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Abstract

Food safety is one of the most important areas of public health worldwide. Food-

borne diseases, infections, and poisoning result from infections with viruses, bacteria

or parasites. Staphylococcal enterotoxin A (SEA) is most frequently reported as the

causative agent of staphylococcal food poisoning (SFP) outbreaks (80% of cases).

Therefore, the use of Peganum harmala is because its contain antimicrobial

substances that are in different parts of the material (seeds, seedlings and

callus). In this work, treatment with Peganum Harmala seeds alcoholic extract can
result in effect the gene expression of SEA gene, due to its antibacterial effects. A

total of 125 samples have been collected from Al Hussain Hospital in Al

Muthanna province from diffrent sources (beds, floor, tabels and walls), the

samples have been collected during a period from December/2019 to March/2020.

125 Staphylococcus aureus samples have been screened. All of the isolates are pre-

confirmed using selective and differential media. Genomic DNA was extracted

from the isolates, and the SEA gene was detected using conventional PCR with

specific primers. P. harmala seeds have been obtained from Al Muthanna province.

20 grams of dried and powdered seeds of peganum harmala have been extracted with

200ml of 100% ethanol. Using soxhlet extraction for 48h (until the complete

exhaustion). Then Evaporator at 45C under reduced pressure until a viscous extract

has been obtained. Then three concentrations (50, 250, 500 mg/ml) from the stock

solution has been used and prepared by the law V1C1=V2C2. Then, there has been

determination of the minimum inhibitory concentration (MIC) of antibacterial

activity of P. harmala disk diffusion by measuring the inhibition zones, at

concentrations of 500, 250 and 50 mg/ml had inhibited the S.aureus growth by 13mm,
10mm, no antimicrobial activity respectively. Molecular method has been used to

detect SEA gene in S. aureus isolate by using conventional PCR. One

Staphylococcus aureus isolate has been found to be positive for the SEA gene

using PCR. then exposure of S. aureus bacteria to the seeds extracted from P.
harmala at different concentrations through DNA,RNA extraction and convert it to

cDNA by reverse transcriptase and use the cDNA as template in PCR reaction. The

results of this study show a significant effect of P. harmala seeds extract on SEA
gene expression. It has been shown that sea gene at 50 concentrations is expressed

0.406 times less than the control, at 250 concentrations is expressed 0.158 times less

than the control and at 500 concentrations is expressed 0.062 less than the control.
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1.1 Introduction

Staphylococcus aureus is Gram-positive, coagulase-positive, catalase-positive, and
facultative aerobic which is a significant source of many diseases worldwide. The

Control Centers of Disease and Prevention (CDC) and their collaborators. In 2007 it

was confirmed that S.aureus was the leading source of severe various diseases and

deaths from infectious diseases, based on data obtained in 2005 (Klevens et al.,
2007). S. aureus is a versatile pathogen that produces a wide range of exoproteins

with toxicological effects on humans and animals, including hyaluronidase,

staphylokinase, nucleases, lipases, proteases, collagenases, hemolysins, exfoliative

toxins, and superantigen proteins, which include the toxic shock syndrome toxin-1

(TSST-1), staphylococcal entertoxins (SEs) (Benkerroum et al., 2018). S. aureus is

the most dangerous pathogen in the genus, causing a variety of acute and chronic

infections, methicillin-resistant S. aureus (MRSA) outbreaks, which were previously

restricted to hospital settings and limited to immunocompromised patients, have

increasingly spread across the community, causing pandemic disease in

immunocompetent populations (Parlet et al., 2019).
S. aureus produces a large variety (“superfamily”) of SEs that are important

toxins of food poisoning representing super antigenic toxins. SEs and SEls share

common phylogenetic relationships, structure, function, and sequence homology.

These toxins are simple proteins composed of approximately 168261 amino acids

and demonstrate molecular size of 19–29 kD. Since the first characterization of

staphylococcal enterotoxin A (SEA) in 1959 by Casman and Bergdoll, five SEs,

named SEA to SEE, have been known from the differences in the antigenicity of SEs

(Hu et al., 2018). SEs such as SEA are well known for their high thermal-resistance

and maintain their biological activity following high-temperature exposure of 121 °C

for 28 minutes (Seyoum et al., 2016).
In different countries, the prevalence of SEA is well established. A systematic

analysis of 359 cases in the UK between 1969 and 1990 showed that SEA produced

by S. aureus strains accounted for 79% of the outbreaks. In 75% of incidents, the

vehicle consisted of food, poultry and its products, notably ham and chicken. SEA

was the most common type of enterotoxin among outbreaks of SFP in France (69.7%)

with a diversity of food, including milk product and various typologies of meat and

salads between 1981 and 2002, was identified on its own in 56.9% of the
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outbreaks and with association with SED,SEB and SEB,SED (15.4, 3.4, 2.5 and

1.1%, respectively). According to this, the most common gene in the isolates studied

was SEA, followed by SEG, SED, SEI, and SEH. In Austria, S. aureus was

responsible for a Staphylococcal food poisoning outbreak that killed forty children in
2007. SEA and SED are produced by isolates of S. aureus. In the United States, SEA

enterotoxin was the most commonly recovered from food poisoning outbreaks

(77.8% of all outbreaks), followed by SEB and SED (Argudín et al., 2010).

Plants have established natural metabolites, such as alkaloids, saponins, flavonoids,

tannins, terpenoids, and glycosides, which are derived from various parts of plants

such as seeds, leaves, flowers, fruits, bark, and roots (Al-khafaji and Mohamed-

Jawad., 2018). Wild Syrian rue (Peganum harmala L. family Zygophyllaceae) is

well-known in Iran and various parts of this plant including its seeds, bark, and

root have been used as folk medicine. Recent years of research have

demonstrated different pharmacological and therapeutic effects of P. harmala and

its active alkaloids, especially harmine and harmaline. Analytical studies on the

chemical composition of the plant show that the most important constituents of

this plant are beta-carboline alkaloids such as harmalol, harmaline, and harmine.

Harmine is the most studied among these naturally occurring alkaloids. In

addition to P. harmala (Syrian rue), these beta-carbolines are present in many

other plants such as Banisteria caapi and are used for the treatment of different

diseases (Moloudizargari et al., 2013). P. harmala was used since ancient times to

treat syphilis, malaria, hysteria, neuralgia, Parkinson's disease, and rheumatis. It

played a vital role in antitumor activities. Harmine possesses several important

biological activities, including antioxidant, anti-inflammatory, antibacterial,

antifungal, antiparasitic and anthelmintic, anticancer, anti-hyperglycemic, organ

protective, and neuropharmacological activities (Allaq et al., 2021). The annual,

bushy, and wild-growing flowering plant has a long history of medicinal use. P.

harmala's various parts (fruits, root, seeds, and bark) have been used as traditional

medicine in many countries for a long time. According to some research, in addition

to the most essential alkaloids (harmaline and harmine), P. harmala contains a

number of other alkaloids that are responsible for the plant's pharmacological impact.

Antibacterial activity, including against drug-resistant bacteria, has also been

identified for P. harmala. it is found in Saudi Arabia (Ansari et al., 2020).
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1.2 Aim of study

The study was made first by Isolate and identify of Staphylococcus aureus, by
objective.

1- Evaluate the effect of ( Peganum harmala) extract on the expression activity of
Staphylococcal enterotoxin type A gene .
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2. Literature review

2.1 Peganum harmala

Peganum harmala L. (harmal) is a perennial herbaceous, multistage plant,

having an ancient history of use for disinfection purposes, and in modern

medicine, the relevance to the widespread use of the multi-purpose therapeutic

properties of this species has increased. Evaluation of raw material base of

harmal will allow balanced use as a dye and alkaloid medicinal plant in

certified medicine (Seilkhan et al., 2019).

P. harmala L. is known as African rue, Syrian rue, wild rue and harmal. It is a

wild growing flowering plant, found abundantly in Middle East and North Africa. It

is a versatile medicinal plant having numerous pharmacological activities that can be

attributed to the active alkaloids. It is a bright-green, densely foliated, herbaceous

succulent (Shaheen et al., 2020). It can grow to about 0.8 m tall, but it is usually

about 0.3 m tall. The plant's roots would reach a depth of up to 6.1 m if the soil

where it is cultivated is very dry (Ibraheam et al., 2018). The signs of stability are

ring-shaped sclerenchyma in stems and roots, as well as the presence of a

two-sided columnar mesophyll in leaves (Seilkhan et al., 2019).

2.1.1 Morphology

P. harmala is a densely foliated, bright-green, herbaceous succulent. Although

the plant is rarely over two feet tall and typically appears round and bushy in habit,

its smooth multi-branched stems can have a spread of four feet or more. As an

ornamental plant, because of its low maintenance and drought resistance, this white

flowering plant is perfect (Khawar et al., 2005). Its leaves are two inches long,

single-born and finely divided into long narrow segments.

It produces several single white conspicuous flowers each year between June

and August. These relatively wide and showy blooms have five elliptic petals as well

as five narrow sepals of a slightly longer length, measuring one to one and a half

inches across. Each flower has the potential to grow into a fruit that is a capsule of



Chapter Two Literature review

5

leathery, three-valve seeds that stands upright on its stalk. Each capsule is about three

to eight inches in diameter and contains more than fifty angular, dark-brown seeds.

(Zargari, 1988).

2.1.2 Scientific classification of P. harmala

Classification of p.harmala according to (Lansky et al., 2017).

Kingdom Plantae

Subkingdom Viridiplantae

Infrakingdom Streptophta

Superdivision Embryophyta

Division Tracheopyta

Subdivision Spermatophyta

Class Magnoliopsida

Superorder Rosanae

Order Sapindales

Family Nitrariaceae

Genus Peganum L.

Species Peganum Harmala

2.1.3 Environment of P. harmala

The P. harmala L. is a perennial halonitrophilous herb with anthropic influence that

lives in dry and warm areas. It is very abundant in Southern Europe, Northern Africa,

and Southwest Asia in the steppe, semi-desert, and desert areas (Güemes and

Sánchez-Gómez., 2015). Its habitat is semi-arid, including those collected in Iran,

steppe regions and sandy soils. P. harmala's primary origin is central Asia, although
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it currently grows in Australia, northern Africa and southwest America (Niroumand

et al., 2015). Growth in Africa, India, Pakistan, Mexico, South America and a host of

other countries in the Middle East (Kartal et al., 2003). Its habitat is in the arid and

semi-arid North African and Asian desert regions that have spread to areas of the U.S.

Southwest and North Mexico (Abbott et al., 2007). In arid parts of Central Asia,

North Africa and the Middle East, it is a drought tolerant plant and has been

developed in America and Australia (Mahmoudian et al., 2002). It is native to the

eastern Mediterranean region and widely distributed in the Middle East, India,

Mongolia and China (Frison et al., 2008). This plant is referred to in the United

States as "Espand", in Iran as "Mexican Rue" or "Turkish Rue". P. harmala is

conventionally propagated from seeds and has many drawbacks, including

germination (Khawar et al., 2005). P. harmala can grow in areas with an annual

precipitation of as little as 100 mm and is considered drought tolerant. The species

grows with an altitudinal gradient that means that a wide range of environmental

factors can be tolerated by the species. This plant is commonly found in drier parts of

Jammu and Kashmir, Punjab, Haryana, Rajasthan, Utter Pradesh and Delhi in India

(Khan et al., 2017).

2.1.4 Active compounds in P. harmala

Alkaloids, flavonoids and anthraquinones are the widely recognized

phytochemical compounds of P. harmala. The overall alkaloid content of P. harmala
ranged from 2% to 5%. Harmaline, harmine, harmalol (Figure 2-1), harmol and

tetrahydroharmine are classified and quantified in the extracts of P. harmala as the
major beta-carboline alkaloids. The highest levels of alkaloids are present in the

seeds and roots, with low levels in the stems and leaves, and absent in the flowers

(Majed., 2018). Harmine and harmaline accumulate at 4.3 and 5.6% (w/w),

respectively, harmalol at 0.6% and tetrahydroharmine at 0.1% (w/w) in dry seeds.

With 2.0 and 1.4 percent (w/w), roots contain harmine and harmol, respectively

(Herraiz et al., 2010). P. harmala also contains peganine, isopeganine, dipeganine

and deoxypeganine (Khashimov et al., 1970).

Harmaline (harmidine) was first isolated and is the primary alkaloid of this plant

from the seeds and roots of P. harmala. Harmine (banisterine) is also found in P.
harmala and resembles harmaline pharmacologically in its behavior, but Harmalol is
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less toxic in this plant and harmaline is its methyl ether. Vasicin and vasicinone are

alkaloids of quinazoline and were first found in the flowers and stems of P. harmala
(Mahmoudian et al., 2002). The seeds and aerial parts of P. harmala were isolated

from a new β-carboline alkaloid, harmalidine and pegamine (Figure 2.1) that is

identical to the quinazoline alkaloids. L-thioformyl -8-β-D-glucopyranoside-bis2 ,3-

dihydro-isopyridinopyrrol is defined as a new β-carboline alkaloid derivative isolated

from the aerial sections of P. harmala (Abdel-Aziz et al., 2010). The aerial sections

of P. harmala produce four new flavonoids, including acacetin 7-O-rhamnoside, 7-O-

6"-O'Glucosyl-2"-O-(3"'-acetylphenyl)glucoside,7-0-(2"'-0-rhamnosyl-2"-O-glucosyl

glucoside) and the glycoflavone 2"'-Orhamnosyl-2"-O-glucosyl rutinoside. Two new

anthraquinones have been isolated from P. harmala seeds and 3,6-dihydroxy-8-

methoxy-2-methylanthraquinone (peganone1) and 8- hydroxy-7-methoxy-2-

methylanthraquinone structures have been identified (peganone2) (Majed., 2018).

Harmaline, the active ingredient in plant seeds and their derivatives, induces vision

hallucinations, loss of balance, agitation and delirium, and can induce paralysis at

high doses (Lamchouri et al., 2002).

Figure (2.1): Structures of Harmane (A), Harmine (B), Harmaline (C), Harmalol (D),

Harmalidine (E), Pegamine (F) (Asgarpanah and Ramezanloo., 2012).
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2.1.5.1 Antibacterial and antifuncal activities

Antibacterial activity was investigated and compared between the different

sections of P. harmala, including seed, root, flower, leaf, and stem. Seeds and root

extracts demonstrated the best antibacterial activity against Gram-positive bacterial

species, including Bacillus anthracis, Bacillus cereus, Bacillus pumilus,

Staphylococcus aureus, Staphylococcus epidermidis, Listeria monocytogenes and

Streptococcus pyogenes, and Gram-negative bacterial species, including

Pseudomonas aeruginosa, Bruce epidermidis, among the different sections of P.
harmala tested (Darabpour et al., 2011). The seed and root are known in plants as

reservoir parts, so these parts are very likely to function as an arsenal of secondary

metabolites with antibacterial activity in P. harmala. It has been stated that harmane

exerts its antibacterial activity by intercalation with DNA as a highly aromatic planar

alkaloid (Cowan, 1999), so this antibacterial mechanism must be considered for the

active P. harmala seed and root extract. The antibacterial activity of P. harmala can
also be due to the high quantity of polyphenols reported to have effective

antibacterial activity (Scherrer and Gerhardt, 1971). In addition, the minimum

fungicidal concentration of the extract on Candida isolates was determined in the

range of 0.625 to 2.5 mg/ml. As a growth inhibition, the extract was successful on

Aspergillus niger and Aspergillus fumigatus (Diba et al., 2011).

2.1.5.2 Antitumor effect

The human promyelocytic cell line, P. harmala alkaloids, including harmine and

harmaline, are powerful (HL60 cells). The outcome showed that harmine and

harmaline showed cytostatic effect and cessation of growth of the cells. However,

both agents showed a cytotoxic effect at higher concentrations. Harmaline has been

shown to be the most active anti-HL60 agent in a variety of tumor cell lines, such as

hepatocarcinoma, fibrosarcoma, myeloma, breast cancer, ovarian cancer, melanoma,

etc. In addition, some harmin derivatives demonstrated high in vitro cytotoxicity and

apoptosis cell death (Asgarpanah and Ramezanloo., 2012). It is noted that a decrease

in cell growth is caused by the combination of these agents at cytostatic doses.

Moreover, as compared to ATRA (all-trans retinoic acid) alone, harmaline had an

important additive effect on the decrease in cell proliferation. Reports showed that P.
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harmala derivative and harmalol inhibited cell division and synthesis of DNA in a

leukemic cell line K562. The most interesting point is that harmaline contributes to

partial differentiation into the monocytic lineage. The P. harmala alkaloids were

effective in stopping cell growth and had cytotoxicity activity in dose and time

dependent manner. Harmaline, however, induced some degrees of monocytic

differentiation as the most powerful agent (Zaker et al., 2007).

Alkaloids from β-carbolines may intercalate into DNA (Taira et al., 1997). This

effect can cause DNA topoisomerase inhibition and result in cytotoxicity. DNA

relaxation assays have determined the extent of inhibition of DNA topoisomerase I

by P. harmala extract and its β-carboline alkaloids. The results show that harmine

and harmaline like harmane inhibit topoisomerase I. The order of potency of the

inhibition of topoisomerase I by β-carbolines tested is: harmine > harmane >

harmaline, which is the same order of potency found in the cytotoxicity assays

recorded. In this case, their much greater topoisomerase I inhibitory effects can be

explained by the planar ring system in harmine and harmane, which is absent in

harmaline (Sobhani et al., 2002).

2.1.5.3 Antidiabetic properties

The findings of recent research clearly showed that P. harmala seed ethanol extract
significantly decreased (P<0.001) the amount of blood glucose in normal and

diabetic rats at variable doses (150 and 250 mg/kg). The ethanol extract showed a

substantial improvement in their ability to use the external load of sucrose. The data

clearly showed that the extract is as efficient in decreasing blood glucose

concentration in normal and streptozotocin-induced diabetic rats as the known oral

hypoglycemic agent metformin after a sucrose challenge (Singh et al., 2008). P.
harmala extract has, however, been stated to have no insulin secretion activity, so the

potential hypoglycemic activity is not linked to the pancreas and may affect the use

or absorption of glucose (Hussain et al., 2004). The weird thing that was shown in

the studies is that it lost its hypoglycemic function instead of intensifying it by

increasing the dose of P. harmala extract (Nafisi et al., 2011).
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2.1.6 Uses of P. harmala

2.1.6.1 Traditional uses:

P..harmala has traditionally been used to treat numerous diseases, including

Parkinson's disease, gastrointestinal and cardiovascular disorders and some forms of

malignancies (Moloudizargari et al., 2013). More recently, the antileishmanial

behaviors of harmine have been thoroughly studied (Mirzaie et al., 2007). reported

that P. harmala alkaloids have protective effects on neurons against the excitotoxicity
of dopamine and glutamate (Splettstoesser et al., 2005). Due to their potent inhibitory

effects against some antibiotic-resistant strains, β-Carbolin alkaloids have attracted

the attention of scientists (Suzuki et al., 2018). The seeds are set on burning charcoal

and the fumes are allowed to enter the rooms where a baby has been born for several

days. During marriage ceremonies, the seeds are often burned and plants have been

proverbial in traditional medicine since the earliest times as a cure for a wide range

of complaints (Shi et al., 2000).

2.1.6.2 Pharmaceutical uses

Additional pharmaceutical applications of P. harmala have revealed anti-tumor

effects, insecticidal effects and malaria treatment (Goel et al., 2009), anti-leishmanial

effects (Mirzaie et al., 2007), anti-spasmodic, anti-histaminic, vasorelaxant effects
(Asghari and Lockwood, 2002), wound healing, anti-oxidant activity,

immunomodulator properties, leukemia healing (Zaker et al., 2007), hypoglycemic
effects (Singh et al., 2008), analgesic and anti-inflammatory properties,

antinociceptive effects (Monsef et al., 2004), antitumor activity (Sobhani et al., 2002)
and cytotoxic activity among others. This plant has also been reported to have

antibacterial, antifungal and antiviral effects (Darabpour et al., 2011). The fruits of P.
harmala are the source of a red dye and oil (Bukhari et al., 2008). The unriped seeds

have less alkaloid content than the ripe ones (Kartal et al., 2003). Some of the

reported pharmacological effects of P. harmala can be due to its derivatives of β-

carboline, primarily harmine, as well as harmaline, harmalol, harman, peganine,

isopeganine, dipeganine, deoxypeganine, quinazoline, vasicine, vasicinone and

deoxyvasicinone contained in roots and seeds (Mahmoudian et al., 2002; Fathiazad et
al., 2007 ). In several plant families, β- carboline alkaloids are abundant and have
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neurostimulant and monoamine oxidase (MAO) inhibitory activities (Herraiz et al.,
2010).

2-2 Staphylococci

2.2.1 Background and Classification

The genus Staphylococcus is in the bacterial family Staphylococcaceae, which
includes five lesser known genera, Gemella, Jeotgalicoccus, Macrococcus,

Nosocomiicoccus and Salinicoccus. There are currently 53 recognised species of

staphylococci and 28 subspecies most of which are found only in lower mammals.

The staphylococci most frequently associated with human infection are S. aureus, S.
epidermidis and S. saprophyticus. Other Staphylococcus species may also be

associated with human infection. Staphylococcus species are Gram positive, non-

motile, non-sporing cocci of varying size occurring singly, in pairs and in irregular

clusters. Colonies are opaque and may be white or cream and occasionally yellow or

orange. The optimum growth temperature is 30°C-37°C. They have a fermentative

metabolism and are facultative anaerobes .anaerobius, which initially grow

anaerobically but may become more aerotolerant on subculture (UK Standards.,

2020).

Staphylococcus species are usually catalase positive and are also oxidase

negative with the exception of the S. sciuri group (S. sciuri, S. lentus and S.
vitulinus), S. fleuretti and the Macrococcus group to which S. caseolyticus has been

assigned. This is also a distinguishing factor from the genus streptococci, which are
catalase negative, and have a different cell wall composition to staphylococci. Some

species are susceptible to lysis by lysostaphin but not lysozyme and are able to grow

in 6.5% sodium chloride. Some species produce extracellular toxins. Staphylococci

may be identified by the production of a thermostable deoxyribonuclease (DNase)

(UK Standards., 2020).

The Staphylococcus aureus Systematic Bacteriology Manual was categorized as

follows, according to Bergey (Schleifer et al., 2009):
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Kingdom: Bactreriae

Phylum : Firmicutes

Class : Bacilli

Order : Bacillales

Family : Staphylococcaceae

Genus : Staphylococcus

41 species and subspecies that are indigenous to humans are recognized. Just five

of these species are generally found to cause human diseases, such as S. aureus, S.
Epidermidis, S. saprophyticus, S. haemolyticus and S. lugdunensis. S. aureus is

almost virulent species of the Staphylococci bacteria. Other staphylococci may be

human colonizers, but rarely cause illness (Makgotlho, 2009). This genus can be

categorized on the basis of the development of the enzyme coagulase, comprising

two main groups: coagulase-positive Staphylococci (COPS), including S. aureus, S.

intermedius, S. schleiferi subsp. coagulans and S. delphini; and negative coagulase
Staphylococci (CONS), More than 30 separate species of S. Hyicus is variably

positive for coagulase and is also included in coagulase-negative microorganisms

(Cunha, 2009).

2.2.2 Habitats

Staphylococci are widespread in nature, their major habitat being the skin, mucous

membranes of mammals, bird skin and skin glands. They may be present in these

hosts' mouth, blood, mammary glands, intestinal, genitourinary, and upper

respiratory tracts. Typically, Staphylococcus aureus has a type of symbiotic

relationship with its host. However, if they gain entry into the host tissue by trauma

of the cutaneous membrane, needle inoculation or direct implantation of medical

devices, they can establish the lifestyle of a pathogen. Infected host tissues sustain

large staphylococcal communities and survive for long periods in certain

circumstances. The presence of enterotoxigenic strains and the potential of these

strains to cause overdose or food poisoning, so S. aureus is considered a public
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health threat in different food products. S. aureus is a major primate species,

although often living biotypes can be identified (Murray et al., 2003).

In addition, species have been sporadically isolated for food preparation from the

soil, air, water, sewage, plant surfaces and products, feed, dairy products, and kitchen

worktops. The incidence varies from 4% to 60% in human carriers (Uemura et al.,

2004). A high prevalence of HIV, atopic dermatitis, end-stage liver disease and

dialysis patients have been documented in children, men, and among patients with

several diseases (Peacock, 2003).

2.3 Staphylococcus aureus

S. aureus are cocci that form irregular grape-like clusters. They are non-motile,

non-sporing and catalase positive. They grow rapidly and abundantly under aerobic

conditions. On blood agar, they appear as glistening, smooth, entire, raised,

translucent colonies that often have a golden pigment. The colonies are 2-3 mm in

diameter after 24h incubation and strains are frequently β-haemolytic. Colonies may

reach up to 6 to 8 mm in diameter after 3 days of incubation. There are currently 2

subspecies of S. aureus; these are S. aureus subspecies aureus and S. aureus
subspecies anaerobius (Fontana et al., 1993).

S. aureus subspecies aureus: is commonly isolated from human clinical specimens.

All strains are able to grow on thioglycolate medium within 24hr. Most strains

produce a wide zone of strong haemolysis within 24h to 36h. They are also positive

for catalase and coagulase. Results for DNase, clumping factor and urease are

positive. There is no production of oxidase. Some strains have been known to be

resistant to novobiocin (Fontana et al., 1993).

S. aureus subspecies anaerobius: is rarely isolated from clinical specimens. They

are 0.8 to 1.0 µm in diameter and occur singly, in pairs, and predominantly in

irregular clusters. On the primary isolation medium, growth is obtained only in

media that are supplemented with blood, serum, or egg yolk and incubated

microaerobically or anaerobically (De la Fuente et al., 1985).

Colonies on blood agar after 2 days of incubation are very small (1 to 3mm in

diameter), low convex, circular, entire, smooth, glistening, and opaque. Pigment is
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not produced. Luxuriant growth is obtained on Dorset egg medium, with colony

diameters of 4 to 6 mm. The strains produce unevenly disseminated growth on brain

heart infusion agar after 3 days of microaerophilic incubation. They grow as dwarf

colonies, among which a few colonies of normal size are observed (De la Fuente et
al., 1985).

It grows poorly under aerobic conditions and growth may be CO2 dependent. It is

slide coagulase negative and thermonuclease negative and may be catalase negative.

Strains may be identified by better growth anaerobically and they may give a positive

coagulase test result. Suspected isolates should be referred to the reference laboratory.

Staphylococcus aureus may be associated with severe infection and it is important to
distinguish it from the opportunistic coagulase negative staphylococci. In routine

laboratory practice, the production of coagulase is frequently used as the sole

criterion to distinguish S. aureus from other staphylococci. It is also important to note

that coagulase negative strains of S. aureus have been reported (Vandenesch et al.,
1994).

The significance of these strains in the laboratory is that they pose a significant

technical problem when performing antibiotic susceptibility testing as they fail to

grow in air. Therefore, susceptibility testing should be performed in a CO2 enriched

atmosphere. These strains although referred to as dwarf strains in the past should not

be confused with the slow-growing small colony variants (SCV’s) of S. aureus
which have decreased metabolism and a defective electron transport system and are

auxotrophic for substrates such as haemin, menadione, thiamine or thymidine

(Proctor et al., 2006).

2.4 Pathogenicity and virulence factors of S. aureus

The pathogenicity of S. aureus and its virulence by the ability of this organism to

develop many virulence factors, including serotypes of enterotoxins (SEA-SEQ ),

toxic shock syndrome toxin-1 (TSST-1), cytolytic toxins (alpha and beta hemolysins),

exfoliating toxins, Panton-Valentine leukocidin (PVL), protein A and many enzymes

(Vandenesch et al., 2003).

The pathogenicity of the substance S. aureus is caused by the expression of a

series of genetic virulence factors that may lead to superficial lesions of the skin or to
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more serious infections, such as pneumonia, mastitis, urinary tract infections,

osteomyelitis, endocarditis, and even sepsis. In extremely unusual circumstances, S.
aureus can cause meningitis. In addition to acute pathology, chronic infections can

cause by S. aureus. Many of which are mediated by this pathogen's ability to bind to

medical devices and biofilm formation. A large range of factors of virulence

possessed by S. aureus, which contains extracellular toxins and a structural surface

that promotes tissue colonization, immune evasion and degradation of tissues

(O'Neill et al., 2007). S. aureus is capable of causing a wide variety of human

diseases due to combination of toxin-mediated virulence, invasiveness, and antibiotic

resistance. The spectrum of staphylococcal infections varies from pimples and

furuncles to toxic shock syndrome and sepsis, most of which depend on different

factors of virulence (Ortega et al., 2010).

Based on their possible functions in the infectious process, Staphylococcus

virulence factors have been divided into three classes: (i) factors that allow bacteria

to bind to host cells or extracellular matrices; (ii) factors that allow them to evade the

host defense system; (iii) factors that inhibit phagocytosis, and (iiii) factors that

minimize the activity of antistaphylococcal antibodies (Joseph and Michel, 2006).

2.4.1 Staphylococcus aureus Enzymes

A group of enzymes comprising nucleases, proteases, lipases, hyaluronidase,

staphylokinase, DNase and collagenase are secreted by S. aureus. These proteins can
have the primary function of transforming local host tissues into nutrients needed for

bacterial development (Brooks et al., 2007). Furthermore, S. aureus can express a

group of fatty acids modifying-enzyme (FAME). The first three presumably provide

the bacteria with nutrients, and they are unlikely to play anything but a minor role in

pathogenesis. The FAME enzyme can, however, be essential in abscesses, where it

can alter antibacterial lipids and prolong bacterial survival (Todar, 2008).

2.4.2 Toxins

The main S. aureus toxins can be divided into three major groups—the pore-

forming toxins (PFTs), exfoliative toxins (ETs) and superantigens (SAgs). Pore-

forming toxins can be further divided into four types: Hemolysin-α (Hla or α-toxin),
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Hemolysin-β, leukotoxins and phenol-soluble modulins (PSMs). This system of

protein production responds to a wide range of different conditions and

understanding this mechanism allows a better control of staphylococcal infections

(Oliveira et al., 2018).

2.5 Staphylococcal Enterotoxins in food-borne poisoning

Staphylococcal food-borne diseases acquired from eating enterotoxin-contaminat

food are the second most commonly reported types of food-borne diseases. The high

incidence of staphylococcal food poisoning is due to the insufficient

pasteurization/decontamination of originally contaminated product source (Scherrer

et al., 2004).

Whatever their origin, enterotoxigenic S. aureus often differs in the number of

mobile genetic elements and se/sel genes in it, as well as in the enterotoxins they

produce. SEA is the enterotoxin most frequently recorded in food, whether alone or

together with other SEs/SEls, and is also considered as the main cause of SFP due

probably to its high resistance to proteolytic enzymes ( Bergdoll., 1988; Holmberg et

al., 1984).

The amount of toxin needed to cause disease is less than 1 μg. In an outbreak due

to enterotoxin (SEA)-contaminated chocolate milk, the amount of toxin was reported
to be only 0.5 ng/mL (Evenson et al., 1988). The disease has a short incubation

period that ranges from just a few minutes to hours since the toxin is preformed.

Symptoms include nausea, vomiting, abdominal pain, cramps and diarrhea. SEA is

responsible for approximately 80% of the cases of food poisoning outbreaks in the

USA, while SEB is responsible for 10% of the cases (Casman., 1965). The disease is

usually self-resolving, is rarely lethal and the elderly are more susceptible.

Centers for Disease Control (CDC) on food- borne disease estimated that SEs affect

approximately 80 million individuals in the US, alone, resulting in 325,000

hospitalizations and more than 5,000 deaths (Mead et al., 1999). According to the

World Health Organization, death of about two million individuals in the world is

due to food borne diarrheal diseases. The economic impact of food-borne diseases is

also substantial. In the US, the estimated costs for these diseases may reach $35

billion annually (Buzby et al., 1997).
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2.6 Structure and properties of staphylococcal Enterotoxins

Staphylococcal enterotoxins (SEs) are broadly classified as superantigens, which

have the ability to stimulate large populations of T cells (~20–30%) leading to the

production of a cytokine bolus At least 20 serologically distinct staphylococcal

superantigens have been described that include SEs A through V and toxic shock

syndrome toxin-1 (TSST-1). SEA, SED, and SEE share 70–90% sequence homology,

while only 40–60% SEB with SEC, and TSST-1. Their mature length is

approximately 220–240 amino acids, depending on the toxin, and their molecular

size is on average ~25 kD and have significant sequence variability, but when folded

they have similar three-dimensional structures (Balaban et al., 2000).

SEs are strong non-specific T-cell stimulators (superantigens) that trigger the

immune response to activate unregulatedly. SE's superantigen binds to both the main

class II histocompatibility complex (MHC II) on cell-presenting antigen and Vβ-

specific T-cell receptors, eventually inducing significant T-cell proliferation with the

concomitant production/release of different proinflammatory cytokines as shown in

figure (2.2) (Joseph & Michel, 2006). Mast cells may also play a role in food

poisoning caused by SE, which may include not only inflammatory mediators, but

also neuropeptide stimulation such as substance released from sensory neurons

(Alber et al., 1989). It was confirmed by Bergdoll that 95% of SFP was caused by

staphylococcal enterotoxin types A, B, C, D and E. Infections with aureus and the

remaining 5% were caused by infections of other forms (Dakić et al., 2005).

Figure (2.2): The biological multifunctionality of SEs in food poisoning, toxic shock

and infection (Hu et al., 2014).
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2.6.1 Resistance of staphylococcal enterotoxins to environmental
factors

These SE proteins have a remarkable ability to resist heat and acid. Therefore, they

may not be completely denatured by mild cooking of contaminated food. They are

pyrogenic and share some other important properties that include the ability to

induce emesis and gastroenteritis as well as their noted super antigenicity. They are

resistant to inactivation by gastrointestinal proteases including pepsin, trypsin, rennin

and papain (Le Loir et al., 2003).

2.6.2 Phylogenetic Groups of Staphylococcal Enterotoxins

Base on the comparison of their nucleotide and amino acid sequences, the 24

currently known SEs and SEls can be further divided into several evolutionary

groups; the SEA group (SEA, SED, SEE, SEH, SEN, SEO, SEP, SES), the SEB
group (SEB, SECs, SEG, SER, SElU, SElW, formerly known as SElU2), the SEI

group (SEI, SEK, SEL, SEQ, SEM, SElV) and the SElX group (TSST-1, SET, SElX,
SElY and SElX). Letters in the order of their discovery are assigned to

staphylococcal enterotoxins. Only toxins with proven emetic activity in primates

should be designated as SE, according to the International Nomenclature Committee

for Staphylococcal Superantigens (Lina et al., 2004).

Based on their amino acid sequences, SEs have been graded. Group 1 contains the

classic SEA, SED and SEE, which have an amino acid sequence homology of 53-81

percent. Group 2 contains the classic SEB, SEC1, SEC2, and SEC3 that have an

amino acid sequence homology of 66 to 98 percent. Gene SEC is located on an islet

of pathogenicity, and with 98 percent homology between the nucleotide sequences,

SEC-3 is strictly related to gene SEC-1. SEC-3 varies by four to nine amino acids

respectively from the enterotoxins SEC-1 and SEC-2. Only the latest groups of SE

constitute Category 3. Group 4 contains only TSST-1 and SEH enterotoxin group 5

(Vasconcelos et al., 2010).

2.7 Staphylococcal Enterotoxin Type A (SEA)

2.7.1 Toxin structure

SEA is the most common toxin implicated in staphylococcal food poisoning.

(Holmberg and Blake, 1984). The gene for SEA (entA) is carried by a temperate
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bacteriophage (Betley & Mekalanos, 1985; Borst & Betley, 1994). Hybridization

analysis of DNA from entA-converting phage suggests that this phage integrated into

the bacterial chromosome by circularization and reciprocal crossover, and that the

entA gene is located near the phage attachment site. The SEA gene is composed of

771 base pairs and encodes an enterotoxin A precursor of 257 amino acid residues

(Huang et al., 1987). A 24 residue N-terminal hydrophobic leader sequence is

apparently processed, yielding the mature form of SEA (M 27,100 dalton) (Betley &

Mekalanos, 1988). There are three SEA isoforms with three different isoelectric

points, suggesting variation in processing or post translation modification. As

mentioned above, the mature SEA is a monomeric two domain protein composed of

a 13-barrel and a 13grasp motif as shown in figure (2.3) (Schad et al., 1995), the

same general structure found in other enterotoxins. SEA has a 21 Zn coordination

site involved in MHC class II binding. SEA is expressed from the mid-exponential

phase of growth, but is not regulated by the accessory gene regulator agr (Tremaine

et al., 1993), unlike SEB, SEC and SED which require a functional agr for maximal

expression.

Figure (2.3) : Three-dimensional structure of superantigen SEA (Spaulding et
al., 2013)
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2.7.2 Pathogenicity of SEA

2.7.2.1 Staphylococcal food poisoning by SEA

A disease caused by the ingestion of food containing preformed SEs

exerting symptoms typically including vomiting, abdominal cramps and

occasionally diarrhoea; however, other symptoms evoking a systemic effect

may develop in susceptible individuals or when too high doses are ingested.

SFP is often associated with protein-rich food such as meat and dairy products

providing favourable conditions for staphylococci to grow and produce

enterotoxins. SEs are recognized as major causative agents of SFP outbreaks,

most of which are associated with the classical SEs (SEA -SEE), with SEA

being responsible for ∼80% of the reported cases (Atanassova et al., 2001).

The toxic doses of SEs are known to cause SFP differ greatly depending on the

source of information (e.g., epidemic surveys, studies, or laboratory tests on

volunteers or animals), the category of users exposed (healthy adults or groups at

risk), as well as the type and amount of SEs responsible for the intoxication.

However, it is widely agreed that the toxic level threshold varies between 20 and 100

ng per person (Schelin et al., 2011), corresponding to 0.29 ng kg1 of body weight

and 1.43 ng kg1 of body weight (taking average adult body weight of 70 kg). The

corresponding concentration in the contaminated food that triggers SFP is also

dependent on the food matrix and the amount of food consumed in one or more

servings. The SEA concentration causing the diseases in the case of the SFP outbreak

in Japan caused by reconstituted low fat skim milk was estimated to range between

0.08 and 0.38 ng ml. The SEA intake per capita that caused this outbreak ranged

from 20 to 259 ng for adults, depending on their age group, and a dose as low as 17

ng could cause SFP symptoms in children under the age of ten, who are considered

to be among the group at risk. (Asao et al., 2003).
SEA has both superantigenic and emetic properties, resulting in toxic shock

syndrome due to a large release of cytokines. Peptide regions of SEA fragments A-2,

A-3, and A-6 (21–40, 35–50, and 81–100 of SEA) were found to be essential for

both superantigenic and emetic activities of SEA molecules, while A-10 (region 9

161–180) was found to be involved in superantigenic but not emetic activity of the

SEA. The superantigen binds to the antigen presenting cell's major histocompatibility
antigen (MHC) class II molecule and activates T cells via the T cell receptor (TCR).
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The superantigen causes excessive irritation to the immune system to abnormally

proliferate T cells, and is involved in the onset or refractory of multiple sclerosis,

rheumatoid arthritis, psoriasis, atopic dermatitis, and chronic rhinosinusitis.

Accordingly, the various diseases described above are developed by the production

of a large amount of cytokine induced by SEA. Therefore, it is expected that these

diseases can be alleviated by suppressing the superantigen activity of SEA
(Shimamura et al., 2018).

2.7.2.2 Mechanism of Toxicity

SEA passes through the mucosal epithelium in the GI lumen by an unknown

mechanism and then accumulates in the submucosa. This translocation from the

lumen to the submucosa occurs within 30–90 min, a timeframe that is consistent with

the latency time of SEA-induced emesis in house musk shrew (30–120 min) (Hu et

al., 2014). In the stomach and duodenum of house musk shrew, SEA binds to the

submucosal mast cells or directly to neuron cells. The binding of SEA to an

unidentified receptor expressed on the surface of these cells induces the

degranulation, resulting in the release of 5-HT.

At present, it is unclear what type of molecule acts as an SEA receptor on the

surface of submucosal mast cells or neuron cells. Superantigens including SEA bind

to MHC class II molecules expressed on the surface of APCs. However, SEA and

MHC class II signals were not co-localized in the GI tissues of the SEA-

administered animals, indicating that a receptor on mast cells is not MHC class II.

Moreover, orally administrated SEA shows tendency to bind mast cells rather than

MHC class II-positive cells in GI tract, indicating that unidentified SEA receptor on

mast cells is capable of binding SEA more efficiently than MHC class II (Ono et al.,

2012). Further studies on the identification and molecular cloning of the unidentified

SEA receptor gene are necessary for understanding the exact molecular basis of

SEA-induced emesis and elucidation of its downstream intracellular signaling. SEA
administered by the peroral route migrates from the GI lumen to submucosa and

binds to target submucosal mast cells and/or neurons as shown in figure (2.4) (Hu et

al., 2014).
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Figure (2.4): The putative mechanism of SEA-induced emesis. the binding of SEA

to an unidentified receptor on the surface of the submucosal mast cells then induces

5-HT release. Subsequently, the released 5-HT binds to the 5-HT3 receptor

expressed on enteric nerves, and induces depolarization. Finally, the depolarization

of the vagal afferent nerves stimulates the brainstem emetic loci to initiate the

vomiting reflex (Hu et al., 2014).
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3. Materials and methods

3.1 Materials

3.1.1 Equipments and Instruments

Table (3.1): The Equipment’s and Instruments that were used in this study with
their companies and countries.

No. Name of Item Model Company Origin

1 Analytical Balance ABS /ABJ KERN Germany

2 Autoclave DE-23 Systec Germany

3 Automated Water
distillator

K-HWSFA08 K & K
Scientific

South
Korea

4 Centrifuge CL008 Cypress
Diagnostics

Belgium

5 Gel Documentation
System

Mthna-Gel Doc System Al Muthanna
University

Iraq

6 Electrophoresis
system

Mupid-One Mupid Japan

7 Incubater CL011A35180U3 Cypress
Diagnostics

Belgium

8 Microcenterfuge Mikro 120 Hettich Germany

9 Micropipette 2.5-0.1 μl, 10-0.5 μl, 50-5μl

200-20 μl, 1000-200 μl

Nanolytic Germany

10 Microscope LMH2235ST Cypress
Diagnostics

Belgium
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11 Microwave Oven Mi150 LG South
Korea

12 Refrigerator GRT452XXV Concord South
Korea

13 Upright Freezer Serie 4 Bosch UK

14 UV sterilization
cabinet

GLE-UVSC SCI-PLAS UK

15 Vortex mixer LVM-202 DAIHAN Lab
Tech

South
Korea

16 Water Bath LWB-111D DAIHAN Lab
Tech

South
Korea

17 Oven Ed 115 BINDER Germany

18 Soxhlet Extractor 98-I-B EUROPE
UNION

Germany

19 Corbett Rotor-
Gene Q.

9001550 Qiagen Germany

20 Rotary Evaporator V-i 120 SV VALUE South
Korea
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3.1.2 Culture Media

Table (3.2): culture Media used in this study

Medium Company Origin

Blood agar Hi-media India

Brain-Heart Infusion broth Hi-media India

CHROMagar Hi-media India

Mannitol Salt agar Hi-media India

Mullar-Hinton agar Oxoid UK

Nutrient broth Hi-media India

3.1.3 Antibiotic discs

Table (3.3): Antibiotic discs used in this study.

Antibiotic discs Concentration(μm) Company Origin

Methicillin(ME) 10 Bioanalyse Turkey

Tetracyclin(TE) 10 Bioanalyse Turkey

Vancomycin(VA) 30 Bioanalyse Turkey

Clindamycin(DA) 2 Bioanalyse Turkey
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3.1.4 Chemicals and biological materials

Table (3.4 ): Chemicals and Biological materials used in the laboratory work.

N.0 material Company Origin

1 TBE buffer(10X) INtRON
biotechnology

South Korea

2 Agarose Pronadisa-conda Spain

3 DNA Loading Dye(6x) Biolabs UK

4 Ethanol %96 Tiebah cosmetics Iraq

5 Ethanol %100 Scharlab S.L. Spain

6 Ethanol 70% spray Aljoud Iraq

7 Ethidium bromide Promega USA

8 Nuclease-free water Promega USA

9 Proteinase-K TransStart® China

10 Thimble filter paper BÜCHI Switzerland
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3.1.5 Primers

The primers that are used in the present study are listed in the table below.

Table (3.5): Primers of SEA and House-keeping gene that used in this study.

3.1.6 Kits and Reagents

The commercial kits and reagents that are used in the present study are illustrated in
table (3.6 ).

Table (3.6): The commercial kits and reagents

No. Name of item Kit code Company Origin

1 EasyPure® Bacteria
Genomic DNA Kit

EE11-161 TransStart® China

2 Go Taqt® G2 Green Master
Mix

A9281 Promega USA

3 EasyScript® On-Step
gDNA Removal and cDNA

Synthesis SuperMix

AE311 TransStart® China

4 Perfect Starttm Green
qPCR SuperMix

AQ601 TransStart® China

5 100bp ladder G210A Promega USA

Primer Nucleotide sequence Product Source

SEA-F TAA GGA GGT GGT GCC TAT GG 180 bp (Nazari et al 2014 ,.)

SEA-R CAT CGA AAC CAG CCA AAG TT

gyrA-F CCA GGT AAA TTA GCC GAT TGC
121 bp (Maleki et al., 2019)

gyrA-R AAA TCG CCT GCG TTC TAG AG
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3.2 Methods

3.2.1 Study Design

Figure (3.1) Flow Chart Illustrates the study design
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3.2.2 Samples Collection of Staphylococcus aureus

One hundred twenty-five samples have been collected from Al Hussain Hospital

from different sources (beds, floor, tabels and walls) in Al Muthanna province.

during a period from December/2019 to March/2020, by using sterilized sawb sticks

then inserted in a sterile tube contain brain-heart fusion broth and transported with

ice box.

3.2.3 Preparation the Culture Media and Sterilization

3.2.3.1 Preparation the Culture Media

All culture media were prepared according to their manufacturing company

instructions. The prepared media were then distributed into sterile tubes or Petri

dishes then kept at 4°C until they used, listed in Table (3.2).

3.2.3.2 Sterilization

The prepared media have been sterilized by autoclaving at 121ºC /1 pound for 15min

then distributed into sterile tubes or petri dishes then kept at 4°C until they used.

All Eppendorf and tips that used in DNA extraction and PCR amplification were

sterilized by autoclaving at 121ºC /1 pound for 15 min and then left to dry in closed

sterile place for 24h to ensure evaporation of water from the walls. Then exposed to

UV-light for 40 minutes using UV sterilization cabinet.

Instruments used in PCR have been sterilized before applying the process using UV-

light for 30min inside the UV sterilization cabinet where the work is done.

3.2.4 Laboratory Diagnosis

3.2.4.1 Culturing of samples

The samples have been placed in Brain Heart Infusion broth and incubated at 37 ºC

for 24h, then cultured on Mannitol salt agar, Blood agar and CHROMagar.
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3.2.4.1.1 Culturing of samples on Mannitol salt agar

After 24h of activation on Brain Heart Infusion broth at 37°C, the samples have

been cultured on Mannitol Salt Agar (*MSA), a selective and differential medium

for the genus Staphylococcus MSA is made up of 7.5 % sodium chloride, 1%

mannitol, peptone and phenol red indicator. S. aureus can withstand and grow in high

salt conditions in this medium, while other bacteria are inhibited by the high salt

concentration in this media.

3.2.4.1.2 Culturing of samples on Blood agar

S. aureus after a 24h incubation on blood agar at 37°C. Since defibrinated blood is

added during the manufacturing process, blood agar plate (BAP) is an example of

general, enriched, and differential solid media. Since blood is a nutrient-dense

substance, most bacteria can thrive in blood-containing media. Pathogenic bacteria

are distinguished using BAP media based on their hemolytic ability on red blood

cells. This enriched medium encourages the growth of many pathogenic species

while also allowing for the differentiation of bacteria based on their hemolytic

pattern. Hemolysin is an exoprotein that contains enzymatic activity and toxins

(Turista et al., 2019).

3.2.4.2 Staphylococcal Identification

Staphylococcal identification by Gram stain and antibiotic susceptibility test was

performed according to (Brooks et al ., 2007).

3.2.4.3 Gram Stain

For all bacterial isolates, smears have been prepared from young culture

suspensions and stained by Gram stain. Gram stain ability, shape, size, and

arrangement of cells were determined under a light microscope.
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3.2.4.4 Antibiotic Susceptibility Test

Four types of antibiotic (Methicillin, Tetracyclin, Vancomycin and Clindamycin)

have been applied to test the antibiotic susceptibility of positive isolates by using the

following steps:

A. The plates have been inoculated by dipping a sterile swab into the inocula. real

care must be taken to express excess broth from the swab prior to inoculation by

pressing and rotating the swab firmly against the side of the tube above the level of

the fluid.

B. The swab has been rubbed over the surface of the medium three times rotating the

plate through at an angle of 60 after each application. Finally, the swab was passed

around the edge of the agar surface.

C. The inocula have been left for a few minutes to dry at room temperature with the

lid is closed.

D. By using a sterile forceps, antibiotic discs have been placed on the inoculated

plate. Discs should be warmed to room temperature, and then dispensed on the agar

surface; they should gently press down with sterile forceps.

E. The plates were incubated at 37ºC for 24h.

F. After incubation, the diameters of the complete zone of inhibition have been noted

and measured in millimeters. The diameter of the inhibition zone for the individual

antimicrobial agent has been translated in terms of sensitive, intermediate and

resistant categories by comparison with the standard inhibition zone.

3.2.5 Plant (P. harmala) Collection, Extraction

P. harmala seeds have been obtained from Al Muthanna province. 20 grams of

dried and powdered seeds of peganum harmala have been extract with 200 ml of

100% ethanol By using soxhlet extraction for 48 (until the complete exhaustion).

Then Evaporator at 45ºC under reduced pressure until a viscous extract obtained.

Then three concentration (50, 250, 500 mg/ml) have been used and prepared.
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3.2.5.1 Preparation of Stock solution

500 mg of peganum harmala viscous extract was diluted in 100 ml of distilled

water and then three concentration (50, 250, 500 mg/ml) was prepared and used by

the law V1C1=V2C2 as shown in the table (3.7).

Table (3.7): Preparation Different Concentrations of P. Harmala Extract Stock
solution.

Tube
No.

Volume (ml) of Stock
Solution (500 mg/ml)

Volume of Distilling
Water (ml)

Final Volume
(ml)

1 5 0 5

2 2.5 2.5 5

3 0.5 4.5 5

3.2.5.2 Disk Diffusion Method

Firstly, bacterial suspension has been taken by using sterile cotton swabs on every

petri dish containing Muller-Hinton Agar (MHA, Merck) and left for 1 min. Three

concentrations of the ethanolic extracts ( ,50250 and 500 mg/ml) have been prepared

from the stock solution. Filter paper’s sterile discs (6 mm diameter) have been

soaked by 35 μl of the three concentrations of extract and then have been placed on

the pre-prepared plates, then incubated for 18h at 37°C and the measuring of

inhibition zones have been in millimeter around each disc.

3.2.6 DNA Extraction

DNA has been extracted from staphylococcal isolates, using the classical method by

Genomic DNA extraction kit (EasyPure® Bacteria Genomic DNA Kit , China)

protocol for bacterial genome was used: as the following: the supernatant was

subjected to the extraction protocol.
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a. Transfer 1 ml of overnight Gram-positive bacteria to a 1.5 ml tube and centrifuge

at 12.000*g for 1 minute. Discard the supernatant.

b. Resuspend the bacteria by adding 200 μl of RB11 (containing 4 mg lysozyme)to

the tube. Incubate at 37°C for at least 60 minutes, and centerfuge at 10,000*g for 1

minute. Discard the supernatant.

c. Add 100 μl of LB11 and 20 μl of Proteinase K into the tube. Resuspend the

bacteria by vortexing.

d. Incubated at 55°C for 15 minute (Solution should be clear after incubation. If not,

extend the incubation time to 30 minutes, vortex for every 5 minutes)

2. Add 400 μl of BB11 (check to make sure 100-96% athanol has been added) and

vortex for 30 seconds (white flocculent precipitate or transparent gelatinous matter

may present in this step, this wouide not effect DNA extraction ).

3. Transfer the entire contents to a spin column, centrifuge at 12,000*g for 30

seconds, discard the flow-through.

4. Add 500 μl of CB11, centrifuge at 12,000*g for 30 seconds, discard the flow-

through.

5. Repeat step 4 once

6. Add 500 μl of WB11 (check to make sure 100-96% athanol has been added),

centrifuge at 12,000*g for 30 seconds, discard the flow-through.

7. Repeat step 6 once

8. Centrifuge at 12,000*g for 30 for 2 minutes to remove residual WB.11

9. Place the spin column in a sterile 1.5 ml microcentrifuge tube. Add 200-50 μl of

Elution Buffer ( preheated to 65°C) or sterile distelled water (pH > 7.0) to the center

of column. Incubated at room temperature for 2 minutes. Centrifuge 12,000*g for 30

for 1 minute to elute genomic DNA.

10. . Repeat step 9 once. Store the isolated DNA at -20°C.
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3.2.7 Preparation of solution used in Agarose Gel Electrophoresis
and PCR Amplification

3.2.7.1 Tris - Borate - EDTA (TBE) buffer

TBE buffer (10X) is supplied by (INtRON biotechnology, South Korea). This

solution is prepared by mixing 100 μl of the supplied TBE-10x buffer with 900 μl of

distilled water then placed in the microwave for two minutes to obtain homogeneous

TBE (1X) buffer and stored at room temperature until it used for agarose gel

electrophoresis (Sambrook and Russell, 2001).

3.2.7.2 Agarose Gel Preparation

Agarose gel is prepared by melting 0.5gm of agarose powder in 50 ml of TEB

(1X) buffer dissolved in the microwave oven for intermittent intervals until it reaches

to the boiling point, then the solution left at room temperature to cool down for 50°C.

Ethidium bromide (1.3μl of a 10 mg/ml stock solution per 50 ml) added with mixing

to the agarose gel to obtain 1% agarose gel electrophoreses poured out into the gel jar

to prevent bubble formation, then cool down to 20°C. When agarose gel is poured,

several wells were carefully made with a comb at one side of the gel about 10-5 mm

away from the end of the gel, after final solidification. The comb is carefully

removed; the jar was put in the electrophoresis tank to be used in electrophoreses

process (Sambrook and Russell, 2001).

3.2.7.3 Primer Preparation

1. The lyophilized primers have been spined using microcentrifuge prior to opening

to prevent loss of pelleted oligonucleotide. The primers are prepared according to

manufacturer instructions that include the volume of nuclease-free water to be added

to the lyophilized primers to get the stock solution with a concentration of 100 pmol/

μl, for each primer.

2. Ten microliters of the stock solution of each primer have been placed in a number

of 1ml microcentrifuge tubes to avoid contamination of the stock solution during the
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uses and also to be ready for each forward and reverse primer combination by adding

90 μl of nuclease-free water, for preparing the mixed primer by adding equal amount

of each primer. Gently pipette the entire volume up and down 10 times to mix

thoroughly to get a final concentration of 10 pmole/μl and kept at -20°C for storage.

3.2.8 PCR Amplification of SEA gene

The extracted DNA, primers and PCR premix (One Taq, promega) have been

vortex and centrifuged briefly to bring the contents to the bottom of the tubes.

Assemble all reaction components on the ice during the work. PCR mixture has been

set up in a total volume of 25 μL includeing12.5 μL of PCR premix, 2.5 μL of each

primer and 4 μL of template DNA have been used. The volume completed with

nuclease-free water up to 25 μL. As shown in table (3.8).

Table (3.8): PCR Components.

Components Volume Concentraion

One Taq Quick-Load 2x Master Mix
with stander Buffer

12.5 μL 1x

10 μΜ Forward Primer 2.5 μL 1.0 μΜ

10 μΜ Revers Primer 2.5 μL 1.0 μΜ

Tamplate DNA 4 μL 250> ng

Nuclease-free water up to a final
volum

To 25 μL

PCR conditions were selected the typical annealing temperature after

optimizations which has been doing for temperatures from 52˚C to 60˚C. Typical

thermo cycler conditions have been 95˚C for 2 minutes then 30 cycles of 95˚C for 1

minute, 58˚C for 1 minute , 74 ˚C for 1 minute followed by 5 minutes and finally
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hold at 4˚C. The mixed samples were placed into a thermo cycler PCR instrument

where the DNA has been amplified as indicated in table (3.9).

Table (3.9): PCR Program used to amplify the SEA gene.

3.2.8.1 Gel electrophoresis

Gel electrophoresis is applied to ensure the validity of DNA extraction PCR

results. 1% agarose concentration for the quality of the extracted DNA stained with

1.3 μl of ethidium bromide per 50 ml with 100 volts for 20 minutes, while for PCR

product with 100 volts for 15 minutes then 50 volts for 45 minutes. The results have

been confirmed by using Gel Documentation system at 243 nm and photographed.

3.2.8.2 gDNA Removal and First-strand cDNA synthesis

A total RNA/mRNA of 0.1 ng-5 μg/10 pg-500 ng, Anchord Oligo(dT)18 Primer

(0.5μg/μL) of 1μL, Random primer (0.1μg/μL) of 1μ, GSP of 2 pmol, 2*ES Reaction

Step Temperature Time

Initial denaturation 95˚C 2 minutes

Denaturation 95˚C 1 minute

Annealing 58˚C 1 minute

Extension 74˚C 1 minute

Final extension 74˚C 5 minute

Hold 4-10˚C
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Mix of 10 μL, EasyScript® RT/RI Enzyme Mix of 1μL, gDNA Remover of 1μL and

complete to 20 μL by RNase-free Water as shown in table (3.10). The thermal

cycling steps used are 3 steps, (step1) 10 minutes at 25˚C, (step 2) 15 minutes at

42˚C and finally (step 3) 5 seconds at 85˚C .

Table (3.10): Reaction components of First-strand cDNA synthesis

Components Concentration

Total RNA/mRNA 0.1 ng-5 μg/10 pg-500 ng

Anchord Oligo(dT)18 Primer (0.5μg/μL) 1 μL

or Random primer (0.1μg/μL) 1 μL

or GSP 2 pmol

2*ES Reaction Mix 10 μL

EasyScript® RT/RI Enzyme Mix 1 μL

gDNA Remover 1 μL

RNase-free Water to 20 μL

3.2.8.3 Incubation

The incubation period for random Primer is 10 minutes at 25°C, for Anchored

oligo (dT)18 primer and GSP is 15 minutes at 42°C and for qPCR is 5 seconds at

85°C to inactivate enzymes as shown in table (3.11).

Table (3.11): Thermal cycling steps of conditions cDNA Reverse Transcription
synthesis.
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3.2.8.4 The components of TransStart®Top Green qPCR SuperMix

1. TransStart® TopTaq DNA polymerase.

2. SYBR Green I dye.

3. dNTPs.

4. PCR enhancer and stabilizer (Double cation K+, NH.(+4).

3.2.8.5 Real-time PCR for estimation of gene expression

Real-time PCR (RT-PCR) was performed to check the expression levels of SEA
gene that was linked to SFP. The mixture was set up in a total volume of 20 μL,

included 2 μL of template, 1μL for each primer, 10 μL of TransStart® Top Green

qPCR SuperMix, 6μL of Nuclease-free Water. RT-PCR program is: Initial

denaturation at 94°C for 30 seconds, denaturation at 94°C for 5 seconds both for 40

cycles and annealing at 60°C for 30 seconds. All samples were taken in three

replicates.

Table (3.12): Reaction components of qPCR used to amplified SEA gene.

Components Final Volume reaction

Template 2 μL

Forware Primer (10μM) 1 μL

Revers Primer (10μM) 1 μL

TransStart® Top Green qPCR SuperMix 10 μL

Nuclease-free Water 6 μL

Total volume 20 μL
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Table (3.13): Thermal cycling conditions used to amplify the SEA gene (two-steps).

3.3 Statistical Analysis

A completely randomized design (CRD) was used to study the effect of the three

concentration of plant extract on SEA gene, and the significant difference of

treatment was compared by Duncan test ( Duncan., 1955) multiple lines under

significance level 0.05. Statistical product and Service Solutions (SPSS) program

was used ( Acton et al., 2009) in statistical analysis according to Linear Additive

Model for the CRD

Yij=μ+τi +εij

where: Yij is the jth observation of the ith treatment,

μ is the population mean,

τ i is the treatment effect of the ith treatment, and εij is the random error.

Steps Temperature Time Cycles

Initial denaturation 94˚C 30 seconds 40-45 cycles

Denaturation 94˚C 5 seconds 40-45 cycles

Annealing 60˚C 30 seconds

Dissociation stage
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4. Results and Discussion
4.1 Staphylococcus aureus Isolation and Identification

One hundred and twenty five samples were collected from Al Hussain Hospital in Al

Muthanna province, from different sources (beds, floor, tables,walls) in the emergency room

and natural therapy rooms. After the isolation and identification 40 samples were

Staphylococcus aureus. Samples illustrated are shown in Figure (4.1).

Figure (4.1): Samples percentage in this study

S. aureus can ferment the sugar mannitol, and as a result of this ability, it produces an acid
that converts the phenol red indicator to yellow s shown in figure (4.2).

Figure (4.2): staphylococcus aureus culture on Mannitol salt agar
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CHROMagar is a novel chromogenic media for MRSA detection. The sample was cultured

on the plate and incubated at 37°C for 18-24h after activation in Brain Heart Infusion

broth for 24 hours. Any colony that grew in a green color was C assumed to be MRSA

positive (Sharma et al.,2017).

Figure (4.3): Staphylococcus aureus on CHROMagar medium

Using Gram’s stain microscopic examination shows that the cells arrangement appeared

as grape-like clusters these clusters occur because the bacterial cells are divided into

three planes in an irregular pattern producing branches of cocci which are

characteristics of Staphylococcus spp. (Brooks et al., 2007).

Figure (4.4): Staphylococcus aureus under microscope (Oil immersion).
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Complete hemolytic phenotype of β-hemolytic virulence factors of S. aureus.

.

Figure (4.5): Blood Hemolysis Test.

4.1.1 Antibiotics Sensitivity Test

Antibiotic Susceptibility is performed by using four types of antibiotics (Methicillin,

Tetracycline, Vancomycin and Tetracycline ) depending on the disc diffusion method as

shown in Figure (4.6). Antibiotic susceptibility results show that all of S. aureus
samples were resistant to Methicillin 100% , while 60% resistant to Clindamycin and

Vancomycin, while 20% resistant to Tetracycline.

Figure (4.6): Antibiotic sensitivity test results

Antimicrobial agents
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Figure (4.7): Antibiotic Susceptibility Test ( 1: Methicillin, 2: Clindamycin, 3:

Vancomycin and 4: Tetracycline)

In a previous similar study in Al-Samawa/Iraq (Aziz and Mohammed-Jawad, 2019) it

showed that all S. aureus isolates (100%) found to be Methicillin-resistant (MRSA) and

20% were resistant to Vancomycin (VRSA), and 15% were resistant Tetracycline.

MRSA is a type of multidrug resistant “super bacteria” that is resistant to cephalosporins,

penicillins, lincomycin, aminoglycosides, chloramphenicol, sulfonamides, tetracyclines,

rifampicin, quinophthalones and macrolides. making clinical treatment extremely difficult

(2016). MRSA has quickly emerged as the most common resistant pathogen found in many

parts of the world, including the United States, Europe, the Middle East, North Africa, and

East Asia. Resistance to S. aureus infection and multidrug resistant strains is growing,

rendering clinical anti-infective care more difficult. The endogenous resistance system

consists primarily of three components. As the permeability of the cell membrane is

decreased, the energy metabolism of the bacteria is impaired, and as a result, drug absorption

is reduced, leading to drug resistance. For example, the resistance of S. aureus to

aminoglycosides is caused by a decrease in membrane permeability and finally results in a

decrease in drug intake (Guo et al., 2020).

Vancomycin has long been thought to be the safest medicine for treating severe MRSA

infections. Vancomycin has traditionally been regarded as the last line of protection against
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gram-positive cocci infection (Micek, 2007). It was discovered that vancomycin resistance is

primarily caused by specific binding of vancomycin to the bacterial cell wall through

peptidoglycan precursor small peptides terminated with D-alanyl-D-alanine; this binding

inhibits the elongation and cross-linking of bacterial cell wall peptidoglycans, repressing cell

wall synthesis and ultimately leading to bacterial death. However, S. aureus resistance to

vancomycin is growing on a daily basis, causing widespread concern in the medical

community (Haseeb et al., 2019.)

4.2 Disc Diffusion Method:

The results of this study showed that the highest effect of P. harmala against S.aureus with

a zone of inhibition (13 mm) at concentration 500 mg/ml ,(10 mm) at concentration 250

mg/ml, no antimicrobial activity was observed at a concentration 50 mg/ml as shown in table

(4-2). Due to alkaloids of P.harmala has bactericidal activity that is comparable with that of
common antibiotics, which have many adverse effects. The activity of these alkaloids

depended on the microorganism and the application method. It is concluded that P. harmala
and its alkaloids could probably be used for the control of antibiotic resistant isolates of

bacteria. In a similar study of using P. harmala seeds extracted against S.aureus at

concentrations of (50, 100, 200 and 400 mg/ml), the result of inhibition zone was (15, 18, 21

and 22 mm) respectively (Darabpour et al., 2011). Another study used aqueous extract of P.
harmala against S. aureus at concentrations of 5 and 10 mg/ml, the results of inhibition zone

was 0 and 3-15 mm respectively (Jassim, 2021). Another similar study used seeds extract

against three types of microorganisms, all three bacterial strains showed zones of inhibition,

S. aureus’s inhibitory zone had of the diameter of 31.6 mm, K. pneumoniae had diameter of
26.5 mm while inhibitory zone of P. aeruginosa was 24.9 mm (Khalid et al., 2018).
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Table (4.1): Diameters of Inhibition Zones (mm) at Different Concentrations of P. harmala
Extract

Concentration (mg/ml) Diameter of Inhibition Zone (mm)

500 13 mm

250 10 mm

50 -

Figure (4.8): Inhibition Zones (A at concentration50 mg/ml, B at concentration 250mg/ml

and C at concetration 500 mg/ml ) on Muller Hinton Agar by Disc Diffusion Method.

The antibacterial activity of a plant extract varies depending on the extraction procedure,

plant part, physiological factors (temperature, light, water) and morphological state of the

plant, time of harvesting of plant materials, extraction solvent, soil nutrient concentrations,

drying method used before the extraction process, extraction method, and antimicrobial

method used (Al-khafaji and Mohamed-Jawad., 2018).

The minimum inhibitory concentration (MIC) of plant extract antibacterial activity against

S.aureus was 250 mg/ml. The MIC is the lowest antimicrobial agent concentration that
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prevents microbial development (Owuama, 2017). The effect of the seed extract was

enhanced as the concentration was increased.

In a similar study, The MIC of P. harmala extract against MRSA strains ranged from 3.125

to 25 mg/mL, indicating that 12.5 mg/mL concentration of the extract had the most

antibacterial activity against MRSA strains (Goudarzi et al., 2017). The value is lower than
the previous value stated by (Benbott, et al., 2012) who showed that the concentration of 100

mg/ml of P. harmala seeds extract inhibits the growth of Staphylococcus aureus and

Staphylococcus saprophyticus, Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis,

Pseudomonas aeruginosa, and Serratia spp . They also showed a higher antibacterial activity
for the seed extract against gram-positive strains, especially S. aureus if compared to gram

negative tested strains (Benbott et al., 2012). In a similar study, it was reported that the

alcoholic extract of P. harmala at 50 - 400 mg/mL concentrations had inhibitory effects on

Gram-positive germs, like Bacillus cereus, S. epidermidis, Streptococcus pyogenes, S. aureus,
as well as Gram-negative germs, like Escherichia coli, Salmonella typhi, Klebsiella

pneumonia and Pseudomonas aeroginosa. (Darabpour et al., 2011).

Figure (4.9): Standard Curve of the Effect of P. harmala seeds extract on the growth of S.

aureus in mm. The data shows that the diameter of inhibition zone was increased when the

concentration increased.

Seed extract concentrations
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The main compounds of flavonoids and alkaloids of P. harmala contain antimicrobial

substances that are in different parts of the material (seeds, seedlings and callus)

found high. Seeds of this plant are rich in carbohydrates, lipids, proteins, minerals, and

amino acids are alkaloids, liquid antibacterial fatty acids include stearic acid, linoleic acid,

palmitic acid, linolenic acid, and so on (Abolhasani et al., 2015). P. harmala seed extracts
are reported to contain alkaloids, flavonoids and anthraquinones. The study of quantitative

evaluation of alkaloids has shown that the highest percentage was with the seeds, which can

be considered as storage areas of the plant alkaloids studied (Fatma et al., 2016.).

4.3 Molecular Detection of S. aureus Enterotoxin Gene SEA
4.3.1 Genomic extract

Step 1: Genomic DNA extraction for S. aureus before the treatment with seeds extract was
obtained by activating of S.aureus on brain-heart broth overnight, after that DNA extraction

took place.

Step 2: Genomic DNA extraction for S. aureus after the treatment with seeds extract was

done by activating of S.aureus on brain-heart broth overnight, then followed by disc diffusion
method followed by taken smear from inhibition zone and activated on mannitol salt agar at

37◦C for 24h, from this plate a genomic extraction was done.

Detection of extraction samples was achieved by the migration on agarose gel in a

concentration 1.5%, the voltage was 100 volts for 15 min then at 50 volts for 45 min after

dyeing process by ethidium bromide then exposed the results under ultraviolet radiation and

gel pictures. The results showed that the four DNA extracted bands were very clear. That is

an indication for high concentration as C symbolize for control treatment and 50, 250, 500

symbolizes for the three concentrations of plant extract shown in figure (4.10).
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Figure (4.10): DNA extraction on agarose (1.5%) gel electrophoresis at 100 volts for 15 min.

4.3.2 Conventional PCR technique

DNA amplification is an important step to amplify and identify target genes. The

bacterium has been diagnosed by conventional PCR reaction using the specific primer of the

SEA gene. The bacteria that was amplified before treatment with seeds extract. PCR was

done after the optimization step to select the typical PCR annealing temperature by

PCR that was 58˚C. Binding of primers successfully to the target DNA template of SEA
gene out of 125 isolates were analyzed by PCR technique for SEA genes, only one

isolates of S. aureus found to possess this gene. The detection was performed by gel

electrophoresis using 100 bp DNA ladder at two steps; first at 100 volts for 15min, second at

50 volts for 45 min as shown in figure (4.11).
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Figure (4.11): Agarose (1.5 %) gel electrophoresis at 100Vol/cm for 15 Minutes then

50 Vol/cm for 45 Minutes. showing amplification of the SEA gene in comparison with

100bp DNA ladder.

The regulation of production of SE is SE-dependent, as well as strain- and environment-

dependent. Under the same conditions, different strains may produce different amounts of

SE and in different growth phases. This reflects also a considerable variability in

amounts and types of SEs produced by S. aureus growing under optimal conditions.
The production of enterotoxin from S. aureus is affected by different environmental factors

such as temperatures , water activity, pH and other parameters (Jassim et al., 2021).
A study by (Mousa et al,. 2017) showed the 72 out of 103 isolates of S. aureus harbored at

least one type of the SEs genes.

Several studies reported a high proportion of bacterial isolates from outbreaks of

staphylococcal food poisoning that occurred in the United Kingdom , South Korea , Japan

and France, which could produce staphylococcus enterotoxin A, either alone or with another

toxin (Orwin et al., 2003).

4.3.3 Real-time PCR Amplification results

The qPCR experiment measures the expression intensity of a certain gene from a sample

under specific biological conditions (Goni et al,. 2009). RT-PCR results showed that the

extract has inhibited the SEA gene expression. The effect of P. harmala on the SEA was
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shown to be concentration-dependent. P. harmala extract at concentrations of 50, 250 and 500
mg/ml significantly decreased the SEA expression by 0.40, 0.15 and 0.06 fold, respectively

as shown in figure (4.2). Based on the results of this and other studies conducted on different

parts of P. harmala, the antimicrobial potential of this plant has been confirmed and the

extraction of this plant is an appropriate option against pathogenic microorganisms. In order

to recognize and purify the active components of these extracts and also to identify the

mechanism of action of seed extracts on gene expression , further study is therefore

recommended in order to achieve a good source of antimicrobial agents for pathogenic

microorganisms (Mohsenipour et al., 2016). Another study found that Z.multiflora Boiss.EO
significantly reduced and inhibited the development of enterotoxin (Azizkhani et al., 2013)

Similar findings were made by (Palmer et al., 2004) and (ParseAimehre et al., 2010), who
documented a strong effect of subMIC levels of cinnamon, bay and clove EOs on decreasing

S.aureus enterotoxin A and -toxin production, as well as the antimicrobial activity of

Z.multiflora Boiss. EO enterotoxin C production by S.aureus.

Table: (4.2): Effect of P. harmala on SEA gene at different concentrations.

The table demonstrates that the cycle of threshold (CT): which is a relative value that

represents the cycle number at which the amount of amplified DNA reaches the threshold

level(Goni et al,. 2009), of SEA gene has significant increase (P ≤ 0.05) at 500 mg/ml

concentration of P. harmala extract comparable to 50 mg/ml concentration and treatment

control, also there was significant increase (P ≤ 0.05) at 250 mh/ml concentration of P.
harmala extract comparable to control treatment, and there was no any significant differences

between the concentrations 250 and 500 mg/ml, and between the concentration 50 mg/ml and

treatment control.

Treatment CT of SEA gene CT of gyrA (-ΔΔCT) Fold change of
gene expression

Control c 24.36 ± 1.01 ab 17.5 ± 0.11 a 1.00 ± 0.040

50 bc 25.94 ± 0.53 a 17.82 ± 0.18 b 0.406 ± 0.052

250 ab 26.81± 0.55 b 17.33 ± 0.03 c 0.158 ± 0.033

500 a 28.49 ± 0.50 ab 17.67 ± 0.06 c 0.062 ± 0.006

Sig. 0.05 0.05 0.01
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The cycle of threshold of house-keeping gene (gyrA) which is inolved in basic cellular

functions are used for normalisation has no significant differences between all concentrations.

In the final column there is highly significant increase (P ≤ 0.01) between the treatment

control and concentration 50 mg/ml. In addtion there is highly significant increase (P ≤ 0.01)

between the concentrations 50 and 250 mg/ml, and there is no significant differences between

the concentrations 250 and 500 mg/ml, which means gene is downregulated when the plant

extract increasing.

P. harmala possesses an anti- microorganism activity due to its high concentration of

alkaloids, which have biological activity in addition to contain many substances, such as fatty

oils, fibers, and some flavonoids. The reason for treating for many diseases is due to the

presence alkaloids of Harmol, Harmalol, Harmane, Harmaline and Harmine (Jassimet al.,
2021).

Figure (4.12): Curve show the effect of P. harmala Extract on fold expression of SEA gene

of S. aureus.

P. harmala has a high antibacterial function, inhibiting the growth of all bacteria. Several

studies in the literature suggest that P. harmala has a wide range of pharmacological activities

including antimicrobial, antinociceptive, antitumor, and monoamine oxidase (MAO)-

Seed extract concentrations
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inhibiting properties. Harmaline, harmine, simone and vasicinone are the most essential

components of P.harmala seeds. These compounds demonstrated a variety of bioactivities,

including antibacterial activity and enzyme inhibition. Both of the P. harmala fractions were
effective against S. aureus.

Perhaps the explanation for this is that alkaloid compounds have a wide spectrum and have

an important effect in inhibiting or destroying bacterial isolates, even at low concentrations,

and this is a strong indication that the P. harmala seed extract contains alkaloids with anti-

bacterial activity, since there is a nitrogen atom in its chemical composition. For alkaloids

that can obtain a proton, as well as amine groups that can gain or lose a hydrogen atom as a

result of the process of losing or acquiring a proton (Sobhani et al., 2002).

The alkaloids are more deadly than bacteriostatic, killing all bacteria 99.99 percent of the

time within 1-2 hours (Alhanout et al., 2010). In general, alkaloids inhibit the enzyme

dihydrofolate reductase, which inhibits nucleic acid synthesis (Rao et al., 2000). The ability
of alkaloids to destroy bacteria varies. B-carboline alkaloids, for example, work to program

the cell to die by modifying or disrupting DNA division, altering mitochondrial function,

inhibiting protein synthesis, disrupting the formation of microtubules, and disrupting the

perfusion of bacterial cell membranes and thus these are good properties in limiting

proliferation (Rosenkranz et al., 2008).
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5.1 Conclusions

1. P. harmala is a medical plant with antibacterial activity against staphylococcus aureus.
2. S. aureus samples were resistant to Methicillin 100%, 60% to Clindamycin and

Vancomycin, and 20% resistant to Tetracycline.

3. The usage of P. harmala against S. aureus as an antibacterial has a zone of inhibition (13

mm) at 500 mg/ml concentration , (10 mm) at 250 mg/ml concentration, no antimicrobial

activity was observed at 50 mg/ml concentration.

4. P. harmala extract at concentrations of 50, 250 and 500 mg/ml significantly decreased the
SEA expression by 0.40, 0.15 and 0.06 fold.
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5.2 Recommendations

1. knowing the exact concentration of P. harmala extract that suppresses the gene expression
of SEA gene.

2. knowing which of the active components of P. harmala has the ability to affect the gene
expression of SEA by separate the active chemical compounds and use them in place of the

crude plant extract.

3. Using solvents of weak or no polarity to demonstrate their effect in comparison with the

solvent used in this study.

4. Study of the effects of P. harmala seeds extract on viral infections in laboratory animals.
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Appendices



Appendix 1

VITEK Staphylococcus aureus sensitivity test

InterpretationMICAntimicrobial

R+Meropenem

S0.5=>Gentamicin

S1=>Tobramycin

S0.12=>Levofloxacin

S0.25=>moxifloxacin

-NEGInducible Clindamycin
Resistance

R8=>Erythromycin

S0.25=>Clindamycin

S1Linezolid

S0.5=>Teicoplanin

S0.5=>Vancomycin

S+Doxycycline

S1=>Tetracycline

S0.12=>Tigecycline

Nitrofurantoin

S=>16Fusidic Acid

S0.5=>Mupirocin

Rifampicin

S0.5=>Trimethoprim/Sulfamethoxa
zole

+POSCefoxitin Screen

R+Latamoxef

R0.25Benzylpenicillin

R+Nafcillin



R+Amoxicillin/Clavulanic
Acid

R+Ampicillin

R+Piperacillin/Tazobactam

R+Cloxacillin

R+Dicloxacillin

R*0.25=Oxacillin

R+Cefalexin

R+Cefalotin

R+Cefprozil

R+Cephapinin

R+Cefotetan

R+Cefoxitin

R+Cefoperazone

R+cefovecin

R+Cefepime



لخالصة

الغذية تلك تلوث سببها التي الغذية سلمة عدم عن الناجمة االمراض التسمم ااالت اللتهابات

نتيجة شيوعا الاالت اكثر من المعوي االتسمم االطفيليات، االبكتريا كالفايراسات المرضية بالمسببات

الناجمة الضرار اخرى نااية من ، الاالت مجمل من %80 نسبتها تبلغ التي العنقودية بالمكورات الصابة

الجسم اعضاء بقية يلاق الذي الضرر اا بالجسم المفيدة البكتريا انواع بقية على الكيميائية العقاقير استخدام عن

جهة امن فعالة كيميائية مركبات من ياتويه بما الارمل نبات استخدام فكرة جاءت العقاقير، تلك اخذ سوء من

في يؤثر للنبات الكاولي االمستخلص ، الكيميائية العقاقير كبقية اخذها اسيء ما اذا ضررا تادث ل اخرى

. SEA للجين الجيني التعبير

/ مارس اتى 2019 / ديسمبر من الفترة خلل المثنى، بماافظة الاسين مستشفى من عينة 125 جمعت

اين ،في اتفاضلية انتقائية اسائط باستعمال العالت شخصت .S.aureus من عينة 125 فاصت .2020

ماددة. بادئات مع التقليدي PCR بتقنية SEA جين ااكتشف ، النواي امضها استخلص

من جرام 20 ازن بعد المثنى، لماافظة المالية السواق من الارمل نبات بذار جمعت الخر الجانب في

soxhlet جهاز 99٪في بنسبة اليثانول من مل 200 مع ااضع ناعم دقيق الى طانها ثمة امن الارمل بذار

اصول منخفض ضغط تات مئوية درجة 45 عند التبخير الكامل(. الستخلص )اتى ساعة 48 لمدة

القياسي مالول من مل( / مجم 500 ، 250 ، 50( تراكيا ثلث ،استخدمت لاج مستخلص على للاصول

عن بالقراص النتشار طريقة باستخدام البكتيريا لنشاط )MIC( المثبط للتركيا الدنى الاد شخص الماضر،

، مم 13 بمقدار S. aureus بكتريا نمو ثبط اقد تواليا الذكر انفا ،بالتراكيا التثبيط مناطق اقطر قياس طريق
mg/ml 50 المسخلص تركيا في يظهر لم التثبيط ان اين في مم 10

Conventional PCR. باستخدام S. aureus عالة في SEA جين عن الجايئي للكشف الفضلى الطريقة

الطريقة. ذات باستخدام SEA لجين إيجابية Staphylococcus aureus لبكتريا ااادة عالة على العثور تم

عاليا بالتراكيا الارمل بذار لمستخلص المعرضه S. aureus بكتريا من المستخلصات RNA DNAا

. PCR تفاعل في كقالب ااستخدامه العكسي النسخ طريق عن cDNA إلى اتاويلها الذكر

تم ايث .SEA الجيني التعبير على الارمل بذار لمستخلص معنوي تأثير اجود الدراسة هذه نتائج أظهرت

ا0.158 1.00 بلغت التي الضابطة المجموعة من أقل mg/mlاهو 50 تركيا عند 0.406 بواقع عنه التعبير

mg/ml .500 تركيا عند ا0.062 mg/ml 250 تركيا عند



المناقشة لجنة إقرار

في الجيني والتعبير النمو فعالية )تثبيط ب الموسومة الرسالة هذه على اطلعنا قد مناقشة لجنة كأعضاء نشهد نحن
خالد )ايه الطالبة ناقشنا وقد الحرمل( لنبات الكحولي المستخلص باستخدام الذهبية العنقودية المكورات بكتريا

الحياة. علوم في الماجستير درجة على الحصول بمستوى تفي الرسالة بأن ووجدنا 2021/8/26 بتأريخ معين(

مطر عيال نهاد أ.د.
ا رئيسا

العلوم كلية المثنى/ جامعة
/ التاريخ:

جبار عادل أ.م.د.ياسر مزمل حسين عزت أ.م.د.
عضواا عضواا

العلوم كلية المثنى/ جامعة التمريض كلية قار/ ذي جامعة
2021/ / : التاريخ 2021/ / : التاريخ

علي حسن فائق د. أ. جواد محمد الحسن عبد ليث د. أ.
ا ومشرفا عضواا ومشرفاا عضواا

العلوم كلية المثنى/ جامعة العلوم كلية المثنى/ جامعة
2021/ / : التاريخ 2021/ / : التاريخ

جواد محمد الحسن عبد ليث د. أ.
العميد

2021/ / التاريخ



العراق جمهورية

العلمي والبحث العالي التعليم وزارة

العلوم كلية المثنى/ جامعة

الحياة علوم قسم

الذهبية العنقودية المكورات بكتريا في الجيني والتعبير النمو فعالية تثبيط

الحرمل لنبات الكحولي المستخلص باستخدام

في الماجستير شهادة نيل متطلبات من كجزء مقدمة الرساله هذه

الحياة علوم

قبل من

الطائي معين خالد ايه

المثنى/٢٠١٧ العلوم/جامعة الحياة/كلية علوم بكلوريوس

بأشراف

جواد محمد الحسن عبد ليث أ.د.

علي حسن فائق أ.د.
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