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Abstract

Formation of the mycelial pellet in submerged cultivation of Streptomycetes is unwanted in industrial fermentation processes as it
imposes mass transfer limitations, changes in the rheology of a medium, and affects the production of secondary metabolites. Though
detailed information is not available about the factors involved in regulating mycelial morphology, it is studied that culture conditions
and the genetic information of strain play a crucial role. Moreover, the proteomic study has revealed the involvement of low molecular
weight proteins such as; DivIVA, FilP, ParA, Scy, and SsgA proteins in apical growth and branching of hyphae, which results in the
establishment of the mycelial network. The present study proposes the mechanism of pellet formation of Streptomyces toxytricini (NRRL
B-5426) with the help of microscopic and proteomic analysis. The microscopic analysis revealed that growing hyphae contain a bud-
like structure behind the apical tip, which follows a certain organized path of growth and branching, which was further converted
into the pellet when shake flask to the shake flask inoculation was performed. Proteomic analysis revealed the production of low
molecular weight proteins ranging between 20 and 95 kDa, which are involved in apical growth and hyphae branching and can possibly
participate in the regulation of pellet morphology.
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Introduction

Streptomyces (Gram-positive bacteria) is one of the most explored
microorganisms at the commercial scale for synthesizing natural
products. During submerged fermentation, filamentous microor-
ganisms exhibit morphologies between diffused mycelia and pel-
lets as per the culture conditions and type of microbial strain
(Hobbs et al. 1989). Streptomyces toxytricini is recognized for pro-
ducing lipase-inhibitory natural product lipstatin, used in an FDA-
approved anti-obesity drug (Kumar and Dubey 2015, 2016). Like
other species of the genus, Streptomyces toxytricini also exhibits pel-
let morphology in submerged fermentation (Kumar and Dubey
2017). Mycelial morphologies are associated with producing the
desired natural product. Moreover, the pellet morphologies af-
fect the rheology of a medium, heterogeneous mass transfer, and
downstream processing (Rioseras et al. 2014, Wang et al. 2017).
Therefore, regulation of pellet morphology is necessary for indus-
trial processes.

Studies conducted at the molecular level suggested the in-
volvement of many genes and proteins that control the mycelium
transformation or morphological differentiation of Streptomyces
(Vassallo et al. 2020, Wu et al. 2020). Streptomyces’ growth occurs
from the spore into vegetative hyphae, regulated by the AMP re-
ceptor protein Crp (Derouaux et al. 2004). Further growth of the
hyphae takes place by tip extension and branching, where po-
larity protein DivIVA, the first molecular marker of hyphal tips,
plays a key role (Flardh et al. 2012). It was suggested that during

the growth of hyphae, the development of cross-walls also takes
place, which protects hyphae from fission and forms a multinu-
cleated compartment (Jakimowicz and van Wezel 2012). Moreover,
many protein complexes of Streptomyces like Scy, Tat secretion sys-
tem, SsgA, and CslA are also associated with the apical tip growth
of Streptomyces. In Streptomyces, cellulose synthase-like proteins,
which are responsible for the synthesis of beta-glucan-containing
polysaccharides, play an essential role in tissue morphogenesis,
hyphal tip growth, and morphological differentiation (Noens et al.
2007, Hempel et al. 2012, Willemse et al. 2012, Holmes et al. 2013).
It was reported that SsgA is involved in identifying a location for
developing the septum and germination site (Noens et al. 2007).
Interestingly, Scy, ParA, and FilP proteins are assumed to interact
with DivIVA to control the apical growth of mycelia (Ditkowski et
al. 2013, Holmes et al. 2013). Scy is a scaffold protein that func-
tions as an apical dominance regulator, while FilP is a cytoskeletal
protein that affects the hyphal shape (Khushboo et al. 2023). One
more protein HyaS has been found conserved in streptomycetes
and associated with the regulation of pellet morphology by main-
taining hyphal contacts (Koebsch et al. 2009).

Moreover, it was also suggested that some extracellular mate-
rials (proteins, sugars, and DNA) work as adhesives and are in-
volved in forming pellet-like structures and providing protection.
Extracellular DNA, hyaluronic acid, teichoic acids, and CslA are
associated with Streptomyces’ pellet morphology (Kim and Kim
2004, Ultee et al. 2020). It was found that cellulose synthase-like
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protein CslA was also identified near the hyphal tip, which was in-
volved in growth and structural transformation. It was also stud-
ied that it interacts with DivIVA and regulates biopolymer for-
mation with glycosidic bonds near hyphal tips. The physical phe-
nomenon, such as oxygen transfer and shear rate, also influence
the morphology of Streptomyces (Ribeiro et al. 2021). Directive and
quick-acting approaches, like the addition of microparticles and
macroparticles, have also been used to regulate mycelial mor-
phology (Bl et al. 2020, Yue et al. 2021).

In the previous report, authors reported that culture conditions
(pH of culture medium, medium composition, agitation rate, and
inoculum size) influence the pellet size of S. toxytricini (Kumar
and Dubey 2017). Still, the mechanism of mycelial transforma-
tion into a pellet has not been elaborated. Though pellet size was
reduced with changes in culture conditions, biomass formation
was also reduced. Thus, the mechanism of pellet formation must
be studied to reduce the pellet size or maintain dispersed mycelial
morphology without affecting the biomass. In the present study,
authors attempted microscopic analysis of hyphae growth and
branching, which further transformed into the pellet. Addition-
ally, a partial analysis of proteins (produced by bacteria in pellet
and culture medium) was performed to understand the role of
proteins in pellet formation.

Materials and methods

Microorganism and growth conditions

Streptomyces toxytricini NRRL B-5426 strain was obtained from the
Agricultural Research Service (NRRL), Department of Agriculture,
USA. The bacterium was grown in a shake flask as per the condi-
tions mentioned in Kumar and Dubey (2017). The incubation tem-
perature was maintained at 27.5°C till the appearance of visible
colonies. Well-grown colonies of S. toxytricini were pink in color,
elevated, circular in shape, and had a specific odor.

Analysis of pellet morphology

For pellet morphology analysis, an inoculum of S. toxytricini was
prepared by transferring a loopful of bacteria (S. toxytricini) from
a Petri plate into a shake flask, modified from Kumar and Dubey
(2017).

After incubation, pellets were settled down and centrifuged at
5000 rpm for 10 min to remove the culture medium. Aggregated
pellets were washed thrice with 0.1 M sodium phosphate buffer of
pH 7.2 £ 0.1 and stored for further processing. The Gram staining
and methylene blue staining of pellets were performed to analyze
morphology and shape. Visualization was done in a compound
microscope. For scanning electron microscopy (SEM) of pellets,
primary fixation of pellets was performed in 2.5% glutaraldehyde
and 2% paraformaldehyde in 0.1 M sodium phosphate buffer at
pH 7.2 + 0.1. Further dehydration, fixation and coating, and SEM
analysis were done at Advanced Instrumentation Research Facil-
ity, Jawaharlal Nehru University, New Delhi (India). For biomass
analysis, pellets were kept for drying at 50°C in a hot air oven till
the appearance of constant weight.

Proteomic analysis of samples

Intracellular and extracellular proteins produced by S. toxytricini
during growth were extracted separately from the growth medium
and pellets. The acetone precipitation method was used for pro-
tein extraction from culture broth, and for protein isolation from
pellets, pellets were processed in lysis buffer at pH 7.0 (Hobbs et

al. 1989, van Veluw et al. 2012). Isolated proteins were analyzed by
10% SDS PAGE.

Results and discussion

Growth of S. toxytricini

The growth of S. toxytricini in submerged fermentation showed
that if inoculum was transferred from the Petri plate to the shake
flask, it produced diffused mycelia and pellets of smaller size,
while the transfer of inoculum from the shake flask to the shake
flask produced visible pellets in the culture broth. Thus it can
be assumed that in the Petri plate, bacterial mycelium was not
programmed for pellet formation, but in the culture broth, S.
toxytricini produces some chemical compound (intracellular or ex-
tracellular) that directs the formation of pellets at the submerged
level. Microscopic examination of S. toxytricini, which was grown
using inoculum from a Petri plate, revealed that mycelial aggre-
gation took place, but the majority of these aggregations were
clumps, loose mycelia, and smaller pellets (up to 20 pum). While
shake flask to shake flask inoculation produced pellets of larger
size (30 pm-2 mm) as major morphological form and very less
loose mycelia. Thus, it may be assumed that culture conditions
influence the transformation of mycelia into pellets, and when S.
toxytricini is grown in submerged conditions, it produces some bio-
chemicals or proteins that control pellet formation. According to
a previously reported study, this heterogeneity of mycelial forms
(loose, clump, and pellet) is maintained in a broth medium (Kumar
and Dubey 2017). Similarly, some studies have reported that varia-
tion in culture conditions directly affected the pellet morphology
of bacterial strains, but such mycelial morphology is unwanted
for industrial processes (Flardh et al. 2012, van Veluw et al. 2012,
Rioseras et al. 2014).

Morphology of pellets

For a better insight into pellet structure, the morphology of pel-
lets was analyzed by scanning electron microscope (Fig. 1). In this
study, it was observed that pellet formation takes place by inter-
woven hyphae (Fig. 1A), where hyphae are joined with each other
and form a compact network (Kim and Kim 2004, Koebsch et al.
2009). The surface of the pellet has loose mycelia, which are sites
of growth, and these mycelia undergo fragmentation during agi-
tation to form a new pellet (Fig. 1B) (Koebsch et al. 2009). Further
magnification (2 um scale) revealed that hyphae are attached to
each other and form tight junctions (Fig. 1C). Microscopic analysis
revealed that growing hyphae bear bud-like structures behind the
apical tip, and these bud-like structures form branches that were
developed at regular intervals (Fig. 1D) (Hempel et al. 2012). Thus
it may be assumed that branching behind the apical tip and tight
junctions assist in compact pellet formation. As reported earlier,
such types of association protect hyphae from fission and pro-
duce multi-nucleoid structures (Jakimowicz and van Wezel 2012).
The microscopic analysis strongly supported the observations of
previous researchers, such as; the generation of multiple polarity
centers (Holmes et al. 2013), growth and development of pellet by
tip extension, branching, and cross-wall formation (Flardh et al.
2012, Hempel et al. 2012, Khushboo and Dubey 2023).

Proteomics analysis

Researchers have reported many proteins (DivIVA, Scy, FilP, SsgA,
ParA, Tat, CslA, Afsk, CRP, HyaS, TrpM, and Mat complex, etc.)
involved with apical growth, formation of septa, branching in
growing hyphae (Noens et al. 2007, Hempel et al. 2012, Willemse et
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Figure 1. Analysis of pellet morphology and myecelial structure by SEM. (A) Morphology of pellet at 10 uM scale. (B) Surface of pellet showing free
mycelia, which show growth and branching at 10 uM scale. (C) Structure of hyphae showing association with each other and branching at growing tips

(2 uM scale). (D) Apical growth and branching of hyphae (2 uM scale).

al. 2012, Ditkowski et al. 2013, Holmes et al. 2013, van Dissel et al.
2018, Vassallo et al. 2020, Zhang et al. 2023). To further elucidate
the involvement of different proteins behind the pellet formation
of S. toxytricini, secreted proteins in the culture medium and intra-
cellular proteins were analyzed by electrophoresis. In this study,
the partial analysis of proteins (intracellular and extracellular)
was conducted. It was observed that large numbers of proteins
of different molecular weights were produced at the intracellular
and extracellular levels ranging from 95 to <20 kDa (Fig. 2). It is
assumed that many of these proteins are involved in pellet forma-
tion. It was observed in Fig. 1D that growing hyphae form branches
behind the apical tip. Studies have reported the expression of Di-
VvIVA (21.5 kDA) at the growing tip, which is suggested to interact
with Scy, ParA, and FilP to regulate pellet formation (Ditkowski et
al. 2013, Holmes et al. 2013). It has been suggested that Scy regu-
lates a number of polarity centers by associating with DivIVA for
new tip construction during branching (Holmes et al. 2013). In-
cluding this, Scy was found to sequester DivIVA and initiate the
formation of new polarity centers (Holmes et al. 2013). The pro-
tein Scy is also assumed to associate with ParA to hyphal tips and
control polymerization of ParA. The Scy-ParA association is as-
sumed to be involved in the transition of hyphal elongation into
sporulation (Ditkowski et al. 2013). Thus these proteins need fur-
ther analysis for their involvement in pellet formation. Including
this, the presence of other proteins involved in the growth and
branching of hyphae into pellet formation needs to be analyzed
before making any final conclusion.

Mechanism of pellet formation

In the previous study, the authors discussed the process of pel-
let formation (Kumar and Dubey 2017) (Fig. 3). DivIVA is found
to be associated with cell wall synthesis, genetic competence,
and chromosome segregation during sporulation (Labajova et al.

2021). It has also been suggested that DivIVA, with some other
proteins (Scy, ParA, and FilP), regulates the formation of polari-
some and forms branches in hyphae. Though continuous agita-
tion of culture medium enables clumping of mycelia, some exter-
nal biopolymers may assist the association of hyphae with each
other, resulting in compact pellets. To analyze this process, mi-
croscopic observation was conducted to understand the pattern
of pellet formation. It was revealed that hyphae perform growth
and branching behind the apical tip during growth. The growing
hyphae come in close proximity to form a network of hyphae,
which forms a reaction center-like structure. This structure fur-
ther grows and associates with other hyphae and finally converts
into a compact structure (Fig. 3). This hypothesis is also supported
by the study that apical growth regulates cell polarity, which de-
termines the morphology of the pellet (Hempel et al. 2012, Holmes
et al. 2013). Including this, researchers have demonstrated cross-
wall formation during the growth of streptomycetes, which com-
pact the structure into pellets (Flardh et al. 2012, Zhang et al.
2023). Thus it may be suggested that pellet formation involves
the process of hyphae growth, development of polarity, branching,
and formation of cross-walls, which results in the transformation
of hyphae into compact pellets.

Conclusions

Streptomycetes are filamentous microorganisms reported for pro-
ducing many valuable natural products, including antibiotics and
enzymes. The present study has led to the following conclusions:

1. The hyphae of these microbes represent a distinct mor-
phological form, i.e. pellet during submerged cultivation
and undesirable for industrial processes. Though studies
have reported the production of antibiotics using pellet
morphology. Investigators have reported the involvement of
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Figure 2. Analysis of extracellular and intracellular proteins of S. toxytricini by SDS-PAGE. Lane 1 represents total intracellular proteins, and lanes 2 and
3 represent total extracellular proteins isolated from the culture medium. The marker lane is a molecular-weight marker.

Figure 3. Proposed mechanism for pellet formation. (A) Diffused mycelia, (B) mycelia are coming together, (C) mycelia are clumping, (D) mycelial
clumps are more visible, and a reaction center-type structure is formed, which possibly directs pellet formation, (E}~(G) mycelial clumps are more
condensed, and (H) pellet formed and periphery having myecelia.

$20Z 1990190 |0 UO Jash euekieH Jo AjISISAIUN [BAUSD AQ 628912 /// L OPBIX/IWSWSYSE0 L 0 /I0P/[91UE/SSGOIISWS)/WO0 dNo-oIWapede//:sdjy Woly papeojumo(q



culture conditions and biomolecules controlling the mor-
phology of hyphae.

2. In this study, microscopic analysis of morphological forms
of S. toxytricini at different times revealed that during sub-
merged growth, the growth of hyphae took place by tip ex-
tension, branching behind the apical tip.

3. The growing hyphae possibly attached to each other and
formed cross-walls, which further transformed into com-
pact pellets (Flardh et al. 2012, Hempel et al. 2012).

4. The partial proteomic analysis to understand the role of pro-
teins in pellet formation revealed that there is the presence
of low-weight proteins in the pellet and culture medium,
which are possibly involved in pellet formation.

Still, a detailed study of proteins like DivIVA, Scy, FilP, SsgA,
ParA, Tat, CslA, Afsk, CRP, HyaS, and Mat complex is required.

Acknowledgments

Authors sincerely acknowledge the United States Department of
Agriculture for providing S. toxytricini NRRL B-5426 and the Ad-
vanced Instrumentation Research Facility, Jawaharlal Nehru Uni-
versity, New Delhi (India), for scanning electron microscopy of pel-
lets.

Conflict of interest: The authors declare that they have no known
competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.

References

BAl M, Schrinner K, Tesche S et al. Challenges of influencing cellu-
lar morphology by morphology engineering techniques and me-
chanical induced stress on filamentous pellet systems—a critical
review. Eng Life Sci 2021;21:51-67. https://doi.org/10.1002/elsc.202
000060.

Derouaux A, Halici S, Nothaft H et al. Deletion of a cyclic AMP
receptor protein homologue diminishes germination and af-
fects morphological development of Streptomyces coelicolor. ] Bac-
teriol 2004;186:1893-7. https://doi.org/10.1128/]B.186.6.1893-1897
.2004.

Ditkowski B, Holmes N, Rydzak ] et al. Dynamic interplay of
ParA with the polarity protein, Scy, coordinates the growth
with chromosome segregation in Streptomyces coelicolor. Open Biol
2013;3:130006. https://doi.org/10.1098/rsob.130006.

Flardh K, Richards DM, Hempel AM et al. Regulation of apical
growth and hyphal branching in Streptomyces. Curr Opin Microbiol
2012;15:737-43. https://doi.org/10.1016/j.mib.2012.10.012.

Hempel AM, Cantlay S, Molle V et al. The Ser/Thr protein kinase AfsK
regulates polar growth and hyphal branching in the filamentous
bacteria Streptomyces. Proc Natl Acad Sci USA 2012;109:E2371-9.
https://doi.org/10.1073/pnas.1207409109.

Hobbs G, Frazer CM, Gardner DCJ et al. Dispersed growth of Strep-
tomyces in liquid culture. Appl Microbiol Biotechnol 1989;31:272-7.
https://doi.org/10.1007/BF00258408.

Holmes NA, Walshaw J, Leggett RM et al. Coiled-coil protein Scy is a
key component of a multiprotein assembly controlling polarized
growth in Streptomyces. Proc Natl Acad Sci USA 2013;110:E397-406.
https://doi.org/10.1073/pnas.1210657110.

Jakimowicz D, van Wezel GP. Cell division and DNA segregation in
Streptomyces: how to build a septum in the middle of nowhere?
Mol Microbiol 2012;85:393-404. https://doi.org/10.1111/j.1365-295
8.2012.08107 .x.

Kumaretal. | 5

Khushboo, Dubey KK. Enhanced production of lipstatin through NTG
treatment of Streptomyces toxytricini KD18 at S L bioreactor level.
Appl Biochem Biotechnol 2023. https://doi.org/10.1007/s12010-023
-04442-9.

Khushboo, Thakur M, Kumar P et al. Genome-guided approaches and
evaluation of the strategies to influence bioprocessing assisted
morphological engineering of Streptomyces cell factories. Bioresour
Technol 2023;376:128836. https://doi.org/10.1016/j.biortech.2023.
128836.

Kim YM, Kim JH. Formation and dispersion of mycelial pellets of
Streptomyces coelicolor A3(2). ] Microbiol 2004;42:64-7.

Koebsch I, Overbeck J, Piepmeyer S et al. A molecular key for building
hyphae aggregates: the role of the newly identified Streptomyces
protein HyaS. Microb Biotechnol 2009;2:343-60. https://doi.org/10.1
111/j.1751-7915.2009.00093.x.

Kumar P, Dubey KK. Current trends and future prospects of lipstatin:
a lipase inhibitor and pro-drug for obesity. RSC Adv 2015;5:86954—
66. https://doi.org/10.1039/C5RA14892H.

Kumar P, Dubey KK. Modulation of fatty acid metabolism and tricar-
boxylic acid cycle to enhance the lipstatin production through
medium engineering in Streptomyces toxytricini. Bioresour Technol
2016;213:64-68. https://doi.org/10.1016/j.biortech.2016.01.133.

Kumar P, Dubey KK. Mycelium transformation of Streptomyces
toxytricini into pellet: role of culture conditions and kinetics. Biore-
sour Technol 2017;228:339-47. https://doi.org/10.1016/j biortech.2
017.01.002.

Labajova N, Baranova N, Jurasek M et al. Cardiolipin-containing lipid
membranes attract the bacterial cell division protein DivIVA. Int
J Mol Sci 2021;22:8350. https://doi.org/10.3390/1ijms22158350.

Noens EEE, Mersinias V, Willemse ] et al. Loss of the controlled lo-
calization of growth stage-specific cell-wall synthesis pleiotrop-
ically affects developmental gene expression in an ssgA mutant
of Streptomyces coelicolor. Mol Microbiol 2007;64:1244-59.

Ribeiro RMMGP, Esperanca MN, Sousa APA et al. Individual effect
of shear rate and oxygen transfer on clavulanic acid production
by Streptomyces clavuligerus. Bioprocess Biosyst Eng 2021;44:1721-32.
https://doi.org/10.1007/s00449-021-02555-1.

Rioseras B, Lopez-Garcia MT, Yague P et al. Mycelium differentiation
and development of Streptomyces coelicolor in lab-scale bioreac-
tors: programmed cell death, differentiation, and lysis are closely
linked to undecylprodigiosin and actinorhodin production. Biore-
sour Technol 2014;151:191-8. https://doi.org/10.1016/j.biortech.2
013.10.068.

Ultee E, van der Aart LT, Zhang L et al. Teichoic acids anchor distinct
cell wall lamellae in an apically growing bacterium. Commun Biol
2020;3:314. https://doi.org/10.1038/s42003-020-1038-6.

van Dissel D, Willemse J, Zacchetti B et al. Production of poly-8-1,
6-N-acetylglucosamine by MatAB is required for hyphal aggrega-
tion and hydrophilic surface adhesion by Streptomyces. Microb Cell
2018;5:269-79. https://doi.org/10.15698/mic2018.06.635.

van Veluw GJ, Petrus ML, Gubbens ] et al. Analysis of two distinct
myecelial populations in liquid-grown Streptomyces cultures us-
ing a flow cytometry-based proteomics approach. Appl Microbiol
Biotechnol 2012;96:1301-12. https://doi.org/10.1007/s00253-012-4
490-5.

Vassallo A, Palazzotto E, Renzone G et al. The Streptomyces coelicolor
small ORF trpM stimulates growth and morphological develop-
ment and exerts opposite effects on actinorhodin and calcium-
dependent antibiotic production. Front Microbiol 2020;11:224. http
s://doi.org/10.3389/fmicb.2020.00224.

Wang H, Zhao G, Ding X. Morphology engineering of Streptomyces
coelicolor M145 by sub-inhibitory concentrations of antibiotics. Sci
Rep 2017;7:13226. https://doi.org/10.1038/s41598-017-13493-y.

$20Z 18090190 |0 U0 Jasn euekiey Jo AusisAlun [euad Aq 6/8972/// | OPEIX/OWSWSY/E60 L 01 /10P/3[01B/S800I01WLSWa)/Wwoo dno olwapeose//:sdiy Woll papeojumo(]


https://doi.org/10.1002/elsc.202000060
https://doi.org/10.1128/JB.186.6.1893-1897.2004
https://doi.org/10.1098/rsob.130006
https://doi.org/10.1016/j.mib.2012.10.012
https://doi.org/10.1073/pnas.1207409109
https://doi.org/10.1007/BF00258408
https://doi.org/10.1073/pnas.1210657110
https://doi.org/10.1111/j.1365-2958.2012.08107.x
https://doi.org/10.1007/s12010-023-04442-9
https://doi.org/10.1016/j.biortech.2023.128836
https://doi.org/10.1111/j.1751-7915.2009.00093.x
https://doi.org/10.1039/C5RA14892H
https://doi.org/10.1016/j.biortech.2016.01.133
https://doi.org/10.1016/j.biortech.2017.01.002
https://doi.org/10.3390/ijms22158350
https://doi.org/10.1007/s00449-021-02555-1
https://doi.org/10.1016/j.biortech.2013.10.068
https://doi.org/10.1038/s42003-020-1038-6
https://doi.org/10.15698/mic2018.06.635
https://doi.org/10.1007/s00253-012-4490-5
https://doi.org/10.3389/fmicb.2020.00224
https://doi.org/10.1038/s41598-017-13493-y

6 | FEMS Microbes, 2023, Vol. 4

Willemse J, Ruban-Osmialowska B, Widdick D et al. Dynamic local-
ization of Tat protein transport machinery components in Strep-
tomyces coelicolor. ] Bacteriol 2012;194:6272-81. https://doi.org/10.1
128/JB.01425-12.

Wu Y, Kang Q, Zhang LL et al. Subtilisin-involved morphol-
ogy engineering for improved antibiotic production in
actinomycetes. Biomolecules 2020;10:851. https://doi.org/10.3
390/biom10060851.

Yue C, Xu H, Yu Y et al. Improvement of natamycin production by
controlling the morphology of Streptomyces gilvosporeus Z8 with
microparticle talc in seed preculture. ] Chem Technol Biotechnol
2021;96:1533-42. https://doi.org/10.1002/jctb.6668.

Zhang L, Willemse ], Yagle P et al. The SepF-like proteins SflA
and SflB prevent ectopic localization of FtsZ and DivIVA during
sporulation of Streptomyces coelicolor. Biochem Biophys Res Commun
2023;645:79-87. https://doi.org/10.1016/j.bbrc.2023.01.021.

Received 22 May 2023; revised 9 August 2023; accepted 17 August 2023

© The Author(s) 2023. Published by Oxford University Press on behalf of FEMS. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original

work is properly cited.

$20Z 1890190 1.0 U0 Jasn eueAieH Jo AusiaAlun [eiuad Aq 6/8912/// | OPBIX/OWSWSY/EE0 L "0 | /I0P/3]0IUE/S8qoIoIWLSWal/wod dnoolwapese//:sdiy Wol) papeojumod


https://doi.org/10.1128/JB.01425-12
https://doi.org/10.3390/biom10060851
https://doi.org/10.1002/jctb.6668
https://doi.org/10.1016/j.bbrc.2023.01.021
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	Acknowledgments
	References

