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Abstract

This study's experiment searched for to extract the Cytosine Deaminase enzyme from Saccharomyces cerevisiae
bread yeast from a variety of commercial varieties that were readily available in local markets, including Turkish,
Iranian, and Russian varieties in addition to the manually produced Iraqi yeast, Another objective of the study was
to perform a comparative molecular analysis of the nucleotide sequences of the genes encoding this enzyme in the
yeast species under consideration. According to the findings, the enzyme's specific activity in the raw extract for
the Turkish type was 10.3 units/mg of protein, for the Iranian type it was 11.32 units/mg of protein, and for the
Russian type it was 9.51 units/mg of protein. The specific activity for the local type was 13.205 milliunits/mg of
protein. In order to complete the next steps of enzyme purification, which involved precipitating using ammonium
sulphate at saturation rates (60%), the local Iraqi yeast was selected because it exhibited the highest specific activity
when compared to other types. This allowed the enzyme's specific effectiveness to reach 17.68 units/mg of protein.
There have been 1,338 purifying cycles. 7,553 is the enzyme yield. the results of the molecular study of the
nucleotides present in the gene encoding this enzyme showed that the size of the gene segment extracted through
electrophoresis amounted to 120 base pairs. The results of the comparison in GenBank also demonstrated that the
gene studied and in all types of yeast studied had mutations. (Variations) in the studied nitrogenous bases. This
indicates that it is a new registration for the first time due to mutations found in the nitrogenous bases. These
mutations were recorded in the American GenBank under the accession numbers: PP278029, PP278030,

PP278031, and PP278032.
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Introduction

Saccharomyces cerevisiae, the yeast that makes bread, is a
significant microbe that is high in antioxidants because it
includes compounds that boost immunity (1, 2,). Being one of
the most common kinds of cyst fungus in the natural world, it is
also a useful tool for the majority of initial studies on these
creatures, which frequently oversimplify things. It offers
evidence that all eukaryotic biological processes are present and
conserved in bread yeast, making it a useful model for
eukaryotic cells as they contain Numerous fundamental
structures are present, including 12,068 kilobases of nuclear
genomic DNA arranged in 16 chromosomes and about 6,000
genes, of which 5,570 are predicted to be protein-coding genes
(3,4). Yeast plays a role in the breakdown of more complex
carbohydrates into glucose and fructose. Enzymes convert
carbon dioxide and ethanol, and they also produce proteins,
vitamins, and lipids (5,6). The majority of fungi are capable of
converting the nucleic acid cytosine into the isotopes uracil or
thymine by removing the amino group from it. Consequently,
the substance 5-fluorocytosine, which is used as an antifungal
medication for specific types of fungi, is sensitive to them and
is converted to the compound 5-fluorouracil. Bacillus cerevisiae
Yeast is unique in that it can generate a large number of
hydrolytic enzymes. To competition, parasitism, and the host
cell wall (7,8). Among the significant enzymes in the hydrolytic
deamination category is Cytosine Deaminase. The enzyme is
distinguished by its capacity to eliminate the amine group from

ne Deaminase, Molecular study.

5-methylcytosine by hydrolyzing it and converting it to either
Thymine or Uracil, a process that occurs in both coliform
bacteria and bread yeast (9,10). Additionally, it functions to
change the chemical 5-fluorocytosine (FC-5) into 5-fluorouracil
(FU-5). One of the most well-known medicines used in
chemotherapy to treat various forms of cancer is this molecule,
a fluorinated pyrimidine that resembles the naturally occurring
nitrogenous base uracil (11,12). The bases of the nucleotides
adenine, guanine, cytosine, and uracil in a DNA molecule can
be arranged in a variety of ways using DNA sequencing, as is
well known. Mutants of baking yeast that do not have Cytosine
Deaminase activity exhibit tolerance to high quantities of 5-
fluorocytosine FC-5 and are unable to convert it to 5-
fluorouracil (FU-5), which is its counterpart. The Cytosine
Deaminase enzyme's entire activity is lost due to this resistance
to the altered FCY1 gene, which also inhibits the cells' capacity
to metabolize 5-fluorocytosine into any other chemical (13,14).
The chemical approach (Maxam-Gilbert method) and the chain
termination method (Sanger dideoxy method), which was used
in this study (15,16,17), are the two primary widely recognized
methods used in DNA sequencing. Because of its potential
therapeutic use, the Cytosine Deaminase gene was cloned and
identified from primitive species. The encoding gene was then
transferred to higher organisms, including plants and some
mammals (18, 19).In this investigation, the local manually
produced kind of Cytosine Deaminase was contrasted with the
commercially available, purified form suitable for use in
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baking. The goal of the work was to clone and describe the
FCY1 gene, which encodes the Cytosine Deaminase enzyme, in
bread yeast at the genetic level for each type and compare its
genetic sequence.

Material and Methods

Yeast samples used in the study

The S. cerevisiae bread yeast isolates used in this study were as
follows: the first type was Turkish, the second was Iranian, the
third was Russian, and the fourth was handmade local (Iraqi)
yeast; the first three types were purchased premade from nearby
markets.

Extraction and purification of Cytosine Deaminase

The procedure defined by Ipata and Cerignani in 1978 was
implemented. For the purpose of extracting the enzyme, 100
grams of premade bread yeast for each type was combined with
50 milliliters of toluene solvent. The mixture was then placed in
a water bath at 45°C for an hour, allowed to sit at room
temperature at 25°C for three hours, and finally 100 milliliters
of cold distilled water was added to the mixture. The mixture
should be put in a glass separating funnel, shaken vigorously for
30 minutes, and then incubated for 18 hours at 4°C. After
filtering the mixture, gather the separated aqueous phase and
centrifuge it for 20 minutes at 4°C at 10,000 rpm in a chilled
centrifugeTests were performed to determine the protein
concentration and the activity of the enzyme cytosine
deaminase after the filtrate was discarded. The four varieties of
yeast crude extract were subjected to the following purification
procedures (20,21). The extract was precipitated by adding
ammonium sulfate to the crude extract, and then the dialysis
process was carried out (22).

Molecular Study

DNA Extraction

In order to study the detection of the gene encoding the enzyme
Cytosine Deaminase, DNA was extracted from the four types of
bread yeast S. cerevisiae using the steps of the Wizard®
Genomic DNA Purification Kit, produced by Promega (23).

In brief, the DNA extraction process was carried out by
preparing a medium of yeast extract - peptone - dextrose. This
medium was prepared according to the company's instructions,
and then the DNA was extracted according to the steps of the
kit, then the required gene was duplicated using the polymerase
chain reaction technique and according to the primers used and
mentioned in Table (1). The results were then electrophoresed
on an agarose gel and the results were sent to Macrogen
Company in Korea in order to determine the sequence of the
nitrogenous bases of the desired gene (24).

Table(1) primers FCY1 (25)

Name of | Sequence of Primers GC Product

Primer ) | (%) Size
FCY1- 5-ATGGCAAGCAAGTGGGATCAG-3’ 58 50% 120bp
Forward

FCY1- 5-GACCACGACCGAGAACACTTC-3” 61 57%

Reverse

Polymerase chain reaction (PCR)

The FCY1 Gene was amplified using the PCR technique with
the primers FCY1-F and FCY1-R. PCR amplification was
carried out using a total of 25 microliters, which included 7
microliters of DNA, 5 microliters of Taq enzyme, and 1
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microliter of each primer (10 uM). After that, distilled water was
poured into the tube. After the volume reached 25 microliters,
electrophoresis was performed (24).

Next, use the Sanger sequencing method to examine the nucleic
acid sequence (nucleotides) of the gene segment encoding the
enzyme Cytosine Deaminase that was produced by the
polymerase reaction in the preceding step. A technique for
ascertaining the nucleotide sequence of DNA is the Sanger for
DNA sequencing method via chain termination method, or
simply the "chain termination method." The sequencing output
of this technique, which was created by the Macrogen Company,
was compared to sequences of species of yeasts that are known
to exist worldwide in GenBank (26).

Results and Discussion

For the S. cerevisiae yeast under investigation, Figure (1)
illustrates the rate of specific activity of the crude extract as well
as the rate and concentration of protein. For those varieties of
bread yeast, the following are the protein concentration of the
crude extract and the rate of specific activity of the enzyme
cytosine deaminozoate: The protein content is 0. 7967 mg/ml
and the Turkish type is 9.91 units/mg. The protein content was
0.8567 mg/ml and the Iranian type was (11.15) units/mg. The
protein concentration was 0.6167 mg/ml and the Russian type
was 9.4367 units/mg. The specific activity for the raw local type
was (12.683) units/mg. The protein content per milliliter is

0.8167.
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Figure (1) shows the specific activity rate of the crude
extract and the rate and protein concentration of baking
yeast S. cerevisisae for the four species under study.

These results were similar to a study by researcher Abbas et al.
(25) in extracting the enzyme cytosine from manufactured bread
yeast, as the specific activity of the crude extract reached (9.6)
mlU/mg protein.

Figure (2) also shows the rate of specific activity of the enzyme
after the salt precipitation process, as well as the rate of protein
concentration for the bread yeast S. cerevisisae under study. The
rate of specific activity of the enzyme cytosine deaminoiso and
the protein concentration in those types of bread yeast were as
follows: The Turkish type (12.8834). (unit/mg and protein
concentration is 0.4067 mg/ml and the Iranian type is 13.18)
units/mg and the protein concentration is 0.4834 mg/ml and the
Russian type is (10.7534) units/mg and the protein
concentration is 0.39 mg/ml and as for the raw local type it was
The specific activity is (13.8567) units/mg, and the protein
concentration is 0.55 mg/ml.
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Figure (2) shows The specific activity rate of the enzyme
after the precipitation process with ammonium sulfate and
the protein concentration rate of baking yeast S. cerevisisae
for the four species under study.

To compare the outcomes of the sedimentation procedure with
a 60% saturation rate, the most effective isolates were chosen
from duplicates of the four different varieties of yeast. Out of
the four varieties, the local yeast exhibited the highest specific
activity, number of purification times, and enzymatic yield. At
17.68 milliunits/mg of protein, the crude extract exhibited the
highest specific activity. Its enzymatic yield was 11.335%, and
its number of purification cycles was 1.341. This allowed the
enzyme's specific effectiveness to reach 17.68 units/mg of
protein. There have been 1,338 purifying cycles. 7,553 is the
enzyme yield.

The choice of ammonium sulfate in concentrating the crude
extract during the purification steps is due to several reasons, the
most important of which are its availability, ease of obtaining,
appropriate cost, high ability to dissolve and not harming the
crude extract. Sulfate salts also work to displace and replace
enzymes and precipitate them in the medium in which they are
present. The basis of the precipitation process is with salts. It
depends on the phenomenon of salting out due to the
neutralization of the charges on the surface of the protein due to
the salt and the disruption of the water layer surrounding the
protein, which leads to its dissolution. The shape of the protein,
its size, and the presence of other compounds with it also affect
the speed of its dissolution because the salt concentration
depends on the charges of the protein in terms of their number
and distribution as well. About nonionic groups and the
distribution of hydrophobic groups (26).

These results were consistent with a study (25). Different
saturation percentages of ammonium sulfate were used to
precipitate the enzyme extracted from Turkish bread yeast,
including (20-40-60-80)%. The specific effectiveness was
calculated after performing the dialysis process of the model for
each saturation percentage, to determine The best percentage of
saturation. The results showed that the best percentage of
saturation was 60%, as it gave the highest effectiveness and
specificity amounting to 12.5 milliunits/mg of protein, with a
number of purification times of 1.302 times, and an enzymatic
yield of 4.82%.) in that study.

Regarding the results of the comparative molecular study, it
revealed the results of doubling of the FCY 1 gene using forward
and reverse primers for this target gene and for 4 isolates of the
yeast S. cerevisiae (the first Turkish type, the second Iranian
type, the third Russian type, and the fourth type of local (Iraqi)
yeast. PCR technology and electrophoresis of the replication
products. The appearance of bands for all samples at a molecular
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size of approximately 120 bp compared to the DNA ladder
(1000 plus), which indicates the binding of the primers and the
occurrence of replication in all samples, as shown in Figure (3).

Figure (3) Electrophoresis of PCR duplication products with
primers FCY1-F and FCY1-R on a 2% agarose gel at 5V for
1.5 h and the appearance of bands at ~120 bp compared to
the DNA ladder (1000 plus).
The results of the analysis of the sequences of the nitrogenous
bases, after comparing them with the sequences of the isolates
and species registered at the National Center for Biotechnology
Information in America (NCBI), proved that all the sequences
belong to the yeast Saccharomyces cerevisiae, and their
classification according to GenBank appeared as follows:
Eukaryota ; Fungi; Dikarya : Ascomycota ; Saccharomycotina Saccharomyeetes:
Saccharomveetales: Saccharomyeetaceae; Saccharontyces.
The comparison's findings in GenBank further showed that the
investigated gene contained mutations (variations) in the
nitrogenous bases under investigation in all yeast species under
investigation. Given that two mutations were found in the
Turkish and local type yeast (Iraqi), with similarity rates
reaching 98%, and one mutation appeared in both Iranian and
Russian yeast, with matching rates reaching 99%, Table (2)
indicates that this is a new registration for the first time due to
mutations present in the nitrogenous bases.
Table (2) International isolates, their accession numbers and
the name of the country in NCBI compared with them by
the BLAST programme, showing the type of variation in the
rules, as well as the percentage of identity with the isolates
studied.

No Type of Nucleo | Sequence ID with Country Source Identitie
substitution tide compare s
1 Transition GA ID: CPO36481.1 USA Saccharomyces 98 %
cerevisiae
Transvertion TG
2 Transvertion AT ID: CP046096.1 Netherlands Saccharomyces 99%
cerevisiae
3 Transition T ID: CP024010.1 South Korea Saccharomyces 99%;
cerevisiae
4 Transvertion A\C ID: CP046459.1 India Saccharomyces 98%
cerevisiae
Transvertion
AT

Molecular amplification techniques also allow rapid and
sensitive detection and identification by directly detecting small
amounts of fungal DNA present in a sample and analyzing them
without the need for prior culture, which makes these tests
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attractive for early diagnosis of disease or new traits formed as
a result of mutations ( 27).

Su and Freudenreich (28) showed that the FCY'1 gene encodes
a yeast Cytosine Deaminase, which exhibits biochemical
activity in vitro to convert cytosine to uracil. Leonhardt et al.
(29) were able to study the sequences of the FCY1 gene
encoding the cytosine enzyme in bread yeast S.
cerevisiae.Durand et al. (30) demonstrated that Cytosine
Deaminase is encoded by the FCY1 gene in Saccharomyces
cerevisiae. Perhaps the reason for the occurrence of mutations
in the gene under study is what was confirmed by late studies of
Saccharomyces cerevisiae, that transcription-related mutations
increase when error repair pathways are disrupted or bypassing
error-free damage, and mutations also decrease and decrease
when translation synthesis processes are disrupted or reduced.
(31) It was also found that transcription increases the exposure
of the basic DNA template to internal and external damage, and
the process of converting cytosine to uracil during the
transcription process leads to spontaneous, spontaneous and
immediate mutations such as CG to TA (32).

Figure (4) shows the genetic tree of the genetic sequences of the
FCY1 gene in four species of S. cerevisiae yeast: the first
Turkish type, the second Iranian type, the third Russian type,
and the fourth local type. The kinship tree shows the branching
of origin into two groups, the first group included the first
Turkish type, which was listed under the name S. cerevisiae
Munal. As for the second group, it divided into two secondary
groups, one of which included the second Iranian type, S.
cerevisiae Muna2, while the second secondary group included
the third Russian type and the fourth local type, which indicates
the closeness of these last species together.

| S. cerevisiae Muna3

| S. cerevisine Muna4

S. cerevisiae Munal

S. cerevisiae Munal

00050

Figure (4) Phylogenetic tree showing the genetic relationship
between the S. cerevisiae studied with the Mega-x programme.
Once the analysis of the nitrogenous base sequences of the
samples analysed was completed, these sequences were
registered in the American GenBank and the data were assigned
accession numbers for identification. As shown in (Table 3),
each isolate has an identification accession number.

Table (3) NCBI Accession Numbers for S. cerevisiae

No | Type of S. cerevisiae Accession number
1 S. cerevisiae Munal PP278029
2 S. cerevisiae Muna2 PP278030
3 S. cerevisiae Muna3 PP278031
4 S. cerevisiae Muna4 PP278032

Building an evolutionary tree is also an excellent way to find
out how different or related the sequences of genes or organisms
are to each other. The Molecular Evolutionary Genetic Analysis
(MEGA) program can be used, which is a free program that
allows anyone to build evolutionary trees in an easy way. The
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most common options in building genetic trees are neighbor
joining and maximum likelihood, both of which give good
estimates of the relationship between different molecular
sequences (33).

Conclusion:

The cytotoxic medicine 5-fluorouracil (5-FU), which is used to
treat several forms of cancer, is produced when the non-toxic
molecule 5-fluorocytosine (5-FC) is hydrolyzed by the enzyme
Cytosine Deaminase, which is isolated from baker's yeast
Saccharomyces cerevisiae. The local Iraqi yeast, which was
made by hand, showed the highest qualitative effectiveness
compared to the Turkish, Iranian, and Russian types. The results
of the molecular comparison also showed the presence of
mutational variations in all the types studied, and these
variations were recorded in the American Gene Bank.
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