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[Abstract] We analyzed the reactive oxygen species (ROS) accumulation in the colony-forming green
microalga Botryococcus braunii in response to several stress inducers such as NaCl, NaHCO3, salicylic
acid (SA), methyl jasmonate, and acetic acid. A staining assay using the fluorescent dye CellROX Green
was used. CellROX Green is a fluorogenic probe used for measuring oxidative stress in live cells. The
dye is weakly fluorescent inside cells in a reduced state but exhibits bright green photostable
fluorescence upon oxidation by ROS and subsequent binding to DNA. The large amount of liquid
hydrocarbons produced and excreted by B. braunii, creates a highly hydrophobic extracellular
environment that makes difficult to study short times defense responses on this microalga. The
procedure developed here allowed us to detect ROS in this microalga even within a short period of time
(in minutes) after treatment of cells with different stress inducers.
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[Background] Among the first methods developed to detect and quantify hydrogen peroxide and other
organic hydroperoxides was the use of titanium (IV) ion (MacNevin and Urone, 1953). The yellow color
resulted from the completion of titanium (IV) and peroxide molecules was detected by colorimetry. This
method was used to detect endogenous peroxides, and to assay the catalase activity in two varieties of
pear fruits for correlation with fruit ripening (Brennan and Frenkel, 1977). Another method to detect lipid
hydroperoxides is based on thiobarbituric acid (TBA) and was used to measure the deterioration of
foods such as milk (Sidwell et al., 1955). Although this method did not use organic solvents, steam
distillation of an acidified slurry was necessary to detect hydroperoxides, and the resulting red color was
quantified spectrophotometrically. The procedures described above have several disadvantages such
as low sensitivity, interference with other compounds, and use of solvents or substances which may
damage the living cells. A more sensitive method was developed in which the blue fluorescence of
scopoletin (6-methyl-7-hydroxy-1:2-benzopyrone) disappeared after its oxidation by peroxidase enzyme
(Andreae, 1955; Perschke and Broda, 1961). This method was used to detect the H2O2 production by
NADPH in the microsomes from rat liver (Thurman et al., 1972). However, scopoletin is expensive,
difficult to extract, and is an extremely toxic natural compound (Ojewole and Adesina, 1983a and 1983b).
On the other hand, fluorescein is a dye chemically synthesized (Baeyer, 1871) and the chemical
structure was elucidated (Markuszewski and Diehl, 1980). The fluorescence of both compounds,
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scopoletin and fluorescein, was then explained based on their similar chemical structure. So, further
development of novel fluorescent dyes more stable and versatile allowed their use in very specific
applications (Cathcart et al., 1983). For instance, 2,7-dichlorohydro-fluorescein diacetate (DCFH-DA)
was used to study the intracellular production of active oxygen in the brown alga Fucus evanescens
(Collén and Davison, 1997). The same compound DCFH-DA was also used to detect oxidative stress
tolerance by abscisic acid (ABA) in the green microalga Chlamydomonas reinhardtii (Yoshida et al.,
2003). Due to the wide application of these fluorescent dyes, private companies developed other
compounds with different properties and each designed for specific applications. CellROX Green
Reagent was designed to detect the production of ROS in living cells. So, we chose this dye to detect
ROS in early times in B. braunii living cells (Life Technologies Corp., 2012). These reagents are cellpermeable and show no or very weak fluorescence in a reduced state, but their oxidation results in a
strong fluorescence. In presence of ROS, the CellROX Green Reagent undergoes oxidation and
produce green fluorescence followed by its binding to the DNA in the nucleus. This fact allows us to
distinguish between the fluorescence resulting from ROS and the fluorescence from the chlorophyll
molecule. Furthermore, this reagent can be fixed with formaldehyde and is compatible with some
detergents. These characteristics of CellROX Green Reagent made it suitable to analyze ROS
production in stress conditions in cells of the colonial microalga Botryococcus braunii race B (Nonomura,
1988; Banerjee et al., 2002).

Materials and Reagents
1. Pipette tips 200 μl (Científica Senna, catalog number: 5-20236)
2. 96-well microplate polypropylene (Thermo Fischer Scientific, Thermo ScientificTM, catalog
number: 267245)
3. Glass microscope slide (Corning, catalog number: 2947-75X25)
4. Coverslip (Corning, catalog number: 2890-22)
Note: This product has been discontinued.
5. Aluminum foil (Reynolds Wrap 15 m x 30 cm)
6. CellROX® Green Reagent (Thermo Fischer Scientific, InvitrogenTM, catalog number: C10444,
Excitation/Emission, 485/520 nm)
7. Triton X-100 (Karal, catalog number: 9015)
8. Methyl jasmonate (abbreviated MeJA) (Sigma-Aldrich, catalog number: 392707-5ML)
9. Potassium nitrate (KNO3) (Karal, catalog number: 5082)
10. Magnesium sulfate heptahydrate (MgSO4·7H2O) (Karal, catalog number: 6056)
11. Potassium phosphate dibasic (K2HPO4) (Karal, catalog number: 5080)
12. Calcium chloride dihydrate (CaCl2·2H2O) (Karal, catalog number: 2016)
13. Ethylenediaminetetraacetic acid ferric-sodium salt (Fe·Na·EDTA) (Sigma-Aldrich, catalog
number: E6760-100G)
14. Sulfuric acid (H2SO4) (Karal, catalog number: 1032)
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15. Boric acid (H3BO4) (Karal, catalog number: 7021)
16. Manganese sulfate monohydrate (MnSO4·H2O) (Karal, catalog number: 1069)
17. Zinc sulfate monohydrate (ZnSO4·7H2O) (Karal, catalog number: 4089)
18. Cupric sulfate pentahydrate (CuSO4·5H2O) (Karal, catalog number: 8024)
19. Sodium molybdate dihydrate (NaMoO4·2H2O) (Karal, catalog number: 4072)
20. Cobalt(II) sulfate heptahydrate (CoSO4·7H2O) (Sigma-Aldrich, catalog number: 12933)
Note: This product has been discontinued.
21. Sodium chloride (NaCl) (Karal, catalog number: 6052)
22. Potassium chloride (KCl) (Karal, catalog number: 5087)
23. Sodium bicarbonate (NaHCO3) (Karal, catalog number: 5010)
24. Sodium phosphate dibasic (Na2HPO4) (Karal, catalog number: 6005)
25. Modified CHU-13 media (see Recipes)
26. 1x phosphate-buffered saline (PBS) (see Recipes)

Equipment
1. 1.5 L flask (Corning, PYREX®, catalog number: 4980-1XL)
2. Micropipettes (Mettler-Toledo International, Rainin®, catalog numbers: 17014392, 17014382
and 17011790)
3. Incubator shaker (Select BioProducts, model: IncuMixTM Incubator Shaker, catalog number:
SBS256)
4. Centrifuge (Labnet International, model: SpectrafugeTM 16M, catalog number: C0160)
5. Optical microscope (ZEISS, model: Axio Lab.A1) equipped with 470 nm LED module used for
fluorochrome excitation and a set of 38 Endow GFP Filters (free exchange (E) EX BP 470/40,
BS FT 495, EM BP 525/50) to detect the emission of the fluorochrome
6. Digital camera (ZEISS, model: AxioCam ICc3 Rev.3)
7. pH meter (Cole-Parmer, Jenway, model: 3510)
8. Autoclave Sterilmatic (Market Forge Industries, model: STM-EL)

Software

1. ZEN lite 2011 (ZEISS)
2. GraphPad Prism version 6.00 for Mac OS X, GraphPad Software, La Jolla California USA
(http://www.graphpad.com)

Procedure

1. Harvest samples of the algal culture grown in modified Chu-13 media (see Recipes), at different
time points after specific stress treatments. There should be sufficient colonies in 100 μl to be
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clearly observed under a microscope. If your alga can be sedimented after centrifugation, 100
μl should make at least a 20 μl of pellet. If the alga doesn’t sediment as in the case of B. braunii,
which floats because of the surrounding hydrocarbons, then the OD at 600 nm should give at
least 0.5. If needed, concentrate the cells by centrifugation, filtration, or other methods that are
suitable for your sample.
2. Transfer 100 μl of each sample in a 96-well microplate and mix with 2 μl of 5 mM CellROX
Green, incubate the microplate for 30 min at 36 °C in the dark by shaking at 120 rpm in an
incubator shaker.
3. Then incline the plates, carefully discard the liquid with a micropipette and wash the cells twice
with 100 μl of 1x PBS (see Recipes) containing 0.1% Triton X-100, by shaking at 120 rpm for 5
min at room temperature. Triton X-100 is a commonly used detergent in laboratories widely
used to permeabilize the membranes of living cells.
4. Transfer an aliquot of 10-20 μl of each sample onto a glass microscope slide, cover with a
coverslip, and observe under the microscope.
5. Observe samples first under the white light to locate the algal colonies and then switch to
fluorescence conditions. Count at least 100 colonies for each sample.
6. Colonies with more than 90% of cells having the fluorescent nuclei are considered ROS positive.
7. Take pictures with a digital camera and the representative images are shown below (Figure 1).

Figure 1. Staining of Botryococcus braunii with CellROX dye. Detect ROS in vivo by
analyzing fluorescent nuclei of B. braunii cells in each colony. Upper panels are under white
light and lower panels are under fluorescent conditions. A. Control without stress treatment; B.
Treatment with strong stress inducer (10 μM MeJA for 60 min); C. Treatment with weak stress
inducer (120 mM NaHCO3, for 60 min).
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8. Determine the percentage of ROS positive colonies according to the equation:

(FC/TC) x 100 = %PC

where, FC = number of colonies with fluorescence, TC = total number of observed colonies,
and PC = percent of ROS positive colonies.

Data analysis

With this procedure both the concentration of the inducers and the time of induction are optimized.
The number of ROS positive colonies after CellROX staining is determined by counting the
fluorescent cells induced with the different treatments for 10, 60 and 120 min. Data represent the
mean ± SE of at least three replicates. The statistical significance is evaluated with the Tukey’s test
(P value = ** 0.0022, *** 0.0003, **** < 0.0001). Statistical tests are performed using GraphPad
Prism

version

6.00

for

Mac

OS

X,

GraphPad

Software,

La

Jolla

California

USA

(http://www.graphpad.com). Data are visualized using Microsoft Excel for Mac 2011 version 14.1.0.
The number of positive colonies for ROS are expressed in % positive colonies (Table 1).

Table 1. Percentage of ROS positive B. braunii colonies. Take samples at different times and
with different concentrations of the inducer.
Percent (%) of ROS positive colonies
Treatment
Control

MeJA

NaHCO3

10 min

60 min

120 min

WT

9.196 ± 0.331

11.267 ± 1.965

13.283 ± 2.863

10 μM

46.603 ± 4.750***

52.926 ± 4.294****

31.570 ± 4.109

20 μM

34.813 ± 13.303

33.063 ± 7.556

28.731 ± 2.140

30 μM

23.886 ± 4.413

23.421 ± 0.394

22.823 ± 2.813

120 mM

20.544 ± 3.488

40.804 ± 3.561*

31.357 ± 5.037

240 mM

17.478 ± 0.986

35.067 ± 6.780

36.307 ± 8.491

360 mM

23.010 ± 5.298

29.064 ± 2.098

24.019 ± 1.517

These data show that the best conditions to detect ROS-positive colonies of B. braunii, were 60 min
for 10 μM MeJA as well as for 120 mM NaHCO3. However, the best conditions regarding time and
concentration of inducers must be determined for other microalgae.
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Notes

1. A small number of colonies are identified as ROS positive even without treatment of any stress
inducer, this may be due to damage during handling of samples. However, they never exceed
13.5% of the total colonies analyzed and are lower than the number of colonies observed in any
of the treatments tested.
2. Due to the colony organization of B. braunii it was sometimes difficult to count individual cells in
a selected sample without moving the field under the microscope. So, once the field was fixed
under fluorescent light, colonies were considered ROS positive if more than 90% of the cells in
the field had fluorescent nuclei. It is recommended to try different focus on the same colony to
distinguish the stained nuclei of the cells at different planes.
3. Triton X-100 was added at the washing steps to improve the introduction of the CellROX Green
into the B. braunii cells. In step 2 of the Procedure, when the dye was added, it covered and
bonded to the surface of the colony but hardly got into it to act in the inner cells. In step 3, the
Triton X-100 allowed the introduction of the dye by its detergent property. This was a key step
because of this alga secretes large amounts of liquid hydrocarbons which surround the cells,
creating a highly hydrophobic extracellular environment. During the washing steps, the dye
reached the inner cells to detect ROS and the excess of CellROX was discarded. In our hands,
after the second wash, the reaction stopped because all produced ROS were detected with the
dye. Perhaps, other microalgae do not require this step although it may help to get better results,
mainly if the cultures were forced to produce a high amount of lipids.

Recipes

1. Modified CHU-13 media
0.4 g/L KNO3
0.1 g/L MgSO4·7H2O
0.052 g/L K2HPO4
0.054 g/L CaCl2·2H2O
0.01 g/L Fe·Na·EDTA
5 ml/L trace elements
Dissolve each salt in 800 ml deionized water. Set the pH to 7.2-7.5 using diluted H2SO4. The pH
of the media should be over 7.0, do not adjust with NaOH. In case the pH is below 7.0, discard
the solution and prepare it again
Trace elements:
572 mg/L H3BO4
308 mg/L MnSO4·H2O
44 mg/L ZnSO4·7H2O
16 mg/L CuSO4·5H2O
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12 mg/L NaMoO4·2H2O
18 mg/L CoSO4·7H2O
Mix all in 900 ml deionized water in a 1.5 L flask, cover with aluminum foil and sterilize by
autoclaving at 121 °C for 20 min
2. 1x phosphate-buffered saline (PBS)
8 g/L NaCl
0.2 g/L KCl
1.44 g/L Na2HPO4
0.24 g/L KH2PO4
Dissolve the reagents in 800 ml of deionized water. Adjust the pH to 7.4 (or 7.2, if required) with
HCl, and then add H2O to 1 L. Sterilize by autoclaving for 20 min at 121 °C or by filter sterilization.
Store PBS at room temperature
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