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I. Isolation of bacterial epibionts from microalgae
The aim of the protocol described below is to isolate single microalgal cells in order to
cultivate bacteria attached to their surface. This procedure has been designed to remove
free-living bacteria present in natural seawater samples or algal cultures.

1. Materials
Below is a collection of materials required by the various protocols listed in the subsequent
sections.


























Pasteur pipette
Bunsen burner
Storage box for tapered Pasteur pipette
Dissection forceps
Autoclave
UV Chamber (BioRad GS Gene Linker UV Chamber Crosslinker)
HCl 1% (vol/vol)
Laminar flow cabinet
Inverted and binocular microscopes
Filtration system (filter funnel 45mm polysulfone and buchner flask)
Nylon filters 11µm 47mm (Merck MilliporeTM NY1104700)
Sterile Petri dishes
2 stainless steel filter blunt end forceps
Sterile seawater (about 160 mL)
Sample (microalgal culture)
Micropipette P1000 and sterile filter tips
Flexible tube (same diameter as Pasteur pipette)
Ethanol 70% (vol/vol)
Microscope slides
2 sterile single use dropper pipettes
48 and 96-well plates
Flow cytometer
Glutaraldehyde 25% (vol/vol) (Sigma-AldrichR G5882)
SYBR® Green I (10,000 X concentrate in DMSO) (InvitrogenTM S7585)
Components to prepare liquid and solid bacterial media (LNHM and MB1/5)

2. Procedures and protocols
2.1 Preparation of tapered Pasteur pipettes
Usually, isolation of microalgal cells is performed using glass Pasteur pipettes. However, the
tapered end of these pipettes are too large (about 1 mm diameter) compared to the size of a
single cell (generally 5-50 µm). Therefore, a very fine capillary is formed from the original
tapered end using a burner as illustrated in Figure 1. Then, tapered Pasteur pipettes are
placed vertically in a closed 1mL-tip box for sterilization.
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Figure 1. Preparation of tapered Pasteur pipettes. A Pasteur pipette is burned until the glass starts to soften;
it is then put out of the flame and a fine capillary is formed using forceps.

2.2 Sterilization of materials
All the materials used for the different isolation steps need to be sterile:
-

Transfer nylon filters (11 µm porosity, 47 mm diameter) in a Petri dish with forceps and sterilize by UV
treatment (BioRad GS Gene Linker UV Chamber Crosslinker, 90 s sterilization cycle)
Wash the filtration system (filter funnel 25mm polysulfone and buchner flask) with 1% (v/v) HCl and
autoclave (20 min at 121°C) between each use.
Autoclave and filter (0.22 µm) seawater
Autoclave tapered Pasteur pipettes
Flame with ethanol microscope slides, just before use
Flame with ethanol forceps, before each use.

Figure 2. Sterilization of materials. UV treatment of nylon filters (left) and box system used to
autoclave tapered Pasteur pipettes (right).

2.3 Preparation of culture media
Protocol 1: Modified Low Nutrient Heterotrophic Medium (LNHM)
Modified LNHM medium is prepared according to Cho & Giovannoni (2004), modified by
Giovannoni & Stingl (2007) and Carini et al. (2013). In the protocol below, natural seawater is
replaced by a solution of Red Sea Salt.
-

Dissolve 33.3g of Red Sea Salt in 1 L of distilled water by overnight agitation
Adjust pH to 7.5
For solid media, add 10 g of BD BactoTM Agar
Autoclave the media (and for solid media, keep it at 55°C)
In laminar flow cabinet, mix the different components (Table 1) in a 50 mL tube and filter sterilize them
(0.2 µm porosity filter)
Add the nutrient mix to the autoclaved seawater
For solid media: Pour rapidly into 9 cm Petri dishes with about 20 mL of culture media.
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1 X mixed carbons
1
2

Table 1. Components of modified LNHM medium
Component
[Solution]
[Final]
Distilled water
NH4Cl
1M
10 µM
KH2PO4
100 mM
1 µM
1
D-glucose
1%
0.001%1
1
D-ribose
1%
0.001%1
Methylamine
1%1
0.001%1
Succinic acid
1%1
0.001%1
Pyruvic acid
1%1
0.001%1
1
Glycerol
1%
0.001%1
N-acetyl D-glucosamine
1%1
0.001%1
Ethanol
10%2
0.002%2
Solution of 20 amino-acids
10 mM
1 µM
Vitamin solution (Table 2)
Trace elements solution (Table 3)
DMSP
30 mM
100 nM

Amount
10 mL
10 µL
10 µL
1 mL
1 mL
1 mL
1 mL
1 mL
1 mL
1 mL
2 mL
100 µL
1 mL
1 mL
3.3 µL

% (wt/vol)
% (vol/vol)
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Table 2. Vitamin solution
Component
Distilled water
Vitamin B1 (Thiamine: 6 mM )
Vitamin B3 (Nicotinamide): 0.8 mM)
Vitamin B 5 (Calcium Panthotenate: 0.425 mM)
Vitamin B6 (Pyridoxine: 0.5 mM)
Vitamin B7 (Biotin: 4 µM)
Vitamin B9 (Folic acid: 4 µM)
Vitamin B12 (Cobalamin: 0.7 µM)
Myo-Inositol (6 mM)
4 amino Benzoic acid (60 µM)
Vitamin B2 (Riboflavin)

Quantity
1L
2g
0.1 g
0.1 g
0.000976 g
0.001764 g
0.1 g
0.00095 g
1.08 g
0.00822 g
0.005 g

Table 3. Trace metal solution
Component
Quantity
Distilled water
1L
FeCl3.6H20 (117 µM)
0.03 g
MnCl2.4H20 (9 µm)
0.0018 g
ZnSO4.7H20 (0.8 µM)
0.00023 g
CoCl2.6H20 (0.5 µM)
0.00012 g
Na2MoO4.2H2O (0.3 µM) 0.0000726 g
Na2SeO3 (1 µM)
0.0001729 g
NiCl2. 6H2O (1 µM)
0.0002377 g
Protocol 2: Solid Marine Broth 1/5 medium
-

Suspend 37.4 g of Difco™ Marine Broth 2216 powder in 1 L of distilled water and mix thoroughly
Add 10 g of BD BactoTM Agar
Autoclave at 121°C for 20 minutes and cool it at 55°C
Pour rapidly into 9 cm Petri dishes with about 15 mL of culture media.

2.4 Isolation of single microalgal cells
Protocol 3: Washing of microalgal culture
Bacteria are generally 10 to 100 times more abundant than microalgae in the aquatic
environment and in cultures. It is therefore impossible to isolate single microalgal cells by
end point dilution technique or cytometry without associated free-living bacteria. To facilitate
single cell isolation by micropipetting, the first required step is to wash microalgal cultures to
lower the numbers of free-living bacteria.
The washing of microalgal cultures is performed in the laminar flow cabinet:
-

Samples used: exponentially growing microalgal cultures (isolation of cells smaller than 10 μm is much
more difficult)
Put a sterile Nylon filter (11 µm porosity, 47 mm diameter) on an autoclaved filtration system (filter
funnel 45mm polysulfone and buchner flask) (Figure 3).
Filter 5 mL of the microalgal culture by gravity
Wash with 3 volumes of 50 mL of sterile seawater
Recover the filter with sterile forceps, place it in a sterile Petri dish on a drop of sterile seawater, and
gently shake to obtain a suspension of microalgae.
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Figure 3. Filtration system used to wash microalgae cultures.

Protocol 4: Isolation of single microalgal cells by micropipetting
The isolation of single microalgal cells is performed using with an inverted microscope
placed in the laminar flow cabinet (Figure 4):
-

-

Transfer a drop of washed microalgal suspension on a sterile microscopic slide already placed on the
microscope stage
Connect a flexible tube to a tapered micropipette on one end and to a 1 mL filter pipette tip on the other
end
Fill in the tapered Pasteur pipette by capillarity with sterile seawater
Transfer a single cell from the drop of microalgal suspension into the Pasteur pipette
Transfer the content of the pipette (2-3µL) on the same slide to form a 2nd drop
Take a new sterile Pasteur pipette, fill it again with sterile seawater as before, and pipette again the
isolated cell from the 2nd drop and deposit the content of the pipette on the same slide to form a third
drop. This washing step is repeated 3-4 times to remove all the free-living bacteria
The last pipetting is used to cultivate the bacteria attached to the microalgal cell
o Transfer the microalgal cell in a well of a 48-well plates containing 5 mL of liquid LNHM
o For each isolated microalgal cell, transfer the whole volume of seawater of the last drop into 5
mL of liquid LNHM (this is used as a control indicating the absence/presence of bacterial cells
in the last drop of the washing procedure)
o The 48-well plate is closed with an adhesive film seal and incubated at 19°C for 6 weeks.

Figure 4. Isolation of single microalgal cells by micropipetting in a laminar flow cabinet with an
inverted microscope.
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2.5 Culture of epibiotic bacteria from single microalgal cells
Protocol 5: Flow cytometry analysis of epibiotic bacterial cultures
After incubation, positive cultures are identified by measuring bacterial growth using a flow
cytometer. Cells are fixed with glutaraldehyde and stained with SYBR® Green as described
in the following procedure:
-

Prepare a mix containing 100 µl of 25% (vol/vol) glutaraldehyde and 1 µL of SYBR® Green (10,000
x concentrate in DMSO)
Distribute 1 µL of the mix in each well of a 96-well plate
Add 99 µL of the bacterial cultures in each well and mix by micropipeting
Analyze growth using a flow cytometer
Positive cultures are streaked on LNHM agar plates.

Figure 5. Measurement of bacterial growth by flow cytometry.

Protocol 6: Isolation of epibiotic bacteria
Cultures of epibiotic bacteria are isolated by streaking one drop of the culture on solid LNHM
and incubated at room temperature until growth (incubation longer than 6 weeks for some
colonies). It is important to notice that the success of this step increased with fresh LNHM
cultures (as compared to LNHM cultures stored at 4°C). Colonies are observed with a
binocular microscope. One or several colonies (depending on the number of phenotypes
observed) are selected and purified by streaking.

3. References
Carini, P. et al (2013). Nutrient requirements for growth of the extreme oligotroph
‘Candidatus Pelagibacter ubique’ HTCC1062 on a defined medium. The ISME Journal, 7 (3),
592-602.
Cho, J. C. & Giovannoni, S. J. (2004). Cultivation and growth characteristics of a diverse
group of oligotrophic marine Gammaproteobacteria. Applied and Environmental
Microbiology, 70, 432-440.
Giovannoni, S. J &. Stingl, U. (2007). The importance of culturing bacterioplankton in the
‘omics’ age. Nature Reviews Microbiology, 5, 820-826
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II. Isolation of endosymbiotic microalgae
The aim of the protocol described below is to isolate planktonic protists (e.g. Radiolaria) in
order to cultivate their endosymbiotic microalgae (photosymbionts).

Fig. 6. Overview of the algal symbiont isolation.

1. Materials
















Pasteur pipette
Bunsen burner
Storage box for tapered Pasteur pipette
Dissection forceps
microscope slides
Inverted and binocular microscopes
Sterile seawater (filtered onto 0.2 µm)
Sample (plankton net and cod-end)
Flexible tube (same diameter as Pasteur pipette)
Ethanol 70% (vol/vol)
Microscope slides
6 and 24-well plates
Petri dishes
Components to prepare micro-algal culture media (K/2)
Illuminated and temperature-regulated incubator

2. Procedures and protocols
2.1 Preparation of tapered Pasteur pipettes
Isolation of microalgal symbionts is performed using glass Pasteur pipettes. However, the
tapered end of these pipettes is too large (about 1 mm diameter) compared to the size of a
single cell (generally 5-10 µm). Therefore, a very fine capillary is formed from the original
tapered end using a burner (see protocol 2.1 under I).
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2.2 Preparation of culture media
Protocol 1: K/2 algal culture medium (modified from Keller et al. 1987).
- to 994 ml of seawater add:
Table 1. Components of modified K medium
Quantity

Compound

Stock solution (sterile)

Final conc. in medium

O.5ml

NaNO3

48.9542g/litre H2O

288µM

0.5ml

NH4Cl

0.535g/litre H2O

5µM

0.5ml

KH2PO4

4.8992g/litre H2O

18µM

0.5ml

FeEDTA solution

(see recipe below)

(see below)

0.5ml

Trace metal solution

(see recipe below)

(see below)

1.0ml

f/2 vitamin solution

(see recipe below)

(see below)

FeEDTA solution: to 950ml distilled H2O add:
Quantity

Compound

Stock solution

Final conc. in medium

4.3g

(Na) FeEDTA

-

5.85µM

Make up to 1 litre with milliQ H2O, sterilize (filter 0.22µm) and store in fridge.
Trace metal solution To 950ml distilled H2O add:
Quantity

Compound

Stock solution

Final conc. in medium

37.22g

Na2EDTA.2H2O

-

50µM

1.0ml

CuSO4.5H2O

2.497g/litre H2O

0.005µM

1.0ml

Na2MoO4.2H2O

7.2585g/litre H2O

0.015µM

1.0ml

ZnSO4.7H2O

23.0g/litre H2O

0.004µM

1.0ml

CoSO4.7H2O

14.055g/litre H2O

0.025µM

1.0ml

MnCl2.4H2O

178.11g/litre H2O

0.45µM

1.0ml

H2SeO3

1.29g/litre H2O

0.005µM

1.0ml

NiCl2.6H20

1.49 g/litre H2O

0.00314µM

Make up to 1 litre with milliQ H2O, sterilize (filter 0.22µm) and store in fridge.
f/2 Vitamin solution To 950ml distilled H2O add:
Quantity

Compound

Stock solution

Final conc. in medium

1.0ml

Vit. B12 (cyanocobalamin)

0.5g/litre H2O

0.37nM

1.0ml

Biotin

5.0mg/litre H2O

2.0nM

100.0mg

Thiamine HCl

-

0.3µM

Make up to 1 litre with Milli-Q H2O, filter sterilize (0.22 µm filter) into plastic vials and store in the
freezer.
- After addition of supplements, adjust pH of medium to 8.2 (with 0.2 M solution of NaOH)
- For K-ET, add 10-30 ml marine soil extract (ET)
- Filter sterilize through 0.22 µm filters (e.g. Millipore Steritop units) into sterile (autoclaved)
polycarbonate bottles.
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2.3 Collection and isolation of planktonic protists harboring photosymbionts
The planktonic protist specimens from whom symbiont cultures originate are isolated from
samples collected by plankton net tows (mesh porosity has to be adjusted according to the
host size targeted, i.e. typically 20 to 150 µm mesh size). The holobionts (host + symbiont)
of interest are first sorted in Petri dishes from fresh net samples under a binocular
microscope, cleaned by successive transfers in sterile (0.2µm filtered) seawater in 6-well
plates, then left in an illuminated and temperature-regulated incubator for at least one hour
to self-clean. Individual clean specimens are then identified based on their morphology and
imaged under an inverted microscope.
-

-

Collect environmental samples by towing a plankton net (adjust mesh size to targeted host);
The plankton sample is recovered from the cod-end of the net and observed under a binocular
microscope;
Filter 10 mL of sea water (SW) through 0.2 µm pore-size filter and fill up a 6-well plate with sterile
SW;
Once a specimen of interest is spotted, collect it using a flexible tube connected to a tapered
micropipette;
Transfer the specimen into a well of a 6-well plate and leave it, ideally at in situ temperature and light,
for at least 1 hour to allow digestion of any food remains in the digestive vacuoles. Transfer into clean
sterile SW as many times as necessary to attain a visually clean specimen;
Once self-cleaned, the specimen is carefully identified based on its morphology and imaged under an
inverted microscope.

2.4 Isolation and culture of symbiotic microalgae
The symbiotic micro-algal cultures are obtained by micropipette isolation of single symbiont cells released from
live host specimens that are micro-dissected under an inverted microscope. The resulting monoclonal cultures
are maintained in filter-sterilized seawater with K/2(-Tris, -Si) medium supplements (Keller et al. 1987) at 22°C
with an irradiance of 70–80 μmol photons m-2s-1 in a 12:12 light:dark regime. When stabilized, the cultures are
deposited in the Roscoff Culture Collection (http://www.sb-roscoff.fr/Phyto/RCC). Detailed information related
to each holobiont specimen from which culture has been obtained can be found in the RENKAN database at
http://abims.sb-roscoff.fr/renkan/.
Transfer the holobiont specimens into a drop of sterile SW on a microscope slide;
The specimen is micro-dissected under an inverted microscope using a flexible tube connected to a
tapered micropipette;
Single cells of the microalgal symbionts released are then pipetted using a flexible tube connected to a
tapered micropipette;
Transfer the content of the pipette to a well of a 24-well plate (or any appropriate culture flask) filled
with 2 ml of culture media (K/2);
The plate is closed, sealed, and incubated at 22°C with an irradiance of 70–80 μmol photons m-2s-1 in a
12:12 light:dark regime.

3. References :
Probert et al. 2014. Brandtodinium Gen. Nov. and B. nutriculum Comb. Nov. (Dinophyceae),
a dinoflagellate commonly found in symbiosis with polycystine radiolarians. J. Phycol. in
press.
Keller, M.D., et al. 1987. Media for the culture of oceanic ultraphytoplankton. J. Phycol. 23:
633-638.

III. Isolation of parasites lytic of microalgae.
1. Materials




Pasteur pipette
Bunsen burner
Storage box for tapered Pasteur pipette
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Dissection forceps
microscope slides
Inverted and binocular microscopes
Sterile seawater (filtered onto 0.2 µm)
Sample (plankton net and cod-end)
Flexible tube (same diameter as Pasteur pipette)
Ethanol 70%
Microscope slides
6 and 24-well plates
Petri dishes
Components to prepare micro-algal culture media (F/2, marine water enrichment solution, sigma)
Illuminated and temperature-regulated incubator
Soil (avoid of pesticides and herbicides)
Vented culture flasks

2. Procedures and protocols
2.1 Preparation of tapered Pasteur pipettes
Usually, isolation of microalgal cells is performed using glass Pasteur pipettes. However, the
tapered ends of these pipettes are too large (about 1 mm diameter) compared to the size of
a single cell (generally 5-50 µm). Therefore, a very fine capillary is formed from the original
tapered end using a burner as illustrated in Figure 1 above. Then, tapered Pasteur pipettes
are placed vertically in a closed 1mL-tip box for sterilization.
2.2 Preparation of culture media
-

Water sample from the targeted locality is collected at least 3 months before the medium preparation,
and stored in the dark
Soil extract is prepared following Starr and Zeikus (1993) recommendation.
Seawater is then filtered through 0.22 µm pore-size filters, and autoclaved.
F/2 preparation (Marine water enrichment solution from Sigma) and 5% (v/v) soil extract are added.
A final filter sterilization step using a 0.22 µm pore-size filter is performed under sterile conditions.

2.3 Isolation of the microalgae (the host)
To isolate a parasite of a microalga, we have to isolate the microalga first. Microalgal strains
should be monoclonal.
The isolation of single microalgal cells is performed using an inverted microscope (see
Figure 4 above):
-

Fill a 24-well plate using fresh sterile medium (1 mL per well)
Transfer a drop of sample suspension on a sterile microscopic slide already placed on the microscope
stage
Connect a flexible tube to a tapered micropipette on one end and to a 1 mL filter pipette tip on the other
end
Fill in the tapered Pasteur pipette by capillarity with sterile medium (need to be repeat each time before
its use).
Under the microscope, transfer a single cell from the drop of the sample suspension into the Pasteur
pipette
Replace the slide with samples by a new slide, on which three regular drops of sterile medium (about
50 µl each) are made using a pipette.
Transfer the cell isolated using the tapered pipette on the first drop of the slide under the microscope
(the most important is to see the cell in the drop).
Transfer the single cell from the first drop to the second one using a novel tapered Pasteur pipette.
Repeat this step form the second to the third drop.
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-

Using a novel tapered Pasteur pipette, pick the cell from the last drop and transfer the content of the
Pasteur pipette into one well of the plate.
The well plate is closed with an adhesive film seal and incubated at 19°C on light for 1-6 weeks.
Observations are then made weekly.

2.4 Isolation and cultivation of protistean parasites from microalgae
Protistean parasites can be ecto- or endoparasites (Fig. 7). Ectoparasites are the easiest to
detect. Endoparasites could request the use of additional screening (some of them are
autofluorescent in certain conditions). Other kind of parasites, such as viruses and algicidial
bacteria, could be responsible for the demise of the host. Free-living protistean parasites,
viruses and algicidial bacteria can be discriminated by flow cytometry.

Figure 7: Different kinds of protistean parasites infecting the toxic microalgae Alexandrium minutum
(dinoflagellate). A- Chytrid (Fungi), ectoparasite. B- Parvilucifera rostrata (Perkinsozoa, Alveolata),
endoparasite. C- Amoebophrya sp. (Syndiniales, Alveolata), endoparasite. (Chambouvet et al. 2008,
Lepelletier et al. 2014, Lepelletier et al. submitted)
-

-

-

Exponentially growing host strains should be used. For dinoflagellates, such strains are obtained by
weekly diluting cultures in ½ volume of fresh medium using vented culture flasks, during at least three
consecutive weeks. Host cultures are distributed into well plates (50% of the required volume)
Natural samples are collected, freshly filtrated by gravity (no pumping to avoid cell damages)
throughout filters of 5 to 8 µm, and used to inoculate plates previously filled with host cultures.
Different ratio between host culture and filtrate could be tested (we recommend ratio 1/1 (v/v) as a
baseline). This step should be processed as much as possible at temperature closest as the one measured
in the environment. One to several controls (wells with the host culture only) should be added to each
plate.
Plates are incubated at light (regime between light and dark should be adapted to the microalgal strain).
For dinoflagellates, we used a L:D cycle of 12:12 h, at 80 µmol photons m 2 s-1.
Presence of parasites is screened using microscope, by rapidly compared host cell density between
wells. Infections (or demise of cultures) are generally observed 1-2 weeks after the inoculation.
Monoclonal strains of parasites are obtained by inoculated single infected host cell into fresh host
cultures. This procedure is repeated three times to obtain monoclonal strains of parasites.
Strains of parasites are maintained by transferring 100 µl of infected host culture into 1 mL
exponentially growing host culture 1 to 2 times per week (depending on the parasitic incubation
period).

The case of Syndiniales (Amoebophrya)
-

Amoebophrya-like parasites emit natural bright green autofluorescence using an epifluorescence
microscope equipped with the U-MWB2 cube (450-480 nm excitation, 500 nm emission, Coats and
Bockstahler 1994, Chambouvet et al. 2011).
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