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ABSTRACT

PBP2B, the only essential PBP of Bacillus subtilis, contains two PASTA do-
mains. These domains are present only in penicillin binding proteins 
(PBPs) and eukaryotic like serine-threonine kinases (eSTKs). Many func-
tions have been attributed to the PASTA domains, but the function of the 
PBP2B PASTA domains remains to be resolved. In this chapter, we inves-
tigated the function of the PBP2B PASTA domains. We observed that the 
deletion of the PBP2B PASTA domains causes an increase in cell length. 
In addition, the PASTA domains become essential during heat stress. Two-
hybrid analysis revealed that the deletion of the PBP2B PASTA domains has 
a negative effect on the interaction between PBP2B and DivIB. As deletion 
of divIB also produces heat-sensitive cells, we propose that the PASTA do-
mains of PBP2B function to keep PBP2B and DivIB together, and that this 
interaction is crucial only at elevated temperatures.

INTRODUCTION

The cell wall is a polymer network that surrounds the bacterial cell. The 
function of this network is to protect bacteria against osmotic and environ-
mental changes. Additionally, it is responsible for the determination of cell 
shape. The main component of the cell wall is peptidoglycan (PG), a poly-
mer composed of repeating units of a disaccharide, N-acetylglucosamine 
(GlcNAc) and N-acetyl-muramic acid (MurNAc), linked to a pentapeptide, 
L-Ala-γ D-Glu-m-DAP-D-Ala-D-Ala1. Crossbridges between the peptide side 
chains link the glycan chains together.

Cell wall synthesis is a complex process involving many steps and en-
zymes1. The last step in synthesis consists of the insertion of PG disac-
charide units into the cell wall. This reaction is performed by a group of 
enzymes known as Penicillin binding proteins (PBPs) and SEDS (shape, 
elongation, division and sporulation) proteins. PBPs main functions are to 
add subunits to the PG strand (transglycosylation) and to form crosslinks 
between the peptides  (transpeptidation). Additionally, some PBPs remove 
the the 4th or 5th amino acid of the peptide side chains (carboxypeptidase)1.

Bacillus subtilis has a total of 11 PBPs, which participate in different stages 
of peptidoglycan synthesis — synthesis of the lateral wall and division site 
during vegetative growth, and cell wall synthesis during asymmetric di-
vision and spore formation. It is believed that PBPs have a partial redun-
dant function, and therefore it is possible to delete them without produc-
ing lethal effects. Examples of this redundancy have been reported for PBP1, 
PBP2c and PBP42. Interestingly, B. subtilis has one PBP which is essential, 
the transpeptidase PBP2B3,4. 

The understanding of PBP2B function is not complete. However, it is 
known that PBP2B is expressed during vegetative growth and sporula-
tion5. During vegetative growth, PBP2B localizes at the division site6,7 and 
accumulates as the division site invaginates7. Similarly, during sporulation 
PBP2B localizes at the asymmetrical septum7. Depletion of PBP2B has an 
inhibitory effect on cell division and consequently cells elongate and eventu-
ally lyse7. Interestingly, it has been shown that B. subtilis expressing an inac-
tive version PBP2B is viable8,9. This suggests that the essentiality of PBP2B 
is linked to a structural function rather than that it has a specific, essential, 
enzymatic activity.

PBP2B is a transmembrane protein with a cytoplasmic domain (1–13 aa), 
a transmembrane domain (TM) (14–31 aa), a dimerization domain impli-
cated in PBP polymerisation (Pfam: PF03717)10, a transpeptidase domain 
(TP) and two PASTA (penicillin-binding protein and serine/threonine 
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kinase associated) domains (598–714 aa) at the C-terminus. PBP2B dif-
fers from its functional homologue in E. coli (PBP3) in the presence of the 
PASTA domains sequence at the C-terminus3. 

PASTA domains are short sequences of 60–70 amino acids. These do-
mains are only found in Gram-positives bacteria in two types of proteins, 
HMW (high-molecular-weight) PBPs and eukaryotic-like serine/threonine 
kinases (eSTKs)11. One of the features of the PASTA domains is that the se-
quence is not conserved (Figure 1). However, the PASTA domain has a char-
acteristic secondary structure which consists of three β strands and a α he-
lix; the first and the second β strands are connected by a loop11. In addition, 
PASTA domains can be present as a single or multiple copies in proteins11.

Despite the fact that the PASTA domains are present in many bacteria 
and multiple efforts to decipher their role, the function of these domains 
is not completely understood. Initially it was assumed that the role of all 
PASTA domains was to bind to PG. This ability was attributed to PASTA do-
mains when PBP2X, the PBP2B homologue from Streptococcus pneumoniae, 
was crystalized with a cefuroxime molecule (PDB 1QMF). The cefuroxime 
molecule was found to be non-covalently bound to one of PBP2X PASTA 
domains12. As cefuroxime is an analogue of the D-Ala-D-Ala moiety in the 
stem-peptide of the PG subunit, this led the authors to conclude that PASTA 
domains are able to bind to PG 11. Later on, this observation was supported 
by a study with B. subtilis dormant spores. Bacillus spores germinate in the 
presence of PG, which is sensed by the eSTK PrkC. Deletion of the PASTA 
domains of PrkC prevented PG-induced germination13. 

Until now, the ability of PASTA domains to bind PG has only been proven 
for some cases. Evidence exists for PG binding by various eSTKs, namely 
the PASTA3 domain of B. subtilis PrKC14, Mycobacterium tuberculosis PknB15, 
Staphylococcus aureus Stk116 and S. pneumoniae StkP17,18. On the other hand, 
the PASTA domain of PonA2 of M. tuberculosis do not bind to PG19, similarly 

to 2 of the 3 PASTA domains of B. subtilis PrkC. Recently, direct evidence 
for PG binding by the PASTA domains of PBP2X was obtained in a crystal-
lography and molecular dynamics study that showed that the two PASTA 
domains of PBP2x form an allosteric site that recognizes PG and promotes 
transpeptidation20. Bioinformatic analysis suggests that the binding ability 
depends on the residues composition of the PASTA domains which deter-
mine the flexibility of the “putative binding pocket”, a conserved region lo-
calized at the end of the β strand. Binder PASTA domains have an Arg or a 
Glu, while non-binders have a Pro21. An example of a Arg in a binder PASTA 
is Arg500 of B. subtilis PrkC, mutation of this residue harms PrkC ability 
to bind PG22. Both, PBP2B and PBP2X have a Pro in this position in both 
PASTA domains (Figure 13C).

Other functions in which PASTA domains have been implicated are pro-
tein localization and activation of kinases. Again, these functions do not rep-
resent universal features of PASTA domains. A function in protein localiza-
tion has only been observed for PASTA domains of S. pneumoniae PBP2X23 
and for the 4th PASTA domain of  S. pneumoniae StkP24. Interestingly, the 
number of PASTA domains in StkP seems to function as a ruler for sep-
tal cell wall thickness. Deletion of PASTA domains produced a thinner sep-
tal wall, depending on the number of domains deleted, while addition of 
PASTA domains produced a thicker septal wall - as long as the ultimate 
PASTA domain was PASTA 4, which is required for the localization of LytB24. 
In kinase activation, the importance of the presence of PASTA domains has 
been shown for StkP24, PrkC25 and IreK26.

Studies on PASTA domains have focused only on a few PBPs, such as 
PonA2 of M. tuberculosis19, SpoVD of B. subtilis27 and PBP2X of S. pneumo-
niae23. A study on PonA2 showed that its PASTA domain does not have 
the ability to bind muropeptides nor β-lactam antibiotics19. Deletion of the 
SpoVD PASTA domain did not affect SpoVD localization in the forespore, 
neither on the formation of endospores as such27. The best studied exam-
ple is S. pneumoniae PBP2X, from which the PASTA domains are required 
for the proper localization of PBP2X at the division site23. Deletion of the 
PBP2X PASTA domains affects binding to β-lactams, indicating a structural 
effect on the active site of PBP2X28. This was recently corroborated by crys-
tallographic data that showed that the PASTA domains serves as an allosteric 
site that recognizes PG and promotes transpeptidation20.

We previously reported that the deletion of the PASTA domains of B. 
subtilis PBP2B does not impact growth rate neither PBP2B localization8. 
However, we noticed that cells display an elongation defect which suggested 
that the PASTA domains do have a role during cell division. Therefore, in 
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Figure 1. Alignment of PASTA domain PBP2B, SpovD and PrkC. Conservation index are 
indicated in the first line. Amino acids in red and blue indicate α-helix and β-strand, respec-
tively. Consensus_aa: consensus amino acid sequence (aliphatic: l; hydrophobic: h; polar res-
idues: p; tiny: t; small: s; bulky residues: b). Consensus_ss: consensus predicted secondary 
structure.(alpha-helix: h; beta-strand: e ).
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this chapter, we further explore the effects of the deletion of the PASTA do-
mains of PBP2B and the possible function of these PASTA domains. We 
show that the PASTA domains become critical during growth at high tem-
peratures. In addition, our results show that the deletion of PBPB2B PASTA 
domains have a negative effect on the interaction between PBP2B and the 
late division protein DivIB. 

MATERIAL AND METHODS

Strains and media

Strains used in this study are listed in Table 1. All Bacillus strains were 
grown in casein hydrolysate (CH)-medium at 30 °C unless other conditions 
are specified. When necessary kanamycin (5 μg/ml) and spectinomycin 
(50  μg/ml) were added. To induce the expression of genes under control 
of the Pspac and Pxyl promotors, either isopropyl β-D-1-thiogalactopyranoside 
(IPTG) (0.5 mM) or xylose (0.2% w/v) were added to the medium. 

Construction of PBP2B chimeras 

Chimeras (Figure 2) were constructed using restriction free cloning31. 
Hybrid primers were used to amplify prkC and spoVD regions coding for 
PASTA domains from chromosomal DNA of B. subtilis. The hybrid prim-
ers were designed using http://www.rf-cloning.org/, primers (Table 2) con-
tain complementary sequences to prkC or spoVD and plasmids pDMA002 
or pDMA007. A first PCR was performed using the hybrid primers to create 
a mega-primer which contains prkC or spoVD PASTA domains flanked by 
complementary sequences of pDMA002 or pDMA007. The mega- primers 
were used in a second PCR to replace the pbpB PASTA domains from 
pDMA002 or pDMA007 with prkC or spoVD PASTA domains. DpnI was 
added to the products obtained in the second PCR in order to degrade the 
original plasmid. After digestion, the PCR products were used to transform 
E. coli DH5α cells. Resulting plasmids were sequenced and cloned into 
amyE locus of B. subtilis 3295. Integration into the amyE locus was verified 
by growing the transformants on starch plates. 

Growth curves 

Strains were grown overnight in the presence of kanamycin (5 μg/ml) and 
spectinomycin (50 μg/ml) when necessary. IPTG was added to the medium 
to express wild-type pbpB and to ensure the proper growth of all strains before 

Table 1. Strains used during this study.

Strains Genetic features Source
Bacillus strains
168 trpC2 Laboratory 

collection
3295 trpC2 chr::Pspac-pbpB neo 29

4132 
(gfp-pbpB)

trpC2 chr::Pspac-pbpB neo amyE::pDMA001(spc Pxyl-gfpmut-pbpB) 8

4133
(gfp-pbpB ∆PASTA)

trpC2 chr::Pspac-pbpB neo amyE::pDMA002(spc Pxyl-gfpmut-pbpB1-1991) 8

4137 
(pbpB)

trpC2 chr::Pspac-pbpB neo amyE::pDMA006(spc Pxyl-pbpB) 8

4138 
(pbpB ∆PASTA)

trpC2 chr::Pspac-pbpB neo amyE::pDMA007(spc Pxyl- pbpB1-1991) 8

4146 
(pbpB ∆PASTA – 
PrkC PASTA)

trpC2 chr::Pspac-pbpB neo amyE::pDMA011(spc Pxyl- pbpB1-1991 prkC 
1068-1677)

This work

4147
(gfp-pbpB ∆PASTA – 
PrkC PASTA)

trpC2 chr::Pspac-pbpB neo amyE::pDMA012(spc Pxyl- gfpmut-pbpB1-1991 

prkC (1068-1677)
This work

4148 
(pbpB ∆PASTA – 
SpoVD PASTA)

trpC2 chr::Pspac-pbpB neo amyE::pDMA013(spc Pxyl- pbpB1-1991 

spoVD1740-1890)
This work

4149 
(gfp-pbpB ∆PASTA – 
SpoVD PASTA)

trpC2 chr::Pspac-pbpB neo amyE::pDMA014(spc Pxyl- gfpmut-pbpB1-1991 

spoVD 1740-1890)
This work

E. coli strains
DH5α F– endA1 glnV44 thi-1 recA1 relA1 gyrA96 deoR nupG purB20 φ80d-

lacZΔM15 Δ(lacZYA-argF)U169, hsdR17(rK–mK+), λ–
Laboratory 
collection

BTH101 F,cya-99, araD139, galE15, galK16, rpsL1 (Strr), hsdR2, mcrA1, mcrB1. 30

Table 2. List of primers used in this study

Primer Sequence Source
PrkC PASTA fw ACCAACTGAAAAATCTGACTCAGATAAGGAAGAAATGCCTAAGGA

TGTCAAAATACCT
This work

PrkC PASTA rv ATCGATACCGTCGACCCTCGAGTTAGAGAGAGAATGTCACTTCAACT This work
SpoVD PASTA fw ACCAACTGAAAAATCTGACTCAGATAAGGAAGAAGACACAAAAAC

AATAGAAGTTCCGA
This work

SpoVD PASTA rv ATCGATACCGTCGACCCTCGAGTTATTCAGTCAAATACACGCGTATC This work
b2h_divIBfw GGAGGATCTAGAGATGAACCCGGGTCAAGACC This work
b2h_divIBrev GGATTCGGTACCCCCTCAATTTTCATCTTCC This work
b2h_divICfw GGAGGATCTAGAGATGAATTTTTCCAGGGAACGA This work
b2h_divICrev GGATTCGGTACCGGCTACTTGCTCTTCTTCTCC This work
b2h_ftsLfw GGAGGATCTAGAGATGAGCAATTTAGCTTACCAACC This work
b2h_ftsLrev GGATTCGGTACCTCATTCCTGTATGTTTTTCAC This work
b2h_pbpBfw GGAGGATCTAGAGATGATTCAAATGCCAAAAAAG This work
b2h_pbpbBrev GGATTCGGTACCTTAATCAGGATTTTTAAACTTAACCTTG This work
b2h_pbpbBdPrev GGATTCGGTACCTTATTCTTCCTTATCTGAGTCAG This work
b2h_rgsIfw GGAGGATCTAGAGATGAGAAGAGGGATTATAGTAGAGAA This work
b2h_rgsIrv GGATTCGGTACCTCTTTATTCGCCGGGGGCACTC This work

* Bold letters correspond to the original plasmid sequence

http://www.rf-cloning.org/


CHAPTER 4: Unravelling the function of PBP2B PASTA domainsCHAPTER 4: Material and methods134 135

performing the growth curves. The following day, the strains were diluted to 
an OD600 0.05 and grown until early exponential phase. Next, cells were washed 
CH-medium to remove the IPTG. Cells were diluted to an OD600 0.001 in CH 
medium containing 0.2% (w/v) xylose to express PBP2B, PBP2B ∆PASTA or 
PBP2B chimeras. 200 μl of culture (in triplicate), of each condition to test, was 
loaded in a 96-well plate. The cultures were grown at 30 or 48 °C, OD600 was 
measured every 10 minutes and recorded using a Powerwave 340 (Biotek).

Microscopy

Cells were grown until exponential phase. Nile red (Sigma) (5μg/ml) and 
4’,6-diamidino-2-phenylindole (Sigma) (DAPI) (1 μg/ml) were used to stain 

membranes and DNA, respectively. Cells were spotted on agarose (1% w/v in 
PBS) pads and imaged using a Nikon Ti-E microscope (Nikon Instruments, 
Tokyo, Japan) equipped with a Hamamatsu Orca Flash4.0 camera. 

Image analysis was performed using the software packages ImageJ 
(http://rsb.info.nih.gov/ij/), ObjectJ (https://sils.fnwi.uva.nl/bcb/objectj/in-
dex.html), ChainTracer31 and Adobe Photoshop (Adobe Systems Inc., San 
Jose, CA, USA). Box plots were generated using BoxPlotR (http://shiny.
chemgrid.org/boxplotr/).

Protein stability

Membranes from strains 4132 and 4133 grown at 30 °C on CH with 0.2% 
(w/v) xylose were isolated. Cells were grown until exponential phase and 
spun down (3 000 rpm, 7 min, 4 °C). Pellets were washed in PBS and then 
cells were lysed by sonication. Membranes were collected by centrifugation 
(45 000 rpm, 4 °C, 50 min) and resuspended in PBS. The protein concen-
tration was equalised for the two strain samples and aliquots of membrane 
material of the same volume were prepared. Aliquots were incubated at 
30 or 48 °C for 5 min, 20 min, 1 hr, 2 hr and 14 hr. Then, Bocillin 650/665 
(5 μg/ml) was added to each sample, and samples were further incubated at 
RT for 10 min. After incubation, sample buffer was added to each sample to 
stop further protein degradation, and samples were run in SDS (10 %) gel. 
GFP and Bocillin were detected using Typhoon FLA950 (GE Healthcare). 
For GFP, the 473 nm laser and the LPB (Long Pass Blue) filter were used, 
and for Bocillin the 635 nm laser and the LPR (Long Pass Red) were used. 

After imaging, the same gels were used for immunoblotting. Proteins 
were transferred to a PVDF membrane. Primary antibodies were anti-GFP 
(Thermofisher). Anti-Rabbit IgG alkaline phosphatase conjugated second-
ary antibodies (Sigma Aldrich) were used. Blots were developed using CDP-
Star (Roche) and chemiluminescence was detected using a Fujifilm LAS 
4000 imager (GE Healthcare). 

Bacterial two hybrids

Bacterial two hybrids were performed using the BACTH system compo-
nents (gift from Fabian Commichau, Göttingen University). Sequences 
from divIB, divIC, ftsL, pbpb and pbpb ∆PASTA were amplified from chro-
mosomal DNA of B. subtilis 168.  Primers contained XbaI and KpnI restric-
tion sites. Fragments were cloned into pKT25 and pUT18C using XbaI and 
KpnI. The resulting plasmids were sequence verified and cotransformed 

Table 3. Plasmids used during this study.

Plasmids Genentic features Sourse
pDMA002 bla amyE3' spc Pxyl– gfpmut1-pbpB1-1991-  ' amyE5' 8

pDMA007 bla amyE3' spc Pxyl– pbpB1-1991 amyE5' 8

pDMA011 bla amyE3' spc Pxyl- pbpB1-1991 prkC 1068-1677)' amyE5' This work
pDMA012 bla amyE3' spc Pxyl–gfpmut1 pbpB1-1991 prkC 1068-1677)' amyE5' This work
pDMA013 bla amyE3' spc Pxyl– pbpB1-1991 spoVD 1735-1916)’ amyE5' This work
pDMA014 bla amyE3' spc Pxyl–gfpmut1- pbpB1-1991 spoVD 1735-1916)' amyE5' This work
pKT25 Plasmid encoding T25 fragment of B. pertussis cyaA; KmR 30

pUT18C Modified version of pUT18 with the polylinker located on the C-terminal end 
of T18; AmpR

30

pKT25-zip Derivative of pKT25 with a the leucine zipper of GCN4 
fused to the T25 fragment, KmR

30

pUT18C-zip Derivative of pUT18C with leucine zipper of GCN4 fused to the T18 fragment, 
AmpR

30

C TM   Dim Transpeptidase P1 P2

C TM Dim Transpeptidase

C

C TM

TM

   Dim

   Dim

Transpeptidase

Transpeptidase

SpoVD P1

PrkC P1 PrkC P2 PrkC P3

A PBP2B

B PBP2B ∆PASTA 

C PBP2B SpoVD PASTA 

D PBP2B PrkC PASTA 

TKAQTMPDLTDQTVAAAQKKAKEENLTPIVIGSDVAVKEQYPKADEEVLTNQKVFLKTGGKIKMPDMTGWSRREVLQYGELAGIHIEVSGQGYAVSQSVKKDKEIKDKTVIKVKFKN

598 714

Chimeras

Figure 2. Structures of PBP2B variants used in this study. A)PBP2B B) PBP2B ∆PASTA C)
PBP2B SpoVD PASTA D)PBP2B PrkC PASTA. C: cytoplasmic domain, TM: transmembrane, 
Dim: dimerization domain, P: PASTA domain.

https://sils.fnwi.uva.nl/bcb/objectj/index.html
https://sils.fnwi.uva.nl/bcb/objectj/index.html
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into E. coli BTH101. To test for protein interactions, the transformants were 
plated on LB agar plates containing X-gal (40 μg/ml), IPTG (0.5 mM), kana-
mycin (50 μg/ml) and ampicillin (100 μg/ml). Plates were incubated at 30 °C 
for 36 hrs and scored for blue color development.

β-Galactosidase assay

The β-Galactosidase assay was performed as described33 with some modifi-
cation. E. coli BTH101 containing the plasmids to test were grown as over-
night cultures in LB containing IPTG (0.5 mM), kanamycin (50 μg/ml) and 
ampicillin (100 μg/ml) at 30 °C. The next day 200 μl of cells were transferred 
to a tube containing buffer Z. To permeabilize the cells 20 μl of 0.01% SDS 
(w/v) and 40 μl of chloroform were added to each tube. After mixing, the 
chloroform was allowed to settle down and 50 μl of permeabilized cells were 
transferred to a 96-well plate containing 150 μl of buffer Z. Then, 40 μl of 4% 
(w/v) o-nitrophenyl-β-D-galactopyranoside (ONPG) was added to start the 
enzymatic reaction. When the samples were yellow, the reaction time was 
recorded and reactions were stopped by adding 1M Na2CO3 (final concentra-
tion). The absorbance at 420 nm and 550 nm was measured in a Powerwave 
340 (Biotek) and β-Galactosidase activity was calculated as:

T= Time in minutes, 
V= Volume in millilitres

Cell surface protein zymograms

Zymograms were performed as decribed34. B. subtilis was grown in 100 ml of 
CH medium at 37 °C. Cells were harvested at 4500 × g for 10 min at 4 °C. Then, 
the pellets were washed twice with 10 mM Tris-HCl (pH 7.5). Pellets were 
resuspended in LiCl buffer  (10 mM Tris-HCl (pH 7.5), 3M LiCl) containing 
EDTA-free Protease Inhibitor Cocktail cOmplete™ (Roche) and incubated on 
ice for 15 min. After incubation, cells were removed (20 000 × g for 5 min at 
4 °C). Proteins were precipitated by adding 5% (w/v) trichloroacetic acid and 
centrifuged for 5 min at 4 °C for 5 min. Pellets were washed with 70% (v/v) 
ethanol and resuspend in sample buffer. After boiling for 5  min, proteins 
were loaded on a SDS-PAGE gel containing 5 mg/ml cell wall material. After 
running the gels, the gels were washed two times in water for 30 min at RT. 
Proteins were renatured by incubating the gel in renaturation buffer (25 mM 

Tris-HCl (pH 7.2), 1% Triton X-100) at 37 °C for 48 hrs. Gels were stained with 
staining solution (0.1% methylene blue, 0.01% KOH) for 2 hrs at room tem-
perature. The enzymatic activity was detected as clear bands. 

RESULTS

A PBP2B ∆PASTA strain has a length defect

PBP2B is the only essential PBP of B. subtilis, therefore it is not possible 
to create a pbpB deletion. For this study, experiments were performed us-
ing strains in which the expression of wild-type pbpB is under control of 
IPTG and an extra copy of pbpB or pbpB without PASTA domains (strain 
4137 and 4138, respectively) was inserted in the amyE locus under control 
of the Pxyl promotor8. This strategy allows cultivation of the strains while 
expressing wild-type pbpB followed by depletion of PBP2B and a switch to 
PBPB ∆PASTA production only when necessary, thus ensuring that the ob-
served phenotype is not a product of a suppressor. Previously, we showed 
that the PBPB ∆PASTA strain was able to complement PBP2B8 under stan-
dard conditions (CH medium, 30 °C), indicating that PASTA domains are 
not essential under standard conditions.  However, we noted that the cells 
were slightly elongated, which we have now quantified (Table 4, Figure 4). 
The strain producing PBP2B has an average length of 3.34 μm, while the 
strain producing PBP2B ∆PASTA has an average length of 4.85 μm, which 
is ~1.5 times longer. In addition, there is more variation in the length distri-
bution of the PBP2B ∆PASTA producing strain as can be observed in the 
boxplot. When the temperature was increased to 37 °C, the average length of 
the PBP2B ∆PASTA strain increased to 5.20 μm, whereas the strain express-
ing PBP2B was slightly shorter than at 30 °C (Table 4, Figure 4).

The increase in cell length is a characteristic phenotype indicative of a 
problem in cell division. To discard the possibility that the delay in cell divi-
sion was a consequence of problems with chromosome segregation, DAPI 
was used to stain DNA (Figure 3). The PBP2B and PBP2B ∆PASTA strains 
grown at 30°C (Figure 3O) and 37°C (Figure 3R) presented condensated nu-
cleoids in all cells similar to wild-type cells (Figure 3M and P), suggesting 
that chromosome segregation was not affected and that the observed elon-
gation might be the consequence of a problem with another process. 

In order to see if the phenotype of the PBP ∆PASTA strain was consistent 
in different types of growth medium, the strains were grown in a minimal 
(SM) medium, that only contains basic components necessary for growth. 
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The length of cells grown in SM medium is shorter than in CH, for instance 
wild-type cell length is ~ 1.6 times longer in CH medium (Table 4) compared 
to SM medium. However, cells grown in SM medium are shorter at 37 °C 
than at 30 °C. The PBP2B ∆PASTA strain grown in SM medium shows a 
length defect similar to the defect observed in CH-medium (Table 4), being 
1.2 and 1.4 (30 and 37 °C, respectively) times longer than the PBP2B strain. 
Growth on minimal medium had no other evident effects on the phenotype 
of the strains. 

The PBP2B ∆PASTA strain is heat sensitive

As we noticed that the elongation phenotype was more severe at 37 °C than 
at 30 °C, the temperature was increased to 48 °C. First, we checked if the 
doubling time of the PBP2B ∆PASTA strain was similar to that of the wild-
type at 48 °C (Figure 6A). Strain 3295 (the parental pbpB depletion strain) 
and the strain expressing PBP2B from amyE presented shorter lag phases 
than the wild-type control. Surprisingly, the PBP2B ∆PASTA strain did not 
grow at 48 °C (Figure 6A). This result suggests that the PBP2B ∆PASTA 
strain is heat sensitive.

To get more insight into the effects of high temperature on the phe-
notype, the strains were grown under normal conditions (30 °C, CH me-
dium) to make sure that the cells were growing healthy. Then, cultures were 
shifted to 48°C and pictures were taken every 20 minutes. The wild-type 
and PBP2B strains showed no drastic changes in the phenotype during the 
course of the experiment (Figure 6B). On the other hand, after 40 minutes 
the PBP2B ∆PASTA strain started to display cells with decreased contrast 
(Figure 6B), a characteristic of dying cells. After 1 hour at 48°C, we observed 
that the amount of dying cells in the PBP2B ∆PASTA strain culture in-
creased. These observations confirm that the PASTA domains of PBP2B are 
important during growth at high temperatures. 
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Figure 3. Phenotype of PBP2B ∆PASTA strain. Cultures of control strains and the PBP2B 
∆PASTA strain were grown on CH-medium at 30°C and 37°C until exponential phase. 
Membrane and DNA were labelled with Nile red (G-L) and DAPI (M-R), respectively. (A, G, 
M) wild-type 168 30 °C, (B, H, N) PBP2B (strain 4137) 30 °C; (C, I, O) PBP2B ∆PASTA (strain 
4138) 30 °C; (D, J, P) wild-type 37 °C; (E, K, Q) PBP2B 37 °C; (F, L, R) PBP2B ∆PASTA 37 °C. 
Scale bar: 5 μm, same for all.
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Figure 4. Length of PBP2B strains. Cells were grown in CH-medium until exponential phase. 
As B. subtilis forms chains, cells were labelled with Nile red in order to determine the bound-
aries of single cells. White circles show the medians; box limits indicate the 25th and 75th 
percentiles as determined by R software; whiskers extend 1.5 times the interquartile range 
from the 25th and 75th percentiles; polygons represent density estimates of data and extend 
to extreme values.

Table 4. Average of length (μm) of wild-type, PBP2B and PBP2B ∆PASTA strains under dif-
ferent conditions.

CH SM
30 °C 37 °C 30 °C 37 °C

wild-type 2.96 (±0.05) 3.14 (±0.06) 1.85(±0.03) 1.78 (±0.04)
PBP2B 3.34 (±0.06) 3.12 (±0.05) 3.78 (±0.09) 2.68 (±0.83)
PBP2B ∆PASTA 4.85 (±0.10) 5.20 (±0.13) 4.70 (±0.14) 3.79 (±0.10)

PBP2B SpoVD 3.57(±0.07)
PPB2B PrkC 4.55 (±0.12)
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PBPB2B SpoVD and PrkC PASTA chimeras

B. subtilis has two other proteins that contain PASTA domains, SpoVD and 
PrkC. SpoVD is a PBP paralogous of PBP2B. It is crucial for spore cortex 
synthesis35 and, unlike PBP2B, SpoVD only contains one PASTA domain. 
On the other hand, PrkC is a eukaryotic-like serine/threonine kinase36 that 
is involved in processes like sporulation and biofilm formation, but also 
in protein phosphorylation36–38. In order to test if the PASTA domains of 
SpoVD and PrkC were able to replace the function of the PASTA domains 
of PBP2B, the PBP2B PASTA domains were exchanged for PASTA domains 
from SpoVD or PrkC (Figure 2). Growth of the chimera strains was followed 
at 30 °C in CH medium (Figure 7A). The chimeras strains grew as wild-type, 

which indicates that the exchange of the PASTA domains did not interfere 
with the essential function of PBP2B.

The phenotype of the chimera strains was analysed by microscopy 
(Figure 8). Interestingly, the PBP2B-SpoVD strain average length is 3.57 μm, 
close to PBP2B strain average (3.34 μm). However, PBP2B-PrkC strain shows 
a length defect 4.55 μm, similar to the ∆PASTA strain (4.85 μm).

As the ∆PASTA strain showed a heat defect (Figure 6B), we decide to 
check if the insertion of the SpoVD or PrkC PASTA domains was enough 
to overcome ∆PASTA heat sensitivity. Therefore, cells were grown at 48 °C 
as previously described. The PBP2B-PrkC and PBP2B-SpoVD strains were 
both able to grow, however the lag phase was longer than that of the wild-
type strain (Figure 7). This result suggests that the PASTA domains of 

Figure 5. Strains grown in SM medium. A) Cells were grown at 30 or 37 °C until exponential 
phase. Membranes were stained using Nile red. Scale bar: 5 μm. B) Length of PBP2B strains 
grown on SM medium. As B. subtilis forms chains, cells were labelled with Nile red in order 
to determine the boundaries of single cells. White circles show the medians; box limits indi-
cate the 25th and 75th percentiles as determined by R software; whiskers extend 1.5 times the 
interquartile range from the 25th and 75th percentiles; polygons represent density estimates 
of data and extend to extreme values.
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SpoVD and PrkC partially complement the function of the PBP2B PASTA 
domains at high temperatures 

GFP versions of the chimeras were created in parallel to monitor the 
effect of the chimeric PASTA domains on localization. Similar to the 
non- fluorescent versions, the GFP chimera strains grew as wild-type at 
30 °C (Figure  7A), and display midcell localization similar to GFP-PBP2B 
(Figure 8B). Surprisingly, at 48 °C the GFP chimeras strains failed to grow 
(Figure 7B). We cannot explain this difference in phenotype caused by the 
addition of GFP, which is localized in the cytosol. 

Deletion of PASTA does not interfere with the stability of PBP2B

It has been shown that the PASTA domains of PBP2X, the PBP2B homo-
logue from Streptococcus pneumonia, are important for the stability of the 
protein and for the proper folding of its active site23,28. To check if the length 

defect and heat sensitivity of the PBP2B ∆PASTA strain were due to de-
creased PBP2B instability, the stability of PBP2B and PBP2B ∆PASTA were 
tested at 30 °C and 48 °C. PBP2B stability was followed using a PBP2B and 
PBP2B ∆PASTA version fused to GFP. Instability was analysed by two dif-
ferent ways. First, by the direct detection of GFP fluorescence in gel and 
then using GFP antibodies in blots. The analysis of the results of both meth-
ods follows the same principle, the drop in the intensity of the band in com-
parison to the control and the appearance of lower bands indicate degrada-
tion of PBP2B. To compare the stability of GFP-PBP2B (∆PASTA) with that 
of other PBPs, the samples were incubated with bocillin 650/665. Bocillin is 
a fluorescent penicillin derivative used routinely to detect PBPs on gel, and 
it only binds to the active site of correctly folded PBPs. Bocillin labelling 
together with total detection of PBP levels with antibodies or GFP has been 
used previously to detect PBP folding deficiencies34,37.

The B. subtilis strains expressing GFP-PBP2B and GFP-PBP2B ∆PASTA 
were grown at 30 °C, and membranes were isolated from exponentially 
growing cells. The membranes were incubated at either 30 °C or 48 °C for 
varying amounts of time, after which SDS-sample buffer was added to stop 
any protein aggregation or degradation. Following protein stability over time 
by in-gel fluorescence and anti-GFP antibodies revealed that GFP-PBP2B 
(~106 kDa ) was stable for over 2 hours at 30 °C, but after 14 hrs the band 
corresponding to GFP-PBP2B was less intense than the control, and a band 
below 40 kDa appeared, which could be indicative of protein cleavage (with 
the GFP moiety staying sufficiently intact to fluoresce). The results obtained 
with in-gel fluorescence and immunodetection of GFP were in agreement 
(as was the case for all experiments described in this section). The stability 
of GPF-∆PASTA (~87 kDa) was similar to that of the full-length protein, in-
dicating that the PASTA domains do not affect protein stability at 30 °C. As 
the strain expressing GFP-PBP2B-∆PASTA is temperature sensitive, protein 
stability was also monitored by incubating the membranes at 48 °C. This re-
vealed that both GFP-PBP2B and GFP-PBP2B ∆PASTA full length bands 
got progressively fainter with time, starting after 20 min of incubation, with 
the concomitant appearance of a fluorescent band around 40 kDa. Although 
this clearly shows that these proteins are less stable at higher temperature, 
there was no difference in stability between GFP-PBP2B and GFP-PBP2B 
∆PASTA. Bocillin labelling revealed that several other PBPs are instable 
when incubated at 48 °C (Figure 9C,D). For example, PBP1 (top band) is 
degraded similar to GFP-PBP2B and GFP-PBP2B ∆PASTA, whereas PBP5 
(lowest band) seems to be quite stable over the duration of the experiment.

0

5

10

15

SpoVD PrkC

Le
ng

th
 (μ

m
)

PBP2B-SpoVD PBP2B-PrkC

Ph
as

e 
co

nt
ra

st
N

ile
 R

ed

A B GFP-PBP2B-SpoVD GFP-PBP2B-PrkC

Ph
as

e 
co

nt
ra

st
G

FP

C

Figure 8. PBP2B chimeras strains. A) PBPB2-SpoVD and PBP2B-PrkC were labelled with 
Nile Red. B) GPF-PBP2B-SpovD and GFP-PBP2B-PrkC Scale bar: 5 μm. C) Box plot showing 
the length of PBP2B SpoVD and PBP2B PrkC chimera strains. White circles show the medi-
ans; box limits indicate the 25th and 75th percentiles as determined by R software; whiskers 
extend 1.5 times the interquartile range from the 25th and 75th percentiles; polygons repre-
sent density estimates of data and extend to extreme values



CHAPTER 4: Unravelling the function of PBP2B PASTA domainsCHAPTER 4: Results144 145

PBP2B ∆PASTA interaction with late divisome proteins

PBP2B, together with FtsL, DivIB and DivIC, are known as the ‘late’ divi-
some proteins. These proteins arrive to the septum after the formation of 
the ‘early’ divisome by FtsZ, ZapA, EzrA and FtsA38. Interactions of PBP2B 
with DivIB and FtsL have been previously reported39. To test if the deletion 
of the PASTA domains has an effect on the interaction of PBP2B with the 
other late divisome proteins, a bacterial two hybrid assay (BACTH) was per-
formed. Because the PBP2B ∆PASTA strain showed a growth defect during 
heat stress, RsgI, a transmembrane anti-sigma protein important during 
heat stress and phosphate limitation40, was included in the analysis.

Interaction of PBP2B and PBP2B ∆PASTA with other proteins should 
result in the expression of β-galactosidase which can be tested by in-
specting the colour of colonies on plates containing X-gal (Figure 10) and 

by determining β-galactosidase activity using a colorimetric substrate 
(Figure  11). Blue colonies appeared for 5 combinations when PBP2B and 
PBP2B ∆PASTA were expressed from pKT25, indicating that both PBP2B 
and ∆PASTA might interact with DivIB and FtsL, whereas PBP2B ∆PASTA 
also potentially interacts with RsgI. Surprisingly, no interactions were de-
tected when PBP2B and PBP2B ∆PASTA were inserted into pUT18C as all 
the colonies remained white. Our results were partially similar to a previ-
ous report39 with the difference that PBP2B self-interaction was not detected 
in our study. This differents might be due to the fact that BATCH assay is 
more sensitive in minimal medium than LB33. 

To determine if there was a difference in the ‘strength’ of the interaction 
between DivIB or FtsL and PBP2B versus PBP2B ∆PASTA, we performed 
a β-galactosidase assay, which has the added benefit of providing a quan-
titative result. β-galactosidase assay results were compared against the 
negative control (pKT25 and pUT18C) and the positive control (pKT25-zip 
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Figure 9. PBP2B and PBP2B ∆PASTA stability. Membrane protein of GFP-PBP2B and GFP-
PBP2B ∆PASTA strains were isolated from cells incubated at 30 °C. Membranes were in-
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Figure 10. Bacterial two-hybrid interaction assay on plates containing X-Gal. PBP2B, PBP2B∆ 
PASTA, DivIB, DivIC, FtsL, and RsgI were cloned into plasmids pKT25 and pUT18C and 
co-transformed into E. coli BTH101. Co-transformants were grown on LB plates containing 
X-Gal and incubated at 30°C for 36 hrs. Blue colonies are considered indicative of protein-pro-
tein interaction. A) PBP2B and PBP2B ∆PASTA as bait in pUT18C, prey proteins in pKT25. 
B) PBP2B and PBP2B ∆PASTA as bait in pKT25, prey proteins in pUT18C. C) Transformants 
of pKT25-zip and pUT18C-zip were used as positive control. On the other hand, transfor-
mants of empty pKT25 and pUT18 were used as negative control. 
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and pUT18C-zip), which showed activity of 66 and 63278 Miller units, re-
spectively. In agreement with the X-Gal results, activity was detected only 
for the same 5 combinations: PBP2B (pKT25) with DivIB or FtsL (both 
on pUT18C), and PBP2B ∆PASTA(pKT25) with DivIB or FtsL or RsgI (in 
pUT18C). The interaction of FtsL with PBP2B and PBP2B ∆PASTA was 
similar, 5340 and 5144 Miller units, respectively. Interestingly, a strong in-
teraction between PBP2B (pKT25) and DivIB (pUT18C) was observed (11411 
Miller units) (Figure 11A), and this interaction was reduced in the absence 
of the PASTA domains as the combination of PBP2B ∆PASTA (pKT25) 
and DivIB (pUT18C) resulted in an approximate 2-fold reduction in activ-
ity (4965 Miller units). It has to be noted that a reduction in activity can be 
used an indication of a reduction in interaction, but that the ‘strength’ of 
an interaction does not scale 1:1 with β-galactosidase activity. Finally, the 
assay revealed a possible interaction between PBP2B ∆PASTA (pKT25) and 
RsgI (pUT18C) (166 Miller units), but not with PBP2B (pKT25). Although 

the β-galactosidase activity measured for the potential PBP2B ∆PASTA-RsgI 
activity is considerably lower than those measured for DivIB and FtsL, the 
signal was consistently higher than the negative control.

Effect of PBP2B PASTA on hydrolases

PG hydrolases are enzymes that digest PG and that are involved in the re-
modelling of the cell wall41. A decrease in the amount of PG hydrolases 
could reduce in the speed at which cells split and thus elongated cells. It has 
been reported that deletion of LytE, one of the mayor hydrolases, is lethal 
at high temperatures42, which is in agreement with the high temperature 
sensitivity phenotype of the PBP2B ∆PASTA strain.  For these reasons, we 
decide to examine the PG hydrolase activity profile of the PBP2B ∆PASTA 
strain (Figure 12) using zymogram analysis. 

This procedure involves the isolation of cell surface proteins, and sepa-
ration of these proteins on a SDS-gel containing B. subtilis PG as substrate. 
Following electrophoresis, the enzymes are reconstituted in-gel and incu-
bated for 48hrs to digest the PG. Staining of the residual PG in the gel al-
lows detection of hydrolytic activity in regions without staining.  The most 
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Figure 12.  Zymograms analysis of B. subtilis hydrolases. Cell surface proteins were separated 
on a  SDS polyacrylamide gel containing B. subtilis 168 cell. After proteins were renaturalized, 
gels were stained with 0.1% methylene blue.  Areas of hydrolytic activity are visible as clear 
zones. Lane 1 marker, lane 2 168, lane 3 ∆LytE, lane 4 PBP2B and lane 5 PBP2B ∆PASTA.  
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striking difference between the controls and PBP2B ∆PASTA strain in the 
zymogram was the appearance of two bands around ~60 kDa that were 
unique in the PBP2B ∆PASTA strain. Our initial hypothesis focused on the 
absence or reduced activity of LytE, but all strains except a lytE control strain 
revealed the presence of LytE. 

There are several hydrolyses reported for Bacillus. However, PhoD 
(62.66 kDa) is the one with closest molecular weight to the one observed in 
the zymogram. Further analysis of these bands by mass-spectrometry is re-
quired to identify the proteins corresponding to the bands.

DISCUSSION

PASTA domains and the interaction between PBP2B and DivIB

The function of the PASTA domains of PBP2B is unknown and in gen-
eral the role of PASTA domains is not well understood. The first evidence 
that the PASTA domains are important for PBP2B functioning is the elon-
gated phenotype that the PBP2B ∆PASTA strain displays. Earlier studies on 
PBP2B function showed that the deletion of part of the C-terminal (Val-632), 
which now we know corresponds to PASTA 2 and part of PASTA 1, produces 
longer cells and decreases spore formation3. 

We hypothesized that the elongation defect might be related to the loss 
of interaction between PBP2B ∆PASTA and a partner protein, as PBP2B 
belongs to a conserved group of proteins known as ‘late division proteins’. 
Together with FtsL, DivIB and DivIC, PBP2B forms a complex that is lo-
calized at the division site. This complex is conserved in other model or-
ganisms such as E. coli, S. pneumonia and S. aureus. However, it is im-
portant to remark that PASTA domains are only present in Gram-positive 
bacteria11. For B. subtilis, it has been reported that PBP2B interacts directly 
with DivIB39,43, FtsL and itself39. Our results show that the deletion of the 
PBP2B PASTA domains has a negative impact on the interaction between 
PBP2B and DivIB (Figure 11). In line with this results, a ∆divIB strain44 
has a similar elongation phenotype and is heat sensitive, like the PBP2B 
∆PASTA strain. 

One of the questions remaining is why the PBP2B ∆PASTA strain is 
sensitive to high temperatures? As a possible reason, we considered that 
PBP2B ∆PASTA might be naturally instable. However, our results show that 
PBP2B and PBP2B ∆PASTA have comparable stabilities at 48 °C (Figure 
9). Like some other PBPs, these proteins are degraded at 48 °C, but the 

rate of degradation is not affected by the presence or absence of the PASTA 
domains. 

The heat sensitivity of a ∆divIB strain has been associated with the insta-
bility of FtsL as the overexpression of FtsL rescues the strain45. As PBP2B, 
DivIB and FtsL are part of the same complex, we cannot exclude that the 
reduction of the interaction between PBP2B ∆PASTA and DivIB has effects 
on FtsL stability and/or the complex at high temperatures. Interestingly, 
suppressors of ΔdivIB, which are no longer heat sensitive, contain point 
mutations in PBP2B, and these mutations are sufficient to counteract the 
ΔdivIB phenotype. The point mutations result in a single aa change (V165E 
or D213N) in the N-terminal dimerization region39. These changes could 
produce similar effects on PBP2B structure as the normal interaction with 
DivIB does with PBP2B, allowing PBP2B and the complex to perform its 
proper function at high temperature. It will be interesting to obtain PBP2B 
∆PASTA suppressors to get more insight in how the late division proteins 
interact. 

PBP2B and the late division protein complex model 

A study on the interaction between PBP2B and DivIB by Rowland et al.46, 
showed that the C-terminus of DivIB interacts with the extracellular part 
of the PBP2B TP domain. In this study, a model was presented based on 
crystal structures of homologues of DivIB (E. coli FtsQ) and PBP2B (S. pneu-
moniae PBP2x) that shows that the region important for interaction in DivIB 
is at a similar distance from the membrane as the transpeptidase domain of 
PBP2B - however, this is also the distance from the membrane of the PASTA 
domains46. The authors proposed that DivIB interacts with the TP domain of 
PBP2B as the interaction between DivIB and PBP2B seems to be conserved 
across Gram-positive and Gram-negative bacteria, and PASTA domains are 
absent in Gram-negatives. If we assume this model is correct, our results 
might indicate that the deletion of the PASTA domains affects the confor-
mation of PBP2B TP domain and as a consequence the interaction between 
DivIB and PBP2B is less efficient. However, according to the same model 
that FtsL-DivIC heterodimer interacts with the TP and N-terminal domains 
of PBP2B46. If the deletion of PBP2B PASTA domains was affecting the 
conformation of the TP domain, then FtsL interaction should also be com-
promised which is not evident from our two-hybrid results. Furthermore, 
we have shown that Bocillin is able to bind to PBP2B ∆PASTA confirming 
that the TP domain is properly folded8. A second option is that the PBP2B 
PASTA domains interact directly with DivIB. This would agree with our 
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results but then the question would be how the interaction between the 
Gram-negative homologues FtsQ and a cognate PBP is mediated. We have 
focused our study on how the deletion of the PASTA domains affects the 
interaction with each member of the late division proteins, however it is im-
portant to verify how the deletion of the PASTA domains affects the stability 
of the complete complex. It is known that the depletion of PBP2B does not 
affect DivIB levels, but levels of FtsL and DivIC were reduced39. Therefore, it 
is important to assess if the deletion of the PASTA domains affects FtsL and 
DivIC levels. 

PBP2B vs PBP2X

B. subtilis and S. pneumonia are closely related organisms that share various 
components of the cell wall machinery. In the specific case of the late divi-
sion proteins, both organisms have the same members, DivIB, DivIC, FtsL 
and a transpeptidase PBP2B/PBP2X. The function of the PASTA domains 
of PBP2X has been studied in more detail than that of PBP2B’s PASTA do-
mains. Interestingly, some details on how the deletion of the PASTA do-
mains affects these proteins are different. For instance, the deletion of 
PBP2X PASTA domains has a clear effect on PBP2X localization23, and not 
on PBP2B localization8.

Another important difference is the binding ability of bocillin, a beta-lac-
tam which binds to the active site of properly folded PBPs. PBP2X ∆PASTA 
can not be detected using bocillin23,28. In contrast, bocillin is still able to la-
bel PBP2B ∆PASTA8. This difference indicates that the structure of the ac-
tive site of PBP2X is affected by the deletion of the PASTA domains, but not 
the active site of PBP2B. Interestingly, PBP2X is not the only PBP in which 
the PASTA domains affect the active site. M. tuberculosis PonA2 shows tight 
interaction between the TP domain and its single PASTA domain, which is 
important for the stability of the TP domain21. 

One of the latest studies on PBP2X shows that its PASTA domains rec-
ognize an uncrosslinked pentapeptide in an allosteric site, which will direct 
the next pentapeptide on the glycan strand into the active site. An arginine 
residue (Arg426) acts as a gatekeeper by allowing an open and closed con-
formation of the allosteric site20. Amino acids that are key for this model 
are not conserved in PBP2B (Figure 13). For instance, in the position of the 
gatekeeper Arg426, PBP2B has a glycine. Likewise, Glu651 and Asp648, res-
idues that interact with Arg426 are also different (Lys and Ala, repectively). 
Thus, it may be that the allosteric activation of the TP domain through the 
PASTA domains observed in PBP2x does not occur in PBP2B. Another 

Figure 13. Alignment of S. pneumonia PBP2X and B. subtilis PBP2B. Conservation index are 
indicated in the first line. Amino acids in red and blue indicate α-helix and β-strand, respec-
tively. Consensus_aa: consensus amino acid sequence (aliphatic: l; a:@; hydrophobic:h; al-
cohol:o; polar residues:p; tiny:t; small:s; bulky residues:b; positively charged: +; negatively 
charged:-; charged:c). Consensus ss: consencus predicted secondary structure.(alpha-helix: h; 
beta-strand:e ). PASTA domain are indicated in  purple (PASTA domain 1) and  in yellow 
(PASTA domain 2). Arrows indicate key aminoacids A: Serine - Active site B: Position of 
PBP2X “gatekeeper” C: Positions important for interaction with PG. PG binders have an Arg, 
non-binders have Pro. D: amino acids important for interaction with the “gatekeeper”.
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interesting detail is that the deletion of S. pneumoniae divIB does not result 
in high temperature sensitivity47 as in B. subtilis, which gives us another hint 
that the complex may not interact/function in exactly the same way in both 
organisms. 

Deletion of PASTA domains and hydrolases

The deletion of the PBP2B PASTA domains might have consequences for 
additional processes connected to cell wall synthesis such as the expression 
or localization of PG hydrolases. A relation between the localization of hy-
drolases and PASTA domains has been reported recently. The 4th PASTA do-
main of S. pneumoniae StkP is responsible for the localization of LytB24, a 
hydrolase necessary for cell separation48. Additionally, it has been proposed 
that the complex form by FtsL, DivIB, DivIC and PBP2B during the asym-
metric division might to be involved in the regulation of the hydrolysis of 
the asymmetric septum formed during B. subtilis sporulation49.

The two major hydrolytic enzymes in B. subtilis, CwlO and LytE, are un-
der the regulation of the two-component system WalRK40 which is known 
to interact with PBP2B50. Under normal conditions, the expression of CwlO 
is higher than LytE. However, during cell wall stress such as heat, the ex-
pression of LytE is higher than CwlO40 and LytE becomes essential42 simi-
lar to PBP2B PASTA domains. LytE expression was checked using zymo-
grams. The PBP2B ∆PASTA strain at 30 °C did not show a large difference 
compare with wild-type. Expression of LytE at high temperatures on PBP2B 
∆PASTA strain remains to be tested. Surprisingly, a unique band present in 
the PBP2B ∆PASTA strain was observed. According to the molecular weight, 
our closest candidate is PhoD, an alkaline phosphatase/phosphodiester-
ase which has pre-protein form with a weight of 62.7 kDa and protein of 
56.6 kDa51. Determining the identity of the hydrolase still needs to be done 
and then, define which regulation pathway is affected to allow the expres-
sion of this hydrolase in the absence of PBP2B PASTA domains.

There is still work to do to understand the precise function of PBP2B 
PASTA domains. However, the present chapter shows evidence that PBP2B 
PASTA domains might be involved in the interaction of PBP2B with DivIB. 
Possibly, the elongated phenotype and heat sensitivity that the PBP2B 
∆PASTA strain presents are a consequence of the reduction in the interac-
tion between PBP2B and DivIB. 
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