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A B S T R A C T   

Acidobacteriota are highly abundant in soils, however, few cultured representatives are available. The purity of 
the reagents can influence microbial growth in laboratory conditions and successful isolation. Here we inves-
tigated the impact of different agar brands in culture medium and advocate that agar origin should be carefully 
considered for Acidobacteriota strains growth and microbial isolation.   

One of the major hurdles of studying bacteria of phylum Acid-
obacteriota is their isolation and propagation in culture media. Despite 
their high abundance and ubiquity in different environments, especially 
soils, few representatives have been cultured. They are slow growers, 
usually taking weeks to months to develop colonies (de Castro et al., 
2013; Eichorst et al., 2011). To date, 62 species have been described, 
compared to only 14 species in 2011 (de Castro, 2011). The number of 
species of Acidobacteriota and isolates has recently increased due to 
changes in traditional culture methods and the use of unconventional 
culture media composition. Media modifications include low concen-
tration of nutrients (Janssen et al., 2002; Stevenson et al., 2004), un-
usual or complex polysaccharides as carbon sources (Eichorst et al., 
2011; Pankratov et al., 2008), longer incubation periods (de Castro, 
2011), addition of humic acids and quorum-sensing molecules (Ste-
venson et al., 2004), and the application of soil solutions and inhibitors 
for unwanted microorganisms (de Castro et al., 2013; Foesel et al., 
2013). Although the modifications allowed the isolation of new Acid-
obacteriota genera, another factor that can influence microbial colony 
development in laboratory conditions is the purity of the reagents, since 
minor differences in medium composition can impact microbial growth 
(Atlas, 2010). In this context, few studies addressed impact of the dif-
ferences in composition between agar brands in microbial growth and 
no study has addressed those issues in the growth of Acidobacteriota 
genera. Therefore, here we evaluated the impact of three different agar 
brands (Bacto TM Agar BD 214010 - standard quality, detrimental ions 
such as iron and copper are reduced - (BD, EUA); Sigma Agar A1296-500 

Agar-Agar - purified agar - (Sigma-Aldrich, EUA) and Fluka Agar 
05038–500 - highly purified, essentially free of impurities - (Sigma- 
Aldrich, EUA)) on the colony development of two strains belonging to 
class Acidobacteriaceae (subdivision 1), Granulicella genus (5B5 and 
WH15). Both strains are Extracellular Polymeric Substances (EPS) pro-
ducers (Kielak et al., 2017) and belong to the culture collection of the 
Netherlands Institute of Ecology (NIOO-KNAW), Department of Micro-
bial Ecology. Granulicella genus 5B5 and WH15 strains were isolated 
from wood in advanced decay stage, in association with the white-rot 
fungus Hypholoma fasciculare, in the Netherlands (Valášková et al., 
2009). The optimized culture medium PSYL5 was used in this study. 
PSYL5 medium was composed of (g/L): 1.8 KH2PO4, 0.2 MgSO4.7H2O, 
30 sucrose and 1.0 yeast extract; pH adjusted to 5.0 (Campanharo et al., 
2016), with 20.0 g/L of each respective agar added individually. Assays 
were performed in 90 mm polystyrene petri dishes. Plates were inocu-
lated with 100 μL of cells at OD600nm = 1 nm/mL, homogenized and 
incubated at 20 ◦C and 30 ◦C for 15 days, when growth and EPS pro-
duction at both temperatures were visually evaluated. All experiments 
were executed in duplicates. 

Our results showed that Granulicella strain 5B5 was not able to grow 
on Sigma Agar A1296-500, which also poorly supported the growth of 
Granulicella strain WH15. Fluka Agar 05038–500 supported the growth 
of both strains, but results demonstrated the Granulicella strains per-
formed the best in BD agar (Fig. 1), and was not temperature-dependent. 

The metal ion composition of the different agar brands has been 
previously addressed by Bosmans et al. (Bosmans et al., 2016). The 
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products used in the current study had varied metal ion concentration, 
which could be affecting the performance of the strains in solid media. 
Hence, we further tested if the addition of two concentrations of the 
trace element solution SL10 (Atlas, 2010) to the solid culture medium 
could enhance the growth of the Granulicella strains on media with the 
different agar brands. To further determine the effect of trace elements 
solution SL10 (μM composition in 1 mL solution: FeCl2.4H2O 7.54; 
ZnCl2, 0.51; MnCl2.4H2O, 0.51; H3BO3, 0.10; CoCl2.6H2O, 0.80; 
CuCl2.2H2O, 0.01; NiCl2.6H2O 0.10; Na2MoO4.2H2O 0.15) on the bac-
terial growth on each agar brand separately, we added different con-
centrations (1 mL and 10 mL per L of PSYL5 culture medium) of SL10 to 
the autoclaved culture media after cooling to 40 ◦C. The agars were 
autoclaved separately and mixed to the media right before solidification 
in order to avoid hydrolysis and production of inhibitors (Tanaka et al., 
2014). Plates were inoculated and incubated as in the previous 

experiment. Culture media without the addition of SL10 solution were 
used as controls. 

The addition of SL10 (1 mL and 10 mL concentrations) visually 
enhanced bacterial growth and EPS production, especially for Sigma 
(Fig. 1d) and Fluka (Fig. 1e) brands, supporting that the metal ion 
content of these agar brands was not fulfilling the requirements for the 
growth of our strains. Nevertheless, the best was BD agar (Fig. 1c and f), 
since no extra amendments were required for bacterial development as 
shown in Table 1. 

Overall, our experiments demonstrated and reinforced the impor-
tance of not only purity but also the composition of reagents used for 
experiments involving microbial growth, particularly Acidobacteriota 
members. For instance, Bosmans et al. (2016) showed that calcium 
content of the agar strongly affected antimicrobial activity of Firmicutes 
strain ST15.15/036 against Agrobacterium. Being able to track brands 
and reagent batches is important especially when dealing with fastidious 
microbes that rely on the presence of micronutrients for a good perfor-
mance in laboratory conditions. Furthermore, those observations may 
lead to other interesting questions concerning to the role of micro-
nutrients in the metabolism of such microbes (Costa et al., 2020), as the 
importance of trace elements in microbial metabolism is widely recog-
nized (Chandrangsu et al., 2017). 

Funding 

Ohana Y.A. Costa was supported by SWB grant from CNPq [202496/ 
2015–5] (Conselho Nacional de Desenvolvimento Científico e Tec-
nológico, Brazil). This study was supported by the Netherlands Orga-
nization for Scientific Research (NWO) grant number 729.004.016. 

Declaration of Competing Interest 

The authors declare no conflict of interest. 

Acknowledgements 

Publication number 7136 of the Netherlands Institute of Ecology 
(NIOO-KNAW). 

References 

Atlas, R.M., 2010. Handbook of microbiological media, 4rd ed. CRC Press c2004, Boca 
Raton, Florida.  

Fig. 1. Growth of Granulicella strains 5B5 (top) and WH15 (bottom) in PSYL5 culture medium containing different agar brands after incubation for 15 days at 20 ◦C. 
a) Sigma agar, b) Fluka agar c) BD agar. Growth of Granulicella strains 5B5 (top) and WH15 (bottom) after the addition of trace element solution and incubation for 
15 days at 20 ◦C. d) Sigma agar, e) Fluka agar, f) BD agar; 1×: trace element solution SL10 1 mL/L; 10×: trace element solution SL10 10 mL/L. 

Table 1 
Summary of Granulicella strains growth and EPS production in culture medium 
containing different agar sources at different concentrations of SL10 solution in 
two temperatures.   

20 ◦C  30 ◦C   

WH15 5B5 WH15 5B5 

Agar brand PSYL 5 
(growth/ 
EPS) 

PSYL5 
(growth/ 
EPS) 

PSYL 5 
(growth/ 
EPS) 

PSYL5 
(growth/ 
EPS) 

Sigma þ/þ ¡/¡ – – 
Sigma+SL10 

1×
þþþ/þ þ/þ þþþ/þ þ/þ

Sigma+SL10 
10×

þþþ/þþþ þþ/þ þþþ/þþþ þþþ/þþ

Fluka þþ/þþ þ/þ þþ/þþ þ/þ
Fluka+SL10 

1×
þþþ/þþ þþ/þ þþþ/þ þþþ/þ

Fluka+SL10 
10×

þþþ/þþ þþ/þ þþþ/þþ þþþ/þ

BD þþþ/þþ þþþ/þ þþþ/þþþ þþþ/þ
BD + SL10 1× þþþ/þþ þþþ/þ þþþ/þþþ þþþ/þ
BD + SL10 

10×
þþþ/þþ þþþ/þþ þþþ/þþþ þþþ/þþ

SL10 1×: trace element solution SL10 1 mL/L; SL10 10×: trace element solution 
SL10 10 mL/L. +:<100 bacterial colonies/low EPS production, ++: <500 
bacterial colonies/moderate EPS production; +++: uncountable number of 
bacterial colonies/abundant EPS production. The visual comparison was per-
formed using the Bacto TM Agar BD. 
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de Castro, V.H.L., Schroeder, L.F., Quirino, B.F., Kruger, R.H., Barreto, C.C., 2013. 
Acidobacteria from oligotrophic soil from the Cerrado can grow in a wide range of 
carbon source concentrations. Can. J. Microbiol. 59, 746–753. https://doi.org/ 
10.1139/cjm-2013-0331. 

Chandrangsu, P., Rensing, C., Helmann, J.D., 2017. Metal homeostasis and resistance in 
bacteria. Nat. Rev. Microbiol. 15, 338–350. https://doi.org/10.1038/ 
nrmicro.2017.15. 

Costa, O.Y.A., Oguejiofor, C., Zühlke, D., Barreto, C.C., Wünsche, C., Riedel, K., 
Kuramae, E.E., 2020. Impact of different trace elements on the growth and proteome 
of two strains of Granulicella, class Acidobacteriia. Front. Microbiol. 11, 1227. 
https://doi.org/10.3389/fmicb.2020.01227. 

Eichorst, S.A., Kuske, C.R., Schmidt, T.M., 2011. Influence of plant polymers on the 
distribution and cultivation of bacteria in the phylum Acidobacteria. Appl. Environ. 
Microbiol. 77, 586–596. https://doi.org/10.1128/aem.01080-10. 

Foesel, B.U., Rohde, M., Overmann, J., 2013. Blastocatella fastidiosa gen. Nov., sp. nov., 
isolated from semiarid savanna soil–the first described species of Acidobacteria 

subdivision 4. Syst. Appl. Microbiol. 36, 82–89. https://doi.org/10.1016/j. 
syapm.2012.11.002. 

Janssen, P.H., Yates, P.S., Grinton, B.E., Taylor, P.M., Sait, M., 2002. Improved 
culturability of soil bacteria and isolation in pure culture of novel members of the 
divisions Acidobacteria, Actinobacteria, Proteobacteria, and Verrucomicrobia. Appl. 
Environ. Microbiol. 68, 2391–2396. https://doi.org/10.1128/aem.68.5.2391- 
2396.2002. 

Kielak, A.M., Castellane, T.C.L., Campanharo, J.C., Colnago, L.A., Costa, O.Y.A., Corradi 
da Silva, M.L., van Veen, J.A., Lemos, E.G.M., Kuramae, E.E., 2017. Characterization 
of novel Acidobacteria exopolysaccharides with potential industrial and ecological 
applications. Sci. Rep. 7, 41193 https://doi.org/10.1038/srep41193. 

Pankratov, T.A., Serkebaeva, Y.M., Kulichevskaya, I.S., Liesack, W., Dedysh, S.N., 2008. 
Substrate-induced growth and isolation of Acidobacteria from acidic Sphagnum 
peat. ISME J. 2, 551–560. https://doi.org/10.1038/ismej.2008.7. 

Stevenson, B.S., Eichorst, S.A., Wertz, J.T., Schmidt, T.M., Breznak, J.A., 2004. New 
strategies for cultivation and detection of previously uncultured microbes. Appl. 
Environ. Microbiol. 70, 4748–4755. https://doi.org/10.1128/aem.70.8.4748- 
4755.2004. 

Tanaka, T., Kawasaki, K, Daimon,. S, Kitagawa, W., Yamamoto, K., Tamaki, H., Tanaka, 
M., Nakatsu, C.H., Kamagata, Y., 2014. A hidden pitfall in the preparation of agar 
media undermines microorganism cultivability. Appl. Environ. Microbiol. 80(24), 
7659–66. doi:https://doi.org/10.1128/AEM.02741-14. 
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