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Abstract

The present study was undertaken to investigate the susceptibility patterns as antifungal and growth of certain
D-amino acids inhibitory effects, includes D-alanine(D-ala) and D-proline (D-pro). The obtained results
indicated that D- proline acid is potent mostly as antifungal, among tested D-amino acids, then followed
by D-ala. The study aim was evaluating the of D-amino acids and nanoparticles against Candida albicans
adhered cells and bio-films. Results showed that D-ala MIC value was 25 pg/ml, while in methods of TCP,
(D-pro) MIC 50 pg/ml value. Nanoparticles (lithium and silver) and amino acids (D-pro and D-ala) effect
in preventing cells adhesion on polystyrene surface and mature bio-film inhibition was studied. Highest
inhibition was obtained at D-pro concentration 50 pg /ml, while the lowest at concentration D-ala 25 pg /ml

against mature bio-film and cell adhesion.
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Introduction

Candida considered as part of human body normal
flora that colonize different anatomical sites i.e. digestive
tract, oral cavity, skin and vagina !. Candidacies are
the cases where local change in the environment or
debilitation of host take place and encourage overgrowth
of Candida resulting in candida infection 2. Candida
species pathogenicity is reasoned to certain factors
being virulence, i.e. adherence, evades host defenses
ability, bio-film formation (on medical devices and on
host tissue 3. Candida species ability for forming bio-
films drug-resistant is significant factor in their human
disease contribution. Drug resistance progression
within Candida bio-films correlated with a parallel
elevation in process of maturation* Resistant strains
increase necessitates new targets search for new agent

as antifungal >

In all life kingdoms, amino acids are basically
found in L-enantiomeric form. Nevertheless, D-amino
acids significant amounts are bacteria produced; as

% In

major D-amino acids producer at ecosystem
peptidoglycan cross-linking 7. In recent years, D-amino
acids are releasing via various species of bacteria in the

growth stationary phase and behave as agents controlling

modification and assembly of cell wall &,

Nanoparticles for many years have been known
for its importance as antimicrobial broad-spectrum
activity against bacteria of G+ and G-, protozoa, certain
viruses, and fungi °, including antibiotic-resistant strains
10 Ag, as agent being antimicrobial, is utilized in burn
treatments, creams, wound dressings, and as coatings on

various devices in medicine !

Material & Method

The Candida isolate from different sources were
isolated and identified. All samples were cultured on
agar of Sabouraud Dextrose then were aerobically
incubated for 24-48 h at 37 °C '2. Isolated of Candida
were identified based on features of morphology on
culture media, formation of germ tube, formation of
Chlamydospore, CHRO Magar '3 and along Vitek 2
compact system utilizing '* Bio-film formation by
Candida spp. isolates 1>

Nanoparticles preparation

Nanoparticles in de-ionized water were insoluble

based on producer '°.

Amino acids (D-ala and D-pro) Minimum
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Inhibitory Concentrations Determination '>17:

Preparation of D-ala and D-pro was done for
determining planktonic cells MIC. Solution of 1 M as
stock for every amino acid was prepared in D.W. These
solutions were filter-sterilized via membranes passage
through of 0.45 mm (Billerica, MA. USA). Such were
prepared to obtain various molarities for every amino
acid, beginning with 100 pg/ml and following dilution
series were preformed with the media till concentrations
point ending. Tests of MIC were preformed in ninety six
plate’s flat bottom micro-titer (TPP, switerland). With
hundred ml broth of Mueller-Hinton, every test well was
filling. Addition of 100 pl of solution as stock to 1% test
well and mixing, then dilutions series was applied across
the plate after that ten pl of microorganism liquid of
(Candida albicans isolate) was applied for inoculating
every plate well of micro-titer to reach a final size
of inoculums 1.5 x 108 CFU/ml well with culture
overnight. Fungi inoculums along broth of Mueller-
Hinton but with no a.a. treatment were considered as
positive controls growth, while D-amino acid without
inoculums considered as negative controls. Under same
conditions of experiment, all wells as control were
prepared and incubated where plates incubated at 37C°
for 48 hr. Wells were tested via naked eye for growth
of microbes. MIC values were described as the lowest
concentration of D —amino acid inhibiting microbial
growth of 80%, comparing to positive and negative
controls, and growth of microbes in wells as turbid was
detected. Determination of MIC in triplicate was done.

Effect of combination of (D-ala and D-pro) and
Nanoparticles(Ag and LiO,) on the adherent cells
and mature biofilm as treatment .

Bio-film assays formation were done utilizing 96
micro-titer well plate, according to protocols of 131819,
with minor modifications. Briefly C. albicans isolate
were cultured overnight in SD Broth and dilution
preformed to the resulting culture as 1:100 (SDB + 1%
w/v glucose). Suspensions of cells (two hundreds pL)
were poured in every well and incubation at 37°C for
48 h was preformed, after bio-film formation for 48 h.
Every well of plate micro-titer was filled with hundred
ml of media and hundred pl of D-pro fifty pg/ml and
D-ala twenty five pg/ml, whereas well of control no
amino acids were added. Every concentration for each
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tested amino acid was triplicate assayed. Incubation for
plates was preformed for 24 h at 37 °C. The fungi as
planktonic were taken away via dish shaking over tray of
waste loaded by sterile D.W. Solution (crystal violet) of
0.1% w/v subsequently was added to every well where
plates were stand for staining at room temperature for 10
min. Solution (crystal violet) was taken away through
plate submerging in tray of water. Inverting to plates was
done and on paper towels was topped to take away liquid
as excess and left for air drying. Ethanols of 95% v/v
applied to wells stained at room temperature for 10 min
for dye solubility. Suspension of fungi in every well was
well mixed and its OD was read at 490 nm at micro-plate
reader. Also the effect of mixing 25 ug/ml of D-ala with
twenty five pg/ml of Lio2, fifty pg/ml silver and fifty
pug/ml D-pro with twenty five pg/ml of Lio2, fifty pg/ml
silver were prepared by loaded 50 pl of each amino acid
and nanoparticle with 100 pl of medium after biofilm
formation for 48 h and the other steps were the same.

Statistical Analysis

The experiments in the current study was designed
as factorial experiments (2x6), every combination
treatment was replicated 3 times. By SPSS 2010 program,
Duncan Multiple test and ANOVA were applied to show
differences among means at (p < 0.05).

Result and Discussions

D-alaand D-pro Minimum Inhibitory Concentrations
(MIC,) Determination

Table (1) expresses values of MIC for D-amino
acids in respect to isolate of C. albicans. D-proline MIC
was 50 pg/ml. The MICs for D-alanine was 50 pg/ml

Table (1): (D-ala and D-pro) MIC means against
isolate of C. albicans.

Plate tissue culture (ng/
Substance ml)
(MICs)
D-alanine 25
D-proline 50
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values of MIC for D-lysine and D-alanine were 18
and 39 pg/mL!' 2% In other study, %! recorded D-isomers
antifungal activities, L-isomers with no detectable
activity against species under test (MIC more than two
hundreds pg/uL). D-lys as one among D-amino acids
tested revealed activity as highest against Candida
albicans with a 6 pg/uL value of MIC. Least species
susceptibility was Candida glabrata of treatment to
mostly D-amino acids. Growth of Candida krusie
was extensively mostly inhibited via D-lys then by
D-ala, while considerable D-ser higher concentration
was required for growth inhibiting all species tested
of Candida. 1t is obvious, D-pro exhibit no significant
activity as anticandidal against tested species.

Antimicrobial peptides affect dendrites’ cells

recruitment and inflammation, thus immune response
modulating >>23; some AMPs can induce apoptosis **.
Limited studies were reported regarding ultra-structural

level of D-amino acids effect with fungal cells. It was
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proposed that C.albicans exposure to D-amino acids
yield membrane changes significant, cell surface pits
formation and ultimately poress formation and death of
cell?.

Effect of combination of (D-ala and D-pro) and
Nanoparticles(Ag and LiO,) on the adherent cells
and mature biofilm as treatment .

Highest mature bio-film and adherent cells were
(70.714 and 52.848) % in D-Pro(conA) acid of 50 pg/
ml with high differences of significant comparing to
other concentrations which of no significant against
mature bio-film and planktonic cells. Although the
lower percentage value (52.509) of mature bio-film
and adherent cells, inhibition was noticed for isolate of
C.albcans at combination D-amino acids (Ag50+AL25)
pg/ml of sub-MIC and sub-MIC of nanoparticles(Ag),
respectively, Tabel(2),fig(1)

Table (2): Effect of combination of (D-ala and D-pro) and Nanoparticles(Ag and LiO,) on the adherent cells
and mature biofilm.

Least Significant Difference

Significant Difference at p < 0.05

Non Significant Difference
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Figure(1): Effect of combination of (D-ala and D-pro) and Nanoparticles(Ag and LiO,) on the adherent cells
and mature biofilm

Observed report showed that in assay of bio-film,
both L- and D- Asp, Glu, and Cys enantiomers with
40 mM concentration inhibit significantly formation
of S. mutans bio-film, where other A.A. not. Asp and
Cys anti-bio-film activity were higher than of Glu. At
20 mM concentration, Glu significantly did not prevent
formation of bio-film, 2 The reported that D-aspartic
acid inhibitid biofilm formation on tissue culture plates
similar to 27, which observed that the high concentration
above (10mM) inhibited the growth of staphylococcus
aeureus planktonic cells. In recent years, D-amino
acids proved to have significant roles in regulating
disassembly and bacterial bio-films formation, and
might express bio-film prevention general strategy 283,
Hassan et al.(2013) stated that results obtained revealed
the Ag-NPs MIC50, Grisofulvin and Itraconazole on 7.
mentagrophytes and C. albicans which were (8+0.18) ug/
ml, (4+0.25) pg/ml and (24+0.10) pg/ml respectively, on
C. albicans. Such result confirms requiring investigation
agents as alternative or drugs combinations, i.e. SN
use with drugs as antifungal. Combinations use along
lower concentrations drug able to elevate efficacy of
drug and minimize drugs adverse effects 3!. Based on
SN effect yeast cells via membranes attacking, hence
membrane disruption potential. Such authors noticed,
via microscopy as transmission electron, pits formation
on the C. albicans membrane surfaces and ultimately
pores formation and subsequent death of cell.??
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