INVESTIGATING BRITISH COLUMBIA WILD MUSHROOMS FOR
GROWTH-INHIBITORY ACTIVITY

by

Aaron W. T. Smith

BSc. University of Northern British Columbia 2012

THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
IN
BIOCHEMISTRY

UNIVERSITY OF NORTHERN BRITISH COLUMBIA

July 2017

©Aaron W. T. Smith, 2017



Abstract

This thesis documents that crude extracts from B.C. wild mushrooms possess potent
growth-inhibitory properties. In addition, this work shows, for the first time, that ethanol
extracts from Piptoporus betulinus and Ganoderma applanatum have a strong growth-
inhibitory activity and that methanol extracts of Echinodontium tinctorium, a previously
untested fungus, exhibits growth-inhibitory activity as well. In addition to human cervical
cancer Hel a cells, E. tinctorium extracts also exhibited a growth-inhibitory effect on human
breast, ovarian, liver, lung, and colon cancer cell lines. Upon purification using Sephadex
LH-20 gel filtration chromatography, two distinct growth-inhibitory compounds were
documented: a higher molecular weight growth-inhibitory compound(s), likely to contain
carbohydrate and a lower molecular weight growth-inhibitory compound(s), likely to be a
small molecule. This thesis provides the foundation work to allow further purification and
characterization of these potentially novel growth-inhibitory compound(s) from E.

tinctorium, an essential step towards future therapeutic use.
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Chapter 1 — Introduction

1.1 History of Medicinal Mushrooms

Since the beginning of civilization, mankind has been fascinated with mushrooms and
the mysticism surrounding them. Ancient Egyptian hieroglyphs, dating back more than 4500
years, illustrate that mushrooms were considered to be a plant of immortality and gifts from
the gods. Only those closest to the deities were allowed to consume them, and no commoner
could touch them'?. This idea of mushrooms being of divine origin was also adopted by the
Romans, who served them only during festivals, and later the ancient Greeks, who believed
that mushrooms gave their warriors strength in battle®>. Meso-Americans used mushrooms for
their ancient religious ceremonies. They did not use mushrooms to give them strength but
believed that the powerful psychotropic effects and hallucinations obtained by certain
mushroom species allowed them to be closer to god*. Mushroom carvings left behind by the
Mayans serve as evidence that mushrooms were used for the purposes as far back as 3000
BC. As more has become known about mushrooms, they have become prized for their

antioxidant, anti-cancer, antiviral, and immune boosting properties’.

Perhaps the first known use of mushrooms for medicinal purposes was by the ancient
Chinese, who used mushrooms as a medical intervention for nearly two millennia®.
Mushrooms such as Ganoderma lucidum, commonly referred to as Ling Zhi or Ling Chu by
the Chinese, have been recorded in the oldest books on medicinal materials in China. “Shen
Noug’s Herbel” contains references to many medicinal mushrooms, including G. lucidum,

and is believed to have been written between 100 and 200 AD’. Ganoderma lucidum was

prescribed to treat a wide variety of ailments ranging from arthritis and insomnia to



bronchitis and cancer®’. Traditionally, Ganoderma compounds were ingested as hot water
extracts due to their bitter taste. More recently, G. lucidum has been found to have many
pharmacologically-active compounds including those involved in anti-viral defense!’, anti-

inflammatory'!, and anti-cancer mechanisms'2.

Various extracts have been shown to have great potential in the treatment of a variety
of cancers, such as: the induction of apoptosis in lung cancer cells in mice'?, anti-
proliferative activity in human colorectal cancer cells'#, and anti-invasiveness in breast
cancer models'>. Ganoderma lucidum polysaccharide (GLPS) fraction, commonly known as
Ganopoly®, was found to enhance the immune response in patients with advance-stage
cancer through enhanced natural killer cell activity and phytohemagglutinin responses.
Following 12 weeks of orally administered treatment, interleukin-2 (IL-2), IL-6, and
interferon-y (INF-y) concentrations were increased in blood plasma, while tumor necrosis

factor-o. (TNF-0)) and IL-1 concentrations were decreased'®

The abundant use of medicinal mushrooms in ancient Asian medicine was not limited
only to the Chinese. Mushrooms have long been used by the Japanese and Koreans to treat a
plethora of illnesses. Species such as Favolus alveolarius, Pluteus cervinus, and Ramaria
Jformosa have been under serious scientific investigation in Korea for the last 30 years. Their
protein-bound polysaccharides have been shown to possess potent anti-cancer and

immunomodulatory properties in sarcoma 180 cell lines'” 1,

Lentinula edodes (Berk.) Pegler, commonly referred to as Shiitake, has been used by
the Japanese for hundreds of years to treat ailments such as the common cold and headaches,

and was also used as a powerful aphrodisiac as well as for the beautification of the skin?’.



Several biologically active compounds have been isolated from Shiitake mushrooms,
including those capable of inducing apoptosis in human cancer cells?!. Lentinan, a beta-
glucan isolated from Shiitake, has been available as an anti-cancer agent in Japan since
198522, Administered at 0.5 — 1.0 mg / day, Lentinan has been used as an adjuvant in tumor
therapy, and has been shown to help increase quality of life, increase survival time and help
restore the functionality of the immune system, when coupled with other anti-cancer

treatments such as radiotherapy and chemotherapy®*.

In addition to having anti-cancer properties, compounds isolated from Shiitake

125 126

mushrooms have also been shown to have antibacterial= and antiviral=® attributes.
Furthermore, L. edodes has also been explored as an alternative to prevent tooth decay in

countries where common dentistry is often not affordable to the general population?’.

Trametes versicolor is one of the more famous examples of mushrooms containing
anti-cancer compounds. Polysaccharide K/PSK/Krestin, isolated from 7. versicolor, has been
available as an adjuvant to chemotherapy in Japan and other parts of Asia for over 40 years®,
PSK is an orally active compound® and has been shown to have anti-cancer/anti-metastatic
properties with a variety of different cell lines (Table 1). Although the exact mechanism of its
anti-cancer properties is still unknown, it is believed to be a biological response modifier,
which functions by increasing a host’s ability to respond to an invasive tumor?®. Its
mechanism may involve Toll-Like receptor 4 and the activation of TNF-a, which helps
mediate an immune response’’. Immuno-modulation seems to be a common property among

beta-glucan compounds isolated from medicinal mushrooms.



Inonotus obliqguus, commonly known as Chaga, is another prime example of a
mushroom that has been used as a treatment for a plethora of ailments dating back nearly half
a century. Commonly found in northern climates such as those found in Russia, and northern
British Columbia, Chaga can be found abundantly growing on birch (Betula spp.) trees. The
bark from birch contains a chemical called betulin, which is not readily absorbed by humans.
Chaga converts betulin to betulinic acid, a triterpene, which is water soluble, and is orally
bioactive®!. Both betulin and betulinic acid are being investigated for their anticancer,

antiviral and anti-inflammatory properties®>*3.

Table 1. Krestin (Polysaccharide K), isolated from Trametes versicolor has been shown to
have anti-metastatic properties in a variety of different cell lines**

Result of
Organ in which cancer PSK
is developed Cancer cell type/line application
Increased
Lung autochthonous tumor survival time
Increased
Lung human prostate cancer (DU-145M, PC-3M) survival time
Increased
Lung mouse melanoma (B16-BL6) survival time
Increased
Lung rat lung cancer survival time
Suppressed
Liver human lung cancer (AOI) lesion growth
Increased
Lymph nodes mouse leukemia (P388) survival time
Suppressed
Lymph nodes mouse liver cancer (MH134) lesion growth
Suppressed
Liver rat liver cancer (AH60C) lesion growth
Suppressed
Liver mouse leukemia lesion growth
Suppressed
Liver mouse colon cancer lesion growth




It is believed that, of the 140,000 estimated species of mushrooms on the planet, only
10% have been characterized®**>. Over 2000 mushroom species are non-toxic; there are over
700 from which anti-cancer compounds have been isolated. Many of those compounds have
anti-proliferative, immuno-modulatory or pro-apoptotic properties*®>#. British Columbia is
estimated to be home to more than ~4600 mushroom species; of that number, only an
estimated 1600 have been categorized®. Many Asiatic fungal species, which have
established anti-cancer properties, along with many relatives belonging to the same genus,
also exist in British Columbia and its surrounding area. This wealth of readily available
specimens provides a huge sample source from which new anti-cancer compounds can

potentially be discovered, isolated, purified and identified.

1.2 Anti-Cancer Compounds Isolated from Mushrooms

There is little doubt that the number and variety of compounds that can be isolated
from mushrooms rivals the variety and abundance of mushroom species themselves. Of those
known to have anti-cancer properties, there are two main groups: those of low molecular
weight (LMW) and those of high molecular weight (HMW)*. LMW compounds include
compounds such as quinones, isoflavones, amines and triacylglycerols. The high molecular
weight group contains compounds such as polysaccharides, glycoproteins, glycopeptides and
proteins (Figure 1). LMW compounds tend to have properties that allow them to inhibit a
wide variety of enzymes such as DNA polymerase®*' and DNA topoisomerase'® while HMW

compounds tend to be immune-modulators! 404243,
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Figure 1. High and low molecular weight compounds isolated from medicinal mushrooms
which have been shown to have anti-cancer properties*.



There are currently many high molecular weight compounds involved in clinical
trials, including PSK, Lentinan, Grifolin and Schizophyllan. PSK is a glycopeptide while the
other three are all (1->3) B-D-glucans with (1->6) B-D branches* %, As a result, there is
likely a higher probability of discovering high molecular weight compounds such as 3-
glucans, which seem to be commonly biologically active (Table 2). Crude extracts containing
low molecular weight compounds are also of interest in respect to their anti-proliferative and

pro-apoptotic abilities.

Table 2. A list of important HWM B-glucans that have been isolated from various
mushroom species. The most famous compounds, Lentinan, Schizophyllan and PSK all
belong to this group®’

Herb Common Name p-glucan structure Type
Lentinus edodes Shiitake mushroom B-1,3:1,6-glucan Lentinan
Schizophyllum commune  Brazilian mushroom B-1,3:1,6-glucan Schizophyllan
B-1,3:1,6-glucan with xylose and ~ Maitake D
Grifola frondosa Maitake mushroom mannose Fraction
Trametes versicolor Yun Zhi Protein bound B-1,3:1,6-glucan PSP/PSK
Ganoderma
Ganoderma lucidum Lingzhi, Reishi B-1,3:1,6-glucan polysaccharides
Agaricus
Agaricus blazei Brazilian sun mushroom  Protein bound B-1,6-glucan polysaccharides
B-1,3-glucan with galactose and
Pleurotus ostreatus Oyster mushroom mannose Pleuran
Coprinus
Coprinus comatus Shaggy ink cap B-1,3-glucan polysaccharides

Many bioactive polysaccharides isolated from mushrooms are water-soluble -D-
glucans, with or without heterosaccharide side chains, or B-D-glucan-protein complexes™®.
Activity has been linked to the 1->3 glycosidic chain that makes up the backbone of these
polysaccharides, with differences primarily arising in the branch length and patterns between
species*’. Common branch patterns include 13, 124, and 1->6 linkages*. These p-

glucans have been found to act on multiple immune receptors, including TLR-2 and 6,



Dectin-1, and complement receptor-3 (CR-3)*-3%3! This in turn triggers the activation of
natural killer cells, macrophages, dendritic cells and neutrophils*’. While not considered
digestible, B-glucans have been effectively administered orally, where it is assumed that they
are absorbed through fermentation by the gut flora, or by directly binding to receptor sites on
macrophages. One theory suggests that, once internalized, they are fragmented and
transported to the bone marrow, where they are released to be absorbed by other immune
cells, which then elicit an immune response*’. B-glucans have been linked to both innate and

adaptive immune responses®’.

Schizophyllan, a polysaccharide extracted from Schizophyllum commune Fr., has
been reported to have multiple activities, including antibacterial, anti-parasitic, anti-tumor
and immuno-stimulatory effects. It was first recognized for its antitumor effects against
sarcoma 180. This host-mediated activity was later found to be effective against multiple
other cancers, including bladder, breast, lung, gastric, and leukemia. It is currently produced
commercially by Japanese pharmaceutical companies as an immuno-potentiator, and often

used as an adjuvant to chemotherapy to improve quality of life in patients>2.

1.3 Project Goals

This Thesis project project was broken down into two major components. The first being the
design and optimization of extraction protocols and the extraction and screening of 9
different species of mushrooms obtained from the forests across Northern British Columbia.
A tenth mushroom, Shiitake, was used as a proof of concept for a comparative analysis of
extractions performed under different temperature variations. The second major component

of the Thesis consisted of examining a methanol-based extract derived from Echinodontium



tinctorium (Ellis & Everh.) Ellis & Everh. in an attempt to purify the compounds(s)

responsible for the growth-inhibitory effect on HeLa human cervical cancer cells.


https://en.wikipedia.org/wiki/Job_Bicknell_Ellis
https://en.wikipedia.org/wiki/Everh.

Chapter 2 — Collection, Identification, Extraction, Optimization, and Assessment of
Anti-Proliferative Activity in B.C Wild Mushrooms

Nine species of mushrooms were collected from Northern British Columbia,
specifically from the areas surrounding Prince George, Terrace and McBride. A tenth
sample, Lentinula edodes, was purchased from a grocery store and assayed, due to its known
anti-cancer properties, as demonstrated in previously published papers>*-**. Each sample was
identified by either morphological characteristics or DNA analysis, or a combination of both.
Then, each specimen was either pulverized with a hammer mill, frozen in liquid nitrogen and
crushed with a pestle and mortar, or turned into a fine powder by use of a household blender.
Different extraction techniques were explored while using a range of variables such as
solvents, temperatures and time. Finally, extracted fractions from each sample were assessed

for growth-inhibitory effects on HeLa human cervical cancer cells.

2.1 Methodology

2.1.1 Sample Collection and DNA / Morphological Identification

Nine mushroom samples had previously been obtained from Drs. Keith Egger and
Hugues Massicotte. Each mushroom underwent chemical extraction and was tested for
growth-inhibitory effect via MTT assay using the human cervical cancer HeLa cells. The
four samples which showed the greatest growth-inhibitory activity were chosen for additional

identification via DNA analysis.

DNA was extracted using a PowerSoil DNA Isolation Kit (Mo Bio Laboratories,
Carlsbad, USA), following manufacturer protocols®® (Figure 2). Two hundred and fifty
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milligrams of mushroom sample was added to PowerBead tubes, which were included with
the DNA isolation kit. The tubes were then gently vortexed. Solution C1 (included) was
heated at 60°C to remove any precipitation. Sixty microliters of C1 were then added to the
tubes containing mushroom sample and PowerBeads. The tubes were then briefly vortexed.
The PowerBead tubes were then centrifuged at 10,000 x g for 30 seconds at room
temperature, after which the supernatant was transferred to a clean 2 mL collection tube. Two
hundred and fifty microliters of Solution C2 was then added and the combined mixture was
then vortexed for 5 seconds and incubated for 5 minutes at 4 °C. The 2 mL collection tubes
were then centrifuged for 1 minute at 10,000 x g. A maximum of 600 puL supernatant was
then transferred to a new 2 mL collection tube followed by the addition of 200 pL of Solution
C3 and a brief vortexed. The mixture was then incubated at 4 °C for 5 minutes and
centrifuged for 1 minute at 10,000 x g. A maximum of 750 pL of supernatant was then
transferred to a clean 2 mL collection tube. Solution C4 was shaken to mix, after which 1.2
mL was added to the supernatant, which was then vortexed for 5 seconds. Six hundred and
seventy five microliters was then loaded onto a spin filter and centrifuged at 10,000 x g for 1
minute at room temperature. The flow through was discarded and an additional 675 pL of
supernatant was added to the spin filter, which was then centrifuged at 10,000 x g for 1
minute at room temperature. Five hundred microliters of Solution C5 was then added and
centrifuged at 10,000 x g for 30 seconds, at room temperature. The flow through was
discarded and the mixture was centrifuged again at 10,000 x g for 1 minute, at room
temperature. The spin filter was then carefully placed into a clean 2 mL collection tube as to
avoid splashing any C5 solution onto the spin filter. One hundred microliters of Solution C6

was then added to the center of the white filter membrane after which the solution was
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centrifuged at 10,000 x g for 30 seconds at room temperature. The spin filter was then

discarded and the DNA was prepared for further analysis.

In order to confirm the presence of DNA, 5 uL of extracted sample was mixed with 2
pL of loading dye. The combined mixture from each sample was loaded onto a 1% agarose
gel containing ethidium bromide. The gel was run for approximately 1 hour and then
photographed under UV light (Figure 3). A PCR reaction was performed using 1 uL of
template DNA and mastermix, containing 10x reaction buffer, 50 mM MgCI2, 2 mM
dNTP’s, fungal DNA primers (ITS3 and NLB4) and Taq polymerase. The thermocycler was
programmed to perform 29 cycles of the PCR reaction using the protocol shown in Table 3.
Next, amplified samples were loaded onto an agarose gel in order to determine the success of
the PCR process by identifying an expected PCR product of about 500 base pair band,

relative to the DNA ladder (Figure 4).
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Add Soil Sample to Bead
Tuhe
‘ Add Solution C1

Vortex

Prepare

Sample Centrifuge

Cell Lysis Centrifuge
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Incubate 4C

Bind DNA Centrifuge

Load into Spin Filter

Centrifuge
Wash with C5

Elute with Solution C6

Centrifuge

Figure 2. DNA Extraction flow chart provided from a PowerSoil DNA Isolation kit,
purchased from MO BIO Laboratories.>
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Al A2 A3 A4 AS

Figure 3. Confirmation of fungal DNA after DNA extraction. Samples were run on a 1%
agarose gel, containing ethidium bromide, for approximately 1 hour. Sample A5 was a
duplicate of G. applanatum. An NEB 1 kb DNA ladder was used. Values shown on the right
are in kb.

Table 3. Thermocycler protocol used for Fungal DNA amplification

Step Temperature (°C ) Time (Minutes)
1 95 5
2 95 1
3 52 1
4 72 1
Steps 1-4 Repeated 29 Times
5 72 5
6 4 Until Analysis
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Figure 4. One percent agarose gel containing ethidium bromide in which 4 fungal DNA
samples were run after PCR was performed. A band can be seen at 500 base pairs for each
sample. Sample A5 was a duplicate of G. applanatum. An NEB 100 bp ladder was used for
visualization. Values shown on the right are in bp.

Samples that were successfully extracted and amplified were cleaned via ethanol
precipitation and centrifugation. After drying, samples were re-suspended in ddH»0 and were
sent for sequencing at the DNA sequencing facility at UNBC. Finally the resulting
chromatographs were edited using Chromas Lite>® and were then queried against existing
sequences for known fungal specimens in BLAST?’. The closest match was then determined

by evaluating Max Score and Percent Identification values.
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2.1.2 Chemical Extraction

Mushroom species were either air or oven dried at low heat (50 °C) and were then
powdered (Figure 5) using either a hammer mill, in the case of F. pinicola, or a regular
household blender. Samples that were not extremely hard, such as Shiitake (L. edodes), were
frozen in liquid nitrogen and were then crushed using a pestle and mortar. Initially, dried
samples were extracted by closely following protocols outlined by Mizuno® (Figure 6), with
the addition of an ammonium oxalate fraction. Protocols were later modified to remove the

ammonium oxalate fraction and to change the extraction temperature.

Figure 5. An example of a dried and powdered mushroom sample (Chaga).
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Powdered Mushroom

Residue Residue Residue
80 % EtOH Water (3 hours) 2 % (NH4):C204 5% NaOH 100
(3 hours) > — 100 °C N 5
(6 hours) (6 hours)
Filtrate Filtrate Filtrate Filtrate

> <> <>

Figure 6. A generalized flow/overview of Mizuno’s mushroom extraction techniques®”. The
first step, with ethanol, is meant to separate out the low molecular weight compounds from
the high molecular weight compounds.
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2.1.3 Extraction Techniques

Fomitopsis pinicola

A 250 gram conk was ground into fiber using a 240 v hammer mill. Thirty five grams
was then combined with 750 mL 80% ethanol and refluxed for 3 hours in a round bottom
flask with a condenser. The resulting solution was filtered using a Buchner funnel and
Whatman #3 paper. The filtrate was then condensed using a rotary-evaporator at 60 °C until
approximately 50 mL remained. The remaining filtrate was flash frozen in liquid nitrogen
and lyophilized at 0.02 Torr and -80 °C, for 3 days, until only a fine powder remained. The
resulting powder was then dissolved in 100% ethanol and filtered using Whatman #3 paper.
The residue was lyophilized and was labelled as fraction 1. The filtrate was evaporated to
dryness and labelled as extract 2. This was a special method that was used during the very
first mushroom extraction. Subsequent extractions followed protocols outlined in Figure 6 or

Figure 8.

The residue from the first filtration was combined with 750 mL MilliQ and subjected
to reflux for 6 hours, after which it was filtered, evaporated and lyophilized as per the above
techniques. The resulting powder was labelled as extract 3. The process was then repeated
using 750 mL 5% Sodium Hydroxide. All solutions were neutralized (pH 7) using either 1.25

M NaOH or 12 M HCI prior to lyophilisation.

Lentinula edodes

Four hundred grams of pre-packaged Shiitake mushrooms were purchased from
Shoppers Wholesale Foods in Prince George, British Columbia. The sample was flash frozen

in liquid nitrogen and then lyophilized at 0.02 Torr and -52 °C, for 2 days, until they were
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completely dry. The dried sample was then crushed into a fine powder using a pestle and

mortar.

Fifty grams of powdered Shiitake mushroom were combined with 1 L of 80% ethanol
and was then refluxed for 3 hours in a round bottom flask with a condenser. The resulting
solution was filtered using a Buchner funnel and Whatman #3 paper. The filtrate was then
condensed using a rotary-evaporator at 60 °C until approximately 100 mL remained. The
remaining filtrate was flash frozen in liquid nitrogen and lyophilized at 0.02 Torr and -52 °C,
for 3 days, until only a fine powder remained, and was labelled as extract 1. The remaining
residue was combined with 1 L of 50% methanol and was heated to reflux for 3 hours, while
being stirred in a 2 L round bottom flask with a condenser. The resulting solution was filtered
using a Buchner funnel and Whatman #3 paper. The filtrate was then condensed using a
rotary-evaporator at 65 °C until approximately 100 mL remained. The remaining filtrate was
flash frozen in liquid nitrogen and lyophilized at 0.02 Torr and -52 °C, for 3 days, until only
a fine powder remained, and was labelled as extract 2. The remaining residue was combined
with 1 L of distilled water and was then heated to reflux for 6 hours, while being stirred in a
2 L Erlenmeyer flask. The resulting solution was filtered using a Buchner funnel and
Whatman #3 paper. The filtrate was then condensed using a rotary-evaporator at 65 C until
approximately 100 mL remained. The remaining filtrate was flash frozen in liquid nitrogen
and lyophilized at 0.02 Torr and -52 °C, for 3 days, until only a fine powder remained, and
was labelled as extract 3. The remaining residue was combined with 1 L of 1% ammonium
oxalate and was then heated to reflux for 6 hours, while being stirred in a round bottom flask
with a condenser. The resulting solution was filtered using a Buchner funnel and Whatman

#3 paper. The filtrate was then condensed using a rotary-evaporator at 65 C until
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approximately 100 mL remained. The remaining filtrate was flash frozen in liquid nitrogen
and lyophilized at 0.02 Torr and -52 °C, for 3 days, until only a fine powder remained, and
was labelled as extract 4. The remaining residue was combined with 1 L of 5% Sodium
Hydroxide and was then heated to reflux for 6 hours, while being stirred in a round bottom
flask with a condenser. The resulting solution was filtered using a Buchner funnel and
Whatman #3 paper. The filtrate was then condensed using a rotary-evaporator at 65 °C until
approximately 100 mL remained. The remaining filtrate was flash frozen in liquid nitrogen
and lyophilized at 0.02 Torr and -52 °C, for 3 days, until only a fine powder remained, and
was labelled as extract 5. All extracts were neutralized (pH 7) using either 1.25 M Sodium

Hydroxide or 12 M Hydrochloric acid prior to lyophilisation.

The above extraction techniques were also used for Piptoporus betulinus, Fomes
fomentarius and Ganoderma applanatum. The remaining four samples, Inonotus obliquus,
Leucocybe connata, Laetiporus sulphureus and Phellinus nigricans all followed the same

extraction procedure as outlined below with Chaga.
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Echinodontium tinctorium

The manual extraction techniques were the same as those listed above. A separate
extraction was also performed using a Buchi Speed Extractor using the following parameters;
Samples cells could hold approximately 40 mL total volume. Approximately 20 mL of
powdered E. tinctorium was loaded onto 0.7 mm of quartz sand. The sample was then
extracted using 80% ethanol, at 65 °C for 1.5 hours followed by flushing for 15 minutes. This
sequence was repeated for 3 iterations. Next, the sample was extracted using 50% methanol
for 1.5 hours following by a flushing cycle for 15 minutes. Again, this cycle was repeated for

3 iterations.

Inonotus obliquus

Two hundred grams of /nonotus obliquus was ground in a blender at high speed. One
hundred and fifty grams of raw material was then combined with 1.5 L of 80% ethanol and
heated to 65 °C for 3 hours, while being stirred in a 2 L Erlenmeyer flask. The resulting
solution was filtered using a Buchner funnel and Whatman #3 paper. The filtrate was then
condensed using a rotary-evaporator at 65 °C until approximately 150 mL remained. The
remaining filtrate was flash frozen in liquid nitrogen and lyophilized at 0.02 Torr and -52 °C,
for 3 days, until only a fine powder remained, and was labelled as extract 1. The remaining
residue was combined with 1.5 L of 50% methanol and was heated to 65 °C for 3 hours,
while being stirred in a 2 L Erlenmeyer flask. The resulting solution was filtered using a
Buchner funnel and Whatman #3 paper. The filtrate was then condensed using a rotary-

evaporator at 65 °C until approximately 150 mL remained. The remaining filtrate was flash
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frozen in liquid nitrogen and lyophilized at 0.02 Torr and -52 °C, for 3 days, until only a fine
powder remained, and was labelled as extract 2. The remaining residue was combined with
1.5 L of distilled water and was then heated to 65 °C for 6 hours, while being stirred in a 2L
Erlenmeyer flask. The resulting solution was filtered using a Buchner funnel and cheese
cloth. The filtrate was then condensed using a rotary-evaporator at 65 °C until approximately
150 mL remained. The remaining filtrate was flash frozen in liquid nitrogen and lyophilized
at 0.02 Torr and -52 °C, for 3 days, until only a fine powder remained, and was labelled as
extract 3. The remaining residue was combined with 1.5 L of 5% Sodium Hydroxide and was
then heated to 65 °C for 6 hours, while being stirred in a 2 L Erlenmeyer flask. The resulting
solution was filtered using a Buchner funnel and cheese cloth. The filtrate was then
condensed using a rotary-evaporator at 65 °C until approximately 150 mL remained. The
remaining filtrate was flash frozen in liquid nitrogen and lyophilized at 0.02 Torr and -52 °C,
for 3 days, until only a fine powder remained, and was labelled as extract 4. All extracts were
neutralized (pH 7) using either 1.25 M Sodium Hydroxide or 12 M Hydrochloric acid prior to

lyophilisation.

2.1.4 Cell Culture and Mushroom Extract Preparation

Human cervical cancer HeLa cells were grown to confluency using Thermo Fisher
Scientific T25 Flasks. Once confluent, the supernatant was poured off and the adherent cells
were then washed with 3 mL of Phosphate-buffered saline. Any remaining supernatant was
removed prior to trypsinization. One mL of Trypsin, containing ethylenediamine tetra-acetic
acid (EDTA), was then added to the T25 flask and slowly rocked in order to completely
cover the bottom surface of the flask. The cells were then incubated at 37 °C, with 5%

Carbon Dioxide, for a maximum of 5 minutes, after which 9 mL of Eagle’s minimal essential
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medium (containing 10% Fetal Bovine Serum) was added to suspend the cells. The solution
was then gently mixed to ensure that the solution contained an even amount of cells per

volume and was then transferred to a sterile 50 mL Falcon tube.

Cells counts were performed using a hemocytometer. Fifty microliters of stock cell
solution was mixed with 50 uL of Trypan Blue dye. A cover slip was placed over the
hemocytometer and a small drop of solution was added to the v-shaped groove. Cell counts
were taken from 3-4 quadrants and a dilution calculation was performed. Blue cells were not

included in the counts as they are dead.

Dried and powdered mushroom extracts were dissolved into appropriate solvents,
using water whenever possible, ideally at a concentration of 40 mg / mL. Concentrated stock
treatment solutions were then filter sterilized using a 0.2 pm filter. Working under sterile
conditions, treatment solutions were prepared by diluting sterile stock solutions in
EMEM-+FBS to achieve desired concentrations, ranging from 0.01 mg / mL to 2 mg/ mL,
depending on the sample being assayed. The perimeter of a sterile, 96 well, flat bottomed
plate, was filled with 200 pL of sterile water, leaving 60 wells for use with controls and
various mushroom extract concentrations, coupled with applicable controls. In general, 4-5
different concentrations of mushroom extracts were used coupled with 4-5 controls, each

using a set of 6 technical replicates.

Extracts of interest were also assayed in a time dependent manner. Samples were
prepared using the same methods mentioned above, except that seven of the 96 well plates
were used — 1 for each day. The wells in each plate were treated in the exact same manner
and plates were scanned at 570 nm, daily. Results of each plate were then compared to the

results of the plate from day 7.
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2.1.5 MTT Assay

The MTT ((3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay is a
widely adopted method of testing for growth-inhibitory and cytotoxic activity in mammalian
cells®*62, This method of analysis relies on the metabolism of living cells to produce a
colorimetric change which can then be quantified via a plate reader at 570 nm®. This colour
change occurs due to the reduction of the yellow tetrazolium MTT by mitochondrial
dehydrogenase enzymes, among others, resulting in an intracellular soluble formazan, which
is purple® (Figure 7). Mushroom extracts were assessed for possible growth-inhibitory effect
on Hel.a human cervical cancer cells. HeLa cells are commonly used to test anti-proliferative

activity from substances derived from mushroom extract®>,

Figure 7. An example of the final product of an MTT assay®’. More intense purple
colouration is indicative of more living cells. If our mushroom extracts have anti-
proliferative activity, we would expect to see a decrease in purple colour as the concentration
of compound, and time increased.

24


http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl

HeLa cells, combined with mushroom extract, were incubated at 37 °C, with 5% CO-,
for a period of 48-72 hours. Next, stock MTT solution was diluted to 1/5th concentration, and
50 uL was added to each of the wells containing controls and mushroom extracts. The plate
was then incubated for an additional 3-4 hours after which the supernatant was completely
aspirated, leaving only the adherent HeLa cells. One hundred and fifty microliters of DMSO
was then added to each well. The plate was then gently shaken for 5-10 minutes and then

read at 570 nm on a Titertek Multiskan photometer, or a Synergy2 plate reader.

2.1.5.1 Fomitopsis pinicola

As this was the first sample extracted and assayed, it was necessary to attempt a
variety of different concentrations of mushroom extract (in MTT assay), in order to ascertain
potential concentrations to use in the future. This mushroom was extracted twice and 3 MTT
assays were performed. In each of the assays, the addition of ammonium oxalate extract to
cells in 96-well plates resulted in precipitation (further confirmed under a microscope). It is
highly suspected that ammonium oxalate extract reacted with chemicals in the medium to

generate the precipitate. Therefore, the ammonium oxalate extraction step was later removed.

Since the different extracts were all dissolved in different solvents (Table 4), it was
necessary to also test the effect of the solvent itself in an MTT assay, in order to rule out false
positive growth inhibitory effects. A basic MTT experiment was set up with all of the
extracts except for ammonium oxalate and visual observations were taken under a
microscope after 24 and 48 hours. The following concentrations were used: extract 1 (80%
ethanol dissolved in water) at 0.5 mg / mL and 1 mg / mL. Extract 2 (99 % ethanol dissolved
in 100% ethanol) at 0.1, 0.2, 0.4 and 1 mg / mL. Extract 3 (Water, dissolved in DMSO) at

0.01, 0.05, 0.2, and 0.5 mg / mL. Extract 4 (5% Sodium Hydroxide, dissolved in water) at 0.5
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and 1 mg / mL. Additionally, Cis-Platinum, a known chemotherapeutic agent, was used as a

positive control. The results of the visual assessments can be seen in Table 5 and 6.

After the initial MTT assay was completed, another dose dependent experiment was
setup using the following concentrations: E1 (0.01, 0.05 and 0.1 mg / mL), E2 (0.02, 0.04,
0.1,0.2, 0.4 mg/mL), E3 (0.01, 0.02, 0.05, 0.1, 0.2 mg / mL), E4 (0.005, 0.01, 0.05, 0.1, 0.5,
0.1 mg / mL). Extract E4 (5% Sodium Hydroxide extraction dissolved in water) was re-
assayed an additional 3 times. A final dose dependent assay (72 hours) was setup using
extract 2 at 0.02, 0.04, 0.1, 0.2 and 0.4 mg / mL. Two concentrations of interest were then
chosen and a 7 day time dependent MTT assay performed using two different seed cell

concentrations, 1500 and 3000 cells per well.
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Table 4. BC Mushrooms: An Inventory List and Extraction Solvent Used

Mushroom Processed Raw Weight Used (g) Extract # Extraction Solvent
1 80% Ethanol
2 99% Ethanol
Fomitopsis pinicola 33 33 3 Water
4 2 % Ammonium Oxalate
5 5% Sodium Hydroxide
1 80% Ethanol
Lentinula edodes 50 50 § ;V"Ztimmonium Oxalate
4 5% Sodium Hydroxide
1 80% Ethanol
2 50% Methanol
Piptoporus betulinus 128.5 35 3 Water
4 2 % Ammonium Oxalate
5 5% Sodium Hydroxide
1 80% Ethanol
2 50% Methanol
Fomes fomentarius 126.45 40 3 Water
4 2 % Ammonium Oxalate
5 5% Sodium Hydroxide
1 80% Ethanol
2 50% Methanol
Ganoderma carnosum 89.31 30 3 Water
4 1 % Ammonium Oxalate
5 5% Sodium Hydroxide
1 80% Ethanol
2 50% Methanol
Echinodontium tinctorium 273.15 40 3 Water
4 1 % Ammonium Oxalate
5 5% Sodium Hydroxide
1 80% Ethanol
. 2 50% Methanol
Inonotus obliqguus 315 150 3 Water
4 5% Sodium Hydroxide
1 80% Ethanol
2 50% Methanol
Leucocybe connata 80 80 3 Water
4 5% Sodium Hydroxide
1 80% Ethanol
. 2 50% Methanol
Laetiporus sulphureus 77 77 3 Water
4 5% Sodium Hydroxide
1 80% Ethanol
Phellinus nigricans 135.89 100 2 >0% Methanol
3 Water
4

5% Sodium Hydroxide
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2.1.5.2 Lentinula edodes

Shiitake mushrooms have been ingested for their medicinal properties in countries
such as Japan for nearly a century. They have also been shown to have cytotoxic properties
when tested with HeLa cells using MTT assays®. In many cases, a hot water extract is
performed and the extracted material is ingested as a tea. Because of this, it was decided to
setup two side by side extractions, using two different temperatures. The first extraction was
performed at reflux temperatures whereas the second was performed at 50 °C. Extracted
compounds were dissolved in water at a concentration of 40 mg/mL. The following
concentrations were used: E1 — 80% ethanol (0.1, 0.5, 1 mg/ mL), E2 - Water (0.1, 0.5, 1 mg
/mL), E3 — ammonium oxalate (0.1, 0.5, 1 mg/ mL) and E4 — 5% Sodium Hydroxide (0.1,
0.5 and 1 mg/ mL). A water control was used in equivalence for each extract. A second
MTT assay was later performed using compounds from both the 50 °C and reflux
extractions. This time the following concentrations were used 0.01, 0.05, 0.1, 0.5 and 1 mg/
mL for extracts E1, E2 and E4. The ammonium oxalate extract was not tested again with this
mushroom. Because of these results, it was determined that refluxed reactions were no longer
required and the extraction protocols were modified as per Figure 8. It was also decided that
a 50% methanol extract be included as per a suggestion from Dr. Karl Tsim from the Hong
Kong University of Science and Technology. The addition of the methanol extract is
proposed because methanol is more polar than ethanol, as such it may help to remove
phenolic compounds. It was also decided to use 65 °C as this is between 50 °C and reflux

temperature, as many mushrooms were extracted at reflux.
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Figure 8. Modified extraction technique to reflect the change in temperature and the addition
of'a 50% methanol extract.

2.1.5.3 Piptoporus betulinus

This sample was extracted by following the procedures outlined in Figure 8. An MTT

assay was setup using all 5 extracts. Extract 1 (80% ethanol) was dissolved in ethanol, while

all other extracts were dissolved in water, at 20 mg / mL. The following concentrations were

used for each of the 5 extracts: 0.01, 0.05, 0.1, 0.5 and 1 mg / mL. Even though an

ammonium oxalate extract was extracted, it was decided to not use that particular extract in
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further MTT assays for this mushroom sample. A 48 hour MTT assay was performed after

which a time dependent assay was performed using E1 (80% ethanol) and E3 (Water).

2.1.5.4 Fomes fomentarius

This sample was also extracted using the procedures outlined in Figure 8. Extracts 1
and extract 2 (80% ethanol and 50% methanol, respectively) were dissolved in DMSO.
Extracts 3 (Water) and 5 (5% NaOH) were dissolved in water. The following concentrations
were used: 0.1, 0.05, 0.1, 0.5 and 1 mg / mL. The ammonium oxalate extract was omitted
from MTT assay in this sample as well. Three extracts were selected for further investigation

and a time dependent MTT assay was setup using extracts 1, 2 and 3.

2.1.5.5 Ganoderma applanatum

This sample was extracted using the procedures outlined in Figure 8. However, the
2% ammonium oxalate extract was modified to be 1%. Extracts 1 (80% ethanol) and extract
2 (50% methanol) were dissolved in DMSO. Extracts 3 (Water), 4 (1% ammonium oxalate)
and extract 5 (5% NaOH) were all dissolved in water. Extract 4 was again omitted due to
precipitation being seen under a microscope. An initial MTT assay was performed using E1,
E2, E3 and FS5, after which a seven day time dependent MTT was performed using only the
water extract (extract 3). The following concentrations were used for the 48 hour MTT assay:

0.01, 0.05, 0.1, 0.5 and 1 mg / mL. The time dependent assay was run at 1 mg / ml.

2.1.5.6 Echinodontium tinctorium

This sample was extracted in parallel with G. applanatum and because of this, an
ammonium oxalate extract was still extracted, but was omitted from assay. All 4 extracts

were easily dissolved in water at a concentration of 40 mg / mL. Each extract was first tested
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using a dose dependent 48 hour MTT assay at the following concentrations: 0.01, 0.05, 0.1,
0.5 and 1 mg/ mL. The second extract (50% methanol) was selected for further investigating

in a seven day time dependent MTT assay.

2.1.5.7 Inonotus obliquus

After the previous extractions, it was decided to omit the ammonium oxalate extract
altogether, and move to extraction procedures as outlined in Figure 9. All samples were
easily dissolved in water at a concentration of 40 mg / mL. An initial 48 hour MTT assay was
set up in order to screen all 4 extractions for cell growth inhibition. The following
concentrations were used for each extract: 0.01, 0.05, 0.1, 0.5 and 1 mg/ mL. With the
exception of extract 1 (80% ethanol), all extracts were then tested using a seven day time

dependent MTT assay at a concentration of 0.5 mg / mL.
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{ Powdered Mushroom

Residue Residue Residue
80% EtOH 65 °C _ 50% MeOH 65 °C _ Water 65 °C 5% NaOH 65 °C
(3 Hours) (3 Hours) (3 Hours) (3 Hours)
Filtrate Filtrate Filtrate Filtrate
Evaporate & Evaporate & Evaporate &
Evaporate & .o o1 o
LonI))hilize Lyophilize Lyophilize Lyophilize
Low Molecular Weight Low Molecular Weight Water Soluble Water Soluble
Compounds Compounds Polysaccharides Polysaccharides

Figure 9. The final extraction scheme adopted. This is the modified extraction technique to
reflect the removal of the ammonium oxalate extract entirely. A reduction from 2% to 1% of
ammonium oxalate still caused visible precipitation when combined with HeLa cell /
minimal essential medium (mem) solution.
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2.1.5.8 Leucocybe connata, Laetiporus sulphureus and Phellinus nigricans

All three of these samples were extracted using the steps outlined in Figure 9. All
extracts were easily dissolved in water at a concentration of 40 mg / mL. All extracts were
assayed using the following concentrations: 0.01, 0.05, 0.1, 0.5 and 1 mg / mL. After an
initial 48 hour MTT assay, time dependent assays were run using the following extracts and
concentrations. Leucocybe connata was run using extract 1 (80% ethanol) and extract 4 (5%
Sodium Hydroxide). Laetiporus sulphureus was run using extract 3 (water) at a concentration
of 0.5 mg / mL. Phellinus nigricans was assayed using both extract 1 (80% ethanol) and E3

(water) at a concentration of 0.5 mg / mL.
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2.2 Results

2.2.1 Species Identification

The initial DNA extraction was fairly successful. Strong high molecular weight bands
could be seen for samples Al, A3 and AS. A faint band could be seen for sample A2 and
there was no band for sample A4 (Figure 3). All 5 samples were PCR amplified regardless of
the results of the first DNA gel. The PCR reaction also appeared to be successful, with bands
showing for all five samples. Samples A1 and A5 had the strongest bands, indicating that
they underwent the most successful amplification. The majority of my samples had been

previously identified via DNA analysis by Ms. Marta Zmudzinski.

2.2.1.1 Sample A1 — Piptoporus betulinus (Bull.) P. Karst.

Piptoporus (Polyporus) betulinus sporocarps, found on paper birch in a mixed-wood forest in
Ste-Genevieve of Batiscan, Quebec (Chow Lee collection # 137, photo credit H. Massicotte)
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This sample was obtained from Dr. Egger in the winter semester of 2013. The sample
was ground to a fine powder and was stored at -4 °C. This sample was previously identified
via DNA analysis as being Piptoporus betulinus by Ms. Zmudzinski. The sequences obtained
using the ITS primer was edited to 498 bases, while the sequences obtained using the NLB
primer was edited to 492 bases. A comparison of these two sequences to known fungal
samples via BLAST yielded the sample result for both primers: Piptoporus betulinus. The
ITS sequence had a max score of 890 and a 99% identification, while the NLB sequence had
a max score of 915 and a 99% identification. Both sequences had P. betulinus as the first and

second hit.

2.2.1.2 Sample A2 - Ganoderma applanatum (Pers.) Pat.

Ganoderma applanatum — sample harvested from Smithers, British Columbia, growing on a
tree stump. (Photo credit V. Myhre)
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This sample was obtained from Dr. Egger in the winter semester of 2013. The sample
was ground to a fine powder and was stored at -4 °C. This sample was previously identified
by Ms. Zmudzinski as being Ganoderma carnosum. The sequences obtained using the ITS
primer was edited to 487 bases while the sequences obtained using the NLB primer was
edited to 417 bases. Each sequence had multiple result possibilities; however, both had
Ganoderma applanatum as the first hit and hence the most likely candidate. The ITS
sequences yielded a max score of 927 and a % identification of 99% whereas the NLB
derived sequences yielded a max score of 797 and a % identification of 99%. The next
highest max score was 818 (G. tsugae) and 743 (G. lipsiense), for the ITS and NLB derived

sequences.

2.1.1.3 Sample A3 - Fomes fomentarius (L.) Fr.

Image obtained from
https://upload.wikimedia.org/wikipedia/commons/7/7b/Fomes_fomentarius_2010_G2.jpg
(Accessed May 9, 2017)

This sample was obtained from Dr. Egger in the winter semester of 2013. The sample

was ground to a fine powder and was stored at -4 °C. This sample was previously identified
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by Ms. Zmudzinski as being Fomes fomentarius. The ITS sequences were edited to be 508
bases and the NLB sequences were edited to 374 bases. Both the ITS and NLB derived
sequences showed that Fomes fomentarius was the most likely candidate. The sequence
obtained from the ITS primer yielded a max score of 823 and a percent identification of 99%
while the sequence obtained from the NLB primer had a max score of 658 and a percent
identification of 98%. The next highest hit for both sequences was Polyporales sp. but the

max score was far lower as was the percent identification (6% less in both cases).

2.2.1.4 Sample A4 — Echinodontium tinctorium

Echinodontium tinctorium, harvested from West Twins, near McBride, British Columbia.
The specimen is easily identified by its tooth like spikes protruding from its top.

This sample was harvested from an old growth cedar-hemlock forest, West of
McBride, and was found in a fairly shaded area, laying on moss. The outside of the specimen
was dark on the outside and orange / red where the surface was cracked. Teeth could be seen
on the lower surface of the specimen. This sample was previously identified to be

Echinodontium tinctorium by using both MatchMaker (www.matchmakermushrooms.com/)
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and David Arora’s Mushrooms Demystified>®. The sample was stored at -4 °C for
approximately one month prior to performing DNA extraction / PCR. However, this sample
also showed high levels of co-amplification or contamination for both the ITS3 and NLB4
derived sequences. The ITS derived sequence was edited to 498 bases and the NLB derived
sequence was edited to 360 bases. The highest max score for the ITS sequence was 195 and
had a hit for E. tinctorium. The highest max score value for the NLB sequences was 94.5,

showing that the first hit was E. tinctorium.

2.2.1.5 Lentinula edodes

Lentinula edodes seen in quick freeze flasks, after being flash frozen in liquid nitrogen.

This sample was purchased from Shoppers Wholesale in Prince George, British
Columbia (Avina Gourmet Shiitake Mushrooms 100 g packages). No morphological or DNA

analysis was performed on this sample as it was purchased prepackaged and labelled.
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2.2.1.6 Fomitopsis pinicola (Sw.) P.Karst.

Fomitopsis pinicola, found growing on a fallen log, in Twin Falls Provincial Park, near
Smithers, B.C. (Photo credit V. Myhre)

This sample of red belted conk was obtained from the area surrounding Terrace
during the summer of 2012. The vivid colour makes this species fairly easy to identify. The
actual identity was first confirmed by Dr. Keith Egger and Dr. Hugues Massicotte and was
later confirmed by Mushroom’s Demystified and Match Maker software. When this project
was initially being pioneered, I was enrolled in a Mycology course which had a DNA
analysis section. As such, only a handful of samples were tested as there was limited access.
Also, at that time, DNA analysis was not deemed critical as my samples had been

morphologically identified by Drs. Keith Egger and Hugues Massicotte. Because of this, only

39


https://en.wikipedia.org/wiki/Sw.
https://en.wikipedia.org/wiki/P.Karst.

P. betulinus, G. applanatum, F. fomentarius and E. tinctorium were identified via DNA

analysis.

2.2.1.7 Inonotus obliquus (Ach. ex Pers.) Pilat

Inonotus obliquus growing on a birch tree, collected from Forest for the World, an area
surrounding UNBC. The second picture is the harvested sample.

This specimen was growing high up on paper birch and was collected during the
spring of 2013, from the area surrounding UNBC. In fact, once the first one was located, it
was easy to see many more far up on other birch trees. The sample weighed over 8 Ibs and
had a dry weight of about 5 Ibs. The Chaga appears to burst out of the tree, almost in a
tumor-like fashion, as can be seen in the picture above. It was extremely black, cracked, and
dense and was nearly 25 cm across. Identification began with the Polypores section in
MatchMaker and concluded that it was Inonotus obliquus — unmistakable from the pictures

included with the software. The identity was also keyed out as per David Arora’s Mushrooms
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Demystified, beginning with the Polypore section. The spore bearing surface was not made
of tubes and the pore surface was exposed and was growing on Birch but not ‘curblike’.
Additionally, the surface was not waxy and the flesh was red to orange, rusty-brown or dark
brown when exposed to Potassium Hydroxide. This lead to the next section: Phaeolus,
Inonotus, Coltricia and Allies. Because the fruiting body was a brown / dark black in colour
and the surface was cracked and irregularly shaped, and also found on birch, it was

determined that this specimen was Inonotus obliquus.

Sample of Leucocybe connata after being frozen in liquid nitrogen and lyophilized for 48
hours.

This sample was collected from the area surrounding Prince George by former
students in Dr. Egger and Dr. Massicotte’s Mycology course. The sample was provided and
identified by Dr. Massicotte. Because this species is so moist, we had to go back and collect

additional material in order to perform an adequate extraction.
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2.2.1.9 Laetiporus sulphureus (Bull.) Murrill

Image obtained from
https://upload.wikimedia.org/wikipedia/commons/e/ec/Laetiporus_sulphureus big.jpg
(Accessed May 9, 2017)

This sample was obtained from Northern British Columbia in the area surrounding
UNBC, in the spring of 2013 and was identified by Dr. Egger and Dr. Massicotte. Since this
species is so readily available (commonly referred to as Chicken of the Woods) and easily

identified, no DNA analysis was performed on this sample.
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2.2.1.10 Phellinus nigricans (Fr.) P. Karst

Oven dried sample of Phellinus nigricans obtained from the Greenway trail behind UNBC.

This specimen was collected behind UNBC in September 2013 and was located on a
fallen birch towards the underside in a fairly shaded, undisturbed area. It is brown in colour
and has a velvety underside. The shape was somewhat hoofed but it appears to have
molded/formed around the tree. The top portion was fairly cracked. The tissue blackened
when exposed to 10% Potassium Hydroxide solution. The measurements were 10 cm x 4 cm.
Using MatchMaker, I got an 87% match to Phellinus nigricans (which happened to be the
only match). The specimen was identified using David Arora’s Mushrooms Demystified

using the following criteria. The spore bearing surface was composed of tubes and the
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fruiting body was hoof-life. Additionally, the pore surface was exposed and the fruiting body

had a cap, was hard and a stalk was absent. The only match to this was Phellinus nigricans.

2.2.2 Dose and Time Dependent MTT Assays

2.2.2.1 Fomitopsis pinicola

Since this was the first mushroom that was processed, extracted and assayed, it was
tested many times. Initially, only 2-3 concentrations were used and visual observations were
taken after 24-48 hours (Tables 5-6) in order to assess the viability of the chosen
concentrations. It was also necessary to examine whether or not the solvents, used to dissolve
the dried mushroom samples, were able to cause cell growth inhibition in HeLa cells. After
24 hours, the cells treated with DMSO at 0.1% looked healthy while the cells treated with 5%
DMSO were starting to round up and die. The cells treated with ethanol, both 0.25% and
2.5%, were all healthy. Cells treated with 25 uM and 50 uM of Cis-Platinum all appeared to
be rounding up and slowly dying. The media in the wells treated with E1 (80% ethanol),
appeared to yellow which is usually indicative of acidity. The cells were also completely
dead. All wells treated with extract 2 (99% ethanol) appeared to be rounding up and dying at
all concentrations, with the exception for at 1 mg / mL, where the cells were completely
dead. The medium was not yellow in any of the wells treated with E2. Extract 3 also caused
complete cell death at its highest concentration (1 mg / mL), but the medium also appeared to
be yellowed. The cells in wells treated with E4 (5% NaOH) appeared to be healthy. Visual
observations were also taken after 48 hours. The wells treated with E1 looked the same as
they did after 24 hours, completely dead and yellow. Cells treated with E2 and E3 looked the

same as they did after 24 hours. However, the wells treated with E4 now appeared to be
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stimulatory. Further assays were performed using E4 and no stimulatory effect was observed,

either visually, or after an MTT assay.

The results of a 72 hour MTT assay can be seen in Figure 10. Some growth inhibition
can be seen in cells treated with E1, when compared to their respective controls. Cell growth
inhibition, in cells treated with E2, was dramatic. All three concentrations were able to

reduce HeLa cell growth to 20% or less. Extracts 3 and 4 had little effect.

Both time dependent assays had nearly the same result, at both 1500 and 3000 cells
per well (Figures 11 and 12). Final concentrations as low as 0.1 mg / mL were able to
completely obliterate cell growth. After this assay, it was determined that a cell density of

1500 cells per well would be sufficient for further 7 day time dependent assays.
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Table 5. MTT Assay (Extracts from Fomitopsis pinicola) — Visual Observations after 24
hours of treatment

Treatment | Concentration | Medium Cells look Cells look Complete
looks normal round death/toxic
yellow and up/slowly
(acidic) healthy dying
DMSO 5% X
0.1% X
Ethanol 2.5% X
0.25% X
Cis-platinum | 50 uM X
25 uM X
Extract 1 1 mg/ml X X
0.5 mg/ml X X
Extract 2 0.1 mg/ml X
(0.25% ethanol)
0.2 mg/ml X
0.4 mg/ml X
1 mg/ml X X
(2.5% ethanol)
Extract 3 0.01 mg/ml X
(0.1% DMSO)
0.05 mg/ml X
0.2 mg/ml X
0.5 mg/ml X X
(5% DMSO)
Extract 4 1 mg/ml X
0.5 mg/ml X
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Table 6. MTT Assay (Extracts from Fomitopsis pinicola) — Visual Observations after 48
hours of treatment

Treatment | Concentration | Medium Cells look Cells look Complete
looks normal and round death/toxic
yellow healthy up/slowly
(acidic) dying
DMSO 5% X
0.1% X
Ethanol 2.5% X
0.25% X
Cis-platinum | 50 uM X
25 uM X
Extract 1 1 mg/ml X X
0.5 mg/ml X X
Extract 2 0.1 mg/ml X
(0.25% ethanol)
0.2 mg/ml X
0.4 mg/ml X
1 mg/ml X X
(2.5% ethanol)
Extract 3 0.01 mg/ml X
(0.1% DMSO)
0.05 mg/ml X
0.2 mg/ml X (medium
becoming
yellow)
0.5 mg/ml X X
(5% DMSO)
Extract 4 1 mg/ml X (appeared
stimulatory
0.5 mg/ml X (appeared
stimulatory)
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Figure 10. The results of a 72 hour MTT assay using four extracts obtained from the
extraction of F. pinicola. The extracts were extracted in the following solvents. E1 (80%
ethanol), E2 (99% ethanol), E3 (Water), E4 (5% Sodium Hydroxide). An ammonium oxalate
extract was not tested. One biological replicate and six technical replicates were used for
each extract and concentration. *P < 0.05 versus control; Student’s t-test (one-tailed). Error
bars are standard error of the mean (S.E.M).
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Figure 11. The results of a time dependent assay using two concentrations of extract 2, which
was extracted in 99% ethanol and then dissolved in 80% ethanol. Two concentrations were
used, 0.1 and 0.2 mg / mL. A cell density of 1500 cells were well was used. One biological
replicate and six technical replicates were used for each extract and concentration. Error bars
are S.E.M.
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Figure 12. The results of a time dependent assay using two concentrations of extract 2, which
was extracted in 99% ethanol and then dissolved in 80% ethanol. Two concentrations were
used, 0.1 and 0.2 mg / mL. A cell density of 3000 cells were well was used. One biological
replicate and six technical replicates were used for each extract and concentration. Error bars
are S.E.M.

Extract 2 appeared to be extremely promising, and the results of another MTT assay
can be seen in Figure 13. Cell inhibition can be observed in a dose dependent manner,
starting at 0.1 mg / mL. Cell death levels off at around 20% cell viability with all of the
remaining concentrations. Cis-Platinum has a similar graph curvature to that of E2, and was

shown to have potent cell kill capability even at concentrations of 10 uM (Figure 14).
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Figure 13. Seventy-two hour dose dependent MTT assay using extract 2 (99% ethanol)
extracted from F. pinicola. One biological replicate and six technical replicates were used for
each extract and concentration.
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Figure 14. Forty Eight Hour Dose dependent using Cis Platinum and Human HeLa cells. Cell
growth inhibition begins with concentrations of 5 uM. One biological replicate and six
technical replicates were used for each extract and concentration.
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2.2.2.2 Lentinula edodes

Because this mushroom has been so well characterized and investigated, we used a
store bought sample as a test of our extraction protocols and MTT assay. There were some
large differences (Figure 15). For example, E4 (5% NaOH) appeared to have little to no
effect when extracted at reflux whereas cell viability was reduced to 50-60% when extracted
at 50 °C. In both cases, E3 (water) had nearly the same result, around 60% cell viability when
compared to their respective controls. Since this sample was strictly used as a test of

protocol, a time dependent MTT assay was not performed.
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Figure 15. MTT (48 hour) assay of Lentinula edodes. Two separate extractions were
performed. One at reflux and one at 50 °C. In both assays, the water extract E2, has similar

growth inhibitory effect — around 60% of the control. One biological replicate and six
technical replicates were used for each extract and concentration. Error bars are S.E.M.
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2.2.2.3 Piptoporus betulinus

With the exception of extract 5 (5% NaOH), all of the extracts had a growth
inhibitory effect as seen in a 48 hour MTT assay (Figure 16). The Water extract, E3, held
steady at about 50% cell viability when used at the three highest concentrations. Extract 1
(80% ethanol) had the most dramatic effect and dipped below 20% cell viability (% control).
Not surprisingly, extract 1 had potent cell kill capability as seen in a time- dependent assay
(Figure 17). Although extract 3 reduced cell viability by over 40% in the dose dependent
assay, this was not reflected in the time dependent assay, where cell viability was at 80% of

the control.
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Figure 16. Dose dependent MTT assay using four extracts from P. betulinus. The ammonium
oxalate extract was omitted. One biological replicate and six technical replicates were used
for each extract and concentration. Error bars are S.E.M.
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Figure 17. Seven day time dependent assay using E1 (80% ethanol) and E3 (water), extracted
from P. betulinus. The water extract had little effect as compared to the control whereas the
80% ethanol extract appeared to have potent growth inhibitory effect on HeLa cells. One
biological replicate and six technical replicates were used for each extract and concentration.
Error bars are S.E.M.

2.2.2.4 Fomes fomentarius

Extract 5 had little to no effect on cell growth, as seen in a 48 hour dose dependent
assay (Figure 18). Extracts 1 and extracts 2 (80% ethanol and 50% methanol), had extremely
similar levels in the reduction of cell viability, as compared to their controls, and had their
greatest effect at 0.5 mg / mL. The third extract (water) demonstrated a near linear curve in
the reduction of cell viability as the concentration of extract increased. At 1 mg/ mL, E3
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reduced cell viability by nearly 80%. Extract 3 was also the most potent when used in a time
dependent MTT assay (Figure 19), further reinforcing the data collected during the dose
dependent assay. Extract 1 decreased cell viability by 20% by the 7™ day, while extract 2
ended up with nearly no visible inhibitory effect; by the 7" day cell viability was close to that

of its control.
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Figure 18. Dose dependent MTT assay using extracts from F. fomentarius. Extract 4
(ammonium oxalate) was omitted from this assay. One biological replicate and six technical
replicates were used for each extract and concentration. Error bars are S.E.M.
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Figure 19. Seven Day MTT assay using extracts 1 (80% ethanol), extract 2 (50% methanol)
and extract 3 (Water). The water extract produced the largest growth inhibitory effect. One
biological replicate and six technical replicates were used for each extract and concentration.
Error bars are S.E.M.

2.2.2.5 Ganoderma applanatum

Extract 2 (50% methanol) and extract 5 (NaOH) had little to no effect with respect to
cell viability (Figure 20). Extract 1 (80% ethanol) had greatly decreased cell viability at 0.5
mg / mL. However, at a higher dose (1 mg / mL), cell viability increased by 40%. Extract 3
(Water) decreased cell viability in a dose dependent manner and decreased cell growth by

55% at its highest concentration — 1 mg / mL. Extract 3 was selected for further investigation
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in a seven day time dependent MTT assay (Figure 21). When compared to a water control,

extract 3 drastically reduced cell viability. After 7 days, cell viability was deceased by 50%.
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Figure 20. Dose dependent MTT assay using extracts extracted from G. applanatum. Extract
4 (ammonium oxalate) was omitted from this assay. One biological replicate and six
technical replicates were used for each extract and concentration. Error bars are S.E.M.
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Figure 21. Seven day time dependent MTT assay using extract 3 (water) extracted from G.
applanatum. Extract 3 potently reduced cell viability during each day and reduced cell
viability by 55% on day seven, when compared to its control. One biological replicate and
six technical replicates were used for each extract and concentration. Error bars are S.E.M.

2.2.2.6 Echinodontium tinctorium

Extract 1 (80% ethanol) and extract 5 (5% NaOH) had little to no effect inhibiting
cell growth in HelLa cells (Figure 22). Extract 3 (Water) decreased cell viability by 30% at its
highest dose of 1 mg / mL. Extract 2 (50% methanol) decreased cell viability in a dose
dependent manner, in a near linear fashion. At 0.5 mg/ mL, growth was inhibited by 50%. At
1 mg / mL, growth was inhibited by over 80%. Because of this, extract 2 was selected for
further investigation in a time dependent MTT assay (Figure 23). While a dose of 0.5 mg /

mL did not have a dramatic effect on cell viability, a dose of 1 mg/ mL wiped out nearly all
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the cells, and decreased cell viability to well under 10%, as compared to its respective

control.
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Figure 22. Dose dependent MTT assay using extracts from E. tinctorium. Extract 4
(ammonium oxalate) was omitted from this assay. Extract 2 (50% methanol) reduced cell
viability in a dose dependent manner. One biological replicate and six technical replicates
were used for each extract and concentration. Error bars are S.E.M.
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Figure 23. Seven day time dependent MTT assay using extract 2 (50% methanol) at two
concentrations, 0.5 and 1 mg/ mL. While 0.5 mg / mL had little effect over a 7 day period,
0.1 mg / mL dramatically reduced cell viability over the entire range of the assay. One
biological replicate and six technical replicates were used for each extract and concentration.
Error bars are S.E.M.

The results of two separate extraction methods can be seen in Figure 24. Both the
manual/traditional and speed extracted samples had very similar effect on cell viability of
HeLa cells. However, the speed extracted sample decreased cell viability by an additional
10% over that of the manually extracted sample. Both methods extracted approximately the

same ratio of E2 from the sample, 1%.
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Figure 24. Dose dependent MTT assay (72 hours) using extract 2 (80% ethanol) from E.
tinctorium. Two separate extractions were performed. The first using traditional extraction
methods as outlined in Figure 8, and the second using a Buchi Speed Extractor. Both
methods yielded similar results. However, the speed extractor reduced cell viability by 10%
more than tradition methods. One biological replicate and six technical replicates were used
for each extract and concentration. Error bars are S.E.M.

2.2.2.7 Inonotus obliquus

All extracts decreased cell viability by over 70%. Extract 1 (80% ethanol) and extract
4 (5% NaOH) both decreased cell viability by 80%. The three highest doses of extract 3
(Water) decreased cell viability in a linear manner, and inhibited HeLa cell growth by 35-
40% (Figure 25). Extracts 2, 3 and 4 were selected for further investigation in a time-

dependent assay (Figure 26). All three extracts had very similar curves and decreased cell
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viability in a similar fashion. However, extract 3 (Water) inhibited HeLa cell growth by the

largest amount after 7 days, 65%.
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Figure 25. Dose dependent MTT assay using extracts from /. obliquus. All extracts
demonstrated a major reduction in cell viability, in a dose dependent manner. One biological

replicate and six replicates were used for each extract and concentration. Error bars are
S.EM.
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Figure 26. Seven day time dependent MTT assay using extracts obtained from /. obliquus.
All three extracts had a very similar cell growth inhibitory effect. One biological replicate
and six technical replicates were used for each extract and concentration. Error bars are
S.E.M.

2.2.2.8 Leucocybe connate

Extracts 1-3 all decreased cell viability by virtually the same amount, 40%, at the
highest dose (1 mg / mL). Extract 4 (5% NaOH) decreased cell viability by 70% at 1 mg /
mL (Figure 27). Extract 1 and extract 4 were further investigated in a time dependent MTT
assay (Figure 28). At 0.5 mg/ mL, both extracts inhibited cell growth with similar strength,

decreasing cell viability by 15-20%, after seven days.
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Figure 27. Dose dependent MTT assay using extracts from L. connata. Extracts 1-3 had a
very similar effect while Extract 4 reduced cell viability to 35%. One biological replicate and
six technical replicates were used for each extract and concentration. Error bars are S.E.M.
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Figure 28. Seven day dose dependent MTT assay of extracts from L. connata. Extract 1 (80%
ethanol) and extract 4 (5% NaOH) reduced cell growth by very similar amounts. The NaOH
extract reduced cell viability by more than 20% when assayed in day 7 whereas E1 reduced
cell viability by 25%. One biological replicate and six technical replicates were used for each
extract and concentration. Error bars are S.E.M.

2.2.2.9 Laetiporus sulphureus

In a 48-hour dose dependent MTT assay (Figure 29), extract 1 appeared to be
stimulatory while extract 4 appeared to have no effect. The methanol extract (E2) reduced
cell viability by 20%. Extract 3 (water) had the largest growth inhibitory effect and reduced
cell viability by 30%. When subjected to a time dependent assay, extract 3 reduced cell

viability by 40% after the week-long treatment (Figure 30).
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Figure 29. Dose dependent MTT assay using extracts from L. sulphureus. Extract 1 appeared
to be stimulatory while extract 4 appeared to have no effect. The methanol extract (E2)
reduced cell viability by 20%. Extract 3 (water) had the largest growth inhibitory effect and
reduced cell viability by 30%. One biological replicate and six technical replicates were used
for each extract and concentration. Error bars are S.E.M.
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Figure 30. Seven day dose dependent MTT assay of extracts from L. sulphureus. After seven
days, extract 3 (water) reduced cell viability by 40 %, when compared to controls. One
biological replicate and six technical replicates were used for each extract and concentration.
Error bars are S.E.M.

2.2.2.10 Phellinus nigricans

At a dose of 0.5 mg / mL, extract 4 (5% NaOH) appeared to be stimulatory but
decreased cell viability at 1.0 mg / mL. At a very low dose, 0.1 mg / mL, extract 2 (50%
methanol) decreased cell viability by 20% but that was reduced to 10% at a dose of 0.5 mg /
mL. Both extract 1 and extract 2 decreased cell viability by 50% at 1 mg / mL (Figure 31).
Because of this, both E1 and E2 were selected for use in a time dependent MTT assay
(Figure 32). Extract 1 had little effect on growth inhibition while extract 3 decreased cell

viability (% control) by more than 40% after the seventh day of incubation with HeLa cells.
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Figure 31. Dose dependent MTT assay of extracts from P. nigricans. Extract 4 appeared to
be stimulatory at 0.5 mg / mL but reduced cell viability at a higher dose. Extract 1 and extract
3 both reduced cell viability by 50%. One biological replicate and six technical replicates
were used for each extract and concentration. Error bars are S.E.M.
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Figure 32. Seven day time dependent MTT assay of extract 1 (80% ethanol), and extract 3
(water), obtained from P. nigricans. Extract 1 had little to no effect by the seventh day

whereas extract 3 reduced cell viability by 50%. One biological replicate and six technical
replicates were used for each extract and concentration. Error bars are S.E.M.
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2.3 Discussion

2.3.1 Morphological and DNA investigation

Each sample, with the exception of A4, was positively identified using DNA analysis.
Sample A2 may have been misidentified by Marta Zmudzinski as it was previously identified
as being Ganoderma carnosum, which is not found in B.C, according to MatchMaker.
Ganoderma applanatum is however found in the province. Also, when comparing my sample
to pictures of G. applanatum, the two are found to be highly similar in appearance. Samples
Al and A3, which were identified as being Piptoporus betulinus and Fomes fomentarius,
agreed with Ms. Zmudzinski’s previous DNA analysis. Sample A4 had high levels of
contamination and as such the sequences had to be highly edited. However, based on
previous identification using MatchMaker and Mushroom’s Demystified, it is fairly certain
that this sample is Echinodontium tinctorium. Overall, the DNA analysis yielded expected
results. However, DNA analysis coupled with morphological identification may provide for

the highest degree of certainty when positively identifying fungal species.

2.3.2 Growth-inhibitory Effect on HeLa Human Cervical Cancer Cells — Mushrooms
Tested

Fomitopsis pinicola is widely used as a medicinal mushroom in Asia®, due to its
strong antimicrobial’’, antioxidant and antitumor activitites’!. Previous research has shown
that ethanol extracted polysaccharides from F. pinicola have a large inhibitory effect on
vascular endothelial growth factor (VEGF) mediated tubule formation in endothelial cells’.

VEGF plays a key role in the mediation of angiogenesis’>. It is really no surprise that the
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ethanolic-based extraction (extract 2) performed here on F. pinicola had a very strong

inhibitory effect on the growth of HeLa cells, in both dose and time dependent MTT assays.

Lentinula edodes (Shiitake) is another mushroom species that is commonly used for
its medicinal properties in Asiatic countries — especially in Japan. Previous research has
shown that ethyl acetate extracts can induce apoptosis in breast cancer cell line MCF-7%!. L.
edodes has also been shown to have antioxidant and antimicrobial properties’, as well as
antiviral activity”. Lentinula edodes is often ingested as a tea (hot water extract) for the
treatment of a plethora of illnesses, including cancer’®. Since the polysaccharides extracted
from Shiitake are water soluble, this made it an ideal candidate to test my initial extraction
protocols. The data collected from both the reflux and 50 degree extraction correlated well
with previous research in that the water extract (E3) had a high growth inhibitory effect on

HelLa cells.

Piptoporus betulinus is a birch polypore that was used extensively as a medicinal
treatment for a plethora of ailments, in ancient Europe. It has been shown to possess anti-
inflammatory properties’” which are caused by lanostane-type triterpene acids, which were
measured by inhibition on a 3a-hydroxysteroid dehydrogenase enzyme’’. Furthermore,
researcher in Poland have shown that a carboxymethylated a-(1->3)-D-glucan, extracted
using an alkali solution, was able to inhibit growth of HeLa cells by 50% in an MTT assay’®.
To our knowledge, this is the first time that ethanol based extractions (E1) have been shown
to possess potent growth-inhibitory effects, and are capable of reducing cell viability to
approximately 30%, at doses as low as 0.1 mg / mL (Figures 16-17). Sodium Hydroxide

extracts (5%) had no growth-inhibitory effect (Figure 16). This data correlates well with the

above research into Alpha-D-Glucans isolated from P. betulinus in Poland’®.
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Fomes fomentarius, the tinder polypore and a pathogenic saprotroph, has been shown
to have anti-tumour’® and anti-inflammatory activities®. An ergostane-type sterol obtained
from the ethanol extract of F. fomentarius, from northwestern China was documented to have
moderate cytotoxic effects on a plethora of human cancer cell lines, with an ICso from 24 to
30 uM”. Results here show that F. fomentarius has strong growth inhibitory effect in every
extract, with the exception of extract 5 (Figures 18-19).

Abundantly found growing throughout Northern British Columbia, Ganoderma

applanatum, or artist’s conk, has been found to possess anti-tumor®!-3

, immuno-modulatory
and anti-inflammatory properties®!. Water extracts from mycelial cultures of G. applanatum
from Korea®!' and China®, were found to reduce solid tumor growth in mice. It is thought that
the observed anti-tumor effect is caused by immuno-modulation since water extracts also
significantly activated natural killer cells (NK) in mice®!. A water based extraction (E3) was
able to greatly reduce HeLa cell viability in both dose dependent and time dependent MTT
assays (Figure 20-21), which is consistent with previous research. Additionally, cell growth
inhibition by an ethanol based extraction was demonstrated for the first time (Figure 20).
Commonly referred to as Indian paint fungus, Echinodontium tinctorium can be found
growing in many locations in Northern B.C. To my knowledge, this is the first time that E.
tinctorium has ever been investigated for any type of growth inhibitory properties with
respect to cancer cells. We show for the first time, that ethanol extractions from E. tinctorium
possess potent growth inhibitory properties in HeLa cells, in a dose dependent manner
(Figure 22). This data is further demonstrated in a time dependent MTT assay (Figure 23).

The strong cell growth inhibitory effect and the lack of research and publication, make E.

tinctorium a novel candidate for further investigation as described in Chapter 3.
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Despite its abundant usage as a folk remedy, little research has been performed on
Chaga (Inonotus obliquus) of Canadian origin. Inonotus obliquus has traditionally be used as
a treatment for a number of illnesses, including cancer, in Russia and several Baltic
countries®®>. Compounds such as triterpenoids and ergosterol peroxide, extracted using
ethanol, from Russian samples of 1. obliquus, have been shown to have anti-tumor effects in
mice and growth inhibitory effects in cancer cell lines®***. Additionally, large molecules such
as lignin and polysaccharides, extracted with water from /. obliquus, have been shown to
have anti-tumor activity in mice®. Growth inhibitory effect and anti-invasion activity have
also been shown in cancer cell lines®’. Anti-tumor effect of polysaccharides, observed in
mice, are thought to be immuno-modulatory since they concomitantly active lymphocyte and
splenocyte proliferation®. In this project, I have shown that all four extracts, from 1.
obliquus, have strong growth inhibitory effects (Figure 25). This data is further strengthened
by a dose dependent MTT assay (Figure 26), in which the water extract has the most potent
effect on cell viability. This research is consistent with papers published from Russia and
China® 8587,

Leucocybe connata 1s a white capped mushroom found growing in clusters on
disturbed ground, and can be commonly harvested from areas surrounding UNBC. Very little
research / investigation have been performed on L. connata, especially with respect to growth
inhibition of cancer cells. E4 (5% NaOH) was shown to have potent growth inhibitory
reduction of 65% (Figure 27). Extracts 1-3 all reduced cell viability by approximately 40%.
This may be the first time any type of growth inhibitory effect has been demonstrated from

extractions obtained from L. connata.

74



Laetiporus sulphureus, or chicken of the woods, is commonly found throughout
North America. Previous research has shown L. sulphureus to possess antimicrobial and anti-
oxidant properties®®. Furthermore, methanol and dichloromethane extracts, obtained from L.
sulphureus, have been shown to inhibit HIV-1 reverse transcriptase®. Laetiporus sulphureus
has also been show to possess anti-parasitic and anti-tumor properties, on T4 leukemic cancer
cells®® as well as inducing apoptosis on HL-60 human myeloid leukemia cells’!. The
mechanism of activation is thought to be intrinsic as the release of cytochrome ¢ was
detected’!. In this project, it was shown that extract 1 appeared to be stimulatory (Figure 29),
while extract 4 appeared to have little to no effect. Extract 3 had potent cell growth inhibition
and reduced cell viability by 30%.

The last species examined in this study was Phellinus nigricans. Due to difficulties
arising from cultivation in Asia, there has been little research with respect to anti-tumor
properties. However, polysaccharides, isolated using water extractions in China, have been
found to have anti-tumor activity against mice inoculated with Sarcoma 180 cells®?.
Additionally, water extracted polysaccharides from P. nigricans have been found to have
antioxidant and immunological activity®. In this project, it was shown that the water extract
(extract 3) has potent grown inhibitory properties at 1 mg / mL (Figure 31).

To my knowledge, this may be the first research project to investigate B.C wild
mushrooms for anti-cancer properties. A few species have never been examined in this
manner, such as L. connata and E. tinctorium. The potent growth inhibitory properties of
ethanol extracts obtained from E. tinctorium are novel and lay a foundation for further

investigation.
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Chapter 3 - Investigating the Growth-Inhibitory Activity of the Methanol Extract of
Echinodontium tinctorium

3.1 Introduction

Due to the potent growth-inhibitory effect demonstrated by the methanol extract of .
tinctorium in Chapter 2, and the fact that there had been virtually no research or publications
on E. tinctorium, it was deemed that further analysis was warranted. Extract 2 (50%
methanol) was first tested using a variety of different cancer cells lines in MTT assays.
Afterwards, purification was attempted using Sephadex LH-20 (size exclusion
chromatography). Purified samples were then assessed for the presence of protein using a
BCA kit, and total carbohydrate content was determined using a hot sulphuric acid assay and

glycoprotein content using a total glycoprotein estimation kit.

3.2 Methodology

3.2.1 Sephadex LH-20 Size Exclusion Purification

Sephadex LH-20 is a cross-linked, beaded dextran commonly used to separate
compounds and molecules based on size. The dextran is cross linked and is pH stable from
2-13 and has a standard operating temperature of 4 °C to 40 °C”*. A variety of solvents can
be used with LH-20, making it ideal for use in purifying crude mushroom extracts. For this
study, LH-20 was swollen over night with water and excess liquid was carefully decanted the
next day. Swollen LH-20 was then poured into an appropriate sized column in one
continuous motion. In later assays, a C16/70 column was packed using an Akta-Prime Plus
system at 2 mL/min, with a final bed volume of 100 mL. Two mL of sample was then loaded

using a 5 mL loop and sample was eluted using 50% methanol at a rate of 1 mL/min.
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Fractions were collected at a volume of 10 mL. Once the column run was complete, the

column was flushed with 3 bed volumes of 50% methanol.

3.2.2 Total Carbohydrate Colorimetric Assay Kit (#K645-100)

A total carbohydrate estimation colorimetric assay kit was purchased from BioVision
(U.S.A). In this type of phenol-sulfuric acid assay, polysaccharides and their derivatives are
hydrolyzed to monomers in the presence of sulfuric acid and are converted to furfural or
hydroxyfurfural, which then reacts with the included developer to form a chromogen, which
can then be quantified by measuring the absorbance on a plate reader at 490 nm. This kit can
detect most carbohydrates, both simple and complex saccharides, glycans, glycoproteins and
glycolipids.

Concentrated H>SO4 Developer
Saccharide Furfural Detect 490 nm

I\
O
O

Figure 33. Chemical structure of a furfural compound.

Firstly, 0, 2, 4, 6, 8 and 10 pL of provided glucose standard are added into a series of
wells of a 96-well flat bottom plate. These are used to generate standards at the following
concentrations: 0, 4, 8, 12, 16 and 20 pg. Volumes are then adjusted to 30 pL with dH>O.

Samples are prepared by adding a maximum of 30 pL per well, in triplicate, and volumes are
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adjusted with dH>O. In this study, 30 uL of LH-20 purified fraction was used. Next, 150 pL
of technical grade Sulphuric Acid is added to each standard and sample well and the plate is
then gently shaken by hand to mix. The plate is then incubated for 15 min at 90 °C, after
which 30 pL of Developer is added, which is provided with the kit. Samples and standards
are then gently mixed by hand for 3-5 min at room temperature. Finally, the optical density is
read on a Synergy?2 Plate Reader at 490 nm. A standard curve is then plotted based on OD
readings of the standards and their known concentration of glucose. Sample concentrations

can then be extrapolated from the equation of the curve®.

3.2.3 Pierce Glycoprotein Carbohydrate Estimation Kit (#23260)

A Pierce glycoprotein carbohydrate estimation kit (purchased from Thermo Scientific
in the U.S.A) was used to measure the total amount of protein glycosylation as a percent of
the total protein mass. Glycoproteins are oxidized using sodium meta-periodate to form
aldehydes, which then react with the included glycoprotein reaction agent. The resulting
reaction causes a purple colour, quantified at 550 nm.

The kit includes the following materials: 500 mg sodium meta-periodate, 500 mg of
glycoprotein detection reagent and 250 mL glycoprotein assay buffer (containing 1% sodium
azide). The kit also includes 2 negative controls: 2.5 mg lysozyme and 2.5 mg bovine serum
albumin, and 4 positive controls: 2.5 mg ovalbumin, 2.5 mg apotransferrin, 0.25 mg fetuin
and 0.25 mg ai-acid glycoprotein.

Materials are prepared in the following manner: a 10 mM solution of meta-periodate

is made by dissolving 21.4 mg using 10 mL of glycoprotein assay buffer. Next, 50 mg of
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glycoprotein detection buffer is dissolved in 10 mL of IM Sodium Hydroxide. Samples are

dissolved in glycoprotein assay buffer at 0.25 and 2.5 mg/mL.

Using a sterile 96-well, flat-bottomed plate, 50 uL of each sample and standard were
added to each well, in triplicate. A blank containing 50 puL of glycoprotein assay buffer was
also added. Next, 25 puL of sodium meta-periodate was added to each of the sample and
standard wells. The plate was then mixed for 30 sec by hand, after which it was incubated at
room temperature for 10 min. One hundred and fifty microliters of glycoprotein detection
reagent was then added to each well and the plate was mixed for an additional 30 sec by
hand. Lastly, the plate was covered and incubated at room temperature for 1 h. Absorbance
was then measured at 550 nm using a Synergy?2 plate reader and a standard curve was
plotted. Because both Fetuin and ai-acid glycoprotein have carbohydrate content greater than
10 %, the 2.5 mg/mL standard values must be calculated by multiplying the absorbance
values obtained from their respected 0.25 mg/mL by a factor of 10. Glycoprotein

concentration is then extrapolated from the standard curve®®.

3.2.4 Pierce BCA Protein Assay Kit (#23225)

This kit was purchased from Thermo Scientific (U.S.A) and was used to measure the
total protein content of LH-20 purified samples, obtained from the ethanol extraction of E.
tinctorium. Proteins reduce Cu™? to Cu*!, in alkaline solutions, resulting in a purple colour,
which can then be quantified on a plate reader at 562 nm. The colouration is caused by the
chelation of one molecule of BCA with 2 molecules of Cu™'.

Standards are prepared by diluting stock BSA with ddH2O to nine different
concentrations. In this case the following concentrations were used: 0, 0.02, 0.05, 0.1, 0.2,
0.5, 1, 1.5 and 2 mg/mL. Next, 50 parts BCA reagent A are combined with 1 part BCA

79



reagent B, to form a working reagent. Ten microliters of each standard and sample are then
added to the wells of a 96-well flat-bottomed plate, in triplicate. Next, 200 pL of working
reagent is added to each well and the plate is mixed by hand for 30 seconds, after which the
plate is covered and incubated at 37 °C for 30 min. The plate is then cooled to room
temperature and quantified on a plate reader at 562 nm. Finally, a standard curve is plotted,
after subtracting the 562 nm absorbance reading from the blank wells. The linear trend line is
then used to calculate protein concentration in each sample. In this study, standards of 0,
0.02, 0.05,0.1,0.2,0.5, 1, 1.5 and 2 mg/mL were used and 10 uL. of LH-20 purified fractions

were assayed. The values of the standards were then used to create a standard curve.

3.2.5 Phenol Chloroform Extraction (P.C.I)

A phenol chloroform extraction was attempted in order to remove protein from then
50% methanol extracted sample from E. tinctorium. Two hundred microliters of phenol was
combined with 200 pL of Chloroform:isoamyl alcohol and was then added to 400 pL of
crude E2 fraction, in a 1.5 mL microcentrifuge tube. The tube was then inverted to mix and
spun at 12,000 rpm for 5 min. The aqueous phase was then collected and used in a 48 h MTT

assay.

3.3 Results

3.3.1 Large Scale Manual Extraction vs. Speed Extractor
In order to proceed with further investigation into the potent growth inhibitory effect
shown by E2 (50% methanol) in Chapter 2, it was first necessary to perform a large-scale

extraction of the crude material. Seven hundred and fifty grams of powdered E. tinctorium
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was extracted manually, as per the protocols in Table 9 — Chapter 2. A second extraction was
also performed using a BUCHI Speed Extractor® E916 and the protocols are laid out in
Chapter 2. An MTT assay was then setup using E2 from both the large-scale manual
extraction, as well as E2 obtained from the speed extractor. The results can be seen in Figure
35. Both methods showed that E2, extracted using both methods, possess potent growth
inhibitory effect in human HeLa cells. Because the speed extractor has very limited capacity,
it is ideal for initial mushroom screening. However, when a large amount of material is

required, a manual extraction is necessary and was used here.

=== Soil Extraction
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Figure 34. Growth-inhibitory effect of methanol extracts from E. tinctorium. Powdered E.
tinctorium was extracted using the manual and speed extraction methods in methanol. Both
methods had relatively similar effect on cell growth inhibition at 1 mg/mL. Errors bars are
S.E.M.
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3.3.2 Size Exclusion Chromatography and BCA Assay

Sephadex LH-20 was mixed with ddH2O and left to swell overnight. It was then
poured into a 2 mL column, packed using gravity for several hours. Fraction 2 (50%
methanol) was dissolved in water at a concentration of 40 mg/mL. Forty microliters of
solution was added to the column. The column was eluted using ddH>O and 10 fractions
were collected at 600 pL each. Fractions were sterilized using 0.2 pm filters. A 48 h MTT
was setup in which 100 pL of each collection fraction was added to 100 uL. of HeLa cells, at
a density of 1500 cells per well. Fractions 2 and 3 had extremely potent growth-inhibitory
effect on HelLa cells (Figure 35). The remaining fractions were still able to reduce cell

viability by 20% as compared to their controls.
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Figure 35. Trial 1 - Assessing growth-inhibitory activity of fractions collected from
Sephadex LH-20. Methanol extracts from E. tinctorium were dissolved in water at 40 mg/ml
and run on a 2 ml gravity Sephadex LH-20 column. Fractions collected were assessed for
growth-inhibitory activity using the MTT assay. *P < 0.05, **P < 0.01 versus control. Error
bars are S.E.M.

A second experiment was performed in order to verify the results shown in Figure 35.
Forty microliters of crude extract were loaded onto the LH-20 column and fractions were
collected at 600 pL. However, in this MTT experiment, 0.5 and 1.0 mg/mL of 50% methanol
(crude) extracted material was also assayed, in order to compare the growth inhibitor effect
of LH-20 purified sample versus crude extract. The results can be seen in Figure 36. While
the second fraction still maintained a very high ability to inhibit HeLa cell growth, it was
nowhere near as powerful as an effect as seen from the initial purification. Unpurified

material had a much greater effect on cell growth (Figure 36).
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Figure 36. Trial 2 - Assessing fractions collected from Sephadex LH20 for growth-inhibitory
activity. Methanol extracts from E, tinctorium was loaded onto Sephadex LH20 column.
Samples were collected at 600 pL volumes and were then subjected to a 48 h MTT assay.
Crude extract, E2, was also assayed in order to compare the effectiveness of the purification
process. P <0.05, **P < 0.01 versus control. Error bars are S.E.M.

Since the results of the two experiments were quite different, with respect to the
potency of the E2 fraction, a third LH-20 column was run. Crude extract was added to the
column at a 3% load (60 puL). A 48 h MTT assay was run using all 10 collected fractions
(Figure 37). The results were very similar to those of Figure 36, with F2 reducing cell

viability approximately 40-45 % in both assays.
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Figure 37. Trial 3 - Assessing fractions collected from Sephadex LH20 for growth-inhibitory
activity. Methanol extracts from E. tinctorium was loaded onto Sephadex LH20 column and
fractions collected at 600 pL volumes were subjected to a 48 h MTT assay. P <0.05, **P <
0.01 versus control. Error bars are S.E.M.

A fourth and final 2 mL LH-20 column was run, again using a 3% load (60 pL). Ten
fractions were collected, filter sterilized and analyzed with a 48 h MTT assay (Figure 38).
Fraction 2 had very similar results to those shown in Figure 36 and in Figure 37. In all three
cases, Fraction 2 was able to reduce HeLa cell viability by approximately 40% in MTT
assays. In all 2 mL LH-20 purifications, Fraction 3 also had significant (Student t test)

growth inhibitory effects, except for in Figure 36.
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Figure 38. Trial 4 - Assessing fractions collected from Sephadex LH20 for growth-inhibitory
activity. Methanol extracts from E. tinctorium was loaded onto Sephadex LH20 column and
fractions collected at 600 pL volumes were subjected to a 48 h MTT assay. P <0.05, **P <
0.01 versus control. Error bars are S.E.M.

A BCA assay was then performed using the fractions collected in Figure 38 as per the
protocols outlined in section 3.2.4. A standard curve was then constructed using the values
from the BCA assay (Figure 39). Extrapolated data was then graphed alongside the MTT
data from Figure 38 (Figure 40) below. A strong regression value of 0.9966 was obtained.
Fraction 2 had the highest growth inhibitory effect but did not have the highest protein

content.
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Figure 39. BCA assay using fractions collected from a 2 mL LH-20 column. Standards and
samples were run in triplicate. A strong regression value of 0.9966 was obtained.
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Figure 40. BCA assay and MTT assay using the same eluted fractions from a 2 mL LH-20
column. Fraction 2 had the highest cell growth inhibition activity while fraction 3 had the
highest protein content.

Next, a 25 mL serological pipette was cut down, packed with cotton, and used to
fashion a 10 mL LH-20 column. Two hundred microliters of crude E2 (50% methanol)
fraction were added to the column and fractions were eluted at a volume of 1 mL. Fractions
were then assayed for growth inhibitory properties using a 48 h MTT assay. Additionally, a

P.C.1. extraction was also performed in an attempt to remove protein from crude fraction of
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E2. Unfortunately, there were small amounts of phenol remaining in the aqueous layer and it
caused toxicity, killing all of the cells in both the phenol extraction and the phenol control.
Crude E2 methanol extract was also assayed and retained its potent cell growth inhibitory
effect. In this assay, F4-F6 collected from the Sephadex LH-20 column have a significant
reduction in cell viability. Fractions 9-11 also showed a significant reduction in cell viability

(Figure 41).
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Figure 41. Assessing fractions collected from Sephadex LH-20 for growth-inhibitory activity.
Methanol extracts from E. tinctorium were loaded onto a 10 mL Sephadex LH-20 column.
Fractions collected at I mL volumes were subjected to a 48 h MTT assay. One biological
replicate and 6 technical replicates were used. A 2% load was added to the LH-20 column. A
phenol extraction was also performed to remove protein. P <0.05, **P < 0.01 versus control.
Error bars are S.E.M.
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After suspected bimodal activity was seen using a 10 mL column, another 25 mL
serological pipette was cut down, packed with cotton, and used to fashion a 18 mL LH-20
column. Three hundred and sixty microliters of crude fraction 2 was loaded onto the column
and fractions were collected at a volume of 1.5 mL. Fractions were then analyzed using a 48h
MTT assay, in which 100 pL of LH-20 purified fraction was added to 100 pL of cells.
Fractions 5-6 had very potent cell growth inhibitory effects as did F11. To assess the possible
role of proteins, the crude E2 methanol fraction (0.5 mg/mL) was heated to 95 °C for 1 h in
an attempt to denature protein. As shown in Figure 42, both the heated and unheated samples

had a very similar effect on cell viability.
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Figure 42. Assessing the post-Sephadex LH-20 fractions for growth-inhibitory activity.
Methanol extracts from E. tinctorium was loaded at 2% onto an 18 mL Sephadex LH-20
column. Fractions collected at 1.5 mL volumes were subjected to a 48 h MTT assay. One
biological replicate and 6 technical replicates were used. Crude extract was heated at 95 °C
for 1 h and tested alongside a non-heated sample. P < 0.05, **P < 0.01 versus control. Error
bars are S.E.M.
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A second 18 mL LH-20 column was run, again using 360 pL of crude fraction 2 (50%
methanol). Fractions were collected at 1.5 mL and then assayed using a 48 h MTT. This time,
F5 did not have near the same effect on cell growth (Figure 43). However, fraction 11
retained very similar activity as that seen in the previous MTT assay.
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Figure 43. Assessing the post-Sephadex LH-20 fractions for growth-inhibitory activity.
Methanol extracts from E. tinctorium was loaded at 2% onto an 18 mL Sephadex LH-20
column. Fractions collected at 1.5 mL volumes were subjected to a 48 h MTT assay. One
biological replicate and 6 technical replicates were used. P < 0.05, **P < 0.01 versus control.
Error bars are S.E.M.

Next, another BCA assay was performed using fractions collected from the MTT
assay shown in Figure 42. The standard curve can be seen in Figure 44. A strong regression
value of 0.9952 was obtained. Extrapolated data was then graphed against the MTT data
from Figure 42. The highest protein content was seen in fractions 7 and 10 whereas the

highest cell growth inhibitory effect was seen in fractions 5, 6 and 11 (Figure 45).
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Figure 44. BCA assay using fractions collected from an 18 mL LH-20 column. Standards and
samples were run in triplicate. A strong regression value of 0.9954 was obtained.
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Figure 45. BCA assay and MTT assay using eluted fractions from an 18 mL LH-20 column.
Fractions 5, 6 and 11 had the highest cell growth inhibition activity while fractions 7 and 10
had the highest protein content. This assay was run twice.
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3.3.3 Total Carbohydrate Assay (Hot H2SO4)

A total carbohydrate assay was run using fractions collected from an 18 mL LH-20
column, shown in Figure 42. This assay had to be run twice as initially the carbohydrate
content in the stock LH-20 fractions was far too high to be read on the Synergy?2 plate reader.
Samples were diluted by 50% (15 pL of LH-20 purified fraction) and the assay was run

again. The trend line can be seen in Figure 46.
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Figure 46. Linear trend line calculated from glucose standards created from Total
Carbohydrate Kit. A strong regression value of 0.9961 was achieved.

The total carbohydate results were then graphed alongside the MTT data from Figure
42 (18 mL LH-20 Column). Fraction 5 had the highest total carbohydrate content and
fraction 11 had next to no carbohydrate content — even though it had strong cell growth

inhibitory effects as shown in an MTT assay (Figure 47). These results were consistent with
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the first total carbohydrate assay performed, other than the first peak, over fraction 5, was out

of bounds.
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Figure 47. Growth-inhibitory activity and carbohydrate content of fractions collected from an
18 mL Sephadex LH-20 column. Fractions were analyzed using MTT assay and were also
assayed with a total carbohydrate kit. Fraction 5 had the highest carbohydrate content while
fraction 11 had next to none. The carbohydrate kit was run twice and samples / standards
were run in triplicate. MTT samples were run with one biological replicate and 6 technical
replicates.

3.3.4 Glycoprotein Carbohydrate Estimation Kit
This kit was originally run using the maximum volume of LH-20 purified fraction, 50
uL. This turned out to be far too much as many of the fractions had a greater glycoprotein

concentration than the Synergy2 plate reader could read. The assay was run a second time,
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with a 4x sample dilution (12.5 pL per fraction) and the trend line can be seen in Figure 48.

Samples and standards were run in triplicate.
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Figure 48. Linear trend line calculated from glycoprotein standards created from a
glycoprotein estimation kit. A regression value of 0.9523 was achieved.

Data extrapolated from the trend line was used to calculate glycoprotein content in
mg/mL and was then graphed alongside the MTT data from Figure 42 — an 18 mL LH-20
column. Fractions 5 and 8 had the highest glycoprotein content, while fraction 11 had only
4.2 mg/mL. Fractions 5 and 11 had the highest growth inhibitory effect in the corresponding

MTT assay (Figure 49).
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Figure 49. Growth-inhibitory activity and glycoprotein content of fractions collected from
Sephadex LH-20 column. Fractions were analyzed using MTT assay and were also assayed
with a glycoprotein estimation kit. Fraction 5 and fraction 8 had the highest glycoprotein
content while fraction 11 had very little. The glycoprotein assay was run twice and samples /
standards were run in triplicate. MTT samples were run with one biological replicate and 6
technical replicates.

3.3.5 C16/70 LH-20 Column (100 mL)

In order to collect enough materials for further investigation, possibly by an
undergraduate research student, Mr Faran Rashid, a larger column was required. A C16/70
column was therefore packed to a bed volume of 100 mL, at 2 m /minute. Crude fraction 2,
obtained from E. tinctorium, was dissolved in water at a concentration of 50 mg/mL. Two
milliliters of sample was then loaded onto the column and eluted at 1 mL per minute and
collected in 10 mL fractions. After some time, two bands could be seen moving down the

column (Figure 50).
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Figure 50. 100 mL LH-20 column purifying crude E2 extract from E. tinctorium. The column
is being run with water. Two bands can be seen in the 4" picture (see arrows).

The C16/70 column was used to purify crude Fraction 2 for two runs, at 2 mL each
(Figure 51). The first attempt had high cell growth inhibitory effect on fractions 4, 5 and
fraction 10. As indicated earlier, the second run was performed in order to provide more

sample to an undergraduate research student to further analyze fraction 10 (Figure 52).
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Figure 51. Assessing the post-Sephadex LH-20 fractions for growth-inhibitory activity.
Methanol extracts from E. tinctorium was loaded at 2% onto a 100 mL Sephadex LH-20
column. Fractions collected at 10 mL volumes were subjected to a 48 h MTT assay. One
biological replicate and 4 technical replicates were used. P < 0.05, **P < 0.01 versus control.
Error bars are S.E.M.

99



120

W Control
B F2
B Fo
100 W Fi0
H Fi1
= B Fi2
o] H Fi4
‘E 80 B F15
=]
Q
5=
ol 60
£
=
3
= 40
-1}
O
20
0

Control F8 F9 F10 F11 F12 F13 F14 F15

Echinodontium tinctorium post LH-20 Fractions - 48 hour MTT

Figure 52. Assessing the post-Sephadex LH-20 fractions for growth-inhibitory activity.
Methanol extracts from E. tinctorium was loaded at 2% onto a 100 mL Sephadex LH-20
column. Fractions collected at 10 mL volumes were subjected to a 48 h MTT assay. One
biological replicate and 4 technical replicates were used. P < 0.05, **P < 0.01 versus control.
Error bars are S.E.M.
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3.3.6 Assessment of the Post-Sephadex LH-20 Fractions for Growth-Inhibitory Activity
using Different Cancer Cell Lines.

Post-Sephadex LH-20 fraction 10, purified from crude methanol extract from E.
tinctorium, was assessed for growth inhibitory effect using variety of cancer cell lines. The
following cell lines were used in a 48 hour MTT assay: HCT116 — Human Colon Cancer,
H441 — Human Lung Cancer, HeLa — Human Cervical Cancer, HepG2 — Human Liver
Cancer, MCF-7 — Human Breast Cancer and SKOV3 — Human Ovarian Cancer. The results

can be seen in Figures 53 and 54.
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Figure 53. Assessing the post-Sephadex LH-20 Fraction 10 for growth-inhibitory activity,
using various cancer cell lines, in a 48 h MTT assay. Fraction 10 had the most potent effect
on HelLa and HCT116. Fraction 10 reduced cell viability of H441 by over 60%. One
biological replicate and 3 technical replicates were used.
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Figure 54. Assessing the post-Sephadex LH-20 Fraction 10 for growth-inhibitory activity,
using various cancer cell lines, in a 48 h MTT assay. Fraction 10 had the post potent effect on
MCF-7. However, fraction 10 reduced cell viability of both SKOV3 and MCF-7 by
approximately 70%. One biological replicate and 3 technical replicates were used.

Fraction 10, purified using a C16/70 Column, had an extremely potent effect on all of
the cell lines assayed. The most potent cell inhibitory effect can be seen with HeLa cells,
however, in all cases, cell viability is reduced by a minimum of 60% to a maximum of 90%
with Hela cells. All cell lines assayed in Figure 54 had very similar dose dependent graph

line.
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3.4 Discussion

With every size exclusion column run, the first active compound had a very high
growth inhibitory effect during the first run of a freshly packed column, then the next run
would have a highly reduced effect on cell viability (Figures 35-38). It appeared as though
something was clogging up the column. After the initial run, the column was flushed with
50% methanol, which cleared out the pigmentation. However, that had little effect on
clearing out the column. Once the purification process was moved to a larger column, 10 mL
and higher, it was found that there appeared to be two active compounds. The first activity
eluted in the void volume, which would put it larger than 4-5 kDa, and another activity being
eluted in fractions 10 or 11. The second activity had potent cell growth inhibitory effect on
HeLa cells and had no issues being eluted on a column after the first run (Figures 41-43).
This was also the case when we moved to a larger C16/70 column, with a 100 mL Sephadex
LH-20 bed volume (Figure 51-52). For this reason, it was decided to pursue the compound(s)

in fraction 10 as they were less difficult to purify using size exclusion chromatography.

Protein concentration did not necessarily correlate with the largest growth inhibitory
effect. For example, fraction 2 had the highest effect on cell viability but fraction 7 had the
highest protein content (Figure 40). A BCA assay run using fractions eluted from a larger
column (18 mL) showed a similar trend. Fraction 5 had the highest growth inhibitory effect
while fraction 7 had the largest protein content. Additionally, when the crude methanol
fraction was heated at 95 °C for 1 h, it had little effect on growth inhibitory effects (Figure
41). Heating the sample at that temperature for that amount of time should have denatured
most proteins, and as such, it is unlikely that the active compound(s) contain protein

component.
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Assessment of the total carbohydrate content revealed interesting insights. Fractions
5, 6 and 11 had the highest growth inhibitory effect while fraction 5 had the highest
carbohydrate content, suggesting that the growth-inhibitory activity in fraction 5 may contain
carbohydrate component. Fraction 11 had next to no carbohydrate content but had a potent
effect on cell viability as shown in an MTT assay (Figure 47), suggesting that the growth-
inhibitory compound(s) in fraction 11 does not contain carbohydrate. The results in
estimating the glycoprotein content of post-Sephadex LH-20 fractions supported the above
findings: that is, fractions 5 and 7 had the highest glycoprotein content, while fraction 5 and
10 had the highest cell inhibitory effect on HeLa cells. This provided further support that the
growth-inhibitory compound(s) in fraction 5, but not fraction 10, contains carbohydrate

component.

Although this study has not led to the complete purification and identification of the
growth-inhibitory compound(s), I have shown for the first time that Echinodontium
tinctorium has potent growth-inhibitory compounds. I have also shown for the first time that
Sephadex LH-20 purified fraction 10 has a potent growth inhibitory effect on other cell lines,
such as H441, HCT116, HepG2, MCF-7 and SKOV3. The larger molecular weight growth-
inhibitory compound(s) collected in fraction 5 mostly likely contains carbohydrate. In
contrast, the smaller molecular weight growth-inhibitory compound(s) collected in fraction
10 is likely a small molecule because it does not contain protein or carbohydrate. Given these
exciting findings, it is clear that there remains much work and investigation to be completed
for this particular project but we hope that these insights but provide momentum for the next

group of investigators.
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Chapter 4 - General Discussion

At the outset of this research, it was hypothesized that wild mushrooms in Northern
British Columbia contain compounds with potent bio-activities. The results from this study
showed for the first time that indeed Northern BC is home to a large variety of mushrooms
containing potent growth inhibitory compounds®’. The extraction methods developed and
adapted (using both the manual and speed extractor) during this study have laid the critical
foundation for future mushroom research studies at UNBC and elsewhere. As the pioneer
graduate student of this project, I had the opportunity to explore mushrooms and optimize the
processing (from collection to powder) and extraction techniques, ranging from small scale
soxhlet extractions using a few grams of material, to large scale extractions using close to 1
kilogram of starting materials. Furthermore, specifications for the growth-inhibitory MTT
assays using different concentration mushroom extracts and the incubation time, for both
dose- and time dependent experiments, have also been essential for the progression of this
project. The crude fractions extracted from 9 samples of B.C wild mushrooms will also
continue to be further investigated for immuno-stimulatory and anti-inflammatory properties

by other research students at UNBC”’.

4.1 Screening BC wild mushrooms for growth-inhibitory activity

Fomitopsis pinicola, perhaps the most potent mushroom investigated, can be found
growing abundantly throughout area surrounding UNBC. Because of the extensive research

previously conducted on this specimen, it was not investigated further. However, its potent
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growth inhibitory effect on HeLa cell viability, was used as a positive control in optimizing

MTT assay and hence in further advancing this project.

Due to its copious use in herbal medicine, it was not surprising that compound(s)
extracted from Lentinula edodes (Shiitake) had potent growth-inhibitory effect on HeLa
cells. Since extractions conducted at both reflux and 50 °C temperatures had a similar effect
on HeLa cell viability, it was decided to use 65 °C for future extractions. The temperature of
65°C was chosen because: (i) it is between 50°C and reflux temperature, (i1) many
mushrooms were extracted at reflux temperature , and (iii) it is a convenient and manageable

temperature for use during manual extraction and with the speed extractor.

Some mushrooms species, such as Piptoporus betulinus, were shown to have activity
for the first time. In the case of P. betulinus, E1 (ethanol) extract was demonstrated to have
potent cell growth inhibitory properties at doses as little as 0.1 mg/mL. Similarly, compounds
extracted using ethanol from Ganoderma applanatum, were shown for the first time to have
cell growth inhibitory effects; additionally, water extracted compounds were also shown to

have an effect on cell viability. This is corroborated by previous research.

4.2 An attempt to purify the growth-inhibitory compound from Echinodontium tinctorium

Undoudtedly, the most exciting species investigated was Echinodontium tinctorium.
We were able to show for the first time, that ethanol extractions from E. tinctorium possess
potent growth inhibitory properties in HeLa cells, in a dose dependent and time dependent
manner. Furthermore, since virtually no previous research has been conducted on this

species, it was determined to be a novel species for further investigation.
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Size exclusion chromatography by use of Sephadex LH-20 initially indicated that one
fraction contained the majority of the growth inhibitory compounds. After a column was used
once, it seemed to clog up, and the growth inhibitory effect of fractions collected from the
second run was greatly reduced. Methanol was used to rinse the column, which cleared the
staining caused by crude E2 (50% methanol) fraction, but this had no consequence on
capturing the same level of growth inhibitory effect as seen on compounds obtained from a
“first run’ on a fresh column.

Once the column size was increased from 2 mL to 10 mL, growth-inhibitory activity
could clearly be seen in two different fractions (bimodal graphs); the first presumably eluting
in the void volume and a second eluting in later fractions, with fractions in between having
little to no activity as shown in MTT assays. This was also the case when the column size
was increased to 18 mL and eventually 100 mL — two discrete fractions were shown to
possess potent growth inhibitory compound(s).

Post-Sephadex LH-20 fractions were assayed for protein, total carbohydrate and
glycoprotein contents. Fraction 5 had the highest effect on cell viability and also contained a
large protein component. The growth-inhibitory effect of fraction 5 correlated strongly with
both carbohydrate and glycoprotein content, suggesting that growth-inhibitory compound(s)
in fraction 5 has a carbohydrate component. Fraction 10 also had high cell growth inhibitory
effect. Given that the growth-inhibitory effect of fraction 10 did not correlate with either
protein, carbohydrate or glycoprotein contents, suggest that it is likely to be a small
molecule. Additionally, crude fraction 2 (50% methanol) was heated to high temperatures for

over an hour and still retained potent cell growth inhibitory properties.
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4.3 Future Directions and Conclusions

Based on the growth-inhibitory screening studies that I have performed on BC wild
mushrooms, one can now proceed in choosing a mushroom fraction which is novel for
further purification and identification of the responsible growth-inhibitory compound(s).
Although I was unable to further purify and identify the small molecule growth-inhibitory
compound(s) from E. tinctorium, 1 was able to show for the first time that extracts from E.
tinctorium are also capable of drastically reducing cell viability in other human cancer lines
in addition to human cervical cancer HeLa cells. Protocols and assay optimizations solidified
by this project has also laid the foundation for future investigation into the assessment of B.C

wild mushrooms for new and natural anti-cancer compounds.
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Appendix

Sequences Derived from DNA Analysis

Piptoporus betulinus

ITS Sequence:

TGCAGATTCAGTGATCATCGATCTTTGACGCACCTTGCGCTCCTTGGTATTCCGA
GGAGCATGCCTGTTTGAGTGTCATGGAATCATCAACTCTATTTACTTTTGTGAAT
AGGGCTTGGACTTGGAGGTTTTGCCGGTACTTGTGATCGGCTCCTCTTGAATGCA
TTAGCTCGAACCTTTGTGGATCAGCTTATCGGTGTGATAATTGTCTACGCCGTTA
CTGTGAAGCATATATTAAAGGGCTCGGCTTCTAATCGTCCTTCACAGGACAATAA
CTTTGACCTTTGACCTCAAATCAGGTAGGATTACCCGCTGAACTTAAGCATATCA
ATAAGCGGAGGAAAAGAAACTAACAAGGATTCCCCTAGTAACTGCGAGTGAAG
CGGGAAAAGCTCAAATTTAAAATCTGGCGGTCTTATGGCCGTCCGAGTTGTAGTC
TGGAGAAGTGCTTTCCGCGCTGGACCGTGTACAAGTCTCTTGGAACAGAGCGTC
ATAGAG

NLB Sequence:

CGCGGAAGCACTTCTCCAGACTACAACTCGGACGGCCATAAGACCGCCAGATTT
TAAATTTGAGCTTTTCCCGCTTCACTCGCAGTTACTAGGGGAATCCTTGTTAGTTT
CTTTTCCTCCGCTTATTGATATGCTTAAGTTCAGCGGGTAATCCTACCTGATTTGA
GGTCAAAGGTCAAAGTTATTGTCCTGTGAAGGACGATTAGAAGCCGAGCCCTTT
AATATATGCTTCACAGTAACGGCGTAGACAATTATCACACCGATAAGCTGATCC
ACAAAGGTTCGAGCTAATGCATTCAAGAGGAGCCGATCACAAGTACCGGCAAAA
CCTCCAAGTCCAAGCCCTATTCACAAAAGTAAATAGAGTTGATGATTCCATGACA
CTCAAACAGGCATGCTCCTCGGAATACCAAGGAGCGCAAGGTGCGTTCAAAGAT
TCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTCT

Ganoderma applanatum

ITS Sequence:

TCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGASGAG
CATGCCTGTTTGAGTGTCATGAAATCTTCAACCTATAASCTTTTGTGGTTTGTAGG
CTTGGACTTGGAGGCTTGTCGGCCTTGATCGGTCGGCTCCTCTTAAATGYATTAG
CTTGATTCCTTGCGGATCGGCTCTCGGTGTGATAATATCTACGCCGCGACCGTGA
AGCGTTTGGCGAGCTTCTAAYCGTCTCACTTGAGAGACAACTTTATGACCTCTGA
CCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
AAAGAAACTAACAAGGATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCA
AATTTAAAATCTGGCGGTCTTTGGCCGTCCGAGTTGTAGTCTGGAGAAGTGCTTT
CCGCGCTGGACCGTGTATAAGTCTCTTGGAACAGAGCGTCATAGAGGG
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NLB Sequence:

GACTACAACTCGGACGGCCAAAGACCGCCAGATTTTAAATTTGAGCTTTTCCCGC
TTCACTCGCAGTTACTAGGGGAATCCTTGTTAGTTTCTTTTCCTCCGCTTATTGAT
ATGCTTAAGTTCAGCGGGTAGTCCTACCTGATTTGAGGTCAGAGGTCATAAAGTT
GTCTCTCAAGTGAACGRTTAGAAGCTCGCCAAACGCTTCACGGTCGCGGCGTAG
ATATTATCACACCGAGAGCCGATCCGCAAGGAATCAAGCTAATRCATTTAAGAG
GAGCCGACCGATCAAGGCCGACAAGCCTCCAAGTCCAAGCCTACAAACCACAAA
AGCTTATAGGTTGAAGATTTCATGACACTCAAACAGGCATGCTCCTCGGAATACC
AAGGAGCGCAAGGTGCGTTCAAAGATTCGATGA

Fomes fomentarius

ITS Sequence:

GTGATTGCAGATTCAGTGATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGT
ATTCCGAGGAGCATGCCTGTTTGAGTGTCATGAAATTCTCAACCTATAAACCTTT
GCGGGTTTGTAGCGTTGGATGTTGGAGGCTTTTTGCTGGCCCAGTCAGCTCCTCT
TAAATGCATTAGCTTGGTTCCTTGTGGATCGGCTGTCGGTGTGATAATGTCTACG
CCGCGACCGTGAAGCGTTTGGAGAGCTTCTAATGGTCTCGTCAGAGACAGCTTTT
ATGAACTCTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAAT
AAGCGGAGGAAAAGAAACTAACAAGGATTCCCCTAGTAACTGCGAGTGAAGCG
GGAAAAGCTCAAATTTAAAATCTGGCGGTCTTTGGCCGTCCGAGTTGTAGTCTGG
AGAAGTGCTTTCCGCGCTGGACCGTGTACAAGTCTCTTGGAACAGAGCGTCATA
GAGGGTGGAGAATCCA

NLB Sequence:

ATTTTAAATTTGAGCTTTTCCCGCTTCACTCGCAGTTACTAGGGGAATCCTTGTTA
GTTTCTTTTCCTCCGCTTATTGATATGCTTAAGTTCAGCGGGTAGTCCTACCTGAT
TTGAGGTCAGAGTTCATAAAAGCTGTCTCTGACGAGACCATTAGAAGCTCTCCAA
ACGCTTCACGGTCGCGGCGTAGACATTATCACACCGACAGCCGATCCACAAGGA
ACCAAGCTAATGCATTTAAGAGGAGCTGACTGGGCCAGCAAAAAGCCTCCAACA
TCCAACGCTACAAACCCGCAAAGGTTTATAGGTTGAGAATTTCATGACACTCAA
ACAGGCATGCTCCTCGGAATACCAAGGAGCGGCAAGGTGCGTTCA
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Echinodontium tinctorium

ITS Sequence:

GATTGCAGATTCAGTGATCATCGAATCTTTGAACGCACMTTGCGCCCCTTGGTAT
TCCGRGGGGCAYGCCTGTTYGAGTGTCRTKWMTTYCYCCACTTCCCKCCYGCCY
TTGGGGTMTSSTGGGACTTGSATGTGTAAGTTTTTGCGGGGGTGCSTCYSCTCCTC
TACMAMTGMATTACTGAAACCCCYGGTGGTGCCTCCTTGGTGGGAWGTGGCTA
CGTCTAGGTTWTGTCCYACTGGGTTCTTCGCTACCAAGCATCCACACCGGATGAT
TYTTCGCATCTTGACCTCCGAACGAGAGGAACTACCCGCTGAATTCCTCCATATC
AGTAAGCGAAGGAAAAAAAACTCACATTGAATCCCCGACTWCCTGCCAATGART
MRTTAAAAGMWCATRTTTCAAGTGTGGCTCCCGTGGACGTCCCATGTAAAATTA
AGACAAACACTTTNCAGAACCCAACCGTGTACAAGTCTCCTGGAACGGAGCGTC
ATAGAGGG

NLB Sequence:

CACTCGACGCCCGMGGATTTCAGATTTGAATTGTTGCTTTTTCCGCTTCCTCACTG
ATGCTATGGGAGTCGGTGTCATTTCCTTTTCCTCCGGTTATGGATATGTTTAAGGT
CAATGGGTACCCGCTCCTGAGCCGAGGTCAAAWTACTATGAGTTGCCGCTTGRG
GACCGTTGGACTCRATCAACCAGGGTATTGTACAAAACCTAGCACGTNAACTATT
ATGGCGCCGAGGCCCACCTTGGGGCTTCACTAATGCATTTGAGAGGAGCGACAC
GCCGCCCGCAGAAGCCTCAAATGACGATYCCCAAGCTCCCCCCCAGGAAGTACG
GAAGTTGACAAAGTCCCKACACWCAAWCAAG
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