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22
23 SUMMARY:
24 Here, we present a protocol to assess the outcome of red light application on the growth of
25  Candida albicans biofilm. A non-coherent red light device with the wavelength of 635 nm and
26  energy density of 87.6 J-cm™ was applied throughout the growth of Candida albicans biofilms for
27 48h.
28
29  ABSTRACT:
30 Here, we present a protocol to assess the outcomes of per diem red light treatment on the
31 growth of Candida albicans biofilm. To increase the planktonic growth of C. albicans SN425, the
32  inoculums grew on Yeast Nitrogen Base media. For biofilm formation, RPMI 1640 media, which
33  have high concentrations of amino acids, were applied to help biofilm growth. Biofilms of 48 h
34  were treated twice a day for a period of 1 min with a non-coherent light device (red light;
35 wavelength = 635 nm; energy density = 87.6 J.cm?). As a positive control (PC), 0.12%
36 chlorhexidine (CHX) was applied, and as a negative control (NC), 0.89% NaCl was applied to the
37  biofilms. Colony forming units (CFU), dry-weight, soluble and insoluble exopolysaccharides were
38 quantified after treatments. Briefly, the protocol presented here is simple, reproducible and
39 provides answers regarding viability, dry-weight and extracellular polysaccharide amounts after
40 red light treatment.
41
42  INTRODUCTION:
43  The increased incidence of diabetes, immunosuppressive therapy applications, HIV infection,
44  AIDS epidemic, invasive clinical procedures and broad-spectrum antibiotic consumption in the
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past years have increased the incidence of Candida albicans related diseases?. C. albicans
infections are commonly related to biofilm development and may cause clinical manifestations,
such as candidiasis, or systemic manifestations, such as candidemial?. One of the most
noteworthy virulence factors of biofilm growth is the extracellular polysaccharide matrix
establishment. Biofilm formation cooperates to increase the resistance to existing antifungal
drugs, environmental stress, and host immune mechanisms?3.

The biofilm growth of C. albicans begins with the early adherence of planktonic cells to a
substrate, followed by the propagation of yeast cells through the substrate surface, and hyphal
growth. The last phase of biofilm growth is the maturation phase, wherein yeast-like
development is suppressed, the hyphal development expands, and the extracellular matrix
encloses the biofilm*. C. albicans exopolysaccharides (EPS) in the matrix interact to form the
mannan-glucan complex>®. The interaction of exopolysaccharides is critical for the defense of
the biofilms against drugs’. Hence, the reduction of EPS from the C. albicans extracellular matrix
could support the development of new antibiofilm protocols for oral candidiasis control.

Light regulates the growth, development, and behavior of several organisms® and it has been
applied as an antimicrobial in photodynamic antimicrobial chemotherapy (PACT). PACT applies a
visible light of a specific wavelength and a light-absorbing photosensitizer®. However, the
photosensitizers have difficulties in penetrating the biofilm, causing lower efficacy®C. The failure
of therapeutic agents to fully infiltrate biofilms is a reason that biofilms occasionally resist
traditional antimicrobial therapy®®. To deactivate the enclosed microbial cells, antimicrobials
need to permeate through the extracellular matrix; nevertheless, the EPS characterizes a
diffusional obstacle for such molecules by prompting their level of carriage into the biofilm or by
influencing the response of the antimicrobial with the matrix itself!?.

Considering the disadvantages of PACT, the use of light by itself emerges as a valuable
improvement. Preliminary data revealed that the treatment with blue light twice a day
significantly inhibited the production of EPS-insoluble in Streptococcus mutans biofilm. By the
decrease of EPS-insoluble, blue light diminished biofilm growth. Nevertheless, the outcomes of
phototherapy using red light in C. albicans biofilms are scarce. Hence, the objective of this
investigation was to evaluate in what manner phototherapy using red light influences the growth
and arrangement of C. albicans biofilm. For the twice-daily treatment, we adapted our
laboratory’s previous protocols®!? to provide an easy and reproducible biofilm model that
delivers answers regarding viability, dry-weight and extracellular polysaccharides amounts after
red light treatment. The same protocol can be used for testing other therapies.

PROTOCOL:
1. Preparation of culture media
1.1 Prepare sabouraud dextrose agar (SDA). Suspend 65 g of SDA supplemented with

chloramphenicol (50 mg/L) in 1,000 mL of distilled water. Boil to dissolve the medium completely.
Sterilize by autoclaving at 15 PSI (121°C) for 30 min. Cool to 45-50 °C. Mix well and pour 20 mL of
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SDA into sterile Petri plates (size: 100 mm x 15 mm).

1.2 Prepare yeast nitrogen base (YNB) medium supplemented with 100 mM glucose by mixing
6.7 g of YNB and 18 g of dextrose to 1,000 mL of ultrapure water. Mix using a stirrer and sterilize
the medium using a 0.22 um vacuum filter system.

1.3 Prepare RPMI by mixing 104 g of RPMI 1640 and 34.32 g of 3-(N-
morpholino)propanesulfonic acid (MOPS) to 1,000 mL of ultrapure water. Mix in a stirrer without
heat and adjust the pH to 7 by adding 1 N NaOH (Add 2 g of NaOH to 50 mL of ultrapure water).
Sterilize the medium using a 0.22 um vacuum filter system.

2. Pre-inoculum and inoculum

2.1 Remove the microorganism C. albicans SN425 from the -80 °C freezer and let it thaw at
ambient temperature. Seed 10 pL of the stock culture on Petri dishes containing SDA
supplemented with chloramphenicol (50 mg/L). Incubate the Petri dishes aerobically at 37 °C for
48 h.

2.2 After 48 h of incubation, add 10 colonies of C. albicans to 10 mL of yeast nitrogen base (YNB)
medium supplemented with 100 mM glucose, and incubate aerobically at 37 °C for 16 h for the
pre-inoculum.

2.3 After incubating for 16 h, prepare the inoculums by diluting the starter cultures into fresh
YNB medium supplemented with 100 mM glucose in a 1:10 proportion (1 mL of the starter culture
diluted in 9 mL of YNB). Measure the initial optical density (OD) at 540 nm.

2.4 Incubate the inoculums aerobically at 37 °C for 8 h until the strains reach the mid-log growth
phase and measure the final OD at 540 nm. Subtract the final OD from the initial OD to check if
the OD of the inoculums are on the mid-log growth phase (8 h, based on the growth curves in
Figure 1).

2.5 To reach an inoculum with 107 cells mL?, centrifuge the inoculum for 5 min at 5,500 x g,
discard the supernatant and concentrate the inoculum to half of the volume of the tubes.

3. Biofilm formation and phototherapy

3.1 Add 1 mL of the inoculum to the wells of a 24-well polystyrene plate. Incubate aerobically at
37 °C for 90 min to allow cell adhesion to the bottom of the wells.

3.2 Subsequently, wash the wells two times with sterile 0.89% NaCl to remove non-adherent cells
and then expose the biofilms to red light (1 min).

3.3 Use a non-coherent red light (see Table of Materials) as the light source with wavelength of
635 + 10 nm and a fixed output power of 1,460 mW cm=2. The radiant exposure is 87.6 J cm?,
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equivalent to 1 min of irradiation. Apply a distance of 5 mm between the light source and the
biofilm to avoid warming the sample.

3.4 Add 1 mL of RPMI 1640 buffered with 3-(N-morpholino)propanesulfonic acid (MOPS) at pH 7
to each well.

3.5 To prepare RPMI 1640, add 10.4 g of RPMI 1640, 34.32 g of MOPS and 1000 mL of ultrapure
water in a beaker. Mix without heat and adjust the pH to 7 by adding 1 N NaOH. Sterilize the
medium using a filter.

3.6 After adding RPMI 1640 to the wells, incubate the plates at 37 °C overnight. In the morning,
apply the same treatments as steps 3.2 and 3.3, wash the biofilms twice with 0.89% NaCl, add
new RPMI buffered with MOPS (1 mL, pH 7) to the wells and incubate aerobically at 37 °C.

3.7 The same day, after 6 h, wash the biofilms twice with sterile 0.89% NaCl and expose them to
red light (1 min, 87.6 J/cm? ). Treat the positive control biofilms with 0.12% chlorhexidine for 1
min and negative control biofilms with 0.89% NaCl for 1 min.

3.8 Repeat the steps 3.6-3.7 until achieving 48 h of biofilm development.

NOTE: Basically, one treatment will happen in the morning and the other one will happen in the
afternoon on the same day (6 h apart).

4. Processing

4.1 Add 1 mL of sterile 0.89% NaCl to the well to remove the biofilm by scratching it from the
well using a pipette tip. Add the removed biofilm to a sterile tube.

4.2 Add another 1 mL of sterile 0.89% NaCl to the well. Scratch it again and add the suspension
to the same tube for a total volume of 2 mL.

4.3 Colony-forming units (CFU)

4.3.1 Vigorously vortex the biofilm suspension for 1 min. From the biofilm suspension, use an
aliquot of 0.1 mL for the serial dilution.

4.3.2 Dilute the biofilm suspension from 10! to 10*in 0.89% NaCl solution.
4.3.3 Seed 50 pL of each dilution to SDA plates and incubate the plates at 37 °C for 48 h.

4.3.4 Count the colonies and apply the formula CFU/mL = number of colonies x 10"/ q (n=
dilution; g= seeded volume).

4.4 Dry weight
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4.4.1 Weigh and label microcentrifuge tubes.
4.4.2 From the biofilm suspension, use 0.1 mL for dry weight (biomass) determination.

4.4.3 Add 1 mL of absolute ethanol to an aliquot of 0.1 mL of the biofilms and store it at -20 °C
for 18 h. After 18 h, centrifuge at 10,000 x g for 10 min.

4.4.4 Discard the supernatant, place the tubes on a desiccator to dry the samples for 2 h and
weigh the microcentrifuge tubes again.

4.5 Water-soluble polysaccharides (WSPs) and alkali-soluble polysaccharides (ASPs)

4.5.1 From the biofilm suspension, vigorously vortex the remainder of the volume (1.8 mL) for 1
min and centrifuge at 5,500 x g for 10 min at 4 °C. Store the supernatant in a new tube and wash
the precipitate twice with the cells, which contain the insoluble constituents of the extracellular
matrix with sterile ultrapure water (5,500 x g, 10 min at 4 °C).

4.5.2 Re-suspend the insoluble content at 1.8 mL of sterile ultrapure water.

4.5.3 Water-soluble polysaccharides (WSPs)

NOTE: Perform this experiment at a fume hood.

4.5.3.1 From the stored supernatant, reserve 1 mL for the quantification of water-soluble
polysaccharides (WSPs).

4.5.3.2 Homogenize the stored supernatant for 1 min. Then, transfer to sterile tubes and add 2.5
volumes of 95% ethanol. Store the tubes for 18 h at -20 °C for WSPs precipitation.

4.5.3.3 After 18 h, centrifuge the tubes at 9,500 x g for 20 min at 4 °C. After centrifugation, discard
the supernatants.

4.5.3.4 Wash the samples three times with 75% ethanol and air-dry the pellets. Re-suspend the
pellet with 1 mL of sterile ultrapure water, and quantify the WSP using the phenol-sulfuric acid
method.

4.5.3.5 Use 0.1% glucose (0.01 g of glucose to 10 mL of ultrapure water) for the standard curve
(0, 2.5, 5, 10, 15, 20, and 25 pL of glucose per tube).

4.5.3.6 Add 200 pL of 5% phenol (2.7 mL of 90% phenol to 47.3 mL of ultrapure water) to a glass
tube comprising 200 pL of the sample or standard curve point (in triplicate per sample) and mix
cautiously.
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4.5.3.7 Add 1 mL of sulfuric acid to the tube and mix. Wait 20 min for the reaction and measure
the samples using a spectrophotometer (490 nm).

4.5.4 Alkali-soluble polysaccharides (ASPs)
NOTE: Perform this experiment in a fume hood.

4.5.4.1 From the insoluble re-suspended amount, separate 1 mL for the determination of ASPs.
Centrifuge the aliquots of each biofilm suspension (13,000 x g, for 10 min at 4 °C).

4.5.4.2 Cautiously remove the supernatant of each tube. Then place the samples on a vacuum
concentrator to dry the pellets.

4.5.4.3 Weigh the pellets and add 300 uL of 1 N NaOH (2 g of NaOH to 50 mL of ultrapure water)
per 1 mg of the dry weight. Incubate them for 2 h at 37 °C and then centrifuge at 13,000 x g for
10 min.

4.5.4.4 Cautiously collect the supernatants with a pipette and transfer to microcentrifuge tubes,
maintaining the pellet.

4.5.4.5 Once again, add an equal volume of 1 N NaOH to the tubes comprising the pellets, and
repeat the same steps as above for the extraction of ASP.

4.5.4.6 After incubation for 2 h, centrifuge the samples (13,000 x g for 10 min), carefully collect
the supernatants and add to the previously collected supernatants.

4.5.4.7 For the third extraction, repeat the same steps as above, but this time, do not incubate
the samples for 2 h before centrifugation.

4.5.4.8 Afterwards, add three volumes of 95% ethanol to each sample. Then, stock the samples
at 20 °C for 18 h for precipitation of ASP.

4.5.4.9 Centrifuge the tubes (9,500 x g for 20 min at 4 °C) and discard the supernatants.

4.5.4.10 Wash each pellet three times with 75% ethanol and air-dry (same procedures did for
WSP). Re-suspend the pellets in equal total volume of the first extraction with 1 N NaOH.

4.5.4.11 Read the samples for quantification of ASP using the phenol—sulfuric (same as for WSP
analysis).

REPRESENTATIVE RESULTS:
Figure 2 displays the outcomes of Log, ,CFU/mL of C. albicans after per diem treatments with red

light for 1 min. Red light significantly reduced the Log,, CFU/mL compared to the NC (p = 0.004).
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Figure 3 presents the outcomes of the biomass (mg) of C. albicans biofilms after daily treatments.
All treated groups showed reduction of the biomass compared to the NC (p = 0.000) and the red
light treated groups presented similar reduction of biomass to that observed in the PC. Figure 4
and Figure 5 display inferior amounts of C. albicans EPS-soluble and EPS-insoluble in PC compared
to NC (p = 0.000). Even though not statistically significant, per diem application of red light for 1
min to C. albicans biofilms numerically diminished the amounts of EPS-soluble and EPS- insoluble.

FIGURE AND TABLE LEGENDS:

Figure 1. Growth curve of C. albicans strain SN 425. Planktonic culture was made in YNB medium
supplemented with 100 mM of glucose and incubated at 37 °C. The optical density (OD at 540
nm) and Log10 CFU/mL were determined over time. Standard deviation is shown.

Figure 2. Mean and standard deviations of Log,, CFU/mL of C. albicans. Assessments were made
between the treatment with red light twice a day and the controls—0.12% CHX (PC) and 0.89%
NaCl (NC). Equal letters represent statistical similarity between groups (p > 0.05).

Figure 3. Mean and standard deviations of dry-weight (mg) of C. albicans. Assessments were
made between the treatment with red light twice a day and the controls—0.12% CHX (PC) and
0.89% NaCl (NC). Equal letters represent statistical similarity between groups (p > 0.05).

Figure 4. Mean and standard deviations of EPS-soluble amount in C. albicans biofilm (ug/mg of
dry-weight). Comparisons were made between the treatment with red light twice a day and the
controls—0.12% CHX (PC) and 0.89% NaCl (NC). Equal letters represent statistical similarity
between groups (p < 0.001).

Figure 5. Mean and standard deviations of EPS-insoluble content in C. albicans biofilm (ug/mg
of dry-weight). Assessments were made between the treatment with red light twice a day and
the controls—0.12% CHX (PC) and 0.89% NaCl (NC). Equal letters represent statistical similarity
between groups (p < 0.001).

DISCUSSION:

The most critical steps for successful culturing of C. albicans biofilm are: 1) to do the pre-inoculum
and the inoculum in YNB medium complemented with 100 mM glucose; 2) to wait 90 min for the
adhesion phase and carefully wash twice the wells with 0.89% NaCl to remove non-adhered cells;
and 3) to add RPMI medium to the adhered cells to start biofilm formation, since RPMI will
stimulate hyphae growth.

A study limitation is that it was performed in vitro. Whilst in vitro studies have greatly increased
the understanding of the biology of biofilm, they do not precisely represent in vivo conditions®3.
However, in vitro tests provide high-throughput screening in addition to being a cheap and simple
methodology3 to answer questions regarding new antibiofilm therapies. Choosing the correct
culture media for each phase of biofilm development is an important step for the success of the
method. RPMI 1640 is a nutrient-rich medium that has amino acids and simulates the
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composition of human fluids'*. RPMI 1640 contains L-glutamine, L-arginine, L- asparagine in
addition to vitamins and inorganic salts. Nevertheless, YNB media has an elevated amount of
glucose (18 g/L) compared to RPMI 1640 medium (2 g/L glucose). The high glucose content has
been described to increase the planktonic growth of Candida species®. In contrast, the existence
of higher concentrations of amino acids will help biofilm growth in RPMI medium compared to
YNB medium?®. Qualitative data applying SEM micrographs showed that the structural design of
C. albicans biofilms in RPMI presents a complex organization with a solid growth of yeasts with
ramifying hyphae, budding elements and bud scars with an abundant extracellular matrix*°. Such
outcomes are in accordance with a previous study that reported that RPMI 1640 augmented the
hyphal formation in C. albicans biofilms'#. These results demonstrate the differences in substrate
utilization by Candida throughout different biofilm growth phases and show the importance of
changing media during planktonic growth and biofilm formation.

The selection of the correct temperature and pH to cultivate C. albicans biofilms is also important
to accomplish the method with the adequate formation of hyphae. C. albicans undertakes the
conversion from blastospores to filaments in reaction to conditions that mimic the milieu of
mammalian host tissues®. These conditions involve growing at body temperature (37 °C) and at
neutral pH®, and this is the reason why the pH of the RPMI medium is adjusted to 7.

The methods applied in this study are significant since biofilms of C. albicans SN 425 were
characterized before!?, showing to have great amounts of EPS-soluble and —insoluble, which
makes it a reliable method to analyze the outcome of the lights on the extracellular
polysaccharides. Moreover, the same non-coherent light device applied in the experiments was
successfully applied to bacterial planktonic suspensions!’ and biofilms®, and the utmost benefit
of this device is the reduction in treatment time, what makes the device more feasible for clinical
applications?’. The analysis of daily phototherapy applied to C. albicans biofilms is significant
since the methodology applied in the present study simulates a treatment that is fast and can be
easily done by the patient at home.

Red light daily treatment meaningfully reduced C. albicans viable colony count and biofilm
biomasses. More studies might try a combination of treatments, starting with phototherapy and
later applying topical antifungal. This strategy might assist in disorganizing the extracellular
matrix shielding C. albicans biofilm, permitting better drug infiltration through the biofilm to
reach and finally eradicate C. albicans cells. Considering the limitations of this in vitro experiment,
the use of red light for 1 min may assist as an adjuvant to topic antifungals on the treatment of
oral candidiasis.
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Company

Clorhexidine 20%

Sigma-Aldrich

Dextrose (D-Glucose) Anhydroous

Fisher Chemical

Ethanol 200 proof

Decon Laboratories

LumaCare LC-122 A

LumaCare Medical Group, Newport Beach, CA, USA

NaCl Fisher Chemical
NaOH Fisher Bioreagents
Phenol 5% Milipore Sigma
RPMI 1640 buffered with 3-(N-morpholino) Sigma

Sabouraud dextrose agar supplemented with chloramphenicol Acumedia

Sulfuric acid Fisher Chemical
Yeast nitrogen base Difco
3-(N-morpholino)propanesulfonic acid MOPS Sigma-Aldrich
24-well polystyrene plate Falcon

L]


https://www.editorialmanager.com/jove/download.aspx?id=965053&guid=08dfc7e8-7f97-48f7-b0cc-1d3811f3e320&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=965053&guid=08dfc7e8-7f97-48f7-b0cc-1d3811f3e320&scheme=1

Catalog Number

Comments/Description

C9394

D16-500

DSP-MD.43

5641-500

BP 359-500

843984

R7755

7306A

SA200-1

DF0392-15-9

M1254

353935




Click here to access/download;Author License Agreement

Author License Agreement (ALA)
(ALA);JoVE ALA.pdf

| 1 Alewife Center #200

| Cambridge, MA 02140
mm“m tel. 617.945.9051
mmsmws | www.Jove.com

Title of Article:
Author(s):

ARTICLE AND VIDEO LICENSE AGREEMENT

/\Wk AN\ \»6}('(\ L} {ﬁw\h&n\, Candido &hmmb&&m dut Ofdﬂ'(m r‘((ﬂ"“/‘?
'ﬁk\)i\t o \_)‘puww\“ﬁ M AL X(w‘\o S irrrere, Dnoie

Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: >< Standard Access

Item 2 (check one box):

\
| Open Access

Y
X The Author is NOT a United States government employee.

|
-/ The Author is a United States government employee and the Materials were prepared in the

course of his or her duties as a United States government employee.

L The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
Independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing

to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in icle.  Notwithstanding the

exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JOVE website is
provided and notice of JOVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Gr. ights in Vi - rd . This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6

applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States

government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants

JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JOVE employees, agents or
Independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JOVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JOVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JOVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JOVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Dear Editor,
Ref.: JoVE59326R2- Daily phototherapy with red light to regulate Candida albicans biofilm growth

| am re-submitting to Journal of Visualized Experiments - JoVE an updated version of the manuscript
entitled “Daily phototherapy with red light to regulate Candida albicans biofilm growth”. We thank the
editorial team for their generous comments on the manuscript and we edited it to address their concerns.
Bellow the changes made in the current manuscript are described:

e The item 1 of the protocol was changed for “Prepare culture media”. As we added this step, the
sequence of the other steps were altered.

e The growth curve of C. albicans SN 425 was added to the manuscript as Figure 1. We provided a
title and a short description for figure 1 and added these items to the manuscript at the “figure
and table legends” session. All the other figures were numbered in the order of their appearance
in the manuscript.

e “Step 1.1: Please write this step in the imperative tense”. This step was rewritten and it is the step
2.1 in the current manuscript.

e “3.3.2: What is used to dilute the suspension? Water?”. It was used 0.89% NaCl solution. We
altered the sentence and it is step 4.3.2 in the current manuscript.

e “Please do not highlight notes for filming”. We removed highlights from notes.

e “Please ensure that the references appear as the following:

Lastname, F.l., LastName, F.l., LastName, F.l. Article Title. Source. Volume (Issue), FirstPage —
LastPage, (YEAR)”. The references were double-checked and are according to the standards.

Sincerely yours,
Dr. Simone Duarte, DDS, MS, PhD

Associate Professor
Department of Cariology, Operative Dentistry and Dental Public Health
Indiana University School of Dentistry

On behalf of all authors.
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