PAUL SCHERRER INSTITUT

S

T gkl x /A ¢
WIR SCHAFFEN WISSEN — HEUTE FUR MORGEN

Ph.D. Chia-Ying Huang :: Postdoc Research Fellow ::MX group, Paul Scherrer Institut

In situ serial crystallography for membrane
protein structure determination

21t September 2018, Empa Postdocs-Il & PSI-FELLOW I1I-3i RETREAT 2018



RRRRRRRRRRRRRRRRRRRR

=" Qutline

e Structural determination of membrane protein by
using lipid cubic phase method

* In situ method for delivering the sample for X-ray
diffraction

* Successful cases from macromolecular

crystallography beamlines in SLS
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Structural determination of membrane
protein by using lipid cubic phase method
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Caffrey, M., Porter, C. J. Vis. Exp. 45: e1712. 2010.

Caffrey, M., Cherezov, V. Nature Protocols. 4:706-731. 2009.

= Lipid cubic phase (LCP)/in meso crystallization
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(=1} Sample preparation and crystals harvesting

Lipidic cubic phase bolus
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In situ method for delivering the sample for X-
ray diffraction
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«(H]J> In meso in situ crystallization plates (IMISX)

25 pm COC film
96-well spacer
96-well spacer - Mesophase
Precipitant 4
Mesophase

13 pm COP film
64 um 96-well spacer

COC film
96-well spacer
Precipitant
Mesophase

Double-stick gasket [ —

o glass plate _

* Huang C.-Y., Olieric V., Ma P., Panepucci E., Diederichs K., Wang M. and Caffrey M. Acta Cryst. (2015). D71, 1238-1256.
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(~=1)> How to harvest the crystals from the IMISX plate

Open the glass plate with glass cutter and
retrieve the IMISX well with blade

COC film

96-well spacer
Precipitant
Mesophase

Base glass plate
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Huang C.-Y., Olieric V., Ma P., Panepucci E., Diederichs K., Wang M. and Caffrey M. Acta Cryst. (2015). D71, 1238-1256.
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~=1}» How to harvest the crystals from the IMISX plate

Open the glass plate with glass cutter and
retrieve the IMISX well with blade

COC film
96-well spacer
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Huang C.-Y., Olieric V., Ma P., Panepucci E., Diederichs K., Wang M. and Caffrey M. Acta Cryst. (2015). D71, 1238-1256.
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=)~ IMISX data collection at cryogenic temperature
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* Huang C.-Y., Olieric V., Ma P., Howe N., Vogeley L., Liu X., Warshamanage R., Weinert T., Panepucci E., Kobilka B., Diederichs K., Wang M. and Caffrey
M. Acta Cryst. (2016). D72, 93-112. Broecker et al., 2018. Nature Protocol.13. 260.
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(==1)» Automated data collection

Grid scan and spots evaluation

T8 R

20 x 20 um beamsize,
50 x 50 grids,
100 Hz
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racker — merg

MergelD.

= ADP Tracker: Serial Crystallography [}
RERIEL] e15880@x065a
" ersed 20180315/PepT_1/minisets_20180315_163227/adp_PepT_1_1_22_20180315_163726 e
inisets rged sets
100 3/1518
. Merge Parameters Cell Parameters
No. of Datasets 100 a 10153 alpha %
20 ansns No. of Processed Datasets 95 b 109.446  beta 90
L Indexing Check 95 c 111.387 gamma %0
- s— 1Sa Selection 68 Space Group Label €2221  Space Group Number 20
. 13 Cell Selection (#clust.) 18(7)
" PCC Selection (#clust.) 61(5)
- ST Anisotropy a'=2.50, b'=2.60, c*=2.62
"
I/Sigma — CChalf —
60 3/15/18 noSelection noSelection
- 30 == ISa Selection 125 == ISa Selection
Cell Selection Cell Selection
PCC Selection PCC Selection
50 3/15/18 100 ey ———
) « 20 g -
40 3/15/18 5, %
] @ = 50
= 10 8
30 31518 25
" —
20 31518 Y 1 0
2 0.1 0.15 0.25 0.3 0.35 0.4 0.1 0.15 0.25 0.35 0.4
1/d [1/A] 1/d [1/A]
10 3/15/18
L]
Dendrogram Cell = Dendrogram pCC =
1s (panto zoom-infor deails) ol (9ant0 zoom-infor dtails)
2
5 1
S
10
z §0.75
H
] g 0s
3 s E]
g 025 ‘
A g \
0 é 0
R R I T T S I I I O NN R IR I EPC R B R
A I S A G S S S A AP Al AR A NN AN I VI N
L & + A LR R
Dataset Id Dataset Id
Multiplicity —
2500
2000
2
S 1500
i+
]
% 1000
*
500
0 .
5 10 15 20 30 35 40

25
Multiplicity of a reflection

Wojdyla et al., ) Synchr. Rad. (2018) 25. 293-303.

Basu et al., J Synchr. Rad. (2018) submitted.

ing statistics

IMISX plate

Feedback to data processing

Page 12



PAUL SCHERRER INSTITUT

=]

Successful cases from macromolecular
crystallography beamlines in SLS
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BS Application of the IMISX on enzyme for peptidoglycan
biosynthesis, first de novo structure solved by IMISX method

. a ' | The enzyme involved in the processing of carrier

7 Al b P ’ lipids required for the synthesis of bacterial
- £ ' " cell walls © important target for antibiotic design
‘ : —+2—0w1n0 “ (2018) Nat Commun 9: 1078, doi:10.1038/s41467-018-03477-5
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(1) Continually developing thinner material for
IMISX plate

* G protein—coupled receptors (GPCRs)
* Thinner material.

25 um COC film
140 um 96-well spacer

13 um COP film
64 um 96-well spacer
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I}~ Conclusion

IMISX, IMISX-experimental phasing and automated data collection

* No crystal harvesting

 Ligand- and HA-soaking capabilities

« Reduced background with thin material (COC, COP, SiN)

« Automated data collection at both room and cryogenic temperature
» Real-time data processing/selection

PXI (XOGSA) PXIl (X1OSA) PXIll (X06DA)

Source 2.9T Superbend

Energy range 6.0 -17.5 keV 6.5-20.0 keV 55-17.5keV

Flux, phs/s 2x101"<=>2x102  2x10"2 5x10M

(12.4 keV, focused

beam)

Beamsize, um? 2x1<->100x100  50x 10 80 x 45 um?

(with focusing, slits) (fast beam size change) 30x10,20x 10,10 x 10

Goniometer Micro-diffractometer Multi-axis PRIGo
(SmarGon coming)

Detector EIGER 16M PILATUS 6M PILATUS 2M

Data collection time 2 — 3 minutes

Sample changer IRELEC CATS
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(F= Wir schaffen Wissen — heute fur morgen
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