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Abstract A simple method for isolating the nuclei from
Basidiobolus ranarum was established. To improve the
yield and purity of nuclei, we investigated maceration
methods, buffer composition, and centrifugation conditions
to establish an optimal procedure. Basidiobolus ranarum
cultured for 5 days was enzymatically macerated and then
homogenized and filtrated through stainless steel sieves.
The crude cell homogenate was loaded on a layer of buffer
containing 50% glycerol and centrifuged at 1500 g. The
resultant pellet contained pure nuclei.
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Isolation of nuclei is frequently needed in cell biology. Iso-
lated nuclei are an ideal material for investigations such as
determination of the ploidy levels of individual nuclei, gene
expression regulation by nuclear proteins, and maintenance
of chromatin structure. The interphase nucleus contains the
nuclear envelope associated with the nuclear lamina (Aebi
et al. 1986; Heitlinger et al. 1991). In metazoan cells, the
major components of the nuclear lamina are intermediate
filament proteins called lamin (Goldman et al. 2002),
whereas those in the nucleus of plants and yeast are not
lamin, which is not present at all, but proteins that form
nuclear structures similar to lamina (Mirzayan and Wimmer
1992; Masuda et al. 1997). There have been no reports on
the structural proteins of nuclear lamina in filamentous
fungi. Preparation of isolated nuclei of filamentous fungi is
indispensable in these and other investigations.

Isolation of the nuclei from filamentous fungi requires
removing the cell walls and removing the debris of crushed
cell walls and other cellular components. In the case of
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Neurospora crassa (Reich and Tsuda 1961; Hsiang and Cole
1973), a cell-wall-less mutant was chosen as the material. In
the case of Aspergillus nidulans, on the other hand, a wild-
type line was used (Gealt et al. 1976), and the purity of
nuclei was improved by density gradient centrifugation
using Nycodentz (Vagvolgyi and Ferenczy 1991). Thus,
most of the established methods for preparing fungal nuclei
depend on cell lines, or ultracentrifugation with an expen-
sive polydispersive agent. Hautala et al. (1977) isolated
nuclei from a wild-type N. crassa. They succeeded in frac-
tionating nuclei using Ludox (W.R. Grace & Co., Colum-
bia, MD, USA), a colloidal silica sol. Using their concept of
disrupting cell walls of a wild-type strain and fractionating
the nuclei by density gradient centrifugation, we attempted
to develop a general method for isolating nuclei from fila-
mentous fungi. To isolate fungal nuclei, we developed an
efficient and simple method using Basidiobolus ranarum
mycelia. The method involves two steps: disruption of cells
and fractionation of the nuclei.

Basidiobolus as used in this work has a nucleus approxi-
mately 5.0 um in diameter (Fig. 1), which was easily observed
under a microscope. The large nuclei, which are larger than
those of fungi reported by Robinow (1963), should be ideal
for establishing a method for preparing isolated nuclei from
fungi. Besides this property, Basidiobolus is a fungus of
interest in taxonomy. It had been classified in Entomoph-
thorales (Zygomycota), but recently the classification has
been reconsidered (White et al. 2006; Hibbett et al. 2007).

A strain (deposition is now undergoing processing) of
Basidiobolus was isolated from amphibian excreta collected
at Hui-Sun Forest Station, Ren-Ai Xiang, Nantou County,
Taiwan, on 11 November 2005 by Y. Degawa and identified
as B. ranarum Eidam. The mycelia were cultured in 60 ml
20% (w/v) potato exudates and 2% (w/v) dextrose in a 200-
ml Erlenmeyer flask at 24°C in the dark.

To prepare isolated nuclei, cell fractionation is needed
to disrupt the cells and collect nuclei. In fungi and plants,
the first step of cell fraction involves maceration of the cell
walls. Principally, this can be achieved by either mechanical
disruption (Gealt et al. 1976), enzymatic maceration
(Vagvolgyi and Ferenczy 1991), or use of a wall-less mutant



Fig. 1. Mycelia of Basidiobolus ranarum in logarithmic growth phase
stained with 4’,6-diamidino-2-phenylindole (DAPI). A Bright-field
image. B Fluorescent image. The field shown in B is the same as that
in A. Bars 20 um

(Hsiang and Cole 1973). Some methods for fractionating
cell nuclei have been reported. Essentially, the methods
involved gentle disruption of cells and cell fractionation,
mainly by centrifugation. In this work, we compared the
efficiency of cell wall maceration of the mycelia of B.
ranarum between mechanical disruption and enzymatic
maceration. Once the mycelia were homogenized, the same
method was used to fractionate the cells.

For mechanical disruption, about 8 g (fr. wt.) of mycelia
5 days after inoculation were harvested and washed three
times with distilled water. Then they were crushed with
liquid nitrogen using a mortar and pestle.

Enzymatic maceration was done using the following
procedure. About 8 g (fr. wt.) of mycelia obtained 5 days
after inoculation were washed three times with distilled
water, and incubated in 0.1 M phosphate buffer (NaH,PO,-
Na,HPO,, pH 7.0) containing 0.2% 2-mercaptoethanol and
40 mM ethylenediaminetetraacetic acid (EDTA) for
20 min at 24°C to help enzymatic maceration. Then, the
cells were washed three times with 0.1 M phosphate buffer
containing 0.8 M KCl and digested for 1 h with 5 volumes
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of enzyme solution containing 3% Driserase (Kyowa
Hakko, Tokyo, Japan) and 0.5% Cellulase ONOZUKA
RS (Yakult, Tokyo, Japan) in the same buffer by gently
shaking at room temperature. These macerating enzymes
are commercially provided and applicable to other fungi
(Asai et al. 1986). The homogenate was used for further
fractionation.

Both mechanically disrupted and enzymatically macer-
ated mycelia were homogenized according to the method
described by Masuda et al. (1991) with minor modifications.
The mycelia were homogenized using a Potter-Elvehjem
homogenizer with 10 ml ice-cold 25 mM methanesulfonate
(MES, pH 5.8), 5mM CaCl,, 30 mM KCI, 20 mM NaCl,
300 mM sucrose, 10% (v/v) glycerol, 2% (v/v) Triton X-100,
and 2 mM dithiothreitol. After centrifugation at 750 g for
15 min, the pellet was resuspended in 25 ml GMC/0.4T
(20 mM MES, 30% glycerol, 400 mM sucrose, 10 mM KCl,
10 mM CaCl,, 0.2 mM phenylmethylsulfonyl fluoride, and
0.4% (w/v) Triton X-100) and homogenized by a Teflon
homogenizer.

In liquid nitrogen, mycelia of B. ranarum were disrupted
within several minutes. However, this simple way of homog-
enizing cells resulted (as shown in Fig. 2A,B) in a large
amount of cell debris in the preparation.

The mycelia became fragile when they were incubated
in an enzyme solution. The digested mycelia were easy to
homogenize using a Potter-Elvehjem homogenizer with a
buffer containing a non-ionic detergent. The yield and
purity of nuclei were much better than in mechanical
homogenization of cells after the cell fractionation process
(Fig. 2B,D). When the same amount of mycelia was used,
enzymatic maceration reduced the amount of pellets in the
cell debris after homogenization compared to that from
mechanical disruption. Thus, enzymatic maceration was
chosen for breaking down the cell walls.

Organelles can be fractionated by their size, specific
gravity, electric charge, and epitopes of the surface. In this
work, we fractionated the nuclei based on their size and
specific gravity. Size fractionation was the first step of nuclei
fractionation. We examined the effects of sieves for remov-
ing cell debris. Cell debris was effectively removed when
the crude homogenate was filtered through 63-um and then
22-um sieves.

Centrifugal force and composition of buffers are the keys
in density gradient centrifugation. Centrifugal force was
examined by the following procedure. The crude filtrate
was layered on 10 ml 50% G/MKC (50% glycerol, 20 mM
MES, 10 mM KCI, 10 mM CacCl,) and centrifuged at 1000,
1500, and 2000 g for 15 min. After centrifugation, particles
> 0.3 um in diameter and nuclei were counted under a
microscope equipped with phase-contrast and epifluores-
cence optics (DMRB; Leica, Wetzlar, Germany). The nuclei
could be distinguished from the other particles by staining
with Hoechst 33258. The rates of nuclei per total particles
> (0.3 um obtained by 1000, 1500, and 2000 g were 0.40 +
0.05, 0.72 £ 0.02, and 0.53 + 0.03, respectively (Table 1).
Thus, centrifugation at 1500 g was the most effective.

The composition of the media for density gradient cen-
trifugation is also important and many media have been
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Fig. 2. Isolated nuclei of
Basidiobolus ranarum stained
with Hoechst 33258. A, B
Prepared with mechanical
disruption. C, D Prepared with
enzymatic maceration. The same
fields were examined using
phase-contrast optics (A, C) or
epifluorescence optics (B, D).
Nuclei are indicated with bright
images. Bars 20 um

Table 1. Purity of isolated nuclei in different conditions

Method/condition Condition  Rate of nuclei/total
particle £ SD*

Centrifugal force (g)° 1000 0.40 £ 0.05
1500 0.72 £0.02
2000 0.53 £0.03
Percoll concentration (% v/v)° 32/48 0.39 + 0.06
Glycerol concentration (% v/v)* 50 0.72 £ 0.02
40 0.46 + 0.04

* Rate of nuclei in total particles larger than 0.3 um in diameter; mean
values + SD are shown

"The buffer contained 50% glycerol

“The buffer contained 30% glycerol

4 Centrifuged at 1500 g

developed for this purpose. For example, sucrose, Ficoll,
Percoll, and Metrizamide are widely used in fractionation
by centrifugation. Percoll is particularly widely used in
nuclei preparation as it has low viscosity and does not affect
the osmotic pressure of the medium. On the other hand, our
preliminary experiment suggested that glycerol could be
effective. Glycerol is not only nontoxic but also reduces
mechanical damages to nuclei during isolation. It is thus an
ideal compound for density gradient centrifugation. There-
fore, we compared the efficiency of Percoll and glycerol.
For Percoll density gradient centrifugation, we used the
method reported by Masuda et al. (1991) for fractionation
of carrot nuclei. We put 10 ml 48% Percoll, 400 mM sucrose,
30% glycerol, 20 mM MES (pH 5.8), 10 mM KCl, 10 mM
CaCl,, and 0.2% Triton X-100 in a tube and then added
10 ml buffer of the same composition, except that the
Percoll concentration was reduced to 32%. The crude

extract of nuclei was loaded on top of the discontinuous
Percoll gradient and centrifuged at 8000 g for 45 min. Frac-
tionation of nuclei using glycerol was performed as follows.
The mycelial extract was loaded on 10 ml 40% or 50%
glycerol, 20 mM MES, 10 mM KCI, and 10 mM CacCl,, fol-
lowed by centrifugation at 1500 g for 15 min. The best result
was obtained using 50% G/MKC, and the rate of nuclei per
total particles > 0.3 um in this protocol was 0.72 = 0.02 (see
Table 1).

Further observation was performed under a scanning
electron microscope (SEM). The nuclei were fixed with 3%
(w/v) glutaraldehyde in a 50 mM sodium phosphate buffer
(pH 6.7) containing 400 mM sucrose, and postfixed with 2%
OsO, for 2h at 4°C. The fixed nuclei were dehydrated
through an ethanol series and transferred to ¢-butyl alcohol.
The specimens in #-butyl alcohol were freeze dried in a
Hitachi ES-2030 Freeze Dryer (Tokyo, Japan). The dried
specimens were coated with platinum-palladium using a
Hitachi E-1030 Ion Sputter Coater (Tokyo, Japan). The
nuclei were observed with a Hitachi S-4200 SEM (Tokyo,
Japan) operating at 15 kV. The SEM observation revealed
that the surface of the isolated nuclei were rough and bumpy
(Fig. 3). Although the outer membrane was solubilized by
the Triton-X 100 treatment, the shape was conserved well,
probably because of the skeletal support by the nuclear
matrix. Moreover, observation of more than 10 nuclei under
SEM showed the nuclei were spherical with diameters of
1.5-5.0 um, which was almost the same size as the nuclei
before cell fractionation (see Fig. 1).

The recovery of nuclei was evaluated from the amount
of DNA from both the initial material and the fractionated
nuclei. For quantification, DNA was extracted from the



Fig. 3. Scanning electron micro-
graphs of isolated nuclei from
Basidiobolus ranarum. A and B
are different magnifications.
Bars 1.5 um

mycelia and the nuclei according to a modified STS method
(Schneider 1946). The DNA concentration was determined
using the method of Burton (1956) with minor modifica-
tions. The amounts of DNA indicated that the recovery of
nuclei was about 10% in our method. Gealt et al. (1976)
reported that recovery of nuclei from Aspergillus nidulans
was 18%. In our method, the recovery of nuclei was not as
high as their report. However, our method is quite simple
and applicable.

We established a procedure for obtaining a large amount
of pure nuclei from the mycelia of B. ranarum. First of all,
enzymatic digestion of cell walls was essential although it
was partial digestion. Filtration through a fine sieve was
effective to remove cell debris. Finally, centrifugation using
a buffer containing 50% glycerol gave the best results to
obtain a pure nuclear fraction. The rate of nuclei per total
particles > 0.3 pm was 0.72 + 0.02. The method established
in this work would be useful for studies on filamentous
fungal nuclei.
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