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Questions to address?
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* There are a lot of issues in time-resolved Cryo-EM method.



Time-resolved cryo-electron microscopy

* Time-resolved cryo-electron microscopy (cryo-EM) combines the

known advantages of single-particle cryo-EM in visualizing molecular

structure with the ability to dissect the time progress of a reaction
between molecules in vitro.
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What has been tested?
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Analysis of transient structures by cryo-microscopy combined
with rapid mixing of spray droplets
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Limitations in the spraying-freezing method

Molecule A + Molecule B

Small molecule
Acetylcholine/ ATP
Marker to identify the droplets

On Cryo-EM grid +

The mixing is dependent on diffusion
1. slow

2. dependence on molecular weight

Our solution is the mixing-spraying-freezing method



Experimental setup — Microfluidic chip
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Experimental setup — Mixer performance

Solution 1 Solution 2

Not mixed well Flow rate: 1ul/s

Very well mixed Flow rate: 6 uL/s



Experimental setup — Mixer performance

Solution 1 Solution 2

Environmental chamber

: 500 pm

Mixer

Mixing time 0.5 ms Mixing 70S ribosomes and Ferritin molecules



Experimental setup — Reaction time

Solution 1 Solution 2

~4 ms

~10-40 ms

Environmental chamber

~125-500 ms
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Mixing time 0.5 ms

Reaction time 4-500 ms

Different Reaction Channels

Length of the reaction
channels and the flow rate
determine the reaction time
in the microfluidic chips.



Experimental setup — Plunging and freezing

Solution 1 Solution 2

Reaction is stopped by
plunging into cryogen.

Mixing time 0.5 ms

Reaction time 4-500 ms Plunging time 18 ms



Limitation

1. How to get right ice thickness?
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Blotting grid Spraying grid




Spraying grid

droplet

Holey carbon film

Grid Bar Grid Bar




Spraying grid

droplet
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(A and B) The ice thickness is
different from the leading to the
trailing side of

each hole (blue arrows), which is
different from grids obtained by the
blotting

method.

(C and D) The ice is thinner on one
side than on the other side as
indicated by

the different lengths of the tunnels
drilled on the two sides. The thicker




Data collection

Grid view Square viw HoI view Microgra ph‘



Mean droplet size — flow rate ratio between liquid and gas

* Diameter: 36.2 to 4.4 um ( Volume : 24.4 pL - 0.044 pL )
Gas pressure: 16 psi to 48 psi
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Where m is the mass flow rate, and subscripts g and / denote gas and liquid.
Suppose that the solution sprayed is water, the viscosity u, surface tension o,
density p are 0.89 x 10-3 Pa's, 0.072 N/m, 1 x 103 kg/m3, respectively.
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Measurements of Ice Thickness of Droplets
Sprayed on the EM Grid
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Pie charts illustrating the droplet size
distribution under four different spraying
conditions.
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3.0-A Resolution Structure of Apoferri
Obtained by Spraying with the
Microspre
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360-kDa membrane protein, AcrB 3.7 A
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3D EM-density (3.2 A) of AcrB in Native Cell
Membrane Nanoparticle
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3D EM-density: Native Cell Membrane Bilayer
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Lipid Belt in Sliced View and Hexagonal Pattern of Lipid Arrangement
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Overview of translation

GTP hydrolysis

In itiation Accomodation

EF-Tu release

Peptidyl

\tlansfer

EFTu {

? deacyl-tRNA

Initiation factors, _ J‘ Subunit
tRNA binding ™ g joining

/) 7—P
4
— initiator
I3 ' tRNA

mRNA @
IF2 s
IF3 binding “

mRNA, tRNA

IF2

e

Ternary
complex binding

IF1
® Codon recognition
EF-Tu ’

GTP hydrolysis Ll
IF dissociation

RF1/2

Elongation l“?féii’ai?f,?

dissociation R R St_op quon
GTP hydrolysis in A site

Subunit dissociation RF binding EF-G 6FG
i release |

EF-G EF-G

binding

EF-G, RRF = : "
binding protein Hydrolysns_ GTP hydrolysis
Nascent peptide Translocation

’p release

RRF

A\

GTP hydrolyis
RF release

TM Schmeing & V Ramakrishnan Nature 000, 1-9 (2009) doi:10.1038/nature08403



The recycling process
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Table 1. List of the Cryo-EM Structures Obtained in this Study

Experiment Ribosome and Other Components (Rot or Non-rot) Abbreviation (Resolution, f\]
Control 70S ribosome, RRF, P/E tRNA, mRNA (Rot) PostTC-RRFcontrol (10)
140 ms 70S ribosome, RRF, P/E tRNA, mRNA (Rot) PostTC-RRF;40 (15)

Long incubation

70S ribosome, RRF, mRNA (Non-rot)
70S ribosome, RRF, P/E tRNA, EF-G, mRNA (Rot)
50S subunit, RRF, EF-G

508 subunit, RRF, EF-G, E tRNA
30S subunit, P/| tRNA, mRNA

30S subunit, IF3, mRNA

50S subunit, RRF, EF-G

50S subunit, RRF, EF-G, E tRNA
50S subunit, RRF, E tRNA

50S subunit, E tRNA

30S subunit, IF3, mRNA

NR-PostTC-RRF 40 (16)
PostTC-RRF-EF-G40 (7.4)
50S-RRF-EF-Gi40 (12)
50S-RRF-EF-G-tRNA 40 (16)
30S-tRNA140 (10)

30S-1F3,4 (22)

50S - RRF - EF-Giong (14)

50S - RRF-EF-G-tRNAong (12)
50S-RRF-tRNAng (16)
50S-tRNAong (16)
30S-1F3,0ng (10)

PostTCeRRF$EF-Gy,, (7.4)

PostTCORRF o 1r0 (10)

NR-PostTCORRF,40(16)  50S®RRF®EF-G,40(12)

o ; Wﬂ ' ,s?fg
¥ %

g

50S®RRF$EF-G#tRNA, ;0(16) 30SetRNA,40(10)  30SeIF3,,, (10)



Next steps

1. General application
+ 2. Nano-fluidic system (less sample consumption)

* 3. Sub-millisecond system

* (mixing time < 50 us, freezing time < 100 pus)



Energy filter 20 eV (red) vs no slit (blue)
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