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in the treatment of bacterial infections. Currently, many antibiotics
have lost their relevance in clinics due to the emergence of drug- version 1 o 5
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continuous search of new compounds endowed with potent
antimicrobial activity. In this study, wood-decaying fungi (WDF) from 7
Southern Ghana were explored for their potential as sources of novel 1. Peter M. Njogu "=, University of Nairobi,
antimicrobial compounds with intent of expanding the effortinto a Nairobi, Kenya
drug discovery programme in the near future.
Methods: A total of 54 WDF isolates were fermented in potato 2. Isaac Kingsley Amponsah "', Kwame

dextrose broth and the secondary metabolites obtained were
analyzed for the presence of antimicrobial agents using the disc
diffusion assay. Chromatography techniques were used for Technology, Kumasi, Ghana

preliminary analysis of the chemical composition of the extracts and Francis Ackah Armah, University of Cape
for fractionation of the extracts that showed antimicrobial activity.
Results: The extracts from 40 out of the 54 WDF isolates exhibited
significant antimicrobial activity against either Staphylococcus aureus, Any reports and responses or comments on the
Escherichia coli or Candida albicans. Fractionation of these bioactive
extracts, followed by bioassay of the organic fractions obtained,
indicate that extracts exhibiting antimicrobial activity against more
than one of the three test organisms could be attributed to the
presence of different bioactive compounds. Analysis of the
composition of the extracts revealed that terpenes were predominant.
Conclusions: This study suggests that a significant proportion of WDF
in Southern Ghana produce antimicrobial compounds which could be
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article can be found at the end of the article.
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potential sources of novel anti-infective agents and support the plans
of developing a drug discovery programme in Ghana based on the
fermentation of WDF.
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The revised version includes a new figure showing the
morphology of the wood decaying fungi specimens. We have also
addressed the reviewers comments in great detail. The methods
section has been improved.

Any further responses from the reviewers can be found at the
end of the article

Introduction

Several plants and fungi have served as sources of many drugs
that are used in clinics'?. Secondary metabolites from fungi are
known to exhibit diverse biological activities, and therefore con-
stitute a good resource for the discovery and development of
novel bioactive compounds®. The fact that fungal biodiversity
is underexplored, especially in Africa, enhances the expecta-
tion that many new and diverse bioactive molecules can be dis-
covered from these sources to serve as potent chemotherapeutic
agents*>. Novel drug candidates are required for treatment of
infections caused by microbial pathogens, especially drug-
resistant pathogens®’. A typical example is the multi-drug resist-
ant strains of Mycobacterium tuberculosis, for which treatment
by antibiotic chemotherapy is proving to be very difficult.
While several pathogens continue to evolve, the rate of antibi-
otic discovery has stalled, with many pharmaceutical companies
closing their antibiotic discovery programs over the last
50 years®.

A proportion of microbial pathogens that afflict mammals may
possibly infect fungal species, since they are both eukaryotes
with related cellular metabolism. Unlike mammals, fungi have
a higher tendency to produce relevant chemical compounds
for combating infectious pathogens. Therefore, exploring fun-
gal secondary metabolites to identify suitable candidates which
can be developed as novel antibiotics is not only timely but
also urgent. Thus, our global public health settings can ben-
efit immensely from the defense strategies used by fungi against
pathogenic microorganisms such as Escherichia coli and
Staphylococcus aureus®.

Wood-decaying fungi (WDF) belong to the phylum Basidi-
omycetes; they constitute the major group of fungi responsible
for degradation of organic matter®!’. Fungal metabolites, such as
penicillin G, retapamulin and lentinan, have been used either as
precursors or lead compounds for the development of pharma-
ceutical products. Penicillin is the pioneer of the antibiotic era of
modern medicine used to control infectious diseases''. Interest-
ingly, while the majority of fungal metabolites have been used
as antibiotics, Lentinan, a polysaccharide isolated from Lentinus
edodes, has been commercialized for clinical use as an anti-
cancer drug'”. Retapamulin is one of the recent antibiotics
isolated from fungi and is currently used in clinics; it is a
derivative of pleuromutilin isolated from Clitopilus sp.'>™'°.
Fungal fermentation is also easily scalable creating the possibility
of large-scale production systems once future effort leads to the
discovery of high value products.
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This study investigated the potential of indigenous WDF found
in Ghana to produce antimicrobial compounds. This objec-
tive was achieved by collecting diverse WDF from different
locations in Southern Ghana. The rate of utilization of glucose
by these WDF and duration for incubation of WDF cultures
for optimal production of antimicrobial secondary metabo-
lites were also investigated. A high proportion of the collection
of indigenous WDF produced antimicrobial agents. This obser-
vation provides a strong indication that the immense fungal
biodiversity can be a renewable resource of potent and novel
antimicrobial agents, thereby forming the strong basis for
a drug discovery programme to address global health concerns.

Methods

Collection of WDF isolates

A total of 54 WDF were collected from several suburbs in South-
ern Ghana, including the main campus of the University of
Ghana, Aburi forest, Lashibi, Ridge Hospital and Cape Coast.
These WDF were found growing under humid conditions over
the period between October 2009 and April 2010. All the 54
fungi were found growing on dead wood; images of each fun-
gus attached to the wood were acquired prior to harvesting the
fungus into a tightly capped plastic container. The fungi were
stored in the plastic container at room temperature for the long-
term. All the WDF that were collected were given unique
codes; each fungus was coded using a combination of letters
and numbers (A1-A9, B1-B9, C1-C9, D1-D9, E1-E9 and
F1-F9). The location and date of harvest were also docu-
mented; these information were necessary for identification
of seasonal variation of fungal isolates, as well as preference
for specific habitats'’. Even though the WDF were harvested
from different locations, some of the isolates had fairly similar
physical morphology and were assigned to a category. Thus, a
total of 11 categories were obtained from the 54 WDF isolates
based on similarities in morphology (Figure 1).

Preparation and inoculation of potato dextrose broth (PDB)
with WDF

PDB was used for culturing each of the 54 WDF isolates in
500-ml bottles. The broth was prepared from Irish potatoes
under strict asceptic conditions; 80 g of potatoes was used for
preparing 200 ml of broth in each culture bottle. The 200 ml
potato broth was supplemented with 4 g of dextrose, under
asceptic conditions.

For each WDF isolate, approximately 5 g of fruiting body was
thoroughly washed and added to the 200 ml of freshly pre-
pared PDB under aseptic conditions. These freshly inoculated
PDB were incubated at room temperature for 48 days with
daily swirling to enhance aeration. For the validation of produc-
tion of antimicrobial compounds by these fungi, 40 out of the
54 WDF isolates were re-cultured in 1-litre PDB using 2-litre
culture bottles; these 40 isolates were selected because they
produced antimicrobial agents from the initial 200ml cultures.
Re-culturing of each of these isolates was performed in 1 litre
of PDB to ensure that sufficient extracts were obtained for
the subsequent fractionation and biochemical assays.
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Figure 1. Representative images of the 54 WDF isolates. For each of the 11 images, the code of the fungus is indicated at the top left
corner. The codes of other fungi which had fairly similar morphology to the images shown are also indicated at the bottom of the images.

Determination of dextrose clearance and production of
antimicrobial metabolites from WDF cultures

The complete utilization of dextrose from WDF cultures was
used as an indicator for initiation of production of second-
ary metabolites in these cultures. Dextrose clearance assay
was performed by aliquoting 100 pl of culture from the PDB
inoculated with C9 and F7 on days 0, 3, 7, 9, 14, 18, 22, 27, 32,
40 and 48. The aliquots obtained from both cultures on the
indicated days were stored at -20 °C. These aliquots were
thawed and span at 5000 g for 5 minutes and the supernatants
obtained were used for determination of dextrose concentration
using the On-Call Plus Glucometer, according to the manufactur-
er’s instruction.

The two WDF isolates (C9 and F7) were also used for inocula-
tion of replicates (ten for each WDF isolate) of 50 ml PDB in
order to obtain insight on the time course for production of
secondary metabolite by these WDF cultures. The ten repli-
cates of inoculated PDB for each of the two selected WDF (C9
and F7) were incubated at room temperature for the following
durations: 3, 7, 9, 14, 18, 22, 24, 32, 40, and 48 days. Equal
volume of ethyl acetate was added to the two cultures
(representing each WDF isolate) at the indicated time points to
terminate fungal growth and to extract the secondary metabolites
that were produced.

Extraction of metabolites from the WDF cultures
The secondary metabolites produced by each WDF culture, at
the indicated days of incubation, were extracted using equal

volume of ethyl acetate. After addition of ethyl acetate, the
cultures were shaken vigorously to ensure complete extrac-
tion of metabolites into the organic phase. After separation of
the organic phase from the aqueous cultures, the former was
decanted and evaporated to dryness to obtain crude extracts.
The extract from each WDF culture was reconstituted in abso-
lute methanol (50 ul, 200 pl and 1000 pl of methanol for extracts
from 50 ml, 200 ml and 1 litre cultures, respectively) and
stored at 4°C.

Analysis of WDF extracts by thin-layer chromatography
(TLC)

Extracts from the 54 WDF cultures were analyzed by TLC to
obtain preliminary insights on the diversity of compounds pro-
duced by each fungus. The TLC was performed using silica
gel 60 coated with the F,., fluorescent indicator on aluminum
plates (Sigma Aldrich). An aliquot of 5 pl of each WDF extract
was spotted approximately 1 cm from the bottom of the TLC
plate. The spots were dried and developed in a saturated
TLC glass tank using the solvent system, ethyl acetate: ace-
tonitrile: petroleum ether (7:2:1), as mobile phase. During
TLC analysis, the mobile phase migrated from the bottom to
the top of the silica gel in approximately 15 minutes at room
temperature. The developed TLC plates were air-dried, and the
separated bands were visualized under visible and UV light
(254 nm and 365 nm). The visualization of TLC plates under
UV-light was useful for determining the presence of UV-light
absorbing compounds, which is predictive of the presence of
compounds containing a conjugated pi system. The TLC plates
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were also sprayed with anisaldehyde reagent (135 ml of abso-
lute ethanol, 5 ml of concentrated sulphuric acid, 1.56 ml of gla-
cial acetic acid and 3.7 ml of p-anisaldehyde), heated at 100°C
for 5 minutes and examined under visible light The colours that
develop on the anisaldehyde-stained TLC plates are indica-
tive of the presence of specific functional groups: keto-sugars
(yellow), terpenes (blue), aldo-sugars (brown), phenols
(purple), steroids (green) and uronic acids (pink)'s.

Fractionation of WDF extracts by Sephadex LH-20
chromatography

A total of 6 out of the 54 WDF extracts were fractionated by
sephadex LH-20 chromatography; these extracts (A4, B6, B7,
E2, E9, and F3) were chosen because they exhibited high anti-
microbial activity against two of the test organisms in both the
primary and secondary screening (disc diffusion) assays. A
concentration of 25% (w/v) sephadex LH-20 slurry was prepared
using methanol as solvent; particle size of the sephadex was
5 um (Pharmacia). The chromatography column was made
in-house with a length of 16 cm and a bed volume of 80 ml. An
aliquot of 850 ul WDF extract was loaded onto the column and
was initially allowed to flow slowly into the matrix using very
small volume of solvent. To ensure good separation of extracts,
the flow rate was kept at approximately 1 ml/min. Three
fractions of 10 ml were collected as void volumes, followed
by ten fractions for each WDF extract. At the end of the tenth
collection, the column was washed with the eluting solvent
(methanol) to remove any remaining metabolite retained by
the column. The ten fractions were concentrated using a rotary
evaporator and the samples were recovered in methanol and
stored at -20°C.

Antimicrobial assay of WDF extracts

Extracts from all the WDF cultures were tested for the pres-
ence of antimicrobial agents using the disc diffusion assay.
All fractions obtained from the sephadex LH-20 chromatog-
raphy were also tested for the presence of antimicrobial com-
pounds using the disc diffusion assay. An aliquot of 40 ul of each
WDF extract (or Smg/ml for the fractions) was added to sterile
Whatmann paper discs (6 mm in diameter) under aseptic
conditions. The test organisms, Staphylococcus aureus ATCC.2,
Escherichia coli NMIMR.3, and Candida albicans ATCC.2
were grown in nutrient broth and standardized to a concen-
tration of 3 x 107cells/ml using a BaSO, turbidity equivalent
to a 0.5 McFarland standard. Sterile cotton swaps were used
to uniformly streak the adjusted bacterial suspension onto
agar plates prepared from nutrient broth. The air-dried paper
discs impregnated with the WDF extracts were uniformly placed
on the inoculated nutrient agar plates. Streptomycin, kanamy-
cin and ciclopirox olamine (products from La Gray Chemical
Company) were used as positive controls at a concentration
of 30 pg per disc for the three test organisms. Sterile paper discs
impregnated with either ethyl acetate or methanol were air-
dried and used as negative controls. Each plate was examined
for the presence of zones of inhibition after 18 hours of
incubation at 37°C; plates inoculated with C. albicans were
incubated at 30 °C for 12 hours. All bioassays were performed in
duplicates. The diameter of the zones of inhibition were
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measured from three different points of the circle and the average
was calculated.

Results

Metabolism of WDF isolates in PDB

Foams were detected within the broth of the WDF cultures
from the 3" to the 18" day of incubation at room tempera-
ture. Foaming of the cultures might be indicative of the produc-
tion of gases by these WDF during growth in PDB; these gases
could represent by-products of cellular metabolism. It has been
reported that the transition from primary to secondary metab-
olism is marked by the depletion of nutrients in the culture
medium'. This study investigated the time point at which
the dextrose was completely metabolized by the WDF
during culturing in PDB; 2 out of the 54 WDF isolates (C9 and
F7) were selected and used for this assay. The initial dextrose
concentration in the freshly inoculated PDB was 550 mmol/L
and decreased drastically to 40 mmol/L. by the 3 day of
incubation. Dextrose levels were not detected in the PDB on
the 8" day of incubation. This observation could suggest
that transition to secondary metabolism occurred prior to the
8" day of incubation of the fungal cultures and might rep-
resent the onset of production of antimicrobial compounds.
Unprocessed results of dextrose metabolism assays, in addition
to all other raw results, are available as Underlying data.

Antimicrobial activities of extracts from WDF cultures

After 48 days of incubation of the 54 WDF cultures, it was
observed that C7, E5, F2, F4 and F6 produced the highest yield
of extract (200 mg) while the lowest yield (25 mg) was obtained
from the WDF isolate designated B3. A significant number
of the extracts were either yellowish or creamy in color.

The disc diffusion assay revealed that 40 out of the 54 extracts
exhibited antimicrobial activity against at least one of the test
organisms (Figure 2A, B). Out of these 40 bioactive extracts,
11 extracts exhibited non-selective antimicrobial activity
(NSAM) towards all the three test organisms, while 13 extracts
showed antibacterial activity towards both S. aureus and E. coli.
Additionally, 10 extracts exhibited selective antibacterial
activity against only the gram-positive (SG+) S. aureus, while
three other extracts showed selective antifungal activity (SAF)
towards C. albicans. Notably, none of the 54 extracts exhibited
selective antibacterial activity against only the gram-negative
(SG-) E. coli (Figure 2C).

The 40 WDF isolates that produced antimicrobial agents were
re-cultured in PDB to validate the production of these bioac-
tive metabolites. During re-culturing of these WDF isolates,
foaming was detected from the 3" to the 21 day of incubation.
A total of 8 out of the 40 extracts from these WDF cultures
did not retain their antimicrobial activity against neither of
the three test organisms. Moreover, none of the 40 extracts
exhibited selective antifungal activity against C. albicans.
Despite these observations, 80% of the 40 extracts showed anti-
microbial activity against at least one of the test organisms
(Figure 2D), thereby validating the production of antimicrobial
compounds from these indigenous WDE. Interestingly, four
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Figure 2. Primary and confirmatory screening for antimicrobial activities produced by WDF against S. aureus, E. coli and C. albicans.
Examples of bioassay plates of wood-decaying fungi (WDF) extracts showing growth inhibition zones for S. aureus (A) and C. albicans (B)
with streptomycin and cyclopirox olamine control antibiotics, respectively. Venn diagram showing the antimicrobial activities detected in the
primary screen for 54 WDF extracts (C) and confirmatory screen for 40 WDF extracts (D). The frequency and potency of antimicrobial activity
against S. aureus and C. albicans for the primary screening of the 54 WDF extracts (E). NSAM, non-selective antimicrobial activity; BSAB,
broad-spectrum antimicrobial; SG+, selective antibacterial activity against Gram-positive S. aureus; SAF, selective antifungal activity against
C. albicans; SG-, selective antibacterial activity against Gram-negative E. coli.
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of the extracts showed higher antibacterial activity against
S. aureus, relative to streptomycin (10 pg) which had a zone
of inhibition of 16 mm (Figure 2E).

Time course for production of antimicrobial compounds
from WDF cultures

Our earlier observation that WDF completely depleted dex-
trose from PDB by the 8" day of incubation of the fungal cul-
tures led us to hypothesize that these WDF began production
of secondary metabolites by day 8. The two WDF isolates (C9
and F7) that were used for the dextrose clearance assay were
chosen to investigate the time course of secondary metabolite
production by the WDF cultures. TLC analysis of the extracts
from the time course assay revealed no distinct and consistent
band pattern. However, the disc diffusion assay showed that

>

25 -

| S. aureus ®ME. coli

Inhibition zones/mm
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the C9 cultures produced antimicrobial compounds against
S. aureus starting from the 7" day and it attained maximum
productivity of these compounds on the 22" day of culturing.
These C9 extracts also exhibited antibacterial activity against
E. coli from the 9" day of culturing and maximum produc-
tion of antimicrobial compounds was attained on day 32. In
comparison, S. aureus was found to be more susceptible
to extracts from the C9 cultures than E. coli over the entire
sampling period (Figure 3A).

Extracts from the F7 cultures exhibited antimicrobial activ-
ity against both C. albicans and S. aureus from the 7" day and
increased steadily until the 48" day of culturing. The zones of
inhibition observed for S. aureus were usually bigger than those
for C. albicans (Figure 3B). These observations indicate that the

Time series analysis of bioactivity production

30 -

| S. aureus
25 -

20

Inhibition zones/mm

20 -
15
10
5 |
0 -
3 7 9 14 18 22 27 32

15 4
10 -
5 |
0 -
9 14 18 22 27 32

40 48 C9 CA
Days

® C. albicans

40 48 F7 CA
Days

Figure 3. Time series analysis for the production of antimicrobial compounds by wood-decaying fungi. The WDF isolates C9 and F7
were used for the assay against S. aureus and E. coli (A) and S. aureus and C. albicans (B). Control antibiotics (CA): S. aureus, Streptomycin;
E. coli, Kanamycin; C. albicans, Cyclopirox olamine. Antimicrobial activity of the extracts from the indicated time points was measured using
the disc-diffusion assay, along with control antibiotics and reference samples of both C9 and E7.
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complete depletion of dextrose from the fungal cultures by day 8 is
a good indicator of initiation of secondary metabolite production,
including antimicrobial compounds.

Fractionation of six WDF extracts exhibiting multiple
antimicrobial activities

Data from the antimicrobial assays revealed that a significant
number of the WDF extracts exhibited antimicrobial activity
against more than one of the three test organisms (Figures 2C, D).
Fractionation of six of these extracts (A4, B6, B7, E2, E9,
F3) by sephadex LH-20 chromatography generated ten
fractions for each extract. For the ten fractions obtained from
the A4 extract, five fractions exhibited antimicrobial activity
against S. aureus. The zones of inhibition that were recorded
for two of these fractions (fractions 2 and 5; Figure 4A) were
relatively high, suggesting that either a high amount of a
single bioactive compound was present in these fractions
or multiple antimicrobial compounds were present in each
fraction. Similarly, five of the fractions from the A4 extract also
exhibited antimicrobial activity against E. coli. Interestingly,
three of these fractions (fractions 4, 5 and 6) exhibited broad-
spectrum activity against both S. aureus and E. coli (Figure 4A).
Out of the ten fractions from the B6 extract, three fractions
showed antibacterial activity against S. aureus while two other
fractions exhibited antifungal activity against C. albicans
(Figure 4B).

For the B7 extract, antibacterial activity against S. aureus was
detected in two out of the ten fractions whilst three other frac-
tions showed antifungal activity against C. albicans (Figure 4C).
One out of the ten fractions from the E2 extract exhibited
antibacterial activity against both S. aureus and E. coli
(Figure 4D). Selective antibacterial activity against S. aureus
was detected in two of the fractions from the E2 extract whilst
only one fraction was active against E. coli alone (Figure 4D).
Two out of the ten fractions from the E9 extract showed broad-
spectrum antibacterial activity against S. aureus and E. coli
(Figure 4E). For the F3 extract, three out of the ten fractions
showed selective antibacterial activity against E. coli while two
fractions were active against S. aureus (Figure 4F). Collec-
tively, these observations may suggest that the broad-spectrum
antimicrobial activities exhibited by the extracts selected for
this assay, were predominantly due to the presence of differ-
ent antimicrobial compounds in these extracts. Nonetheless, the
fractions from these six extracts would require additional purifi-
cation procedures in order to confirm the presence of different
antimicrobial compounds within each of these extracts.

Terpenes are the predominant compounds produced by
the WDF isolates

TLC analysis was performed for all the 54 extracts in order to
obtain preliminary insights on the diversity of compounds in
the fungal extracts (Figure 5). Each extract from the 54 WDF
cultures produced several bands on the TLC plate, with differ-
ent profiles and Rf values, which suggest that each of the WDF
isolates were distinct from each other. After staining of TLC
plates with anisaldehyde, bands corresponding to terpenes (blue
bands) were observed in 31 out of the 54 WDF extracts; a few
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of these 31 extracts showed more than one distinct blue band.
Thus, a total of 37 blue bands were detected from these 31 fun-
gal extracts. Uronic acids (pink bands) and phenolic bands (pur-
ple bands) were found in 6 and 7 WDF extracts, respectively.
Additionally, steroids (green bands) and keto-sugars (yellow
bands) were detected in 10 WDF extracts, either exclusively
or together with other compound types. Correlation analysis
revealed that terpenes were present in most of the WDF extracts
exhibiting antimicrobial activities. Hence, we infer that terpe-
nes may contribute to the observed antimicrobial activity of
the bioactive extracts.

Discussion

This study explored the potential of indigenous WDF as sources
of new antimicrobial compounds. A high proportion of these
indigenous WDF exhibited either antibacterial or antifungal
activities, demonstrating that these fungi are sources of anti-
microbial compounds. Subsequent purification of the bioactive
LH 20 fractions was not performed in this study to obtain
the relevant antimicrobial compounds in their pure form.
Nonetheless, it can be postulated that novel antimicrobial
compounds can be obtained from these indigenous fungi since
fungal secondary metabolites have been shown to be sources
of novel bioactive compounds®-?2. Moreover, the use of only a
small collection of WDF isolates for this study indicates that the
great biodiversity of WDF in Ghana represents potential sources
of new compound structures which could be developed as novel
drugs against microbial pathogens. The drug discovery pro-
gramme initiated through this precursor study will conduct
large scale fermentation to allow the exploitation of the vast
diversity of bioactive compounds detected in this project.

Terpenes were the predominant compounds detected by TLC
analysis of the extracts. The strong correlation between the occur-
rence of terpenes and antimicrobial activity might suggest a high
probability of isolating terpenes as antimicrobial compounds.
However, antibiotics exhibit antimicrobial activity at low con-
centrations, thus, it is possible the pharmacologically-active
secondary metabolites in these extracts are non-terpenes and
were undetected by TLC analysis due to the low abundance of
these metabolites. Detection of other types of compounds in the
bioactive WDF extracts could imply that the antimicrobial activ-
ity of the pharmacologically-active metabolites could either be
dependent or boosted by the presence of these other compounds.
Thus, identification of these active metabolites would pro-
vide a vital platform for studies on their synergy with the other
classes of compounds detected in the extracts, such as steroids,
glycosides and phenols. The synergistic studies would be use-
ful for development of new antibiotic combination chemotherapy
against both drug susceptible and multidrug resistant microbial
pathogens.

The antimicrobial activity of the WDF extracts corroborates the
relevance of fungal secondary metabolism to drug discovery.
The preliminary data provided by this study also shows that the
complete depletion of readily-available nutrients (such as dex-
trose) from the culture medium leads to initiation of fungal sec-
ondary metabolism. We recommend further studies that would
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Figure 4. Analysis of the fractionated wood-decaying fungi (WDF) extracts exhibiting multiple antimicrobial activities. Prior to the
bioassay, six selected WDF extracts (A4, B6, B7, E2, E9 and F3) were fractionated by sephadex LH-20 chromatography. The antimicrobial
activities of the fractions obtained were measured using the disc diffusion assay with control antibiotics and original unfractionated extracts.
The plot of zone of inhibitions for A4 (A), B6 (B), B7 (C), E2 (D), E9 (E) and F3 (F). Control antibiotics (CA): S. aureus, Streptomycin; E. col,
Kanamycin; C. albicans, Cyclopirox olamine.
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Figure 5. Diversity and distribution of compounds on the anisaldehyde-stained thin-layer chromatography (TLC) plates. The wood-
decaying fungi (WDF) extracts A1, A2, A3 and A4 were run on TLC plates using the following solvent system as mobile phase; ethyl acetate:
acetonitrile: petroleum ether (7:2:1). The TLC plates were visualized under UV and sprayed with anisaldehyde reagent in visible light. Examples
of TLC plates showing the output of the various detection systems used in the analysis: (A) Anisaldehyde staining (B) UV 254 nm, (C) UV
365 nm. (D) The number of WDF extracts producing the indicated compounds (first bar) and the total number of individual colored bands
produced by the WDF (second bar); the compound types are inferred from the corresponding colors.

investigate optimal conditions for culturing these indigenous
WDF in order to boost immediate accumulation of antimicro-
bial agents following initiation of fungal secondary metabo-
lism. Ultimately, it is intended that these efforts would contribute
to efficient isolation of several new drug candidates to enhance
the global fight against infectious diseases.

Conclusion
This study has demonstrated that the great biodiversity of
WDF in Ghana represents a valuable resource for discovery

of antimicrobial agents, many of which might be novel to the
drug discovery industries.

Data availability

Open Science Framework: Wood Decaying Fungi (WDF)
as Anti-infective Source Study. https://doi.org/10.17605/OSE.I0/
H5GP9".

The file “WDF and anti-infectives study Raw Data_Additional
file.zip” contains the data underlying the results of this
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study, including antimicrobial activity at each time point,
dextrose concentrations, zones of inhibition, images of plates and
antimicrobial activity following repeated culture.

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).

Grant information

Patrick Kobina Arthur and Vincent Amarh were supported by
World Bank African Centers of Excellence grant (ACE02-WAC-
CBIP: Awandare) and DELTAS Africa grant (DEL-15-007:
Awandare). Patrick Kobina Arthur was also supported by the
Bill and Melinda Gates Foundation under the Postdoctoral
and Postgraduate Training in Infectious Diseases Research

References

AAS Open Research 2019, 2:20 Last updated: 16 MAY 2022

awarded to the Noguchi Memorial Institute for Medical Research
(Global Health grant number OPP52155).

The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Acknowledgements

The authors are grateful to the LaGray Chemical Com-
pany (especially Mr. Godfred Danso) and the University of
Ghana for various forms of assistance that made this project
possible. We also thank the UG-Carnegie Project through the
off-campus “write-shop” for UG faculty members in December
2012, for assistance in manuscripts preparation. We appreci-
ate the personal efforts of Prof. Ivan Addae-Mensah, Dr. Helen
Yitah, Prof. Nana Aba Amfo, and Prof. Yaa Ntiamoah-Badu in
the context of the “WriteShop”.

1. Bull AT: Microbial Diversity and Bioprospecting. AGM Press, 2004.
Publisher Full Text

2. Newman DJ, Cragg GM, Snader KM: The influence of natural products upon
drug discovery. Nat Prod Rep. 2000; 17(3): 215-234.
PubMed Abstract | Publisher Full Text

3. Cragg GM, Newman DJ, Snader KM: Natural products in drug discovery and
development. J Nat Prod. 1997; 60(1): 52—60.
PubMed Abstract | Publisher Full Text

4. Midiller H, Brackhagen O, Brunne R, et al.: Natural products in drug discovery.
Ernst Schering Res Found Workshop. 2000; (32): 205-216.
PubMed Abstract | Publisher Full Text

5. Bernan VS, Greenstein M, Maiese WM: Marine microorganisms as a source of
new natural products. Adv Appl Microbiol. 1997; 43: 57-90.
PubMed Abstract | Publisher Full Text

6. Spellberg B, Guidos R, Gilbert D, et al.: The epidemic of antibiotic-resistant
infections: a call to action for the medical community from the Infectious
Diseases Society of America. Clin Infect Dis. 2008; 46(2): 155—164.
PubMed Abstract | Publisher Full Text

7. Lewis R: The rise of antibiotic-resistant infections. FDA Consum. 1995; 29(7):
11-15.
PubMed Abstract

8. Zjawiony JK: Biologically active compounds from Aphyllophorales (polypore)
fungi. J Nat Prod. 2004; 67(2): 300-310.
PubMed Abstract | Publisher Full Text

9. Raudaskoski M, Kothe E: Fungi, ascomy , basidiomy , and
zygomyetes. J Basic Microbiol. 2010; 50(1): 3.
PubMed Abstract | Publisher Full Text

10. Ertz D, Lawrey JD, Sikaroodi M, et al.: A new lineage of lichenized
basidiomycetes inferred from a two-gene phylogeny: The Lepidostromataceae
with three species from the tropics. Am J Bot. 2008; 95(12): 1548—1556.
PubMed Abstract | Publisher Full Text

11.  Stickel WJ: Pencillin. 1943. J Am Podiatr Med Assoc. 2007; 97(4): 285-286.
PubMed Abstract | Publisher Full Text

12.  Soboleva Alu, Krasnopol'skaia LM, Fedorova GB, et al.: [Antibiotic properties
of the strains of the basidiomycete Lentinus edodes (Berk.) sing]. Antibiot
Khimioter. 2006; 51(7): 3-8.

PubMed Abstract

13.  Tang YZ, Liu YH, Chen JX: Pleuromutilin and its derivatives-the lead
compounds for novel antibiotics. Mini Rev Med Chem. 2012; 12(1): 53-61.
PubMed Abstract | Publisher Full Text

14.  Novak R, Shlaes DM: The pleuromutilin antibiotics: a new class for human use.
Curr Opin Investig Drugs. 2010; 11(2): 182—191.
PubMed Abstract

15.  Shawar R, Scangarella-Oman N, Dalessandro M, et al.: Topical retapamulin in the
management of infected traumatic skin lesions. Ther Clin Risk Manag. 2009;
5(1): 41-49.
PubMed Abstract | Publisher Full Text | Free Full Text

16.  Jacobs MR: Retapamulin: a semisynthetic pleuromutilin compound for topical
treatment of skin infections in adults and children. Future Microbiol. 2007; 2(6):
591-600.
PubMed Abstract | Publisher Full Text

17.  Wasser SP: Medicinal mushrooms as a source of antitumor and
immunomodulating polysaccharides. App/ Microbiol Biotechnol. 2002; 60(3):
258-274.

PubMed Abstract | Publisher Full Text

18. Taddei A, Valderrama M, Giarrizzo J, et al.: Chemical screening: a simple
approach to visualizing Streptomyces diversity for drug discovery and further
research. Res Microbiol. 2006; 157(3): 291-297.

PubMed Abstract | Publisher Full Text

19. Calvo AM, Wilson RA, Bok JW, et al.: Relationship between secondary
metabolism and fungal development. Microbiol Mol Biol Rev. 2002; 66(3):
447-459, table of contents.

PubMed Abstract | Publisher Full Text | Free Full Text

20. Kaaniche F, Hamed A, Abdel-Razek AS, et al.: Bioactive secondary metabolites
from new endophytic fungus Curvularia. sp isolated from Rauwolfia
macrophylla. PLoS One. 2019; 14(6): e0217627.

PubMed Abstract | Publisher Full Text | Free Full Text

21.  LiG, Kusari S, Lamshéft M, et al.: Antibacterial secondary metabolites from an
endophytic fungus, Eupenicillium sp. LG41. J Nat Prod. 2014; 77(11): 2335-2341.
PubMed Abstract | Publisher Full Text

22. Mothana RA, Jansen R, Jilich WD, et al.: Ganomycins A and B, new
antimicrobial farnesyl hydroquinones from the basidiomycete Ganoderma
pfeifferi. J Nat Prod. 2000; 63(3): 416-418.

PubMed Abstract | Publisher Full Text

Page 11 of 16


http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://dx.doi.org/10.1128/9781555817770
http://www.ncbi.nlm.nih.gov/pubmed/10888010
http://dx.doi.org/10.1039/A902202C
http://www.ncbi.nlm.nih.gov/pubmed/9014353
http://dx.doi.org/10.1021/np9604893
http://www.ncbi.nlm.nih.gov/pubmed/11077610
http://dx.doi.org/10.1007/978-3-662-04042-3_7
http://www.ncbi.nlm.nih.gov/pubmed/9097412
http://dx.doi.org/10.1016/S0065-2164(08)70223-5
http://www.ncbi.nlm.nih.gov/pubmed/18171244
http://dx.doi.org/10.1086/524891
http://www.ncbi.nlm.nih.gov/pubmed/10145087
http://www.ncbi.nlm.nih.gov/pubmed/14987072
http://dx.doi.org/10.1021/np030372w
http://www.ncbi.nlm.nih.gov/pubmed/20175120
http://dx.doi.org/10.1002/jobm.201090002
http://www.ncbi.nlm.nih.gov/pubmed/21628162
http://dx.doi.org/10.3732/ajb.0800232
http://www.ncbi.nlm.nih.gov/pubmed/17660370
http://dx.doi.org/10.7547/0970285
http://www.ncbi.nlm.nih.gov/pubmed/18035728
http://www.ncbi.nlm.nih.gov/pubmed/22070694
http://dx.doi.org/10.2174/138955712798868968
http://www.ncbi.nlm.nih.gov/pubmed/20112168
http://www.ncbi.nlm.nih.gov/pubmed/19436611
http://dx.doi.org/10.2147/TCRM.S3459
http://www.ncbi.nlm.nih.gov/pmc/articles/2697516
http://www.ncbi.nlm.nih.gov/pubmed/18041900
http://dx.doi.org/10.2217/17460913.2.6.591
http://www.ncbi.nlm.nih.gov/pubmed/12436306
http://dx.doi.org/10.1007/s00253-002-1076-7
http://www.ncbi.nlm.nih.gov/pubmed/16176869
http://dx.doi.org/10.1016/j.resmic.2005.07.007
http://www.ncbi.nlm.nih.gov/pubmed/12208999
http://dx.doi.org/10.1128/mmbr.66.3.447-459.2002
http://www.ncbi.nlm.nih.gov/pmc/articles/120793
http://www.ncbi.nlm.nih.gov/pubmed/31247016
http://dx.doi.org/10.1371/journal.pone.0217627
http://www.ncbi.nlm.nih.gov/pmc/articles/6597039
http://www.ncbi.nlm.nih.gov/pubmed/25356913
http://dx.doi.org/10.1021/np500111w
http://www.ncbi.nlm.nih.gov/pubmed/10757736
http://dx.doi.org/10.1021/np990381y

@) pen Research Africa AAS Open Research 2019, 2:20 Last updated: 16 MAY 2022

Open Peer Review

Current Peer Review Status: ¢

Reviewer Report 11 September 2019

https://doi.org/10.21956/aasopenres.14081.r27155

© 2019 Amponsah I et al. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Isaac Kingsley Amponsah

Department of Pharmacognosy, Faculty of Pharmacy & Pharmaceutical Sciences, College of Health
Sciences, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

Francis Ackah Armah

Department of Biomedical Sciences, University of Cape Coast, Cape Coast, Ghana

I have noted the great job the authors have done in addressing the concerns raised in the first
edition of the manuscript.

The information flow is great and the method has been improved to afford repeatability.

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Phytochemistry, structural elucidation, antimicrobial assays including anti-
mycobacterium assays and antibiofil forming assays, standardisation of herbal products or
medicinal plant monographs, Natural products chemistry

We confirm that we have read this submission and believe that we have an appropriate level
of expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 15 July 2019

https://doi.org/10.21956/aasopenres.14036.r27021

© 2019 Amponsah I et al. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Page 12 of 16


https://doi.org/10.21956/aasopenres.14081.r27155
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5587-1071
https://doi.org/10.21956/aasopenres.14036.r27021
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

@) pen Research Africa AAS Open Research 2019, 2:20 Last updated: 16 MAY 2022

? Isaac Kingsley Amponsah

Department of Pharmacognosy, Faculty of Pharmacy & Pharmaceutical Sciences, College of Health
Sciences, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

Francis Ackah Armah

Department of Biomedical Sciences, University of Cape Coast, Cape Coast, Ghana

Title
Wood decaying Fungus (WDF) samples were taken from just three regions of Ghana, I suggest

authors revise the title to include ‘some’ so it reads “some wood-decaying fungi found in
Ghana.......... "

ABSTRACT

Method: does not reflect the methods outlined in the manuscript. The first sentence is the
objective of the study and thus does not belong to this section. Authors should revise this section
to reflect what is in the manuscript.

INTRODUCTION

To say that a high proportion of drugs in clinical use come from fungal sources is an emphatic
statement. Therefore authors should provide the appropriate reference.

Replace ‘contribute to’ in the last sentence of the introduction to ‘address’. Novel antimicrobial
agents will address global health concerns not contribute to global health concerns.

Objectives of the research should be revised to accommodate the study of the metabolism and time
course for the production secondary metabolites outlined elsewhere in this manuscript.

METHOD
This part was poorly written. Kindly revise to make the manuscript very comprehensible.
For example to start this section with ‘images were acquired for each fungus........ " does not
allow the reader to follow the sequence of how the research was done. Kindly begin with
the sample site and how they were collected
> Include details of the morphological characteristics which afforded the 54 WDF. Reference
to relevant literature should be made to afford repeatability or independent verification of
research.
> The rational for the TLC analysis and fractionation of the extracts was not clear. As revealed
later in the results, not all 54 extracts were fractionated or TLC chromatographed. Authors
must be clear with sufficient details of the method.
From pages 7 & 8, it is clear different WDF isolate extracts afforded different number of
bulked fractions (5 in some cases) but page 4 (under fractionation) predisposes us to
erroneously believe that fractionation yielded 10 bulked fractions in all cases.
The method section should be revised to provide clarity on which WDF isolate were selected for
fractionation and how many bulked fractions were obtained from those extracts. Again the
information flow, logical approach is very important and should be taken into account.

RESULTS
o This section also needs extensive revision. The procedure for the study of the metabolism of
WDF isolates as well as the time course for the production of secondary metabolites by WDF
were not outlined in the method section. This was embedded in the results and should be
clearly written out under methods.
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o The use of anisaldehyde as a differential chromogenic reagent is not strongly supported,
except where authors had small quantities of extracts or fractions, LC-MS would have
being appropriate.

DISCUSSION

To postulate that ‘novel antimicrobial agents can be obtained from indigenous WDF' is not
supported by results of the current research and should be revised. Fractions were not purified
and characterised to afford novel compounds. Authors may however make reference to other
studies where secondary metabolites from fungal isolates afforded novel antimicrobial
compounds and by extension may want to postulate same.
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Peter M. Njogu

Department of Pharmaceutical Chemistry, School of Pharmacy, University of Nairobi, Nairobi,
Kenya

The Kingdom Fungi has a rich heritage in the pharmaceutical industry as a source of numerous
life-saving medicines in current clinical use, and this legacy will undoubtedly continue expanding.
The contribution of fungi to the medical field is especially notable in the antimicrobial and
anticancer therapeutic areas. The presently reported research work by the Group of Patrick
Kobina Arthur is a confirmation that secondary metabolism in fungi will continue being a potential
resource in antimicrobial drug discovery.

The background of the study is well presented and supported by relevant and current literature.
The procedures are well described for reproducibility, except for two points:

o The incubation conditions of test microorganisms are reported as 37°C for 18 h. It is not

clear whether this applies to the fungus Candida albicans as well.
Some procedures are described in the Results section. Nevertheless, for majority of such
instances, this is understandable given that decisions to progress in a particular direction of
the research were based on prior laboratory work. However, the procedure for validation of
antimicrobial activity of the 40 extracts could very well fit in the Methods section.
Discussion section is well done, with the authors showing the relevance of their research work and
results to the wider context of drug discovery and development in the near future. There are two
points that may need clarity:

o The authors seem to infer that terpenes were likely the antimicrobially-active
phytochemicals since they were the predominant class of compounds in the analyzed
extracts. This may not necessarily be true. It is an established fact that pharmacologically-
active natural compounds exist in very low concentrations and produce activity at even
much lower concentrations. And this is the true definition of an antibiotic. The correct
interpretation would be that terpenes were the predominant compounds and may
contribute to the observed antimicrobial activity.

o The authors have written: "It has previously been reported that the majority of bioactive
compounds isolated from the fungus Corynespora sp. were polyketides". It is not clear to the
reader why the authors are making reference to Corynespora sp at this juncture, given that it
has not been specifically alluded to in the previous sections of the article.

In summary, the research work is a great contribution to drug discovery and development of
novel antimicrobial compounds from the African biodiversity.
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