thln“\Pllvmg things do
can '\ er ood in terms of the
||ggl “\NIQQ"“Q of atoms.”

&/

D R. Feynman
Cﬁ ( Lectures on Physics Vol 1, Chap 3.

: f I\/I\L%weeney

C/ )” ,\\ P \‘

1
R -












\J

< S
/ m /’I
f

ICrOSCOpY C

\ - \\(/




| am originally from a small town in the
North West of England.
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For close to twer

ty years |

worked at the E
synchrotron, the

Uropean
ESRF, in

Grenoble France. There | built
structural biology research teams
with varying degrees of success.
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Structural biology is the way to
understand the role of biological
molecules with an atomistic and a
cellular view.
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Structure and function
are Intimately relatead.




Ight sources have
revolutionized structural biology.

« structural biology has
become the most
important source of
publications and user
“foot fall” at most modern
light sources.

e NOW electron microscope
are making big changes
for us.

S
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Grey: protein structures made publicly
available each year. Green; the structures
owing to data from a light source




structural biology In a
few slides.
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the principle method
for determining
structures Is
X-ray crystallography.



An early example of
‘Interesting”

* The antibacterial property of hen egg white, due to
the lysozyme it contains, was first observed by
Laschtschenko in 1909, although it was not until
1922 that the name 'lysozyme' was coined, by

Alexander Fleming (1881-1955), the discoverer of
penicillin,

* [Large amounts of lysozyme can be found in egg
white.
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SR

get lots of sources for the
protein.



OR iInduce your protein producer to generate a lot
of material.
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or better get lots of producers to produce lots of
material.
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f you are lucky crystals can be created
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I \ucky the dlffractlon will D€
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® APS e ESRF e NSLS-I e SLS Spring8
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Flux Density (ph/s/pm2/1011)
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NSLS-II is leading the pack

SO why are we so excited about electron microscopy?
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LIFE: atomic to cellular

Complexes
MX, S/WAXS
electron microscopy

atomic resolution structures
MX

cellular context and function
imaging



What if you can’t get a
crystal”

« until recently you were stuck!.
* complex biology runs through complex machines.

* electron microscopy has been through many
technical advances in the last few years.
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Introduction

U

insulin (2hiu)

Proteins and their complexes make
up the machinery of life. Until
recently the only way to resolve
these structures at atomic resolution
was X-ray crystallography.

10 nm

However recent advances in cryo-
EM have changed this perspective

dramatically.

hexokinase (1cza) rubisco (1rcx) alcohol dehydrogenase (20hx)

Some examples of x-ray structures from www.rcsb.org



This method is now 20% of all EM structures.

10000 +
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Publically available structures due to EM methods. gray bars: total enveloped deposited, black line : those
structures due to single-particle cryoEM methods at a resolution sufficient for polypeptide chain tracing.
Single-particle cryoEM now accounts for 21% of all deposits from 1% in 2012
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electron density map







GROEL

GroEL belongs to the chaperonin family of
molecular chaperones, and is found in a
large number of bacteria.l3!

It is required for the proper folding of many
proteins.

To function properly, GroEL requires the lid-
like cochaperonin protein complex GroES.
In eukaryotes the proteins Hsp60 and
Hsp10 are structurally and functionally
nearly identical to GroEL and GroES,
respectively.
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The EM Revolution

In the past three years, it has become feasible to obtain atomic resolution with
cryo-EM for the first time. This is sparking a revolution in structural biology.

Ex: Splicesome

2008 2012 2015

Cwi4/Syf3

~16 nm

Sm ring 2y yads - A IAN
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ceosome

Hacker et-al, Nature Structural & Molecular Biology

15, 1206 - 1212 (2008) Frankenstein et-al Structure Yan et-al Science (2015), 349,

(2012), 6, 1097-1106 1182-1191
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CryoEM and X-ray Crystallography are
Complementary.
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phosphofructokinase
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glycolate oxidase

p f\§
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kdu

glutamine synthetase

protofatechuate
3,4-dioxygenase

satellite tobacco
necrosis virus

10 nm

X-ray crystallography will continue to be the method of
choice for very high resolution measurements of small,
crystallizable proteins.

X-ray sources and techniques have not yet reached
their limit and will continue to improve (NSLS-II)

x-ray structures will be essential to provide the
components within higher order complexes.

The co-location of cryoEM with NSLS-I1l and CFN will
provide the opportunity to measure the structure of
systems and the components of the systems at one
integrated facility with simple, transparent, access
procedures.



Health news

NY gives $15M for cryo-electron microscope at

Brookhaven lab

Updated May 18, 2017 8:12 PM

By Delthia Ricks delthia.ricks@newsday.com

New York is with us
and we are building our
plans and team.

Brookhaven National Laboratory on Thursday, May 18, 2017, announced that the state will allocate $15

million for a state-of-the-art cryo-electron microscope at the lab. The advanced imaging technology is
expected to increase scientists' understanding of disease, with the microscope helping to discover new
treatments, and boost Long Island's biotechnology and pharmaceutical industries, officials said.

(Credit: Newsday)

New York State is allocating $15 million for a cryo-electron microscope at
Brookhaven National Laboratory as part of a collaborative effort involving

three Long Island scientific powerhouses, officials at the lab announced

Thursday.

The state-of-the-art imaging technology is at the heart of a new center,
the Long Island Facility for Electron Microscopy, which is to be

established on the Brookhaven...
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LEGEND

[ ]cryo-EM Facility

I:l Dedicated Office Space
1 Prep Laboratory (471 SQFT)
2 Two Screening Microscopes (518 SQFT)
3 Four Cryo-EM Instruments (5,295 SQFT)
4 Connector to NSLS 2 (1,295 SQFT)

Cryo-EM Site Plan / Facility Plan / Detailes

LEGEND

[ ] cryo-EM Facility

I:l Specialized Instrument Environment

© N o g A W N =

Low RH Environment
EMI Active and Passive Sheilding
Sound Attenuation Enclosure
Vibration Class: VCE Vertical
VCF Horizontal
NSLS 2 Connector
Operators Area
Cryo-EM Enclosure
Service Room / Prep Laboratory
Mechanical Room
MDF
Electrical Room

Sanitary Block

Screening Microscopes

NATIONAL LABORATORY

UNDER CONTRACT WITH
UNITED STATES DEPARTMENT OF ENERGY

Cryo-EM Facility
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We are planning and building for the future.
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0 |

o~ LEGEND
[ cryo-EM Faciity
1 Auditorium
~ 2 Laboratoriea
3 Twelve Cryo-EM Instruments 2.9 Bno E"
v 4 Offices <:: 1/6 = P NATIO L LABORATORY
i gpEm—s 5 Sanitary Block / Stalr Tower ~"‘~ /,"
' \ 6 Lobby ~~-" Phase 2 UNDER CONTRACT WITH
UNITED STATES DEPARTMENT OF ENERGY
CRYO—EM FACILITY

39



A Purification, electron microscopy & modeling

Ribosome RNA

Pyruvate
dehydrogenase
structural core

TAP homomultimer x60

TAP homomultimer x14

GroEL
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Extra slides.



o tnd of the pineteenth ceaturd large
RICANS were {requently

seen to bt RUSBING {oward HOLES 18 the
ground, hoping to {ind GOLD. Most of them
pever tved found the heles in the ground.
But at least they all got LRERCISE ad
FRESE BIB, which kept them HEALTAY.
jai hnalth i mere important than
gOLD . .. jsn't it? You got the oL i
you can spot me.




1: primary structure.

the linear sequence of amino acids as encoded by the DNA

1
2. &
8 S
Yot
0’
one amino acid PN
(O
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secondary structure.

2

% 1.\\—, D% .
NYPEED
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3: tertiary structure.

The folded structure of

hemoglobin includes a
pocket to hold heme, which

IS the molecule that carries
oxygen as it is transported
throughout the bodly.

heme

z, S
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4. quaternary structure.

one functional molecule g
may have several subunits.
The four subunits of
hemoglobin cooperate so
that the complex picks up
and delivers more oxygen
than is possible with single
subunits.

PDB ID: Thho

the data is available —
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Structure of a yeast spliceosome at 3.6-angstrom resolution
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This structure includes 37
proteins, three snRNAs, and
one RNA lariat, with a
‘ 8% a5 Y combined molecular weight
- mR "_'T." 2 - i of ~1.3 MD. Among the

" AR S iR modeled 10,574 amino acids,
9312 have been assigned side
chains. All 332 RNA

» Sm ring

B Lariat RNA . _
B US snRNA M USsORNA [ cdcS BCWH/PpS B Owi9 B Unknown nucleotides were tentatively
B Sppd2 (Prp8) M U2snRNA B CwiPrp19 [ Cwi2Prp3 [ CwiS/Ecm2 [ USsaRNP .

B Cwf10 (Snu114) B Smring B Cwi7 B Cwii5 B Cwfid = U2 snRNP assigned.

8 Sm ring 0 Leat B CwiaSyft B PrpdS O Prp17 S50 NTO relsted

0 Cwi7 @ Msi1 CICwia/Sya [ Cwit1 H Cypt T Others

A representative illustration of the yeast spliceosome from two

perpendicular views. The protein and RNA components are color-
coded.

Structural basis of pre-mRNA splicing Jing Hang, Ruixue Wan, Chuangye Yan, and Yigong Shi
Science 11 September 2015: 349, 1191-1198



Cryo-EM structure of a yeast spliceosome: 2008

~16 nm

Most eukaryotic genes are expressed as precursor
mRNAs that are converted to mRNA by splicing, an
essential step of gene expression in which
noncoding sequences (introns) are removed and
coding sequences (exons) are ligated. The
molecular machine responsible for this action is the
spliceosome, which comprises five small nuclear
RNAs and more than 100 associated proteins.

Through x-ray crystallography structural
information is available for components of the
spliceosome, but the structure of the whole has
remained frustratingly elusive.

Hacker et-al, Nature Structural & Molecular Biology 15, 1206 - 1212 (2008)



The importance of x-ray diffraction

McSweeney & Fromme Nature (2014), 505, 620-621

We are still far from being able to realize
the full potential of storage-ring sources.
In the next decade, scientists will benefit
new innovations.

For example data-analysis techniques
previously developed for FEL experiments
enabling structures to be determined
from micrometer-scale crystals.



