 1 h) and centrifuged
(10,000 x g, 10 min) to obtain pellets. The pellets
were further fixed and prepared for electron
microscopy as previously described (2).
Myosin from rabbit hind-leg muscle (9) was

used to prepare HMM by tryptic digestion ac-
cording to the procedures of Pollard et al. (14).
HMM (2 to 3 mg/ml) in 0.007 M sodium phos-
phate, pH 7.0, was added to supernatants to
yield a final concentration of 0.5 to 1.0 mg/ml
approximately 1 h after ATP, CaCl2, and KCl
were added. These supernatants were left stand-
ing at room temperature or 37°C for 1 to 2 h
before being fixed and prepared for electron
microscopy as above.

Figure 1 shows the appearance of filaments in
supernatants after addition of ATP, CaCl2, and
KCl. The filaments are similar in size and ap-
pearance to those seen in intact cells. The results
obtained following addition of HMM to such
extracts are seen in Fig. 2. No filaments of the
type seen in Fig. 1 are observed after addition of
HMM; instead, there are decorated filaments
closely resembling the actin-like proteins bound
with HMM in the other systems mentioned
above.
The appearance of negatively stained fila-

ments present in supernatants after addition of
ATP, CaCl2, and KCl (Fig. 3) is similar to actin-
like proteins observed in other systems. Figure
4 reveals the presence of negatively stained dec-
orated filaments (some with arrowhead com-
plexes) following the addition of HMM. Meth-
ods employed for negative staining were taken
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FIG. 1. Appearance of filaments in pellet obtained from fixed supernatant after addition ofATP, CaCl2,
and KCI. Some filaments are seen in transverse view (arrows). x26,400.

FIG. 2. Appearance of "decorated" filaments after incubation of supernatants with HMM prepared from
rabbit. x40,000.
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FIG. 3. Negatively stained filamentspresent in supernatant after addition ofATP, CaC42, and KCI. x65,000.
Inset shows the "beaded" appearance seen in some filaments. X105,00X.

FIG. 4. Negatively stained "decorated" filaments following incubation with HMM. x49,000.

from Wooley (16).
Although ATP alone precipitates the fila-

ments as well as ATP, KCl, and CaC12, binding
with HMM is accomplished better when the
latter substances are used as a precipitant. On
the other hand, CaCl2 and KCI precipitate the
filaments much less effectively than ATP alone
or in combination with these salts.
The resemblance of filaments from Neuro-

spora to actin-like proteins from other orga-
nisms, as well as the appearance of decorated
filaments following HMM binding, suggests the
presence of an actin-like protein. Filaments sim-
ilar in appearance to those from Snowflake were
prepared from the wild-type strain, 74a, by the
same procedures described here. We are cur-
rently attempting to purify and compare the
actin-like proteins from Snowflake with those
found in wild-type strains of Neurospora.

We thank Patricia Permoad for excellent technical assist-
ance.
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