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ABSTRACT

Plants are a mine of many medical substances, making them a pharmacy used by humans to treat any disease or develop new drugs.
This research rosemary was chosen to study the antioxidant activity, Biological activity against bacteria, fungi and combine this
study with docking software (MOE) to demonstrate the biological activity. The results show the valuable antioxidant activity of
rosemary extract using radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging action with an IC50 value of 35.45% ± 1.22 µg/
ml. Biological activity of rosemary extract detect by using bacterial and fungal isolates, and MIC values for Bacterial isolate were
( 0.5, 0.4, 0.4, 0.5) mg/ml for (Escherichia coli, Shigella sp., Staphylococcus aureus, and Bacillus subtilis) respectively, While 0.5
mg/ml for Candida albicans and 0.4 mg/ml for Aspergillus sp. For docking study, three phenolic acids were used to explain the
biological activity against bacteria and fungi by using two proteins for bacteria which give good binding energy when interaction
with penicillin-binding protein about (-5.99311018, -5.67873335, and -5.67580652) for ( rosmarinic acid, carnosic acid, and
carnosol respectively) while binding energy for interaction with outer membrane protein A give (-4.84447241, -4.58120823,
and -4.50296259) ( rosmarinic acid, carnosic acid, and carnosol respectively). For fungi also two proteins were chosen EXObeta-(1,3)-glucanase protein and Crh transglycosylases protein and the energy binding score were (-7.03097296, -6.47496843,
and -5.67503548), (-4.57932281, -5.71598148, and -4.50296259) for (rosmarinic acid, carnosic acid, and carnosol respectively).
Keywords: Rosmarinus officinalis L., Phenolic acids, Rosmarinic acid, Carnosic acid, Carnosol, Antioxidant

INTRODUCTION
Mint Family (Lamiaceae) one of the most
influential families in the plant kingdom because it includes
many genera that have medical uses, such as Rosemary,
Thyme, and Peppermint; throughout the ages, humans
used many plants in this family as a source of food, flavors,
fragrances, and medicines, even today a large number of
people exploits this family in traditional medicine with
the reason of containing many active constituents acting
individually, additively or in synergy to improve health
(Carović et al 2016). Rosmarinus officinalis L., commonly
known as rosemary, belongs to the Lamiaceae family, is
one of the essential species recently. The genus Rosmarinus
has been merged into the genus Salvia in phylogenetic
analysis. It is an aromatic plant used to prepare traditional
food and folk medicine for its therapeutic properties as oral
preparation to relieve renal colic. rosemary has antifungal,
antiviral, antibacterial, anti-inflammatory, antitumor, and
antioxidant activities and in pharmaceutical industries
used in the preparation of massage oils and ointments for
massage and aromatherapy purposes (German et al., 2016;
Macedo et al., 2020). The therapeutic effect of rosemary
came from its active constituents, which include essential
oil, flavonoids such as hesperidin, hispidulin, and diosmin,
and several types of phenolic acids, for example (carnosol,
rosmarinic acid, carnosic acid); all these constituents
have a specific activity to give the medical effect of this
plant (Nieto et al., 2018). Phenolic acids one of the most
essential compounds in rosemary, which are described as

phenols that possess one carboxylic acid functionality.
They are responsible for free radical scavenging,
metallic ions chelation, and changing enzymatic activity.
Moreover, these compounds exhibit antiviral activity,
for instance, rosmarinic acid, anti-inflammatory action,
for example, a mixture of esters of benzoic and cinnamic
acids (Robbins 2003; Arceusz et al., 2013). Phenolic
acids can be extracted from fresh, frozen, or dried plant
biomass. Usually, however, plant biomass is air-dried or
freeze-dried and then milled into a homogeneous powder
before phenolic acid extraction. The extraction from dry
biomass is favored over-extraction from fresh biomass
because enzymes in fresh cells can potentially degrade
phenolic acids, the best solvent to prepare crude extract
contain phenolic acids consist of a combination between
ethanol, methanol, and acetone with water, the percent of
the resulted solution is 20%–50%( Al Jitan et al., 2018).
The present study aimed to evaluate antioxidant activity,
antibacterial and antifungal activity of phenolic acids in
the crude extract of Rosmarinus officinalis L. and used
molecular docking study to explain the antibacterial and
antifungal activity of some phenolic acids in rosemary.
MATERIALS AND METHODS
Plant collection: The plant was collected from a
plantation in Basra province and classified as Rosmarinus
officinalis L. Plant leaves were collected and drying in the
shade. Then we grind them to a fine powder by the electric
mill.
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Table 1: Crystallographic properties of selected bacterial and fungal protein
Protein

PDB
Code

Classification

Organism

Expression
system

Resolution

Method

Total structure
weight (kDa)

chain

Penicillin-Binding
Protein 3 (PBP3)

3VSL

Penicillin-Binding
Protein

Staphylococcus aureus
subsp.aureus
MW2

Escherichia
coli

2.40 Å

X-Ray Diffraction

145.06

A, B

Outer membrane protein A
(OMPA)

1BXW

Membrane
protein

Escherichia coli
BL21(DE3)

Escherichia coli
BL21(DE3)

2.50 Å

X-Ray Diffraction

19.20

A

EXO-beta-(1,3)-glucanase

1EQC

Hydrolase

Candida
albicans

Saccharomyces cerevisiae

1.85 Å

X-Ray Diffraction

45.46

A

Crh transglycosylases

6IBW

Hydrolase

Aspergillus
fumigates
Af293

Escherichia
coli BL21Gold(DE3)
pLysS AG

2.80 Å

X-Ray Diffraction

55.70

A, B

Table 2: Lipinski’s physicochemical parameter for selected phenolic acids from rosemary ethanolic extract
Compounds

Mol.
Weight g/
mol

h_logP

h_logS

a_acc

a_don

TPSA (A°)

b_rotN

lip_
druglike

Rosmarinic
acid

361.3259

-9.9706

3.53066

5

3

60.6899

1

1

Carnosic acid

332.4400

4.81273

-4.4723

4

4

77.7600

2

1

Carnosol

330.4239

4.40772

-4.5503

3

2

66.7600

1

1

Table 2: Chemical structure of selected phenolic acids in rosemary ethanolic
Phenolic acids

Chemical Structure

Rosmarinic acid

Carnosic acid

Carnosol
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Bacterial isolates
Escherichia coli
Staphylococcus aureus
Bacillus subtilis
Shigella sp.
Fungal isolates
Candida albicans
Aspergillus sp.

Inhibition zone (mm)
10
24
26
11
Inhibition zone (mm)
26
25

Bacterial and fungal isolates
E. coli
shigella
S. aureus
Bacillus subtilis
Candida albicans
Aspergillus

Table 3: Inhibition zone for rosemary extract against bacterial
and fungal isolates

MIC mg/ml
0.5
0.4
0.4
0.5
0.5
0.4

Table 4: MIC value for bacterial and fungal isolates

different concentrations of rosemary extracts can be used
to determine the IC50 value, which
is defined as the total antioxidant
needed to decrease the initial DPPH
concentration 50%. The reference
compound as Ascorbic acid.
Qualitative of antibacterial and
antifungal activity of rosemary
extract

Figure 1: the DPPH inhibition% for each concentration of
Rosemary extract

Extraction method: To prepare crude extract
to contain phenolic acid, the extraction process was
accomplished by stirring 10g of leaves powder with 100ml
of 50% ethanol for 3h, and the extraction temperature was
65 ℃. The extract was then filtered by using Whatman
number 4 filter paper. Then freed of solvent by evaporation
at room temperature, the dried crude extract was stored at
-20C (KIDO-2018).
Determination of the antioxidant activity of rosemary
extract by radical scavenging activity of the DPPH:
The antioxidant activity of rosemary extract was
measured as a radical scavenging capacity of radical
DPPH. The Erenler et al. 2016 method with a little
modification was followed to accomplish the experiment
(9). 0.5ml of 0.2 mM DPPH methanolic solution was
added to 2.5 ml of the extracts with concentration (12.5200) µg/ml. Then the mixture was shaken vigorously, and
the tubes were enclosed tightly and allowed to stand for
30 min in the dark. Absorbance against blank samples was
measured at 517 nm and compared to the calibration curve
of ascorbic acid. The assay was carried out in triplicate.
The below formula calculated the DPPH radical inhibition
percentage:
% inhibition = [(Control- Test)/control]×100
the plotted graph of scavenging activity against the

The antimicrobial activity
of rosemary crude extract was
estimated qualitatively by using
the agar well diffusion technique.
The concentration of 24 mg/ml was
used as a concentration detector for
antibacterial activity assay Fatima
et al., 2009. Local bacterial and
fungal isolates were tested. The
bacterial isolates include two gram-positive (Bacillus
subtilis and Staphylococcus aureus) and two-gram
negative bacteria (Escherichia coli and Shigella sp.), which
were provided by the microbiology laboratory, Pharmacy
College, Basrah University). In addition to two different
species of fungi, Candida albicans and Aspergillus sp.
(supplied by the central laboratory, Veterinary Medicine
College, Basrah University). To reach the stationary
growth phase, bacteria and fungi were incubated at 37°C
and 25°C, respectively, for 24 h in Nutrient Broth (NB,
Difco, MD, USA). A 108 Colony Forming Unit (CFU) per
ml was achieved by used McFarland 0.5. Cefotaxime (2
mg/ml) was used as a positive control, and pure DMSO was
used as a negative control. Each plate (Mular Hinton agar)
was inoculated with only one microorganism. Three wells
per plate were made using an 8 mm sterile cork borer. The
three wells were inoculated with 100 μl of rosemary extract
solution, positive and negative control, respectively. Then,
bacterial and fungal plates were incubated for 18 h at 37°C
and 25°C, respectively. The diameter of clear zones around
each well was measured, showing no bacterial or fungal
growth (Fatima et al., 2010).
Minimum Inhibitory (MIC) Assay
The minimum inhibitory concentration (MIC)
was obtained by using well diffusion agar as described
by Pereira et al. 2008 with a little modification. Briefly,
Petri dishes containing MH agar were seeded by six
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Phenolic acids
Binding score with PBPs protein
Rosmarinic acids
Carnosic acid
Carnosol
Binding score with OMPA protein
Rosmarinic acids
Carnosic acid
Carnosol

The score of binding (Kcal/mol)
-5.99311018
-5.67873335
-5.67580652
-4.84447241
-4.58120823
-4.50296259

Figure 3: 2D diagram illustrate theoretical interaction from docking software between selected phenolic acids in rosemary extract
and PBPs protein

from the protein data bank.
Crystallographic
properties
of these proteins illustrated in
table 1, Molecular Operating
Environment (MOE software)
was used for docking study,
the energy for each protein was
minimized and (Amber 10)
was used as force field energy
then the suitable active site
was detected for docking with
selected phenolic acids which
download as SDF formate
from PubChem. Lipinski’s
physicochemical
parameters
rule for each selected phenolic
acids showed in table 2 and also
chemical structure illustrated
in table 3 (Bouchentouf et al.,
2019).

Figure 2: Antibacterial and antifungal activity of rosemary

microorganisms (two gram-positive, two-gram negative
bacteria, and two fungi). Eight concentrations (0, 0.1,
0.2, 0.3, 0.4, 0.5, 0.6 and 0.7 mg/mL) of rosemary extract
was tested against these microorganisms. The inoculated
plates were incubated at 37°C for 18-24 hours. Then, the
antimicrobial activity was calculated by measuring the
no-growth zone around each well. The MIC values were
documented as the lowest concentrations of the extract
showing a clear zone. Solvent (DMSO) was used as a
negative control. Positive controls were used for bacteria
(Amin et al., 2013).
Molecular docking study for some phenolic acids in
rosemary extract as antibacterial and antifungal agents
In this study, three phenolic acids in rosemary
extract were chosen (rosmarinic acid, carnosic acid,
and carnosol) (Kuhlmann 2006). Two proteins in grampositive and gram-negative bacteria [3VSL PenicillinBinding Protein 3 (PBP3) and 1BXW Outer membrane
protein A OMPA] (13,14), while for fungi, two proteins
in Candida albicans (1EQC EXO-beta-(1,3)-glucanase)
and Aspergillus fumigates (6IBW Crh transglycosylases)
(Fang et al., 2019; Cutfield et al., 2000) were downloaded

RESULTS AND DISCUSSION
Antioxidant activity of rosemary extract by radical
scavenging activity of the DPPH: In this study, the
antioxidant capacity of rosemary extract was designated
in Figure 1. Which showed the DPPH radical scavenging
activity over the range of (12.5 –200) µg/ml concentration,
and the IC50 of DPPH scavenging activities extracts was
35.45% ± 1.22 µg/ml.
Rosemary extract showed a valuable antioxidant
activity, and that is according to the presence of different
phenolic acids. However, rosemary riches by many active
constituents, but phenolic acids have a particular effect
as antioxidant activity, and this approved by previous
researches, which illustrated that the phenolic compounds
existing in the extracts of rosemary act as primary
antioxidants when reacting with the lipid and hydroxyl
radicals to turn them into stable products, carnosic acid
and carnosol act as potent scavengers of peroxyl radicals.
The antioxidant activity of phenolic acids came from the
presence of hydrogen-donating groups that can react with
oxidants to form resonance-stabilized phenoxyl radicals
and provide antioxidant properties (Liuet al., 2020).
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The interaction between carnosic acid and PBPs
proteins:
The amino acid SER 488 (H-donor) with 3.27 A⁰
distance and energy of -0.6 kcal/mol.

The interaction between carnosol and PBPs proteins:
The amino acid SER 392 (H-donor) with 2.61 A⁰
distance and energy of -2.1 kcal/mol.
The amino acid GLU 623 (H-acceptor) with 3.3 distance
and energy of -1.6 kcal/mol

The interaction between rosmarinic acid and PBPs
proteins:
The amino acid ASP 601 (H-donor) with 2.57 A⁰
distance and energy of -11.5 kcal/mol.
The amino acid SER 392 (Ionic) with 3.77 distance and
energy of -1.0 kcal/mol

Figure 3: 2D diagram illustrate theoretical interaction from docking software between selected phenolic acids in rosemary extract
and PBPs protein

Antibacterial and Antifungal activity of rosemary
extract: Inhibition zone of rosemary extract against
bacterial and fungal isolate illustrated in table 3, and Figure
2 showed the antibacterial and antifungal activity.
Also, table 4 illustrates the minimum inhibitory
concentration for rosemary extract against bacterial and
fungal isolates.
The antibacterial activity of rosemary has been
determined in various assay types such as MIC, many
studies demonstrate the antibacterial activity of rosemary
141

extract is due to the presence of phenolic acids such as
rosmarinic acid, carnosol, and carnosic acid, this compound
interacts with the cell membrane, causing changes in
genetic material and nutrients also produced an interaction
with the membrane of proteins that produced the loss of
membrane functionality and its structure (Nieto et al.,
2018). Antifungal activity of rosemary extract is a moot
case subject and the researches illustrate that phenolic
acids affect the cell membrane of Gram-positive and
Gram-negative bacteria leading to a change in cell surface
hydrophobicity and charge, ultimately causing leakage of
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The interaction between carnosic acid and OMPA
proteins:
The amino acid LEU 79 (H-donor) with 2.88 A⁰ distance
and energy of -0.9 kcal/mol.

The interaction between carnosol and OMPA proteins:
The amino acid 6-ring PHE 51 (H-pi) with 3.67A⁰
distance and energy of -0.9 kcal/mol.

The interaction between rosmarinic acid and OMPA
proteins:
The amino acid MET 53 (H-donor) with 4.20 A⁰ distance
and energy of -1.2 kcal/mol.

Figure 4: 2D diagram illustrate theoretical interaction from docking software between selected phenolic acids in rosemary extract
and OMPA protein

cytoplasmic content, similar effect has been suggested for
the phenolic acids on Candida cytoplasmatic membrane
(Teodoro et al., 2015). The effect on other fungi varies
between phenolic acid type and concentration but the
mechanism of action is due to Phenolics interfere with the
integrity of cell membranes or inhibit the germination of
spores (Ejechi et al., 1999). These results make rosemary
a good replacement for more toxic artificial food additives
as concern over these potentially harmful additives has
grown, so has the demand for natural preservatives such

as rosemary 2017.
Molecular docking study to explain the antibacterial
and antifungal activity of phenolic acids in rosemary
extract
From different poses produced by MOE software,
we chose the best conformation according to the good
binding energy score and suitable interaction with the
selected protein active site. For docking study we select
the most effective phenolic acid as an antimicrobial agent,
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The interaction between carnosic acid and EXO-beta(1,3)-glucanase protein: The amino acid 6-ring TYR 255
(H-pi) with 3.36 A⁰ distance and energy of -1.2 kcal/
mol.
The amino acid 6-ring PHE 258 (H-pi) with 3.94 A⁰
distance and energy of -0.0 kcal/mol.

The interaction between carnosol and EXO-beta-(1,3)glucanase protein: The amino acid 6-ring TRP 363 (H-pi)
with 4.52A⁰ distance and energy of -0.6 kcal/mol. The
amino acid 6-ring PHE 258 (pi-pi) with 3.94 A⁰ distance
and energy of -0.0 kcal/mol.
The amino acid LEU 304 (H-donor) with 2.82 A⁰
distance and energy of -1.7 kcal/mol.

The interaction between rosmarinic acid and EXObeta-(1,3)-glucanase protein: The amino acid GLU292
H-donor with distance 3.03 A⁰ and energy of -15.7
kcal/mol, TYR 255 H-donor with distance 2.81 A⁰
and energy of
-6.1 kcal/mol, GLU192( ionic) with
distance
2.57 A⁰ and energy of -8.1 kcal/mol, GLU
192( ionic) with distance 2.75 and energy of -6.4 kcal/
mol, GLU 292(ionic) with distance
3.93 A⁰ and
energy of -0.7kcal/mol, GLU 292 (ionic) with distance
3.03 A⁰ and energy of
-4.2 kcal/mol, GLU192( ionic)
with distance 3.50 A⁰ and energy of -1.9kcal/mol, GLU
192 ( ionic) 2.76 A⁰ and energy of -6.3kcal/mol, GLU
292 (ionic) with distance
2.92 A⁰ and energy of
-5.0 kcal/mol
Figure 5: 2D diagram illustrate theoretical interaction from docking software between selected phenolic acids in rosemary extract
and EXO-beta-(1,3)-glucanase protein

rosmarinic acids which is effective against many types
of bacteria such as Methicillin-resistant Staphylococcus
aureus (MRSA) which is resistant to all kinds of β-lactams,
threatens even the most potent antibiotics (Ekambaram et
al., 2016). In addition to carnosic acid and carnosol which
are demonstrated by many studies that the antimicrobial
activity against oral pathogens of R. officinalis leaf extract
may be mainly attributed to the presence of these phenolic
acids (Bernardes et al., 20100). To explain the antibacterial
activity of selected phenolic acids we chose two bacterial
proteins in the cell wall which abundant in gram-positive
143

and gram-negative bacteria, Penicillin-Binding-Proteins
(PBPs)
which catalyze the polymerization of the
glycan strand (transglycosylation) and the cross-linking
between glycan chains (transpeptidation), some PBPs
can hydrolyze the last D-alanine of stem pentapeptides
(DD-carboxypeptidation) or hydrolyze the peptide bond
connecting two glycan strands (endopeptidation) (Sauvage
et al., 2008). The other protein is Outer membrane protein
A (OMPA), the function of OmpA is thought to contribute
to the structural integrity of the outer membrane along
with murein lipoprotein and peptidoglycan-associated
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The interaction between carnosic acid and Crh
transglycosylases protein:
The amino acid GLU 123 (pi-H) with 3.49 A⁰ distance
and energy of -0.6 kcal/mol.

The interaction between carnosol and Crh
transglycosylases protein:
The amino acid ASP 121 (H-donor) with distance
2.94A⁰ and energy of -0.7 kcal/mol.

The interaction between rosmarinic acid and Crh
transglycosylases protein:
The amino acid GLU 119 H-donor with distance 2.82 A⁰
and energy of -13.3 kcal/mol
The amino acid 5-ring TRP 207 pi-pi with distance 3.91
and energy of -0.0

Figure 5: 2D diagram illustrate theoretical interaction from docking software between selected phenolic acids in rosemary extract
and Crh transglycosylases protein

lipoprotein (Wang 2002). Each selected phenolic acids have
a good interaction with (PBPs) and (OMPA) proteins which
explain the biological activity of rosemary extract in Figure
3,4 and Table 5. To demonstrate the antifungal activity
we chose two fungal proteins EXO-beta-(1,3)-glucanase,
beta-1,3-glucanases are of great importance, since the
major structural component of the fruiting body cell wall
is a beta-1,3-glucan, beta-glucanases are believed to play
significant roles in the autolysis of cell-wall involved in
morphogenesis, the metabolism of cell-wall components,
and the maintenance of an energy source for cell survival

under conditions of nutritional depletion (Fukuda et al.,
2008). The other fungal protein is Crh transglycosylases
which responsible for Covalent cross-links between chitin
and glucan at the fungal cell wall (Blanco et al., 2015).
Each selected gives a good interaction with these proteins
which gives the antifungal activity of the rosemary extract
Figure 5,6 and Table 6.
CONCLUSION
Rosmarinus officinalis L. form a good source for
many phenolic acids; in this research the most popular
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(rosmarinic acid, carnosic acid, and carnosol) were chosen
because these phenolic acids have good antioxidant
activity and attribute to biological activity against bacteria
and fungi and this approved in docking study which
demonstrates a good binding energy score with bacterial
and fungal proteins.
REFERENCES
Carović-Stanko K, Petek M, Grdiša M, Pintar J, Bedeković
D, Ćustić MH, et al. Medicinal plants of the family
lamiaceae as functional foods-A review. Czech J Food Sci.
2016;34(5):377–90.
German T, Mekonnen M, Mengesha M, Philiphos M.
Rosemary Production and Utilization. 2016;(January):27.
Available
from:
https://www.researchgate.net/
publication/313030290_Cultivation_Processing_and_
Utilization_of_Rosemary_Rosemarinus_officinalis_L
de Macedo LM, Dos Santos ÉM, Militão L, Tundisi LL, Ataide
JA, Souto EB, et al. Rosemary (Rosmarinus officinalis L.,
syn salvia rosmarinus spenn.) and its topical applications: A
review. Plants. 2020;9(5):1–12.
Nieto G, Ros G, Castillo J. Antioxidant and Antimicrobial
Properties of Rosemary (Rosmarinus officinalis, L.): A
Review. Medicines. 2018;5(3):98.
Robbins RJ. Phenolic acids in foods: An overview of analytical
methodology. J Agric Food Chem. 2003;51(10):2866–87.
Arceusz A, Wesolowski M, Konieczynski P. Methods for
extraction and determination of phenolic acids in medicinal
plants: A review. Nat Prod Commun. 2013;8(12):1821–9.
Al Jitan S, Alkhoori SA, Yousef LF. Phenolic Acids From Plants:
Extraction and Application to Human Health [Internet].
1st ed. Vol. 58, Studies in Natural Products Chemistry.
Elsevier B.V.; 2018. 389–417 p. http://dx.doi.org/10.1016/
B978-0-444-64056-7.00013-1
KIDO H. Rosemary Extract. Oleoscience. 2004;4(10):409415,400.
Erenler R, Sen O, Aksit H, Demirtas I, Yaglioglu AS, Elmastas
M, et al. Isolation and identification of chemical
constituents from Origanum majorana and investigation
of antiproliferative and antioxidant activities. J Sci Food
Agric. 2016;96(3):822–36.
Fatima N, Zia M, Riaz-ur-Rehman, Rizvi ZF, Ahmad S, Mirza B
CM. Biological activities of Rumex dentatus L: Evaluation
of methanol and hexane extracts. Afr J Biotechol.
2009;8(24):6545-6551.
Amin Abedini, 1, 2 Vincent Roumy, 1, 2 Séverine Mahieux, 1,
3 Murielle Biabiany, 4 Annie Standaert-Vitse, 1, 5 Céline
Rivière, 1, 2 Sevser Sahpaz, 1, 2 François Bailleul, 1, 2
Christel Neut , 1 3 and Thierry Hennebelle. Rosmarinic
Acid and Its Methyl Ester as Antimicrobial Components
of the Hydromethanolic Extract of Hyptis atrorubens
Poit. (Lamiaceae). Hindawi/Evidence-Based Complement

Altern Med [Internet]. 2013
Kuhlmann A, Röhl C. Phenolic antioxidant compounds produced
by in vitro cultures of rosemary (Rosmarinus officinalis)
and their anti-inflammatory effect on lipopolysaccharideactivated microglia. Pharm Biol. 2006;44(6):401–10.
Pautsch A, Schulz GE. Structure of the outer membrane protein A
transmembrane domain. Nat Struct Biol. 1998;5(11):1013–
7.
Yoshida H, Kawai F, Obayashi E, Akashi S, Roper DI, Tame
JRH, et al. Crystal structures of penicillin-binding protein
3 (PBP3) from methicillin-resistant staphylococcus aureus
in the Apo and cefotaxime-bound forms. J Mol Biol
[Internet]. 2012;423(3):351–64. Available from: http://
dx.doi.org/10.1016/j.jmb.2012.07.012
Cutfield JF, Sullivan PA, Cutfield SM. Minor structural
consequences of alternative CUG codon usage (Ser for
Leu) in Candida albicans exoglucanase. Protein Eng.
2000;13(10):735–8.
Fang W, Sanz AB, Bartual SG, Wang B, Ferenbach AT, Farkaš
V, et al. Mechanisms of redundancy and specificity of the
Aspergillus fumigatus Crh transglycosylases. Nat Commun.
2019;10(1):1–10.
Bouchentouf S, Missoum N. <strong>Identification of Compounds
from <em>Nigella Sativa </em>as New Potential Inhibitors
of 2019 Novel Coronasvirus (Covid-19): Molecular
Docking Study</strong>. 2020;(April).
Liu J, Du C, Beaman HT, Monroe MBB. Characterization of
Phenolic Acid Antimicrobial and Antioxidant Structure –
Property Relationships. 2020;
Teodoro GR, Ellepola K, Seneviratne CJ, Koga-Ito CY. Potential
use of phenolic acids as anti-Candida agents: A review.
Front Microbiol. 2015;6(DEC):1–11.
Ejechi BO, Nwafor OE, Okoko FJ. Growth inhibition of
tomato-rot fungi by phenolic acids and essential oil
extracts of pepperfruit (Dennetia tripetala). Food Res Int.
1999;32(6):395–9.
H R. Rosmarinus officinalis (Rosemary): A Novel Therapeutic
Agent for Antioxidant, Antimicrobial, Anticancer,
Antidiabetic, Antidepressant, Neuroprotective, AntiInflammatory and Anti-Obesity Treatment. Herb Med Open
Access. 2017;03(02):1–6.
Ekambaram SP, Perumal SS, Balakrishnan A, Marappan N,
Gajendran SS, Viswanathan V. Antibacterial synergy
between rosmarinic acid and antibiotics against
methicillin-resistant staphylococcus aureus. J Intercult
Ethnopharmacol. 2016;5(4):358–63.
Bernardes WA, Lucarini R, Tozatti MG, Souza MGM, Andrade
Silva ML, Da Silva Filho AA, et al. Antimicrobial
activity of Rosmarinus officinalis against oral pathogens:
Relevance of carnosic acid and carnosol. Chem Biodivers.
2010;7(7):1835–40.

145

Yasaar Abdul-Hussain Al.Harba, Sabaa Ali Mohammed Al.Fadal and Ula Mohammed Noor

Sauvage E, Kerff F, Terrak M, Ayala JA, Charlier P. The penicillinbinding proteins: Structure and role in peptidoglycan
biosynthesis. FEMS Microbiol Rev. 2008;32(2):234–58.

glucanase from the fruiting body of the edible mushroom
Enoki (Flammulina velutipes). Biosci Biotechnol Biochem.
2008;72(12):3107–13.

Wang Y. The function of OmpA in Escherichia coli. Biochem
Biophys Res Commun. 2002;292(2):396–401.

Blanco N, Sanz AB, Rodríguez-Peña JM, Nombela C, Farkaš
V, Hurtado-Guerrero R, et al. Structural and functional
analysis of yeast Crh1 and Crh2 transglycosylases. FEBS
J. 2015;282(4):715–31.

Fukuda K, Hiraga M, Asakuma S, Arai I, Sekikawa M, Urashima
T. Purification and characterization of a novel exo-β-1,3-1,6-

146

