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Protoplast yield from Aspergillus niger can be low when using commercial lytic enzymes from Trichoderma har-
zianum. This study shows that the culture medium of T. harzianum after growth on A. niger cell walls is much
more effective in protoplasting than commercial lysing enzymes.

Fungal protoplasts are used for studying cell wall regeneration (de
Vries and Wessels, 1975) and for performing transformation (Case et al.,
1979), monokaryotization (Zhao and Chang, 1993) and parasexual
crossings (Seekles et al., 2022). Protoplasts are obtained by degrading
the fungal cell wall, which generally consists of varying amounts of
a-glucans, p-glucans, chitin, chitosan (-1,4-linked 2-amino-2-deoxy-p-
glucose), galactomannan and glycoproteins (Gow et al., 2017; Ruiz-
Herrera and Ortiz-Castellanos, 2019). Commercial mixtures of cell wall
degrading enzymes from Trichoderma harzianum are routinely used to
protoplast fungi. However, protoplasting of Aspergillus niger strains is not
always efficient with these commercial mixtures, which was improved
by adding chitinase and p-glucuronidase (de Bekker et al., 2009). We
here show that the use of the T. harzianum culture medium after growing
on A. niger cell walls is an easy, efficient and cheap alternative for
protoplasting.

Water-washed cell walls of A. niger were prepared from 3-day-old
cultures of strain AK1.3 (Moran Torres et al., 2025; strain will be
made available upon reasonable request) that had been grown at 30 °C
in transformation medium with 10 g Lt glucose (TM-G) (Lyu et al.,
2023). The mycelium was dried, pulverized with a coffee grinder
(Blokker), washed with demineralized water (at 2 g L™, centrifuged at
15,000g for 5 min, and resuspended in 1/10th volume of water. The cell
wall fraction comprised 38 % of the mycelium (7.6 + 0.8 g L™1).

Next, T. harzianum CBS 354.33 was cultured for 48 hin 100 ml TM-G
at 30 °C and 200 rpm in 250-ml Erlenmeyer flasks (Lyu et al., 2023) after
inoculation with 10® spores. Mycelium was washed with sterile dem-
ineralized water, pressed dry with paper, after which growth was
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prolonged for 48 h in 100 ml minimal medium (MM) (Lyu et al., 2023)
without carbon source (MM-), with 10 g L! glucose (MM-G), or with
38¢g LA niger water-washed cell walls (MM-CW). The MM-G, MM-
and MM-CW culture media were separated from the mycelium using
vacuum filtration through Miracloth, after which protoplasting activity,
B-glucanase activity, and chitinase activity were determined. Enzymatic
and protoplasting activities of the culture media were compared to a
commercial mixture of cell wall lysing enzymes (6 mg ml™') from
T. harzianum (Lysing Enzymes, Sigma-Aldrich, St. Louis, MO, USA).

To determine protoplasting activity, A. niger AK1.3 was grown
overnight at 37 °C and 200 rpm in TM-G with 10 mM uridine using 10°
ml ™! conidia as inoculum. Mycelium was washed with demineralized
water and pressed dry with paper. A total of 0.2 g wet weight mycelium
was incubated for 4 h at 37 °C and 50 rpm in 10 ml T. harzianum culture
medium to which 0.7 M NaCl, 20 mM MES pH 5.8, and 10 mg ml!
bovine serum albumin had been added (Debets and Bos, 1986). Pro-
toplasts were counted using a hemocytometer.

B-glucanase activity was quantified using the 3,5-dinitrosalicylic acid
(DNS) reagent (Khan and Umar, 2021; Miller, 1959). To this end, a
mixture of 62 pl culture medium and 62 pl 4 % p-glucan from Euglena
gracilis (Sigma-Aldrich) in 50 mM sodium acetate buffer, pH 6.0, was
incubated at 40 °C for 2 h. After centrifugation for 1 min at 11,000 g,
375 pl DNS reagent (Khan and Umar, 2021; Miller, 1959) was added to
the supernatant. After a 5 min incubation at 100 °C, absorbance was
measured at 550 nm using a calibration curve of 0-5 mM glucose.

Chitinase activity was also determined with the DNS reagent (Khan
and Umar, 2021; Miller, 1959). To this end, a mixture of 333 pl culture
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Fig. 1. SDS-PAGE (A) and enzymatic and protoplasting activity (B) of culture medium of T. harzianum grown on minimal medium with glucose (MM-G) (A, lane 1),
A. niger cell walls (MM-CW) (A, lane 2), or in the absence of a carbon source (MM-) (A, lane 3). In (A), 10 pl culture medium was loaded in lane 1-3, while lane 4
represents the protein ladder. The five most studied secreted chitinases of T. harzianum have apparent masses of 31, 33, 42, 52 and 73 kDa, while secreted p-glu-
canases have a mass of 31, 40, 43, and 78 kDa (Haran et al., 1996). Experiments were done using biological triplicates and statistical analysis was conducted by
ANOVA followed by Tukey’s multiple test. Letters in B indicate statistically distinct groups (p < 0.05).

medium and 100 pl 1 % colloidal chitin (see Supplementary Text 1) in
50 mM sodium acetate, pH 6, was incubated for 2 h at 40 °C. The
mixture was centrifuged for 1 min at 11,000 g, after which 200 ul DNS
reagent was added to the supernatant, followed by a 5 min incubation at
100 °C. Absorbance was measured at 550 nm using a calibration curve of
0-5 mM N-acetylglucosamine.

Lower protein content was found in the MM-G and MM- culture
media when compared to MM-CW (Fig. 1A). Yet, f-glucanase activity in
the MM-G and MM- culture media was similar to that in the MM-CW
culture medium and in the commercial lysing enzymes (Fig. 1B). By
contrast, chitinase activity in the MM- and MM-G culture media was
similar to that in the commercial enzyme mixture but lower than that in
the MM-CW culture medium (Fig. 1B). A similar pattern was observed
with protoplast yield, indicating that efficient protoplasting in A. niger
occurs under conditions with relative high chitinase activity. Indeed,
adding chitinase to a commercial enzyme mixture improves protoplast
yield of A. niger (de Bekker et al., 2009).

We here showed that high protoplast yield can be obtained by using
the culture medium of T. harzianum after growing on cell walls of
A. niger. This may not only help to obtain sufficient protoplasts to
transform A. niger strains that do not protoplast efficiently with com-
mercial lysing enzymes (de Bekker et al., 2009) but also to transform
genomic libraries with sufficient representation (Moran Torres et al.,
2025). Notably, protoplasting could be done directly in the culture
medium, and thus did not require any purification of the lytic enzymes.
It resulted in a similar transformation efficiency when compared to
protoplasts obtained with the commercial enzyme mixture (Supple-
mentary Fig. 1). Moreover, protoplasting activity in the MM-CW culture
medium was stable for at least 3 months at 4 °C, or after freezing and
thawing (data not shown). Future studies should indicate whether these
enzymes also efficiently protoplast other species. Preliminary data show
that growing T. harzianum on cell walls of Agaricus bisporus does not
result in a high protoplast yield of this basidiomycete. By contrast,
protoplasting of Schizophyllum commune with this T. harzianum culture
medium is very efficient, which is not the case with the commercial

mixture of lysing enzymes (data not shown).
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