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Abstract: It was using Neurospora crassa as a model organism to study the biological clock. Due to its use for more
than 50 years in the circadian rhythm Study, this biological cycle has been studied by growing it on a Vogel's medium
with a constant temperature and different light cycles (continuous light, light to dark, continuous darkness) with different
concentrations of heavy metals (Lead Nitrate Il, Zinc sulfate, Cadmium chloride, iron chloride Ill). It was also Measured
protein CLOCK and hormone Melatonin By using Elisa Kit. Neurospora crassa was cultured in a thin layer of Vogel's
medium using growth tubes (tube race) which grow in one direction only and are distributed by forming conida bands on
the medium surface; each band represents one cycle circadian. However, examining Nerospora conidia on growth tubes
is a simple but powerful tool for studying the circadian clock and detecting the effect of heavy metals and light on it. At the
same time, the results indicated an apparent decrease of CLOCK protein at continuous light compared to light/dark for
all treatments. It also recorded a rise in melatonin concentration in continuous darkness and decreased with continuous
lighting. The results of the growth tubes also indicated a decrease in growth at continuous light compared to light/dark.
Heavy metals also affected Neurospora crassa, as it had the highest inhibition when using lead nitrate Il compared to iron
chloride lll. The study aimed to investigate the effect of heavy metals and differences in light and darkness on the biological
clock of the fungus Neurospora crassa.Conclusion the effect on the biological clock disturbances of Neurospora crassa.
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|
Introduction

The circadian clock is a biological process at a spe-
cific frequency during 24 hours. This rhythm is regulated
by the circadian clock that is widely observed in all living
things genetics maps of clock gene . Although the circadian
rhythm is an internal process, it is tuned and regulated with
the surrounding environment by external signals, which in-
clude light, temperature and components of the surrounding
environment'.

Heavy metals are present in the ecosystem, some
types of iron, copper, and cadmium and their danger lies
in the fact that they are not degradable and persist in the
environment for a long time. Although the minerals are ne-
cessary for metabolic activity at low concentrations, when
they exceed specific concentrations, they produce harmful
and toxic effects on living organisms?22.

Although fungi are not capable of photosynthesis and
are not able to observe neighboring objects, the majority
of fungal species show some form of response to light at
the wavelength 450 nm (blue) to 700 nm (red), affecting
the growth of the fungus and its metabolic reprogramming
to melatonin N-acetyl-5-methoxy tryptamine. It is an indole
hormone that is synthesized by monocytes and multicellu-
lar organisms whose primary physiological function is to
provide a time signal to regulate the circadian clock, which
peaks at night and decreases during the day under normal
environmental conditions; that is why it is called the dark
hormone or the hand of the clock. It is activated by the light/
dark cycle as light suppresses its secretion®.

Neurospora crassa, a filamentous fungus, has been
widely used as an experimental organism in different ge-
netics. It consists of seven chromosomes and ten thousand
proteins that code for the gene. The total length of the ge-
netic map of the fungus is 1000 units and 10 % of the re-
petitive DNA. The base consists of 40 mica. And bioche-
mical experiments. And the detection of circadian rhythms
for several reasons is the speed of its growth, the ease of
its spread on specific growth media, its moderate restriction,
the flexibility of dealing with it in the laboratory, and the com-
plete discovery of DNA genes of interest for researchers. As
well as its use in biochemical tests. DNA repair isolation of
mutation and gene silencing, this fungi is the mainstay in
some new and important discoveries in genetics®.

|
Materials and methods

The standard strain of Neurospora crassa was obtained
from the Fungal Genetics stock center (FGSC) in the USA,
type A with the number 987#.

It was reactivated by culturing it on Vogel's medium,
which is prepared by adding 4 ml Vogel's salts, 3 g agar,
1 ml Trace elements and 0.5 ml Biotin with 200 ml distilled
water.

Preparation of Solutions

Vogel's salts: In 750 ml of distilled water, 150 g of
aqueous sodium citrate, 250 g of potassium dihydrogen
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phosphate, 100 g ammonium nitrate, 10 g magnesium sul-
fate hydrated and 5 g Calcium chloride®. Solution trace ele-
ments: In 95 ml of distilled water dissolve 5 g of citric acid,
5 g of zinc sulfate, 1 g of ammoniac iron sulfate and 0.25 g
copper sulfate, 0.05 g of boric, 0.05 of sodium molybdate.
Biotin solution: In 50 ml of distilled water is dissolved 5 g of
biotin®.

ELISA

A ready-made kit was used to measure the clock pro-
tein from the manufacturer sun long Biotech with the num-
ber SL3124Hu and the ready-made kit to measure me from
the manufacturer sun long Biotech that carries the number
SL1169Hu and using the device Elisa.

Using the ELISA technique to measure the hormone
melatonin and the clock protein in Neurospora crassa

Vogel's medium was used to grow Neurospora crassa;
a spore suspension of fungus was made and added to 15
glass flasks containing 200 ml of Vogel's medium and then
divided into three groups: each group consisted of 5 glass
flasks with different metals with specific concentrations were
added, cadmium 0.0492g, zinc 0.1614g, iron 0.087g, lead
0,1212g and each group exposure for 12/12 hours dark/
light, 24 hours light, 24 hours dark, And for each group one
flask without metals for control and all flasks were incubated
in the vibrating incubator of 75 rpm at 28 co for 7 days.

After the incubation, The fungal solution was filtered by
filter paper and then finely ground in a ceramic motor, and
2 ml of normal saline was added. The material was care-
fully collected in tubes and centrifuged for 20 minutes at
2000-3000 rpm and the material was carefully separated
and placed in a tube, and the measurement process was
carried out as follows:

Prepared a standard according to the kit method for
each measurement and put in the first 5 of the well for the
ELISA Microelisa, leaving the 6 well as blanks control, 25
ml of buffer solution to dilute, and 25 ml of fungus sample
into the well. It was left to incubate for 30 minutes at 37 co.
The washing process was carried out 5 times, then 50 mi-
croliters of the reagent HRR-conjugate was added to each

well except for the control well and left to incubate for 30
minutes at 37 co, and the washing process was 5 times
after incubation 50 ml of solution chromogen solution A and
50 ml of solution B were added to each well, mixed with
gentle stirring and incubated at 37 co for 15 min. Finally, 50
ml of stop solution was added to each molecule to finish the
reaction. We note the color change from blue to yellow and
then read the absorbance OD at 450 nm using a microtiter
plate reader.

Growth tubes (race tubes)

The growth of Neurospora crassa and the effect of hea-
vy metals and light were tracked in hollow glass tubes of
about 35-40 cm in length and 16 mm in diameter and bent
at both ends at an angle of 45 (to keep the Vogel's) in 15
tubes; it was divided into three groups:

Each group consisted of 5 tubes of different metals with
specific concentrations of cadmium 0.0492g, zinc 0.1614g,
iron 0.087g, lead 0,1212g and each group exposure for
12/12 hours dark/light, 24 hours light, 24 hours dark, And
for each group one tube without metals for control all tubes
were inoculated with standard isolate Neurospora crassa
and incubate at 28 co for 6 days. The fungus growth was
monitored, and the growth was determined every 24 hours
by placing an arrow with a pen marker.

|
Results and discussion

The current study results indicate the extent of the ex-
tent to measure of the CLOCK protein of the fungus Neuros-
pora crass in control 12light/12dark 1650.5pg/ml, as shown
in the figure (1) to which the fungus is affected by heavy me-
tals, light and darkness. It may be due to the interaction of
heavy metals and their compounds with fungus in different
ways depending on the type of metal, the organism and the
environment’. We noticed the CLOCK protein's effect stron-
gly on lead metal at continuous lighting, which amounted to
153.1 pg/ml compared to the control, which reached 360.1
pg/ml. While iron chloride showed a kind of resistance in
continuous lighting, which reached 255 pg/ml.
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Figure 1. The concentration of protein CLOCK when treating N.crassa with minerals and different lights.
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This decrease may be because proteins are essential
to heavy metal targets as metals interfere with the biologi-
cal activity of natively folded proteins through a variety of
patterns. It either binds to release thiols or other functional
proteins or groups displaces basic metal ions in metallic
proteins catalyzes side-chain oxidation®°. Or perhaps the
reason for this apparent decrease When the fungus was
treated with heavy metals compared to the control is due
to the metal reaction targeting the non folded proteins, as
it has been proven that heavy metals prevent chemically
forming denatured proteins from entering the body protein.

Folding in vivo causes the nascent accumulation of pro-
teins in living cells by interfering with the folding of nascent
or non-native proteins, and heavy metals also have a pro-
found effect on protein homeostasis and cell vitality. They
may enhance the cumulative tendency associated with
proteinuria disease'®. We also note a decrease in protein
CLOCK in all treatments with continuous light compared to
light /dark lighting. For example, Cadmium Chloride, whe-
re the concentration of clock protein in light/darkness was
908.1 pg/ml Compared to continuous light, whose concen-
tration was 215.1 pg/ml. This is in agreement with Kallies et
al." studies, which observed a decrease in protein at cons-
tant light, and this was explained by the effect of light on the
rates of protein synthesis within Neurospora crassa cells,
which indicated the general effect of light on the metabo-
lism membrane processes and shape of the fungus. Also,
this apparent decrease of the clock protein. When light is
disturbed is probably due to the effect of light on the prote-
ins through either extracellular polypeptides that may play
a role in sending signals between cells and then synchroni-
zing the circadian clocks inside the mycelium or in protein
secretion can be seen in light induction of differentiation and
subsequent changes in aerial hyphae. The molecular clock
consists of transcription and translation regulatory loops in-
fluenced by external conditions2.

Whereas, Fonken et al.™® indicated that exposure to
dim light at night disrupted molecular circadian rhythms (at
the gene and protein level) by causing changes in essential
clock transcription factors within both the central clock and
peripheral tissues.

Figure 2 also shows the effect of heavy metals light and
dark on the hormone melatonin, a hormone that is secreted
at night and acts as a time signal for the biological clock.

crassa fungi

The study results indicate a decrease in the hormone mela-
tonin when treated with heavy metals compared to the con-
trol, and the reason for this is due to the role of heavy metals
in lowering hormone levels and contributing to hormonal im-
balance. Where the concentration of melatonin When using
an iron at constant light reached 5.01 pg/ml compared to
a control of 12.02 pg/ml, and this decrease may be due to
the accumulation of heavy metals in the glands that make
hormones or interfere with the signals of the review feeding
cycle in the body or interfere or block hormone be recep-
tor sites, as well as interference may be interference in the
toxicity of enzymes that create hormones™. The synthesis
and release of melatonin are directly related to exposure to
light, and natural circadian rhythms depend on exposure to
light /dark patterns'. This matches our current study, where
the concentration of melatonin When using Zinc sulfate in
the dark reached 47.66 pg/ml compared to continuous light,
which reached a concentration of 5.01 pg/ml for the same
mineral. This is consistent with the Grivas and Savvidou',
study which indicated that short pulses of light of sufficient
intensity and duration abruptly suppress melatonin produc-
tion.

As well as Ovid et al."” Which showed that exposure to
light during the middle of the dark phase significantly redu-
ces the production of melatonin. The hormone melatonin is
the body's temporal pacemaker. Farhadi et al., 18 showed
the effect of light and dark on melatonin concentration and
noted that the highest concentration of melatonin in the con-
tinuous darkness compared to light /dark because of the
long nights led to the prolongation of the period of melatonin
secretion.

Growth tubes (race tubes)

Figures 3,4,5 indicate the growth of the fungus Neuros-
pora crassa on the medium of the Vogels in the presence
of heavy metals and exposure to different light periods. The
results showed a decrease in the growth of the fungus in all
treatments with metals compared to the control.

The fungus growth when using zinc metal on the first
day reached 1.5cm compared to the control, which reached
3.5 cm under continuous light. It may be due to the toxic
effect of heavy metals on the growth of fungus at a speci-
fic concentration’. While the growth on the third day when
using Lead metal reached 2cm at continuous light compa-
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Figure 2. The concentration of melatonin when treating mushrooms with minerals and different lights.
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red to the control, which reached 6.4 cm in growth, We note
that the effect of fungus on lead was the highest inhibition
compared to iron, whose growth reached 4.1cm. This is in
agreement with the study of Qasim et al.? which indicated a
decrease in the growth of fungi when treated with lead metal
compared with iron, which showed more resistance.

This decrease is due to the heavy metals having a high
density, five times more than the density of water and their
inability to decompose over time and their accumulation in-
side the bodies of living organisms due to their long half-life.

A decrease in growth was also observed when using
Cadmium metal, where the growth on the first day reached
2.4 cm. When it was dark compared to the control, which
reached 4.2, this corresponds to what was reached by Bal-
drian and Gabriel'®, who observed the inhibition of the grow-
th of the fungus when using cadmium metal accompanied
by a total change in the microscopic morphology. He also
saw a change in the color of the mycelium with high intensi-
ty and without the formation of aerial hyphae. We also note
the effect of growth at different illuminations, where Conti-
nuous light had an apparent inhibitory effect compared to
light /darkness in all treatments, and this is consistent with
what was reached by Sargent?°. When studying the effect of
light on the fungus Neurospora crassa, it was noticed that
deformation was observed when the fungus was exposed
to continuous light by inhibiting the circadian rhythm of the
fungus.

Studies have also indicated that the fungus Neurospora
crassa is exposed to light in the last part of the night; this
means that dawn has arrived, and therefore the light signal
must work to shift the phase of the clock forward (morning)
While when exposing the fungus in the first part of the night
to light, it means that the sun Not yet set resulting in circa-
dian disturbances.

|
Conclusions

The results indicated an apparent decrease of CLOCK
protein at continuous light compared to light/dark for all
treatments. It also recorded a rise in melatonin concentra-
tion in continuous darkness and decreased with continuous
lighting. The results of the growth tubes also indicated a de-
crease in growth at continuous light compared to light/dark.
Heavy metals also affected Neurospora crassa, as it had
the highest inhibition when using lead nitrate Il compared
to iron chloride IlI.
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