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The Bacterial Cell Envelope

Gram-positive Gram-negative

Freeman. Biological Science. 3/e.

Bacteroidetes are
Gram-negative bacteria



Bacteroidetes
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Motile — gliding motility

Xie et al. 2007. Appl Environ Microbiol.



Flavobacterium johnsoniae

e Gram-negative aerobic rod
e Member of the Bacteroidetes
e Ubiquitous in soil and freshwater habitats

e 6.1 Mbp sequenced genome

e Digests many polysaccharides

e Well characterized genetic system

e Exhibits gliding motility

e Newly described Type IX protein secretion

McBride et al. 2009. Appl Env Microbiol.




Well Studied Types of Bacterial Locomotion

Swimming Motility

Flagella

Butler and Camilli. 2005. Nat Rev Microbiol.

Twitching Motility

Type IV pili

Kaiser. 2000. Curr Biol.



Gliding Motility

The smooth translocation of cells over a surface by an active process

Gliding motility is widespread among prokaryotes

Representative genera
Bacterial Group of gliding bacteria

Cyanobactenia Oscillatoria. Spirulina, Anabaena,
Phormidium. many others

@ga-ﬂavobactcril@ Flavobacterium®, Cytophaga.
Saprospira Flexibacter.

many others

8 Proteobacteria Myxococcus. Stigmatella,
Chondromyces. Desulfonema.
many others

B Proteobacteria Virreoscilla, Simonsiella
y Proteobacteria Lysobacter, Beggiatoa, Leucothrix.,

Thiothrix
Green nonsulfur bacteria Chloroflexus. Herpetosiphon.

Heliothrix Madigan, et al. Brock Biology of
Green sulfur bacteria Chloroherpeton Microorganisms. 9/e.
Planctomyces Isosphaera
Gram-positive bacteria® Heliobacterium. Filibacter.

Mycoplasma®

Variety of gliding mechanisms

McBride. 2001. Annu Rev Microbiol.



Examples of Gliding Motility

Mycoplasma pneumoniae Myxococcus xanthus
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Jarrell and McBride. 2008. Nat Rev Microbiol. Jarrell and McBride. 2008. Nat Rev Microbiol.

Flavobacterium johnsoniae
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F. johnsoniae Gliding
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ldentification of Motility Genes: gldA
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ldentification of Motility Genes: gldA
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F. Johnsoniae Gld Proteins
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gld Phenotypes: Phage Sensitivity

http://www.hyglos.de

OM

http://www.nature.com/nrmicro/journal/v8/n5/



gld Phenotypes: Phage Sensitivity

S SR TE— OM
BDH J K N/O
G G M

7 ' cM WT

|

Agarwal, Hunnicutt and McBride. 1997. PNAS. Ag I dA



gld Phenotypes: Chitinase and
Attachment

Chitin utilization
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F. Johnsoniae Gld Proteins
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Mutation in Surface Exposed sprB
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Nelson, Bollampalli and McBride. 2008. J Bacteriol.



Properties of sprB Mutant

Spreading on Agar
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Properties of sprB Mutant
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Properties of sprB Mutant
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Properties of sprB Mutant
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Properties of sprB Mutant
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Properties of sprB Mutant

Gliding on Glass

WT
3
oM R £
I 11 )% K
H J N/O
G G M
a %
CM F F 3 £
L
A A

Nelson, Bollampalli and McBride. 2008. J Bacteriol.



Properties of sprB Mutant

Gliding on Glass
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Bead Binding and Movement

WT cells with Protein G coated latex

WT cells with Protein G coated

spheres and Anti-SprB

latex spheres
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Nelson, Bollampalli and McBride. 2008. J Bacteriol.



Bead Binding and Movement

WT Cells + Beads (No Ab)

10 um
Oct 15,2009 15:08:57

Nelson, Bollampalli and McBride. 2008. J Bacteriol.



Bead Binding and Movement

WT Cells + Beads + Anti-SprB

10 um
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Nelson, Bollampalli and McBride. 2008. J Bacteriol.



Bead Binding and Movement

AsprB Cells + Beads + Anti-SprB
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Nelson, Bollampalli and McBride. 2008. J Bacteriol.



How Does SprB Reach the Cell
Surface?



Bacteroidetes

Nonmotile but carry some ‘gliding’ genes
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(Gingipain Secretion 1n
Porphyromonas gingivalis
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‘Motility’ Proteins

Genes
PorSS genes
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Flavobacterium johnsoniae ATCC 17061°

-

FPorphyromonas gingivalis ATCC 33277
McBride and Zhu. 2012. J. Bacteriol.
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‘Motility’ Proteins

Genes
PorSS genes
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SprT is Necessary for Motility and
Chitinase Activity

Colony Spreading
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Sato, Naito, Yukitake, Hirakawa, Shoji, McBride, Rhodes and Nakayama. 2010. Proc Nat! Acad Sci.



SprT is Necessary for Motility and
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Is SprT Required for SprB Localization
to the Cell Surface?

SprB in Whole Cells
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Sato, Naito, Yukitake, Hirakawa, Shoji, McBride, Rhodes and Nakayama. 2010. Proc Nat! Acad Sci.
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Is SprT Required for SprB Localization
to the Cell Surface?

SprB in Whole Cells s SprB
surface
localized?
kDa o
&
SprB -> oM &/ S
111 )
200 spH J K N/O .)
G G IvlSprE
CM F F
L
116 A A

Sato, Naito, Yukitake, Hirakawa, Shoji, McBride, Rhodes and Nakayama. 2010. Proc Nat! Acad Sci.



Is SprT Required for SprB Localization
to the Cell Surface?

Detecting Surface
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SprT Required for SprB Localization

Surface Localized SprB
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SprT Required for SprB Localization

Surface Localized SprB
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SprT Required for SprB Localization

Surface Localized SprB
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SprT Required for SprB Localization

Surface Localized SprB

DAPI anti-SprB Merged
o WT
o
7y
SsprB-
oM o, (SprT SprA
R K )
BDH J N/O sprT-
G G IV|SprE
F F
M r sprT-/sprT*
A A

Arrows point to control beads
Sato, Naito, Yukitake, Hirakawa, Shoji, McBride, Rhodes and Nakayama. 2010. Proc Nat! Acad Sci.



Secretion in F. johnsoniae

Type IX system moves
proteins across OM
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Are there other surface exposed
proteins involved in motility and/or
adhesion?

How do we investigate this?



Phage Resistance of sprB Mutant
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Random Mutagenesis of sprB
Mutant
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Random Mutagenesis of sprB
Mutant
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RemA is Surface Exposed

Can we follow the movement of
RemA on the surface? How?

“Tag” RemA with a myc epitope
N-EQKLISEEDL-C



Gene Deletion System

Plate on Streptomycin
streptomycin resistant mutants
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Rhodes, Pucker and McBride. 2011. J Bacteriol.



Myc “Tag” Insertion in RemA

Shrivastava, et al. 2012. J Bacteriol.



Myc “Tag” Insertion in RemA
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Myc “Tag” Insertion in RemA
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Myc “Tag” Insertion in RemA
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Myc “Tag” Insertion in RemA
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Myc “Tag” Insertion in RemA
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Movement of RemA on Cell
Surface

Detecting Surface
Localized RemA-Myc¢

Fluorescently Labeled
Secondary Antibody

\**
*

Anti-Myc
e Antibody

\

Cell Surface with exposed RemA-Myc

Shrivastava, et al. 2012. J Bacteriol.



Overexpression of RemA Causes
Cell Aggregation

WT WT with RemA+++

Shrivastava, et al. 2012. J Bacteriol.



Effect of Sugar on RemA-Mediated
Cell Aggregation

Shrivastava, et al. 2012. J Bacteriol.



‘Motility’ Proteins
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Future Directions

1. Characterize redundant cell surface proteins

2. Develop assay to evaluate chemotaxis

3. Examine role of PorSS secretion in fish pathogens
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