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Summary

Obtaining funding

Planning and building your laboratory space
Procurement

Installation and acceptance testing

The Scottish Centre for Macromolecular Imaging
« How did we do the above?
* Experience of the JEOL CryoARM 300

MRC-University of Glasgow Centre for Virus Research



Budgeting - what do | need?

Microscopes

Rooms for the microscopes

Support equipment

A laboratory for the support equipment

Up front purchase of service/maintenance
Consumables

Computing/Data storage

People

MRC-University of Glasgow Centre for Virus Research



Microscopes

« Screening (£250k)
- Feeder (£1-2M) N
« Data collection (£3.5-4.5M) '

MRC-University of Glasgow Centre for Virus Research \.



Ancillary equipment

Glow Discharge - (£6k-13k)
Coater - (E20k-£30Kk)
Vitrification Robot - (E60K)
Grid storage - (£6k)

Consumables (E10-20k pa)
- Ethane
* Liquid Nitrogen
« Specialist EM grids
« C-clips/autogrids

MRC-University of Glasgow Centre for Virus Research




Computing resources

» Data storage
« 1PB DIY ~ £40-60k
« 1PB Enterprise ~£100-150k
« Archive/Backup
« Computing
 GPU W orkstation
« Consumer ~£5k
* Enterprise ~£10k
* GPU Cluster> £100k

MRC-University of Glasgow Centre for Virus Research
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Build costs

Macromolecular Imaging
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People
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Budget for feeder site

Microscope

« side entry 200 kV with DDD
Ancillary equipment and consumables
Build costs

 Paint the walls, air handling and power
Computing

« Workstations
People

« 2FTE 5 years

Total

MRC-University of Glasgow Centre for Virus Research

£1200k
£150k

£250k

£20k

£600k

£2220k




Budget - high end

« Microscope

» 300 keV automated, energy filter DDD £4000k
« Ancillary equipment and consumables £160k
 Build costs

* Room refit, air-handling, power, control room £500-1000k
« Computing

« Storage array and backup £500k

* Cluster £200k
* People

« 2X FTE 5 years £600k

* Total £6460k

MRC-University of Glasgow Centre for Virus Research
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Building your laboratory space

Floor
Air-handling/cooling
Power

EM field mitigation
Noise mitigation
Lighting

MRC-University of Glasgow Centre for Virus Research



Working with University estates




Procurement

» Microscope specification
» Voltage
Gun properties
Stage
« Side entry or autoloader
* Drift rates
Vacuum system
Phase plates
Enerqy filter
STEM
» Detector specification
* DQE at0,0.5and 0.8
* Frame rates
« Dimensions
« Counting and linear

MRC-University of Glasgow Centre for Virus Research



Direct Electron DE64
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Installation day!
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The Scottish Centre of Macromolecular Imaging

A case study



Wellcome call for CryoEM infrastructure

W

welicome

Share this page:

f ¥ in ~

& Genetics, genomics and
molecular biology

Funding What we do About us News

News | 2 March 2017

We'’re investing £20m in
cutting-edge cryo microscopy

We’ve awarded £20 million for cryo-electron microscopy equipment to
support world-leading structural biologists across the UK.

Credit: Helen Saibil, Wellcome Images

A bacterial pore-forming toxin captured by cryo-electron microscopy. The dark blue ring is the
protein which attacks host membranes.

Cryo-EM is transforming areas of science essential for improving health, from seeing
how drugs get into cells or visualising the atomic structure of a virus to aid vaccine
development. This funding will allow scientists to address important biomedical
questions that were simply unanswerable a few years ago.

The funded research groups are:

= Professor Gideon Davies, University of York

The Scottish Consortium for
Macromolecular Imaging

Contacts +

Latest news

News | 17 January 2019
Researchers can now transfer
Wellcome grants outside the UK

News | 14 January 2019

2018 was a flagship year for
Innovations - and 2019 is equally
promising



SCMI funders

Medical

Research
Council
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« SCMl is envisaged as a hub and
spoke network

200 keV FEG feeder
Instruments at each partner
Institution

« Glasgow - JEOL F2 Cryo
« Edinburgh - FEI Tecnai F20
* Dundee - JEOL 2200



Sustainabllity - recoverable costs

 Maintenance

« ~£150k per annum

» First five years included in purchase
« Consumables

* Liquid nitrogen, power and services
« Data management - IT investment

« £200k every two years.

MRC-University of Glasgow Centre for Virus Research



Sustainability

* Projected recoverable costs £299k pa

« Subscription rates - based on projected uptime of 255 days pa

Tier 1 - £50k pa - 23 sessions (2 or 3 days)

Tier 2 - £28k pa - 13 sessions

Tier 3 - paid per access academic SULSA £3400/session
Tier 4 - paid per access academic non-SULSA £4080/session

Glasgow and Edinburgh are signed up for 5 years of tier one
access

Dundee and St. Andrew’s signed up for 5 years of tier two
access

MRC-University of Glasgow Centre for Virus Research
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Sustainability - cash flow model

-
Macromolecular Imaging
0 1 2 3 4 5 6 7 L] 9 10
Discount Factor 1.00 0.95 0.90 0.86 081 077 0.74 0.70 0.66 063 0.60
1. Capital | t R " t
YearQ Yeari Year2 Year3 Yeard Year § Year 6 Year7 Year8 Year9 Year 10
|Cryo-EM Purchase (4,300}
Installation Costs (230)
| T Infrastructure Costs (200) (200) (220) (266)
(Total Capital Expenditure EK (4,730) 0 0 (200) 0 0 (220) 0 0 0 (266)
lelicome Trust Capital Funding 4,000
SFC Capital Funding 100
MRC Capital Funding 400
St Andrews 75
Edinburgh 100
Dundee 25 25 25 25 25
Glasgow 200
Sulsa Contribution 60
[Total Capital Grants / Donations £K 4,960 25 25 25 25 0 0 0 0 0 0
Iiiet Capita Exponditure 230 3 25 (i75) 3 0 (220) > 0 > 266 _
2. Cashflow Impact on Income & Expenditure
YearQ Yeari Year2 Year3 Yeard Year 5 Year 6 Year7 Year® Year9 Year 10
ncremental Income
University of Glasgow 1FTE contribution 57 59 61 63 64 65 66 67 68 69
JBeatson Institute of Cancer Research 1 FTE contribution 38 39 40 4 42 43 44 45 46 a7
Income from Gold Subscription Partners to cover running costs (per Billing Appendix) 150 150 150 150 150 150 150 150 150 150
income from Silver Subscription Partners to cover running costs (per Billing Appendix) 28 28 28 28 28 28 28 28 28 29
Income from Bronze Subscriptions (per Billing Appendix - build up from 25% to 75% capacity over 4 years) 35 49 70 105 105 105 105 105 105 105
[Total Incremental Income EK [] 308 325 349 387 389 391 393 395 397 400
|\ncremental Costs
Lab Manager (Grade 8) (57) (59) (61) (63) (64) (65} (66) (67) (68) (69)
Research Technician (Grade 6) (38) (39) (40) (41) (42) (43} (44) (45) (46) (47)
Maintenance Contracts (755) (831)
[Consumables (60) (61) (61) (62) (62) (63) (64} (64) (65} (66)
Training Costs (10} (5) (10) (5} (10} (5} (10} (5) (10) (5)
|Scientific Advisory Group Costs (5) (5) (5 (5] (5)
[Total Incremental Costs EK 9 [165) (169} (72) (176) 179) [936) [184) (187) 1189) (1,022
[ Spue T oticn; 0 15 156 i Pl Zii 53 200 20 200 -
YearQ Year 1 Year2 Year 3 Year 4 Year § Year § Year 7 Year B Year 10
—
'OTAL PROJECT CASHFLOW £K 230 168 181 2 236 n (765) 209 209 208 (889)
'OTAL CUMULATIVE PROJECT CASHFLOW £K 230 398 579 581 817 1,028 263 472 681 889 0




JEOL JEM Z300

* “CryoARM 300" o

« 12 slot specimen autoloader -

» Automation |

- Energy filter "'")_-___\
* Phase plate ™

« Cold field emission gun !
+ STEM w

Direct Electron DE64

MRC-University of Glasgow Centre for Virus Research



JEOL JEM F200

“F2-Cryo”

« Automation “l

* Phase plate M T
 Cold field emission gun

« ARM lenses

« STEM

Direct Electron DE20

MRC-University of Glasgow Centre for Virus Research
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Specimen loading

MRC-University of Glasgow Centre for Virus Research



Specimen loading

!

JEM-Z300FSC



Flexible autoloader

r Cartridge Control
Insert Date M Load

Cartridge  Unloaded

r Sample Storage M Keep to Storage

1D Slot | Observe Rot. | Sample Insert Date
152 10 | New - specimen 08/30 11:31
153 5 New specimen 08/30 11:31
154 Observed GRATING (216( 08/30 11:31
155 Observed quantifoil+ Chilr 08/30 15:40 [l Withdraw to Magazine
156 New B-Gal 09/05 16:58
157 New B-Gal 09/05 16:58
158 Observed Flu W5N 09/05 16:58
159 New Flu W5N 09/05 16:58 Status  Complete

Sequence  Unload

Control

Select Total 8/12

r Transfer Magazine r Magazine Control

ID Slot |Observe | Status Rot. | Sample Insert Date B insert M Eject

8

=1

E82

Select

Initialize Ready
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The Scottish Consortium for
Macromolecular Imaging

Automation - JADAS

Capture | Live | Help | = &

@0 eH

11 DataCollection - Data Collection -

= 14:09 16:04
Skip A Local (=

Gun
Search 11 || Focus 11 ” Photo 11| Local: 1446 Flashing
Valve

o ©| < imase Vias

[
Update
o=

Session Info

Session79
by James Streetley
at 412612019 11:59:47 AM

ecipe
200k counting bin2 sparse random searchmontage-auto

‘ Stop deflector correction
Photo | ~=mn =] | == ] | ] [ ] [ == - | —=n ] | =) [ === ] | === e | E— -
(,;) Move Photo 00062 Move Photo 00063 Move Photo 00064 Move Photo 00065 Move Photo 00066 Move Photo 00067 Move Photo 0006¢ Move Photo 0006¢ Move Photo 0007  Local Search Move Iradiation Auto StageZ

— Target Target Target Target Target Target Target Target Target Target Time: Target:
(0)| 25833 (3282,-332. (3307,-331... (3177,-332.. (3201,-332... (3226,-331. (3251,-330... (330.0,-320.. (3243,-328 (3388,-329..  10000msec oum

Measured:

@ 1.6um

=
/| Auto Focus Move Photo 00071 Move Photo 00072 Move Photo 00073  Move Photo 00074 Move Photo 00075  Move Photo 00076  Move Photo 00077  Move Photo 0007¢  Move
53) | Trget

Photo 00079  Move Photo 00080
Target Target Target Target Target Target Target Target Target Target
2um (3352,-339. (3402,-338 (3343,-336. (336.8,-336. (3417,-334 (342,334 (3337,-334. (332,333 (3386,-333 (3411, 332
Measured:
-2.1um
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Automation -

SerialEM

The Scottish Consortium for
Macromolecular Imaging

@ seialem

e Setings Comers Cpbration Fgcus/Tune Seript Tasks ThSeries Process Nevigstor Window Help

@ SerialtM - MMMt

le Settings Comen Calbration Fgcus/Tune Seript Tasks TiSeries Process Navigator

Window _Help

=1 Fl Busfer Status 2]
-_:jo Montage Overview
Size: 54408298 bind  Tit
Stage: e
A Montage Center
B: Montage Overview

=1 f Bulfer Cortrols 2]
Copy Active Image to Bufer

Al 8] ¢ pf o New|
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I £l Foa] Dote] Moosceps 2]
-0.0000 ra 3000%
Def -100.0um S 000um
Resst|

| Obj 76.87%

C3 91.80% z 4093
0.08 e/A2/s atspecimen

1] Memacope Cortrol ]

Open Valve “'gji smi]

I Intensity with mag

Beam 4 -

an 2 ] @]
Step: 0050 -| ¢ 0500 -+

I o 20
i
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Clear Alignment| Resetimage Shif

+10ptors Dol target=-1000 um
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AdjustSitOffset | Refine 2LP

] Bl Satn 2
i'o Montage Overview
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A:Moniage Center
B Montage Overview

=l £l for Controls 2
Copy Active image 1o Buffer
4| 8] <] of of] New]

|
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Reset
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= - 5
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Step: 0050 -|+| 0500 -|+|

=l ElCameadsct  DE64 2|
0| Vaw | Foe| Tt | o]
o] S| s, STOP
o] | oeon| ] s ]

I El e Agmeriifoca 3]

Autofocus
Clear Alignment| Resetimage Shit]

+10pters __ Def target=-1000um

I El MomaeCooh 2]

A

¥ Do mag-dependent energy shis 3] Optom Semetel
r Fﬂer(sghmlp Sitwidh gy;zsii =t E Con =
2 AdjustSitOfisat | _Refine 2LP
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Cold FEG emitter

Energy spread of CFEG

|
»0 Cold FEG
300
- | Zero loss FWHM
o | | Schottky : 0.8 eV
25001 | Cold FEG: 0.4 eV
E150]
S
1007
501

-1.5 -1.0 -0.5 0.0 0.5 1.0 15
eV
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Takayuki Kato - Namba Lab Osaka - Data collected at
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CryoARM first data
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Rhinovirus Al16

Total dose ~80 e/A?
Linear 8k x 8k

60kx mag (0.996A/pixel)
25 fps

2 second exposure

MRC-University of Glasgow Centre for Virus Research



Rhinovirus Al16

The Scottish Consortium for
Macromolecular Imaging
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SCM|

The Scottish Consortium for
Macromolecular Imaging

Vesivirus 2117
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Lumazine Synthase

MRC-University of Glasgow Centre for Virus Research

Total dose 69 e/A2

Bin x2 Counting

200kx mag (0.597A/pixel)
141 fps

10 second exposure

41 frames per movie

35 counted frames integrated per
frame

Resolution limit 1.78A (GCTF)



Lumazine Synthase

MRC-University of Glasgow Centre for Virus Research



—
2
o
EC
2o
£ 0
S E
2=
55
23
8
=0
SE
Ag
2o
=
€ y
) DR
=

4
—
—
i
o
(@)
o
—
Q
@]
—
Lo
N—
O
o
™M
m
=
=
—
o
o
(Q\
©
+
o
O
C
®©
e
N
\'e
o
I
i
a8
o)
al

Lumazine Synthase




Performance metrics - drift
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\SCM

The Scottish Consortium for
Macromolecular Imaging

Performance metrics - stage disparity

stagedisparity

1006 10e50 1100 1150 1200 1250 1306 1350 1400
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Summary

CryoARM 300 selected on grounds of novel technologies and
Innovative design

CryoARM 300 installation started April 2018

Software setup and hardware/software troubleshooting has taken time
W orkflow development and hardware troubleshooting ongoing

SCMI moved to service delivery 1st August 2019

MRC-University of Glasgow Centre for Virus Research
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