Workshop on Advanced Topics in EM Structure Determination: Challenges and Opportunities.
October 29 - November 3, 2017.
National Resource for Automated Molecular Microscopy
Simons Electron Microscopy Center, The New York Structural Biology Center

High-throughput cryo-electron tomography:
Visualizing Molecular Machines

INn Action

Jun Liu, PhD

Department of Microbial Pathogenesis
Microbial Sciences Institute
Yale School of Medicine




Motivated by the amazing illustration

THE MACHINERY OF LIFE

David Goodsell
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Our Interests: Bacterlal nonomachlnes Ta actlon
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Rationale: These nanomachines play roles in bacterial pathogenesis
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*Qur techniques:
*High-throughput cryo-E1 pipeline
* Production of bacterial minicells
*Qur systems:
“*Injectisomes in bacterial pathogens - Secretion

*Phage infection - Trans-envelope channel formation
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Automation is essential for cryokET




ngh throughput Cryo- electron tomography

SerialEM —> MotionCor2 —> IMOD —> Tomo3D —> I3
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Morado et al. JoVE 2016 Hu et al. PNAS 2015
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A typical bacterium is too large for cryo-E1
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Liu et al. Virology (2011)
Liu et al. PNAS (2012)

In collaboration with
Dr. Bill Margolin



A Normal Division B Abnormal Division
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Farley et al., 2016, Carleton et al., 2013



Production of minicells

A Normal Division B Abnormal Division
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Centrifuge
Centrifuge supernatant
at 800 x g at 17,000 x g
for 5 min for 10 min

Farley et al., 2016, Carleton et al., 2013




Shigella minicells
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Hu et al. PNAS 2015



Shigella minicells infecting
a red blood cell
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Bacterial nanomachines (l)
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Bacterial type lll secretion systems
In Shigella & Salmonella

Collaborators:
Maria Lara-Tejero, Jorge Galan (Yale)
Bill Picking (Kansas)

Supported by NIH (RO1 Al123351 )
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Bacterial secretion systems
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Costa et al, Nat Rev Microbiol 2015
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Bacternial secretlon systems
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Costa et al, Nat Rev Microbiol 2015 TssB-TssC contracted sheath



Type III secretlon medlated mfectlon
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Ty\pelll secretion mediated infection

Host cell

Salmonella




Secretion of bacterial effector proteins

Host cell

effector proteins

Salmonella



Dlscovery and characterlzatlon of Salmonella T3SS 1
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Schraidt & Marlovits Science 2011 Kubori, 1. et al. Science 1998
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Purlfled complex lacks key components
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A Sorting Platform Determines
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Intact T3SS revealed in Shigella 3
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Shigella Salmonella Yersinia Shigella
basal body | basal body | injectisome injectisome

Hodgkinson et al 2009, Schraidt et al. 2011, Kudryashev et al. 2013 Hu et al. PNAS 2015



Intact T3SS machine revealed in Salmonella

Shigella (WT) Salmonella ' Salmonella (WT)
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Difference between almonella and Shigella
‘ ' Shigella

Salmonella

Hu et al. PNAS 2015
Hu et al. Cell 2017




Molecular architecture of the export apparatus
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Hu et al. Cell 2017



Structural characterlzatlon of the sorting platform

Hu et al. Cell 2017
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Molecular architecture of the T3SS machine in situ
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_Host by Salmonella
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Bacterial Nonamachines (lll)
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Phage infection

Novel insights into virus-host interaction
and transient channel formation

Collaborators:
Dr. lan Molineux

Supported by NIH/NIGMS R01GM110243
& R01GM124378






Bacteriophages - Amazi nomachines
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Bacteriophages - Amazing nanomachines
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Bacteriophages - Amazing nanomachines
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Capturing k
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- Formation of a trans-envelope channel
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Formatlon of a trans- envelope channel
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Conformational change during contraction
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T7 — A short tailed phag’i 3

Hu et al. Science 2013



17 Intermediates during infection

20 nm

Hu et al. Science 2013

— -
— -



- "h
)
ol

W]
té \ 54

» W
- ¥
7

‘.l

“
o )
.,4.' -
P, A . ‘, >

" ’

2% -

e







Dustin Morado
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Keyword.
000 Cryo Electron Microscopy

=300

Keyword:
Cryo Electron Tomography
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We develop high-throughput cryo-ET pipeline to visualize
bacteria and their nanomachines In action.

Bacterial minicell is a great toolbox for in situ structural
determination of nanomachines.

We determine in situ structures of the T3SS machines in
Shigella and Salmonella.

We reveal novel trans-envelope channels during phage
infection.

Classification is essential for sorting key conformations.
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