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The Diamond Project & the correlative cryo-imaging beamline B24
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Biological Cryo-Imaging
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The B24 beamline areas today

Sample preparation areas @ B24




Why, Who & What
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Imaging across scales for the biological sciences
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Organisms Tissue Cells Organelles énmplexes Proteins Atoms
Computerised Tom t::graphy
1-2mm ;.
§ Fluorescence Microscopy
: 250 nm
Cryo-Soft X-ray Tomography
: 25nm
Cell Electron Tomography
’ 5nm i
Single Particle Electron Microscopy
: 0.2nm
MM =emmmemmmnmsnneas Resolution - -~ nm X-ray Crystallography

<0.1nm
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What is a sample for B247




Correlative Light and X-ray cryo-Microscopy (CLXT) at beamline B24

» cryo Soft X-ray Tomography (SXT)

» cryo Structured lllumination Microscopy (SIM)

| Cells on TEM grid |

—FI B24 conventional Fluorescence Light Microscopy J

L

1
| B24 cryo Structured lllumination Fluorescence ]'—

| | B24 eryo dSTORM fluerescence |

S

— ﬂ B24 cryo Soft ¥-ray Tomography ¥
FIB milling / Electron Tomography

-
Other ¥-ray Imaging modalities




Correlative cryo-imaging (CLXT) workflow at B24 and access points

The difference between building a meethod that works and a method that works for all

Cell Culture *  Treatment of TEM grids for cell growth

*  Growth on TEM grids to appropriate confluency ] Wﬂrk Out the plpehne and Luse |t {Ij
‘ #  Optional: eorescence expression ::
Live cell imaging *  Optional: Confocal imaging

Accessible/published peer-reviewed protocols

Sample Preparation

A

+  Addition of fiducials - No tricky reagents

Pl F in
ol ol =  Removal of excess liquid

No hidden steps

#

Cryo-Light Sk i - No user-dependent variability
Microscopy *  Map grid in brightfield and fluorescence

Pre-mapping &
Correlative Imaging
Modalities

* Published peer-reviewed case studies
*  Optional: Collect 30 Auorescence data

- High biomedicalrelevance

=

= Brightfield and fluorescence imaging in-fine 4 1 1
g E i Cryo-5XT *  Collection of X-ray mosaics of areas of interest ngh |mpECt
. 3 l = Collection of tilt series and flat field corrections
) *  Alignment of tilt series [ i
Tomogram Generation *  Reconstruction into 3D volume : CUmmun'Cﬂtlcn SVERUES
g; 'l' - Websites: synchrotron and beamline
g 'E :E‘ 30 Correlation *  Optional: Alignment and blending of volumes - Public profile: beamline and staff
L4
i3 Jv - Availability of contacts

Segmentation & = Identification and labelling of features of interest
Analysis = Quantification of feature characteristics




15t Microscope:

Full-field transmission soft X-ray microscope
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Soft X-ray Tomography at B24

« 3D Imaging technique = ultrastructure of vitrified whole cells at near-native states (no fixation or staining
required)

« Absorption contrast imaging at ~500eV (water window)

+ Limited angle tomography (140 degrees total tilt)

« Resolution: 25 & 40nm in up to 12um thick samples
« FOV: 10x10 or 16x16 pm

« Endstation: Zeiss Xradia 825 synchrotron TXM

Scheduled beamline upgrades: XANES, phase contrast,
Bio-Containement Level 3 operation...

I

Special thanks go to:

L Duke Jlrwin E Pereira

Photon enerngy (eV) Movie I]']l’ K Nahas



3D X-ray imaging at the water window

X-ray data to 25nm collected on U20S cells
120° tilt sernes collected at 0.2° steps; Total data collection time 20min; Tomogram generated with IMOD.



Reconstructed SXT
data
HSV1-infected HFFF

cells
FOV 16x16 pm

SXT how long does it take?

v" Experiment design dependent on user requirements

v' Sample Preparation

Cell culure/MaintenanCe ..o e e e e e e s 0-6 days
Cell seeding on TEM grids (when needed) ......... ..., 6-24 h
Cell treatment (dependent on user requirements) & labelling ..................... 0.5-1h
Cryopreservation (snap freezing) ....cocovriiei it e e 0.5-1h

v" Data collection

Samples loaded to TXM (air to vacuum; sample remains vitrified) ............... 1-2h
Sample (TEM grid with multiple imaging areas) loaded and mapped ............ 15-30 min
Single tilt series acquisition ... e 10-30 min
Complete grid data collection (several tilt series; 20-50 Gbhytes) .................. 3-6 h
Data processing and reconstruction (concurrent to data acquisition) ............ 3-6 h

v Post processing/analyses

Data mining dependent on user requirements



Science using SXT at B24
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Plasmodium falciparum biology

Prof Helen 5aibil

Institute of Structural and
Moaolecular Biology
Birkbeck College. UK

L -"!._ v i
nuclel e
-

e

% T Hale V. L et al.
h Red blood cell & Parasitophorous vacuole poration precedes its rupture and rapid host erythrocyte
g cytoskeleton collapse in Plasmodium falciparum egress

Proc Matl Acad SciU S A 2017 Mar 28;114(13):3439-3444.




Cell-cell killing and new cytotoxic organelles

Cytotoxic T cell

Prof Mike Dustin
Kennedy Institute of Rheumatology
University of Oxford. UK

Balint 5.et al.

Supramolecular attack particles are autonemous killing entities released from cytotoxic T cells
Science. 2020 May 22:368(6493):897-901.



Having SXT, do we really need further complementary information?
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Reovirus infection in osteosarcoma cells

SXT CLXT




2" Microscope:

Cryo- Structure lllumination Microscope
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Correlating microscopies for B24

The requirements for a microscope to correlate:

- Provide chemical localization in SXT data

- Same sample imaging at cryogenic temperatures

- Non-destructive

- No need for further sample processing
- Beyond the diffraction limit

- Ensure ongoing support

- Pre-shift assessment of experiment & samples

-Natural absorption

-25nm resolution - 2D mapping and 3D imaging
-sample cryo-fixed

- Accessible & user-friendly




The B24 Structured lllumination Microscope




Super resolution 3D cryo-fluorescence imaging at B24 /lOA)I{(P:([)%)rD-]

Eiiniil

VP26-eYFP (capsid)

MituTrackef {mitochondria)

. Cryo-SIM

Special thanks go to:

: Mick _ & iy
Philips PR Ay Sites of
Cryo-Widefield envelopment

Cryo Structured lllumination

+ Vitrified samples on grids
» Excitation energies = visible spectrum + Z stack height of over 12microns
* Dual flucrescenceregister * Resolutionto lessthan 200nm

lan
Cobbie




CLXT at B24: seeing the same thing with different eyes

U20S cells with F-actin fluorescentlabelling views using the B24 TXM & SIM (Panels a & b respectively) and the added value oftheir combination



Where are all the microscopes?
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CLXT: Where can you find it?

Spatial
Energy resolution Additional techniques
Beamline Source range, eV (nm) (to water window SXT)
Diamond, Bending 200-2600 25-40 CryoSIM

: UK. magnet Phase-contrast
Beamling XAMES
B24

wexy)  ALBA, Bending 270-1200 25-40 KANES
—  Spain magnet

Bearnline
Mistral
NSHL, Bending 200-2500 30 Phase-contrast
China magnet
SKM
Beamline
HBZ, Undulator 180-2800 25-40 NEXAFS®
Germany Phase-contrast
Beamline
u41
ALS, USA. Bending 400-1300 35-80 Cryogenic fluorescence
Beamline magnet microscope
24
TBS, Bending 260-2600 50
Taiwan magnet
Beamline

245,




Who can use all these microscopes?
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CLXT: How is B24 expertise & instruments accessed?

'i
user expresses UAS prep & RYetEY
MEdUIH ‘ _‘H Sﬁ-lui&‘ .. E}'

-+ rapid —

t—— Standard —

8 TXM access

+ SIM requested

.

— rapid - } ]

Shift Allocation

SIM access
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