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Bacterial Transformation

Fig. 1A | Existing model of genetic transformation in Gram-positive bacteria. The tpilus is composed of ComGC, whose 
assembly requires the ATPase ComGA. The tpilus is believed to be anchored to the membrane protein ComGB. The tpilus binds 
weakly to DNA and retracts to pull it into the periplasm. Here, the DNA encounters ComEA, which stabilizes binding to the cell 
and propels continued uptake of the DNA. ComEC is proposed to degrade one strand of DNA and provide the channel for transport 
of DNA into the cytoplasm.
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Study Objectives

§ Characterize ComEA’s region of 
unknown function (magenta region in 
Fig 1A)

§ Elucidate the mechanism for bacterial 
transformation with respect to ComEA’s
elucidated role
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Methods #1 LEGEND
ComEABs = ComEA from B. subtilis
ComEAGs = ComEA from G. stearothermophilus

General Methods

ComEABs production

ComEAGs crystallization and X-ray 
crystallography

ComEAGs production

ComEABs-A101M,T126M and ComEABs
crystallization and X-ray crystallography

ComEABs SeMet derivative production

PCR à vector à Transform E. coli à expression induced à
pellet and resuspend in lysis buffer with DNase à French Press 
à centrifugation à His-60 column (low imidazole) à washed 
(low imidazole)à protein eluted with high imidazole à SDS-
PAGE à protein dialyzed à Source 15Q column à proteins 

pooled and concentrated twice

More Detail

ComEABs synthesized à pET28b à pComEABs-
A101M,T126M  with same tag as wild type and two mutations 
à grown and resultant cells pelleted via wild-type protocol à

pellet washed with SeMET base media à resuspended in media 
with SeMet à secondary inoculation grown to 0.6 OD à

expression induced à grown à centrifuged à purified the 
same

Vapour diffusion (sitting drop) à data collected using SSRL 
beamline 14-1 and a CCD detector. 



Results and Conclusions #1
Methods #1 + Results #1 = Conclusion #1

Conclusion(s) #1

• Linker domain is flexible
• Minimal contacts between 

OD and DNABDs
• ODs may form multimers 

in solution
• ComEA may oligomerize 

in solution…?
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Methods #2

General Methods More Detail

Generation and purification of ComEAGs-
OD

LEGEND
ComEABs = ComEA from B. subtilis
ComEAGs = ComEA from G. stearothermophilus

Sedimentation Velocity Analytical 
Ultracentrifugation (SV-AUC)

X-ray crystallography structure 
examination

PCR à Gibson Assembly method à pTB146 vector à
pComEAGs-OD construct with His-Sumo tag at N-terminus 
à clones verified by DNA seq à same purification protocol 

as wild type

§ ComEAGs-OD measured at 37 krpm
§ ComEAGs and DNA measured at 60 krpm

§ 14-bp DNA sequence MW-AUC data collected at 55 krpm
§ 40-bp DNA seq MW-AUC data collected at 43 krpm

§ MW-AUC data recorded between 235–285 nm with 2 nm 
increments = 26 datasets/sample

§ Extinction coefficient of 7,450 M-1 cm-1 at 280 nm for 
ComEAGs-A108Y; 5,960 M-1 cm-1 at 280 nm for 

ComEAGs



Results and Conclusions #2

Methods #2 + Results #2 = Conclusion #2

Conclusion #2

The OD drives ComEA
multimerization in solution as 

predicted previously

Cyan? Not magenta?
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Methods #3

Methods

Generation and purification of 
ComEAGs-A108Y, ComEAGs-
K166A, and ComEAGs-K201A

LEGEND
ComEABs = ComEA from B. subtilis
ComEAGs = ComEA from G. stearothermophilus

Multiwavelength-AUC (MW-AUC)

More Detail

Mutants generated using Q5 site-
directed mutagenesis kit à clones 

confirmed with DNA sequencing à
purified the same as wild type 

ComEAGs



Results and Conclusions #3

Methods #3 + Results #3 = Conclusion #3

Conclusion #3

Oligomerization facilitates 
efficient and cooperative 

packing of ComEA on DNA
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Methods #4

Methods

Semi-dry Western Blotting

Preparation of rhodamine-labeled DNA

B. subtilis strain construction and 
transformation

More Detail

§ pED2232 cut with EcoRI à 3045 bp fragment with a YFP-comEA construct à
cloned into pDR1664 with EcoRI à linearized by PvuI à transformed into IS75 

à ORF deleted by insertion
§ ComEA mutations constructed using pED2401 and Q5S-DM kit à success 
verified by sequencing RF à linearized by PvuI à transformed into BD5810-à

native ComEA RF inactivated again

Bacteriophage lambda DNA was labelled with a rhodamine TM 
reagent and put through a G50 spin coloumn to remove excess label 

EcoRI recognition sequence (palindromic RE)



Results and Conclusions #4
Methods #4 + Results #4 = Conclusion #4

Conclusion #4

ComEA oligomerization plays 
a critical role in the 

transformation of B. subtilis 
and likely other Gram-

positives
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Methods #5
LEGEND
ComEABs = ComEA from B. subtilis
ComEAGs = ComEA from G. stearothermophilus

Methods More Detail

Electrophoretic mobility shift assay 
(EMSA)

Computational modelling of ComEAGs-
DNA

§ Dali Server20 to ID the DNA bound 
portion of XPF as similar to that of 

ComEAGs
§ HADDOCK to refine the aligned 

modelWestern Blot

ComEAGs and 30bp DNA mixed in a 
10mM Tris, pH 8, 100 mM KCl, 2.5% 

glycerol, 0.5 mM EDTA, and 1mM 
MgCl2 buffer à 0.5 volumes of loading 
dye with bromophenol blue and 2.5% 

glycerol added à 8% native 
polyacrylamide get prerun at 4 ºC in 0.5X 

TBE à ethidium bromide stained à
scanned using BioRad MP imager



Results and Conclusions #5

Methods #5 + Results #5 = Conclusion #5

Conclusion(s) #5

ComEA-DNA interactions are 
cooperative in binding 

behaviour and are required for 
transformation
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Summary

Conclusion(s) #1

• Linker domain is flexible
• Minimal contacts between 

OD and DNABDs
• ODs may form multimers 

in solution
• ComEA may oligomerize 

in solution…?

Conclusion #2

The OD drives ComEA
multimerization in solution 

as predicted previously

Conclusion #3

Oligomerization facilitates 
efficient and cooperative 
packing of ComEA on 

DNA

Conclusion #4

ComEA oligomerization plays a 
critical role in the 

transformation of B. subtilis and 
likely other Gram-positives

Conclusion(s) #5

ComEA-DNA interactions are 
cooperative in binding 

behaviour and are required 
for transformation

Final Proposition
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