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Abstract

The aim of this study was to evaluate the effect of photoactive-dye (5- aminolevulinic acid) in inhibition
of Streptococcus mutans and Streptococcus sobrinus by using different light emitting diode wavelengths
(Red light 635 nm and Blue light 440 nm). The minimum inhibitory concentration and minimum
bactericidal concentration was determined by using 96-well plate in a dark room. The result of the study
exhibited that both types of bacteria were inactivated but at different concentration, the S. mutans was
inhibeted at 64.5 mM whereas, the S. sobrinus show inhibition at 32.25 mM, both types of light were
capable to activating the 5- aminolevulinic acid and lead to significant reduction in Mutans Streptococci
and Sobrinus Streptococci. But the Mutans Streptococci need more concentration to be in activated this
may be due to the type of bacterial gene.
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Introduction
Photodynamic therapy, also known as PDT, combines the use
of non-toxic photosensitizing dyes with a visible light of
appropriate wavelength [1]. Photosensitive substances absorb
energy from light and become activated, producing highly
reactive oxygen species, which results in cell damage and cell
death [2].

In dentistry, PDT has been investigated for the treatment of
oral infections, such as caries, pulpitis, and periodontal disease,
mucosal and endodontic infections [3]. Photodynamic therapy
is of great interest in the field of dentistry, due to antibacterial
effect, including the effectiveness against oral microorganisms
related to dental caries [4]. In the past, dentistry was concerned
about the load of bacteria that remained after cavity
preparation, in order to avoid secondary caries development.
The recommendation was to remove all carious dentin.
However, subsequent research has shown that the influence of
microorganisms on the development of secondary caries under
these circumstances is not such an important determining
factor [5]. Nevertheless, the infected dentin, which is infected
and incapable of mineralization, should be removed to prevent
pulp inflammation and potential pulp exposure in deep
cavities. In addition to this, the presence of infected dentine
decreases the adhesion properties of the restorative materials,
reducing the retention of sealing material [6,7]. Therefore, the
use of PDT reduces the number of microorganisms and

subsequently reduces the chance of pulp inflammation, as well
as reduces the potential loss of restorative sealant [7].

According to the Global Burden of Disease 2010 study,
untreated dental caries in permanent teeth is the most prevalent
disease across the globe, affecting 2.4 billion people, while
untreated dental caries in deciduous teeth was found to be the
tenth-most prevalent condition, affecting 621 million children
worldwide [8]. Dental caries is defined as the “ localized
destruction of susceptible dental hard tissues by acidic by-
products from bacterial fermentation of dietary carbohydrates”
[9]. Hence, dental caries is considered as a highly dynamic
process on the tooth surface with the cariogenic biofilm
representing the vital driving force [10]. According to that
among Mutans streptococci (MS), Streptococcus mutans and
Streptococcus sobrinus were the most isolated microorganisms
from the majority of human dental caries [11]. It is well known
that dental caries is a multifactorial disease and the
heterogeneity among the members of MS is one of the prime
factors in the initiation of the disease, the detection of S.
sobrinus species in high caries incidence subjects was often
correlated with high caries activity, though higher prevalence
rates of S. mutans was reported [12].

In the researches, a photoactive dye, called a photosensitizer, is
taken up into cells and is irradiated with light of an appropriate
wavelength. This may result in cell death through the
production of active oxygen species [13].
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It has been known since the beginning of the last century that
micro-organisms can be killed by the combination of dyes and
light, but the interest in antimicrobial PDT was hampered by
the introduction of antibiotics. In recent years, the emergence
of antibiotic-resistant strains, such as methicillin-resistant
Staphylococcus aureus and vancomycin-resistant Enterococcus
faecalis, stimulated a search for alternative treatments. PACT
has the potential to be such an alternative, especially for the
treatment of localized infections of the skin and the oral cavity.
Micro-organisms that are killed by PACT include bacteria,
fungi, viruses, and protozoa. The development of resistance to
PACT appears to be unlikely, since, in microbial cells, singlet
oxygen and free radicals interact with several cell structures
and different metabolic pathways. PACT is equally effective
against antibiotic-resistant and antibiotic-susceptible bacteria,
and repeated photosensitization has not induced the selection
of resistant strains [14]. It has been known since the beginning
of the last century that micro-organisms can be killed by the
combination of dyes and light, but the interest in antimicrobial
PDT was hampered by the introduction of antibiotics. In recent
years, the emergence of antibiotic-resistant strains, such as
methicillin-resistant Staphylococcus aureus and vancomycin-
resistant Enterococcus faecalis, stimulated a search for
alternative treatments. PACT has the potential to be such an
alternative, especially for the treatment of localized infections
of the skin and the oral cavity. Micro-organisms that are killed
by PACT include bacteria, fungi, viruses, and protozoa. The
development of resistance to PACT appears to be unlikely,
since, in microbial cells, singlet oxygen and free radicals
interact with several cell structures and different metabolic
pathways. PACT is equally effective against antibiotic-resistant
and antibiotic-susceptible bacteria, and repeated
photosensitization has not induced the selection of resistant
strains [14].

5-Aminolevulinic acid (ALA) itself is not a photosensitizer but
serves as the biological precursor of the photosensitizer,
protoporphyrin IX (PpIX), in the heme biosynthesis pathway.
When 5-ALA is topically applied on the oral lesions or
systemically administrated by the patients, the lesion epithelial
cells and results in accumulation of relatively high
concentration of PpIX in these cells will absorb it [15].

The aim of this study was to assess the effect of 5-
Aminolevulinic acids in inhibition of S. mutans and S. sobrinus
and determine the minimum concentration that can inhibit the
bacterial growths.

Materials and Methods

Isolation and identification of the mutans streptococci
species
The process of isolation and identification of the Mutans
streptococci species (Streptococcus mutans and Streptococcus
sobrinus) were performed according to a protocol developed
and reported by Villhauer et al. [16]. Briefly, the protocol
includes preliminary identification based on colony
morphology on selective agar media (SB-20M) followed by

polymerase chain reaction (PCR) confirmation for species
identification using primers targeting specific regions of the
glucosyltransferase (gtf) genes of Streptococcus mutans (SM)
and Streptococcus sobrinus (SS). This method of isolation and
identification was found to be highly accurate, more rapid than
the previous methodologies used and easily learned, and
resulted in more efficient use of both time and material
resources. The SB-20M agar medium was selected for
identification of the Mutans streptococci species because of the
distinctive colony morphologies seen that allow for
distinguishing between SM and SS colonies [17].

Whole mouth plaque samples were collected from volunteer
patients at the Pedodontics clinic (College of Dentistry/
University of Sulaimani) by swabbing all smooth surfaces of
the dentition with sterile cotton swabs on a wooden steak [16].
The head of the cotton swabs were cut into sterile 10 ml plastic
tubes containing sterile 5 ml Phosphate-buffered saline (PBS)
solution (pH=7.4). The plaque samples were vortexed for 30
seconds to disperse the plaque microorganisms and release the
bacteria into the PBS solution and aliquots of 25 μl volumes
from the plaque samples were transferred to the SB-20M
medium and incubated for 72 Hours in an anaerobic condition
using anaerobic jar and anaerobic gas generator. Suspected
colonies of mutans streptococci were sub-cultured on the same
media and in the same anaerobic condition to get pure isolates
of the microorganisms.

SM and SS isolates were streaked from the SB-20M agar to
Tryptic Soy agar (TSA; Oxoid, UK) and incubated
anaerobically. When sufficient growth was obtained, a rapid
DNA extraction method was used to obtain DNA from all MS
isolates. A colony PCR procedure was performed for bacterial
DNA identification at MegaGene Lab (Harem Private Hospital,
Sulaymaniyah, Iraq). Bacterial DNA were released by boiling a
bacterial colony in 50 μl distilled deionized water (dd H2O:
GeNet Bio, Korea) for 3 minutes at 95°C. Five microliters (5
μl) from this suspension was mixed with 2 μl forward primer
(~5-10 pmol/μl), 2 μl reverse prime (~5-10 pmol/μl), and 10 μl
of Prime Taq Primix (GeNet Bio, Korea) for performing the
PCR procedure. Prime Taq 2X Primix (GeNet Bio, Korea)
composed of: Prime Taq DNA Polymerase 1 unit/10 μl, 2X
reaction buffer, 4 mM MgCl2, enzyme stabilizer, sediment,
loading dye, pH 9.0 and 0.5 mM each of dATP, dCTP, dGTP,
dTTP. DNA amplification was performed in a PCR thermal
cycler under the following conditions: initially 5 min at 95°C,
followed by 30 cycles of denaturation at 95°C for 30 seconds,
annealing at 55°C for 30 seconds, and elongation at 72°C for 1
min, ending with 5 min at 72°C (Oho et al., 2000). Amplified
PCR products were electrophoresed on a 1.5% agarose gel and
stained with ethidium bromide. Gel images were captured
using a UV transilluminator and digital camera.

Based on the results reported by Villhauer et al. [16] on several
primers sets from different studies, the following primers
reported by Oho etal (2000) performed better with minimal
false positive or false negative results when used to compare
for identification of clinical and type strains of Mutans
streptococci. Streptococcus mutans (gtfB-F:5 ′ -
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ACTACACTTTCGGGTGGCTTGG-3 ′  and gtfB-R:5 ′ -
CAGTATAAGCGCCAGTTTCATC-3′) with 517 bp amplicon
size and 55°C annealing temperature

and for Streptococcus sobrinus (gtfI-IN-F:5 ′ -
TGGTATCGTCCAAAATCAATCC-3 ′  and gtfI-IN-R:5 ′ -
AGATTTGCAGTTGGTCAGCATC-3′) with 664 bp amplicon
size and 55°C annealing temperature (Oho et al., 2000). Since
these two species are closely related microorganism, we opted
to cross check every sample for both microorganisms to rule
out the possibility of mixed colonies.

Preparation of ALA solution
A stock solution of 10 Molar (M) ALA was prepared by
dissolving ALA in 0.1 M PBS (pH 7.4) prior to the experiment.
The ALA stock and diluted solutions were used within 2 hours
after the preparation to ensure its stability.

Bacterial strains and growth conditions
This study was conducted with Strreptococcus mutans and
Streptococcus sobrinus (clinically isolated strains) as seen in
Figure 1. The strains were grown in Brain heart infusion broth
separately for 24 hours at 37°C in atmosphere 10% CO2
controlled by a low-temperature incubator (LE-509; YIH DER
Instruments, Taipei, Taiwan).

Figure 1. Brain heart infusion agar inoculated with S. sobrinus and
S. mutans.

The broth cultures were then spread on BHI agar medium and
then incubated at 37°C for 24 hours. This incubation process
was repeated for three times to produce the bacterial strains
containing approximately 108 colony-forming units (CFU)/
mL .

Photodynamic inactivation (PDI) of bacterial cells
For PDI, bacterial cells in the broth cultures were centrifuged,
washed three times with PBS, and then suspended in PBS to
obtain a cell suspension about 108 CFU/mL. Aliquots of
suspensions (0.4 mL) of ALA (10 M) added to 3.6 mL of BHI
broth and 1:100 bacteria was added for each type of bacteria
separately, double fold dilution method were done in nine
prepared BHI broth each of the 9 remaining tubes contain 2
mL after adding 2 mL from first tube (that contain 0.4 ml of
ALA and 3.6 ml of BHI and bacteria) till the last tube and
discarding 2 mL from the last one, and then 0.2 mL of each

tube then transferred into 96-well plates three wells were used
for each diluted stock is shown in Figure 2.

Figure 2. Double fold dilution for both S. mutans and S. sobrinus.

Samples were incubated for 60 minutes in the dark and then
irradiated at room temperature (25°C).

Since two 96-well plates were used and for each types of
bacteria S. mutans and S. sobrinus, Three wells are used with
the same concentration (triplicate), the first 96-well plate were
irradiated with red light LED, the second 96-well plate were
irradiated with blue light each for 30 seconds is shown in
Figure 3.

Figure 3. 96-well plate (A, B, C) raw contain replica of S. mutans, (F,
G, H) raw contain replica of S. sobrinus.

The light source used for ALA irradiation consisted of a light-
emitting diode (LED) array with the wavelength centered at
635 nm for 30 seconds, with an irradiance set as required light
doses . The irradiated bacterial cells were incubated for an
additional 18 hours at 37°C.

The second 96 well plates were irradiated with LED with 440
nm wavelengths for 30 seconds also; the irradiated bacteria
were incubated also for 18 hours at 37°C.

After incubations for 18 hours a lop full was taken from the
well that showed complete inhibition and compare it with one
well before and wells after it, and put on BHI agar plate (three
plates were used for each well) to shows bacterial survival rate
and to check the that the ALA at which concentration can
completely inhibit the bacteria and after that we put it in
incubator for 24 hours.

Evaluation of 5-aminolevulinic acids induced photodynamic inactivation on Streptococcus mutans and Streptococcus
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Results
Since all the plates (96-wells) were evaluated by using
Microplate Autoreader and by naked eyes of two observers to
determine the effect of different concentration of ALA on both
types of bacteria and to determine the effect of different light
(blue and red lights). Both plates’ shows bacterial inhibition at
certain concentration of the photoactive dye, after observations
by naked eyes, as some wells show non-bacterial growth or
there were no any turbidity when examined by two observers’
when comparing with the wells before or after, From each
these wells a lop full where taken and triplicated on BHI agar
and incubated at 37°C for 18 hours, after that the growths of
both types can be analysed by colony growths in the incubated
plates.

Streptocoocus mutans can be inhibited at a concentration 62.5
millimolar (mM) of ALA, whereas Streptococcus sobrinus can
be inhibited at 31.25 mM. For Streptococcus mutans 31.25 mM
showed little bacterial growth or very little colonies and 125
mM showed complete bacterial inhibition. However, S.
sobrinus showed little bacterial growth or colony at 15.6 mM
and no growth at 62.5 mM as predicted in the Tables 1 and 2.

Table 1. Concentration of 5-ALA that can inhibit the bacterial growth.

Type of bacteria
Little bacterial

growth

No bacterial

growth

No bacterial

growth

Streptococcus mutans 31.25 mM 62.5 mM 125 mM

Streptococcus sobrinus 15.6 mM 31.25 mM 62.5 mM

Table 2. Concentration of 5-ALA that shows show little bacterial and non-bacterial growth in activation light.

Type of bacteria Activation light Concentration of 5-ALA shows
little bacterial growth

Concentration of 5-ALA shows
Non- bacterial growth

Concentration of 5-ALA
shows bacterial growth

Streptococcus mutans Red (LED) light 635 nm 31.25 mM 62.5 mM 125 mM

Streptococcus mutans Blue (LED) light 440 nm 31.25 mM 62.5 mM 125 mM

Streptococcus sobrinus Red (LED) light 635 nm 15.6 mM 31.25 mM 62.5 mM

Streptococcus sobrinus Blue (LED) light 440 nm 15.6 mM 31.25 mM 62.5 mM

All plates (Red light and blue light irradiated plates) showed
that both types of bacteria could be inhibited at the same
concentration even if different light wavelengths were used for
activation of the photoactive dye in different plates as seen in
Figures 4-8.

Discussion
This study evaluated particularly the minimum concentration
of 5-ALA that can inhibit the growth both strains of clinically
isolated S.mutans and S.sobrinus.

Significant decrease on the viability of microorganisms was
observed when both strains exposed to different light source
(blue light 440 nm and red light 635 nm), both types of
bacteria showed significant inhibition, when ALA was applied
with two light source, because of reactive oxygen species
(ROS), such as singlet oxygen and free radicals, which are
cytotoxic to bacterial cells [18]. ROS can cause bacterial lethal
injury by means of damage to assorted range of target, mainly
bacterial DNA, and the cytoplasmic membrane [19].

However, there was significant difference between the
concentrations of ALA that can inhibit both types of bacteria.

S. mutans can be killed at the concentration higher than that of
S. sobrinus, and this may be related to the type of bacteria.
Furthermore, this investigation found a significant reduction in
the viable numbers of S. mutans and S. sobrinus after
photosensitization, which is significant, as these species are
amongst those reported to be most highly associated with
caries in humans [20].

Figure 4. A lop full of 96 well after incubation for 24 hours in
incubator shows bacteria colonies for concentration that could not
completely inhibit the bacterial growth and no colonies for whose
that completely inhibit it is growth.

Dental caries may be a disease well suited to photosensitization
therapy. Caries is often a localized infection, and so the
sensitizer could be applied to the lesion by means of a syringe
and the light could then be delivered via an optical-fibre [21].

If bacteria within carious lesions could be eradicated by
photosensitization in vivo, there would be beneficial
consequences for dental health. Infected or damaged dentine
could be better preserved, thereby making patient treatment
easier (for both dentist and patient) by enabling lesions to be
restored with minimal tissue removal, and improving the long-
term prognosis for the repaired tooth [22-25].

In addition, the option of a LED light instead of a laser light
has obvious financial advantages when compared with
photosensitization using conventional lasers. Furthermore, the
large band emission of an LED (440 nm–635 nm) may be
interesting, as there is light emission in the entire absorption
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spectrum of ALA (635 nm), which may promote optimization
of the photodynamic process.

Figure 5. Streptococcus mutans irradiated by Red (LED) light 635
nm.

Figure 6. Streptococcus mutants irradiated by Blue (LED) light 440
nm.

Figure 7. Streptococcus sobrinus irradiated by Red (LED) light 635
nm.

Figure 8. Streptococcus sobrinus irradiated by Blue (LED) light 440
nm.

Conclusion
In conclusion using ALA can inactivate both types of bacteria,
but at different concentrations. In addition, further study
needed to evaluate it is effect on other type of bacteria that
induces dental caries since different type of bacteria involved
in development of carious lesion. Also in vivo study should be
carried out to determine it is effect inside the oral cavity.
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