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Abstract: There are inadequate records of wild-isolated Neurospora crassa
from Nigeria. Most of the isolates reported are from air spores outdoors, and
indoor environment of buildings including laboratories where it is a
contaminant. A wild strain of N. crassa isolated from soil on a burned site was
assayed for an important pharmaceutical metabolite, arginase. This isolate was
identified by traditional cultivation methods and by its ribosomal DNA internal
transcribed spacer (rDNA-ITS) sequence. Its average daily growth rate was 3.2
cm and as typical with N. crassa, it utilised different carbon sources. Among
the sugars tested, sucrose, lactose, glucose and glycerol yielded the most
biomass while ethanol supported the least growth. Arginase activity was
determined by the amount of urea produced per unit time and its activity in the
newly isolated N. crassa strain peaked on the second day and declined steadily
thereafter in the course of five days.

*corresponding author: insa@unilag.edu.ng

Keywords: Neurospora crassa, arginase, urea and carbon source

1.0 Introduction N. crassa is a haploid,

heterothallic

Neurospora was first recorded in 1843 as
Monilila sitophila, a contaminant in French
bakeries [1, 2, 3]. Currently, the use of
preservatives in bakery products has
inhibited the presence of moulds except in
artisan bread devoid of preservatives [4, 5]. It
was in N. crassa that Beadle and Tatum [6]
conducted their studies of the one-gene-one-
enzyme  hypothesis [7]. Its seven
chromosomes were identified by Barbara
McClintock [8] and the sequencing of its
genome revealed that it has a size of 40 Mb
and encodes 10,082 protein-coding genes [9].

ascomycete, exhibiting both asexual and
sexual life cycles. It is used as a leading
model organism in genetics/biochemical
genetics [10], circadian clocks in eukaryotes
[11, 12] and population studies [13]. It is easy
to culture, reproduces quickly and has simple
nutritional requirements. Mutant strains exist
and are maintained at the Fungal Genetics
Stock Center (FGSC) in Kansas, USA.

Morphologically, they can be identified by
their distinctive orange mycelia, rapid
growth, and profuse production of powdery
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conidia [14, 15]. Orange-coloured masses of
Neurospora have been seen in sugar factories
and on other carbohydrate-rich foods [16]. It
can be found in the tropical and subtropical
regions of the world; [17] where it is
observed to be the earliest colonizer after
wildfires [18,19]. This explains why its
spores require temperatures ranging from 60-
65°C to germinate [17,20]. NV. crassa has also
been recorded on burnt trees and shrubs in the
temperate forests of North-Western and
Southern America [21], burned sites in
African countries such as Ivory Coast, Gabon
and Congo [18]. There are scarce records of
other efforts to collect N. crassa from burned
sites in other parts of Africa. In Nigeria, N.
crassa has been isolated from the rhizosphere
of a weed [22] and its spores recovered from
air sampling in Victoria Island and Ikeja
areas of Lagos State [23].

N. crassa has applications in metabolite
production [24] especially the enzyme
arginase [25], with ornithine and urea as the
products of its action [26]. Arginase (L-
arginine amidinohydrolase, EC 3.5.3.1) is a
105 kD homotrimeric enzyme that contains a
binuclear manganese cluster and catalyzes
the hydrolysis of L-arginine to form the non-
protein amino acid L-ornithine, and urea
[27,28]. It was first found in the mammalian
liver, and ARG-1 is conserved in yeasts
(Saccharomyces cerevisiae, S. pombe),
moulds (Eremothecium gosypii,
Magnaporthe oryzae, N. crassa) and
mammals (cat, dog and humans) [26]. The
structural gene for arginase is found between
wc-1 and arg-10 genes on N. crassa’s
chromosome VIIR [29, 30]. Its two isoforms
in N. crassa have been characterized [31]. In
recent times, arginase has found use in the
treatment of acute neurological disorders
[32], allergic asthma [33], tumour inhibition
and an extensive range of activity against
cancer cells [34, 35]. Hence, the present
investigation deals with the production of L-
arginase from a strain of N. crassa isolated
from nature and the determination of the best
sole carbon source for its growth.
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2.0 Materials and Methods

2.1 Sample Sites

Soil samples were collected from Ikorodu,
Lagos State [36] and Atan, ljebu-Ode, Ogun
State in southwestern Nigeria. These sites
were chosen during the dry season because
the farmers set the land on fire after
harvesting crops. The GPS coordinates for
the sites were obtained with Google maps
[37, 38]. Soil samples were collected up to a
depth of 7.5 cm -10 cm [36] and five sites per
location were randomly selected.

2.2 Strains and Culture Media

N. crassa strains, CECT 2727 and 2728 were
ordered from the Spanish Culture Centre,
Valencia and the freeze-dried pellets were
cultured according to supplier’s instructions.
Rose Bengal Chloramphenicol Agar (RBCA)
(Hi-Media, Mumbai India), Potato Dextrose
Agar (PDA) (Hi-Media, Mumbai India)
supplemented with chloramphenicol (250
Mg/ml) and Vogel’s minimal medium (1X
Vogel’s 2% glucose (V2G), 1.5 % agar) was
used to isolate and cultivate the strains used
in this study.

One litre (1 L) of 50X stock solution of
Vogel’s contained NazCeHs0O7. 5.5 H.0 (125
g), KH2PO, anhydrous (250 g), NH4NO;
anhydrous (100 g), MgSO4. 7 H:0 (10 g),
CaCly. 2 H,0 (5 g), Trace Element (5 ml),
Biotin Solution (2.5 ml), pH 6.0 and
Chloroform (5 ml) was added as a
preservative for storage at room temperature
[39, 40]. Stock Trace element solution (100
ml) was composed of CgHs.H.0 (5 g),
ZnS04.7H,0 (5 g), Fe (NH4)2(SO4)2.6 H.0 (1
g), CuSO4. 5 H20 (0. 25 g), MnSQO4. 1H20
(0.05 g), H3BOs; anhydrous (0. 05 g),
Na:Mo004.2H,0 (0.05 g).

2.3 Soil Screening for N. crassa

One gram of soil from each of the ten samples
was aseptically transferred into Erlenmeyer
(250 ml) flasks containing 99-ml of sterile
distilled water. The soil-water mixture was
shaken for 5 min and hundred-fold serial
dilutions were made to get dilutions of 10,
10 and 10°. Aliquots (1 ml) from 102 and
10 flasks and (0.1 ml) from 10*and 10°
were used to get 1072, 10“ and 1073, 10
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dilutions respectively. Each soil dilution was
aseptically transferred into the Petri plates
using the pour plate technique. This was
carried out in triplicates using Potato
Dextrose Agar (PDA) and Rose Bengal
Chloramphenicol Agar (RBCA). The plates
were incubated at 30°C for 5 days and were
observed daily for the presence of
characteristic N. crassa orange hyphae.

To obtain pure cultures of N. crassa, using an
inoculating needle, bright orange mycelia
from the mixed culture plates were sub-
cultured on RBCA, PDA and Vogel’s 2%
Glucose (V2G) plates. A second round of
sub-culturing from the initial pure culture
plates was done. Cultures were maintained on
PDAC and Vogel’s slants. The new isolate
was assigned a laboratory stock number.

2.4 Genomic DNA Isolation, ITS
Amplification and Sequencing

Genomic DNA was extracted from a 3-day
old pure culture agar plate of N. crassa using
Zymo  Quick-DNA™  Fungal/Bacterial
Miniprep Kit according to the manufacturer’s
instructions. PCR amplification was done
using ITS4R and ITS5F primers and
amplicon  sequencing were done as
previously described [36].

2.5 Determination of Growth Rate
Hyphal extension of the new isolate and the
other two strains CECT 2728 and CECT
2727 were measured daily in 16 x 150 mm
long growth tubes at 25°C + 2. A loopful of
conidia was inoculated on one end of V2G
2% agar medium. Growth fronts were
marked over 4 days. Replicates were used for
each N. crassa strain and an average growth
rate of the six tubes was measured.

2.6 Dry weight mycelia biomass on
different carbon sources

To determine if the new isolate was a
nutritional variant, it was tested on different
sugars commonly utilised by N. crassa and
the mycelial weights were compared with the
other strains CECT 2727 and CECT 2728.
Ten millilitres of 1X Vogel's medium and
each sugar were dispensed into 50 ml
Erlenmeyer flasks. The monosaccharides
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tested included glucose, fructose, galactose
and dextrose; the disaccharides were sucrose,
maltose and  lactose, glycerol (a
polysaccharide) and ethanol. Each carbon
source was added at a concentration of 0.2 %
(w/v) and 2% (w/v). Mycelia mats cut out
from plates with a sterilized 5 mm cork borer
was inoculated into the flasks and incubated
with shaking at 100 rpm (ZHP-100 PEC
Medical USA) for 7 days at 30°C. The 2 %
culture flasks were not agitated. Mycelia
mass was harvested after 7 days and dried
before weighing. Three replicates were set up
for each treatment. As a control, flasks that
contained sterile distilled water were
inoculated with a mycelial plug of N. crassa
[41].

2.7 Arginase Assay

2.7.1 Growth conditions

A 9 mm mycelium mat was picked from a 7-
day old culture plate of N. crassa isolates
I'YN65 and CECT 2728 using a cork borer.
The strains were sub-cultured in 20 ml
Vogel’s Minimal Medium with 2 % Glucose
and 1mM of arginine to set the favourable
growth conditions for the production of
arginase. Flasks were shaken at 100 rpm at
25°C [42].

2.7.2 Cell Disruption

To breakdown the fungi and release its
enzymic contents, the mycelial mass in the
flasks of each N. crassa strain was
centrifuged at 5000 rpm for 10 min at 4°C
and the supernatant was discarded. Enzyme
permeabilization was performed on the pellet
as earlier described [43]. Three millilitres of
permeabilization buffer (0.02 M Potassium
phosphate, pH-7.5, 0.01 M EDTA) was
added to the flask and mixed vigorously and
then 0.2 ml of Toluene/ Ethanol (1:4 v/v) was
added. The resulting mixture was then
vortexed for 2 min and the supernatant
discarded. The disrupted mycelia were then
centrifuged and another permeabilization
buffer without EDTA was used to re-suspend
the permeabilized mycelia/pellet. The
enzyme solution containing mycelia and
permeabilization buffer (without EDTA) was
used for arginase assay.
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2.7.3 Arginase assay

To assay for arginase, a pre-incubation stage
was set up. A mixture of 0.2 ml of glycine
buffer, 0.5 ml of enzyme solution and 0.1 ml
of manganese chloride was made and
dispensed into test tubes. The solution was
then placed in an incubator at 37 °C for 10
min to allow binding of manganese, its co-
factor. To initiate the experiment, 0.1 ml of
arginine was added to the incubated mixture
and incubation was extended for another 30
minutes at 37 °C. The reaction was halted by
the addition of 1 ml of perchloric acid [44].
An aliquot of this was used to assay for urea.

2.7.4 Urea colourimetric assay

To determine the ability of the enzyme
solution to produce urea, an existing protocol
by [45] was modified. Two millilitres of the
final arginase assay mixture was dispensed
into a test tube and sterile distilled water was
added to bring the total volume up to 3.5 ml.
To the solution, 1.4 ml trichloroacetic acid
was added and mixed. Next, 1 ml of
diacetylmonoxime (DAMO) and 1 ml of
perchloric acid-sulfuric acid mixture were
added, and the test-tube was placed in a
boiling water bath for 30 min. Finally, the
test-tube was removed and cooled in a water
bath. The experiment was done in duplicates.
Using a  photoelectric  colorimeter
(Microprocessor photo colorimeter 1312,
Electronics India), the absorbance of the final
solution was measured at 480 nm. To avoid
fading of the colour, absorbance was read
immediately after the cooling step. The
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concentration of urea was determined from
the calibration curve [46].

2.7.5 Urea standard curve

Arginase was indirectly assayed by
measuring the amount of urea produced and
its activity determined by extrapolation from
the urea standard curve. The standard curve
was constructed by making concentrations of
urea standard solution and plotting them
against their absorbance values at 480 nm. To
get the concentrations, urea standard solution
(30 mg/ml) was diluted 200 times and
aliquots of the standard were dispensed into
test tubes (13 x100 mm) in a final volume of
3.2 ml diluting with distilled water. This was
necessary to get the corresponding
concentrations of urea (mg/ml).
Trichloroacetic acid (TCA) (2.8 ml) was
added to each aliquot and mixed thoroughly.
Thereafter, 1 ml of DAMO reagent and 1 ml
of perchloric acid-sulfuric acid mixture were
added and the solution placed in a boiling
water bath for 30 min. The solution was
allowed to cool to room temperature and the
absorbance was measured at 480 nm. The
control for this experiment contained the
following constituents: glycine  buffer,
enzyme solution, MnCl; and perchloric acid,
TCA, DAMO solution and perchloric acid-
sulfuric acid mixture except for arginine [44].
Urea concentration used in the estimation of
Arginase activity was calculated from the
straight-line equation.

The formula for the calculation of enzyme activity is as follows:

umoles of urea released

Enzyme activity U/ml =

3.0 Results

3.1 Sampling Locations

Soil samples were collected from two
locations - burnt vegetation farmland in Atan
town, ljebu-Ode with coordinates
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(Time of enzyme action x Volume of enzyme (ml))

4°00'59.5"E 6°52'31.8"N (Figure 1A), while
the second was a freshly burnt harvested
Manihot esculenta (cassava) plantation in
Ikorodu, Lagos with coordinates 3°34'37.9"E
6°37'20.4"N) [36] (Figure 1B).
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Figure 1. Burned sites of sample collection A. Atan, ljebu-Ode Ogun State. B. Ikorodu, Lagos

State.

3.2 Isolation and Cultural characteristics
of N. crassa

Mixed cultures were obtained from all the ten
soil samples (A-J) cultured on RBCA and
PDA. However, only soil sample B had
orange mycelia among its 9 fungal isolates on
the plate. The patches of bright orange
conidia on the RBCA and PDAC mixed

PDA 10+ PDA 104

culture plates that suggested the presence of
Neurospora species were selected (Figure
2). Pure cultures of this isolate were obtained
and stored as laboratory stock N. crassa IYN
65. Predictably, isolate I'YN 65 grew more
vigorously on PDA and Vogel’s minimal
medium than on RBCA (Figure 3A). A
lactophenol wet mount of the strain revealed
conidiophores bearing conidia (Figure 3B).

RBCA 10

PDA 10+

Figure 2. Mixed culture dilution plates of soil sample B with patches of N. crassa on A. Rose
Bengal Chloramphenicol Agar B. Potato Dextrose Agar

URL.: http://journals.covenantuniversity.edu.ng/index.php/cjpl


http://journals.covenantuniversity.edu.ng/index.php/cjpls

Ainaet al.,

CJPL (2020) 8(2) 1-14

Figure 3. A. Pure culture of N. crassa grown on i) RBCA ii) PDA iii) V2G agar iv) PDA and
Vogel’s slants. B. Micrograph of N. crassa with conidiophores bearing conidia.

3.3 Molecular Identification of N. crassa
Isolate I'YN 65

To confirm the identity of the new N. crassa
isolate, I'YN 65, DNA was extracted and run
on a 1% agarose gel (Figure 4A) and the
expected amplicon size was confirmed

A

(Figure 4B). Amplicon sequences were
edited using Bioedit v 7.2.5 [47]. The ITS-1,
partial sequence; 5.8S rRNA gene and ITS-2,
complete sequence; and large subunit rRNA
gene has been deposited in GenBank under
accession number MT367687.

B

650 bp+——

Figure 4. A. Gel electrophoresis of the extracted genomic DNA. Lane 1: 1kb NEB DNA Ladder,
Lanes 2 and 3: I'YNG65. B. PCR amplicon Lane 1: 1kb Bioline DNA Ladder, Lane 2: N. crassa

I'YNG5.
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3.4 Growth Rate

The average daily growth rate of N. crassa
strains used in this study as determined on
V2G agar at room temperature was 3.2 £ 0.3

Table 1. The growth rate of N. crassa strains

CJPL (2020) 8(2) 1-14

cm for IYN 65, 3.2 £ 0.15 cm for CECT
2727 and 3.1 £ 0.4 cm for CECT 2728

(Table 1).

Strain Growth Rate +SD (cm) Origin

I'YN 65 3.2+03 This study

CECT 2727 3.2+0.12 Spanish Culture Collection Centre
CECT 2728 3.3+0.3 Spanish Culture Collection Centre

3.5 Weights (g) of mycelial biomass on
various carbon sources

The best-utilized carbon sources by I'YN 65,
CECT 2728 and CECT 2727 were sucrose
(0.94 g+ 0.06), lactose (0.92g + 0.05) and
glycerol (0.90 g = 0.10) respectively (Figure
5A). In this same order, these strains yielded
the least mycelial weights with ethanol at

At a lower concentration with aeration, all
three strains I'YN 65, CECT 2728 and CECT
2727 grew best in lactose (Figure 6A). with
the following weights 0.18 g + 0.04,0.17 g +
0.02, 0.16 g = 0.03 and least in ethanol (0.05
g+0.01,0.04 g £0.02,0.05g+0.02 (Figure
6B). Generally, the strains grew poorly in
maltose. The best sole carbon source among
the monosaccharides was glucose.

0.23 g + 0.06, 0.26 + 0.04g, 0.29 g *
(Figure 5B).
. 1.00 m N. crassa IYN65
RS
-
E) 0.80
(<5}
; 0.60 mN. crassa CECT
> 2728
O 040
S
@ N. crassa CECT
g 020 2727
=
0.00
() () 2 A
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Carbon sources
Figure 5A. Mycelial weights of N crassa strains on media containing 2% carbon sources.
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Figure 6A. Mycelial weights of N. crassa strains 0.2% carbon source media.
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Figure 6B. Mycelial biomass of N. crassa at 0.2 %

3.6 Production of Arginase from N. crassa
strains

This following urea concentrations of 7.5, 15,
22.5, 30, 45.0, 60, 75, 90, 105, 120, 135, 150,
165, 180, and 195 mg/ml were obtained from
urea standard aliquots of 0.1, 0.2, 0.3, 0.4,
0.6,0.8,1.0,1.2and1.4,1.6,1.8,2.0,2.2,2.4
and 2.6 ml (Figure 7). The equation obtained
from the urea standard curve was y=

URL.: http://journals.covenantuniversity.edu.ng/index.php/cjpl

0.0008x+0.0104; where y represents the
absorbance value and x was the urea
concentration. Average optical density (OD)
readings for each strain were substituted in
the equation to give corresponding urea
concentration values (Table 2). Enzyme
activity was calculated for each time point
from Equation (1) wusing the urea
concentration values (Table 2) and the
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enzyme volume was two millilitres. One unit
of arginase activity was defined as the
amount of urea (mg) released per ml of

0.18
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enzyme every 24 h under standard assay
conditions.

150 200

Concentration of urea (mg/ml)

Figure 7. Urea standard chart.

Table 2. Optical density and Urea concentration levels in N. crassa strains

N. crassa Isolate I'YN 65

N. crassa strain CECT 2728

Absorbance values

Absorbance values

(at 480 nm) (at 480 nm)
Hours OD1 OD2 Avg. Urea OD1 OD2 Avg. Urea
OD  concentration oD concentration
(mg/ml) (mg/ml)

24 0.15 017 0.6 187 0.02 0.06 0.04 37

48 0.65 052 059 725 0.48 045 047 575

72 056 045 051 625 0.36 034 035 425

96 027 026 0.27 325 0.14 0.14 014 162

120 020 019 0.20 237 0.12 0.16 014 162

Enzyme activity monitored over the course of
5 days revealed that in strain YN 65, the
arginase activity (7.55 U/ml) peaked at 48 h
with a urea concentration of 725 mg/mi;
CECT 2728 also recorded its maximum
enzyme activity (5.98 U/ml) at the same time
from 575 mg/ml of urea. For both strains, the
decline in enzyme activity (4.34 U/ml; 625

mg/ml of urea) and (2.95 U/ml; 425 mg/ml of
urea) was observed at 72 h and continued
downward until day 5 (1.98 U/ml; 237 mg/mi
of urea) (1.35 U/ml; 162 mg/ml, of urea)
(Figure 8). Colour intensity diminished from
yellow (maximum activity) to clear (least
activity) (Figure 9).
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Figure 8. Time course of arginase activity of the N. crassa strains.

Figure 9. Test tubes for colorimetric arginase activity of N. crassa strains on Day 2. A. CECT

2728 and B. YN 65.

4.0 Discussion

Here, the primary goal of isolating N. crassa
strains from nature is to expand current
information on their ecology in Nigeria.
Historically, N. crassa has been isolated from
burnt vegetation [22] and undergrowth of
grass and Mimosa on a coconut plantation in
India [48] and in association with Pinus
sylvestris [49]. Laboratory stock cultures of
N. crassa isolates previously obtained on a
coal dump site from the rhizospheres of weed
species Urena lobata [22] and grass
Brachiaria disticophylla (unpublished data)
had been lost during storage. Our subsequent
attempts to isolate N. crassa from
rhizospheres of plant species have not been
successful.

Similar to a previous report in which two N.
crassa isolates were obtained from the
screening of thirty soil samples [48], only one
of the ten soil samples screened in this study
yielded N. crassa. This soil sample collected
from a post-harvest burnt Manihot esculenta
(cassava) plantation in Ikorodu, Lagos State
was the same one from which another
thermotolerant fungus, Lichtheimia ramosa
had been obtained [36]. A BLAST search of
the partial ITS1 and ITS2 sequence of N.
crassa YN 65 showed 100% identity to
Neurospora crassa isolate CCMGE112 [50].

The average daily growth rate of 3.2 cm for
the N. crassa isolate I'YN 65 is consistent
with the known range of 3 cm to 4 cm for N.
crassa strains [51, 52]. As typical of N.
crassa strains, IYN 65 was able to use a
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variety of sugars. Its mycelial mass was
significantly improved by glycerol, the
disaccharides; sucrose and lactose, and
glucose. In comparison with
monosaccharides, disaccharides were better
carbon sources for growth as seen in lactose
and sucrose unlike fructose, galactose and
dextrose. Overall, maltose and galactose
were the least utilized sugars, while ethanol
was the least growth-promoting carbon
source. In a previous mycelia growth study
[41], a similar trend was observed with
sucrose and glucose being excellent sole
carbon sources for N. crassa wild type strain
74A over ethanol. Based on the culture
conditions in this study, there seemed to be
no significant variation in the growth rate or
mycelial mass of N. crassa I'YN 65 and
strains CECT 2727 and CECT 2728.

Of the many metabolites produced by N.
crassa, arginase although discovered a long
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