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[Abstract] Streptococcus pneumoniae (pneumococcus) is an important human pathogen that causes
pneumonia, meningitis, sepsis, and otitis media. This bacterium normally resides in the nasopharynx as
a commensal, but sometimes disseminates to sterile sites of humans and causes local or systemic
inflammation. This biphasic behavior of S. pneumoniae is correlated with a reversible switch between
the opaque and transparent colony forms on agar plates, a phenomenon referred to as phase variation.
The opaque variants appear to be more virulent in animal models of bacteremia but are deficient in
nasopharyngeal colonization animal models. In contrast, the transparent variants display higher levels
of nasopharyngeal colonization but relatively lower virulence in animal models. We have recently
demonstrated that pneumococcal phase variation between these two colony types is caused by a
reversible switch of genome DNA methylation (or epigenetic) patterns, which is driven by DNA inversions
in the DNA methyltransferase genes. Observation of colony morphology is a simple and useful method
to differentiate colonies with different characteristics, such as size, color, and opacity. This protocol
describes how to study pneumococcal phase variation in colony morphology with a dissection
microscope.
Keywords: Streptococcus pneumoniae, Colony morphology, Phase variation, Epigenetic switch, DNA
inversion, Dissection microscope

[Background] Streptococcus pneumoniae is a leading cause of bacterial pneumonia, meningitis, and
sepsis in children worldwide (Walker et al., 2013). The success of this pathogen in its adaptation to
various ecological niches of human host depends on its remarkable phenotypic plasticity (Croucher et
al., 2013; Johnston et al., 2014a), which has been reflected by the inter-strain antigenic variation in the
capsular polysaccharides and surface proteins (Croucher et al., 2013 and 2011), acquisition of new
virulence factors (Park et al., 2012), extensive drug resistance (Croucher et al., 2014) within the species.
Natural genetic transformation is a well-known mechanism contributing to this phenotypic plasticity
(Johnston et al., 2014b). Moreover, S. pneumoniae is also capable of spontaneous phase variation
between opaque and transparent colony phenotypes, a widespread phenomenon in microbial
pathogens (van der Woude, 2011). The opaque variants, which have more capsule and less teichoic
acid, are more virulent in the lung and bloodstream; the transparent counterparts, which express less
capsule and have more teichoic acid, are more adaptive to the nasopharynx (Kim and Weiser, 1998;
Weiser et al., 1994; Manso et al., 2014; Li et al., 2016). Our recent studies have revealed that
pneumococcal phase variation between two colony phenotypes is determined by DNA inversion
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between the methyltransferase hsdS genes in the colony opacity determinant (cod) locus (Feng et al.,
2014; Li et al., 2016).
The protocol we present here describes the complete experimental procedure from preparing a
bacterial stock to obtaining an image of colony morphology as described in our recent study (Li et al.,
2016). Animal blood is commonly added to agar medium to promote growth of S. pneumoniae, but the
color of the blood makes it difficult to differentiate opaque and transparent colonies by microscopic
approach. Instead, catalase is supplemented to agar plates to culture S. pneumoniae by neutralizing
the inhibition effect of hydrogen peroxide (produced by the pneumococci themselves) on pneumococcal
growth when it comes to observe and document colony morphologies by dissection microscope (Kim
and Weiser, 1998; Weiser et al., 1994; Manso et al., 2014; Li et al., 2016). Since colony morphology
phenotypes can be indicative of bacterial physiological and pathogenic properties, this protocol may
offer a valuable method to study the impact of genetic and epigenetic elements or environmental
conditions on bacterial biology and disease pathogenesis.

Materials and Reagents

1. Pipette tips
2. Petri dishes (100 mm) (Thermo Fisher Scientific, Thermo Scientific TM, catalog number: 263991)
3. 50 ml tubes (Thermo Fisher Scientific, Thermo Scientific TM, catalog number: 339652)
4. 0.2 μm filter (Pall, catalog number: 4612)
5. 1.5 ml tubes (Eppendorf, catalog number: 022363204)
6. Spreading rods (Sigma-Aldrich, catalog number: Z376779)
7. S. pneumoniae strain ST556 (Li et al., 2012)
8. Todd Hewitt broth (Sigma-Aldrich, catalog number: T1438)
9. Yeast extract (Sigma-Aldrich, catalog number: Y1625)
10. Glycerol (Sigma-Aldrich, catalog number: G5516)
11. Tryptic soy agar (TSA) (BD, DifcoTM, catalog number: 236950)
12. Catalase from bovine liver (Sigma-Aldrich, catalog number: C9322)
13. Phosphate buffered saline (PBS) (Mediatech, catalog number: 21-040-CV)
14. Todd Hewitt broth with yeast extract (THY) medium (see Recipes)
15. TSA medium (see Recipes)
16. Catalase working solution (see Recipes)

Equipment

1. Pipettes
2. Dissection microscope (ZEISS, model: Stemi 2000-C)
3. 37 °C water bath
4. Spectrophotometer (Thermo Fisher Scientific, Thermo ScientificTM, model: GENESYSTM 30)
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5. 37 °C 5% CO2 incubator (Thermo Fisher Scientific, Thermo ScientificTM, model: HeracellTM 150i)
6. Autoclave (SANYO, model: MLS-3780)
7. Analytical balance (Mettler-Toledo International, model: NewClassic ML802)
8. Vortex mixer
9. Centrifuge (Eppendorf, model: 5417 R)
10. Class II biological safety cabinet (Thermo Fisher Scientific, Thermo ScientificTM, model: MSCAdvantageTM Class II)
11. Digital single lens reflex camera (Canon, model: EOS 550D)
12. Small mirror with a diameter of ~5 cm

Procedure

1. Setup of the microscope (Video 1)
a. Position the dissection microscope ~5 cm off the bench by placing two boxes under both
sides of the dissection microscope base.
b. Take down the illuminator from the microscope.
c.

Fix the illuminator to the surface of the bench between the two boxes using a piece of tape,
and make the direction of the light source vertically towards the observer.

d. Remove the lens of the camera and install the camera on the top of the microscope.
e. Remove the object stage that is embedded in the base of the microscope.

Video 1. Setup of the dissection microscope

2. Preparation of pneumococcal colonies for observing colony morphology
a. Thaw a frozen stock of pneumococcal strain ST556 in a water bath at 37 °C.
b. Inoculate 5 ml THY medium with 50 μl of the thawed frozen stock.
c.

Incubate the culture in a 5% CO2 incubator at 37 °C for about 5 h.

d. Check the optical density (OD) of the culture at a wavelength of 620 nm using a
spectrophotometer until the culture reaches mid-log phase (OD620 = 0.4-0.6).
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Note: The phase-variable colonies can be formed by either bacterial cells from fresh cultures
or frozen stocks. If you want to use the freshly grown culture as described in 2d to make
colonies, proceed to step 2g.
e. Mix the bacterial culture with an equal volume of 30% glycerol in THY, and store the stocks
at -80 °C for future use.
f.

Thaw a frozen stock of S. pneumoniae strain ST556 in a water bath at 37 °C.

g. Dilute the culture or thawed stock with PBS at 1:10,000 dilution to approximately 104 colony
forming unit (CFU)/ml.
h. Thaw a frozen stock of catalase working solution at room temperature.
i.

Mix 50 μl of bacterial diluted stock with 100 μl of the catalase working solution, and spread
the mixture on a TSA plate.

j.

Incubate the plate in the 5% CO2 incubator at 37 °C for 16 h.
Note: In this protocol, we only detected the phase variation in colony opacity of
pneumococcal strain ST556. Based on our previous observations (Li et al., 2016), 6 out of
8 strains showed opaque and transparent colony phenotypes at the 16-h time point, such
as ST556 (serotype 19F), TH2901 (serotype 6B), and TH2835 (serotype 14). However,
TIGR4 (serotype 4) and D39 (serotype 2) displayed different colony phenotypes at the 24h time point. The incubation time of the plates should be adjusted according to the strain
you use.

3. Observation of pneumococcal colonies (Video 2)
a. Open the lid of the plate (Procedure 2), and put the plate with its open side down on the
stage of the dissection microscope.
b. Turn on the illuminator, and use a small mirror under the stage of the microscope to reflect
the light onto the plate.
c.

Adjust the intensity of the light and angle of reflected light by the mirror until you can see
the colonies.

Video 2. Observation of pneumococcal colonies
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d. Adjust the magnification of the microscope based on your needs.
e. Adjust the focus of the microscope to make your field clear.
f.

Turn on the camera, and turn off the flash and automatic brightness adjustment system of
the camera.

g. Fix the angle of the mirror by holding it steadily.
h. Photograph the colonies.

Data analysis

The representative image (Figure 1) illustrates that pneumococcal strain ST556 is capable of
spontaneous phase variation in colony opacity, resulting in the formation of opaque and transparent
two types of colony morphologies on the TSA plate supplemented with catalase.

Figure 1. A photograph of the phase variation between opaque and transparent colonies in
a clonal population of S. pneumoniae strain ST556. Colonies were produced on a TSA plate
supplemented with catalase after 16-h incubation and observed under a dissection microscope as
described above. The representative opaque and transparent colonies are indicated by red and blue
arrowheads, respectively. The scale bar was shown at the bottom right of this image (Li et al., 2016).

Recipes

1. THY medium
a. Dissolve the powder of Todd Hewitt broth (TH) and yeast extract (Y) in ddH2O (30 g TH and
5 g Y/L)
b. Autoclave the medium at 121 °C for 15 min
c.

Store the medium at 4 °C

2. TSA agar plates
a. Dissolve the TSA powder in ddH2O (40 g/L)
b. Autoclave the medium at 121 °C for 15 min
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Pour 15-20 ml TSA medium into each dish

d. After solidification, use plates directly or store at 4 °C
3. Catalase working solution (40,000-100,000 U/ml)
a. Weigh 0.2 g catalase using an analytical balance
b. Dissolve the catalase from 3a in 10 ml PBS in a 50 ml tube by vortex for 1 min
c.

Centrifuge the solution at 12,000 x g for 10 min at 4 °C

d. Sterilize the supernatant from 3c by filtration using a 0.2 μm filter
e. Aliquot the solution into 1.5 ml tubes
f.

Store the tubes at -80 °C
Note: Avoid using the freeze-thawed catalase solution.
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