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(3 Three PX Beamlines at the Swiss Light Source

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

Source 2.9T Superbend
Energy range 6.0 -17.5 keV 6.5 -20.0 keV 5.5-17.5keV
Flux, phs/s 2x10M<—>2x10"”? 2x10"<->2x10"? 5x 10"

(124 keV)

Beamsize, pm? 2x1<=>100x 100 10 x 10 <-> 100 x 100 80 x 45 ym?

(with focusing, slits) (fast beam size change)

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

Detector EIGER 16M PILATUS 6M PILATUS 2M

Data collection time 2 — 3 minutes

Sample changer IRELEC CATS

Industrial usage 15% 50% 40%
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m» Geometric Data Collection

Figure 6.6. Unique volume in reciprocal

Unique volume and unique reflections

space for a monoclinic crystal,

Figure 6.7. Unique volume in reciprocal
space for an orthorhombic crystal.

Rotation range () required to collect a complete data set in different

The direction of the spindle axis is given in parentheses; ac means any vector in

Table 1

crystal classes.

the ac plane.

Point group Native data

1 180 (any)

2 180 (b); 90 (ac)
222 90 (ab or ac or be)
K 90 (c or ab)
422 45 (c); 90 (ab)
3 60 (c): 90 (ab)
32 30 (c); 90 (ab)
6 60 (c); 90 (ab)
622 30 (c); 90 (ab)
23 ~60

432 ~35

Anomalous data

180 + 26,,,, (any)

180 (b); 180 + 26,,,, (ac)
90 (ab or ac or bc)

90 (c); 90 + 8., (ab)

45 (c); 90 (ab)

60 + 20pss (€); 90 + Onas (ab)
30 + 6, (€); 90 (ab)

60 (c); 90 + O, (ab)

30 (c); 90 (ab)

~70

~45

Rotation method and rotation range

Stout and Jensen (1989), Dauter, Acta Cryst. D55, 1703 (1999)
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(3 Radiation Damage

(a) (b)

Room temperature 298 K

electron

xay J (0.1-0.5 MGy)
~MNS O + Owen, elt al. Acta Cryst. D68, 810 (2012)
/‘"«\ » Warkentin, et al. J. Synchrotron Rad, 20, 7 (2013)

(c) (d)
| iﬁ ® O Cryo-temperature 100 K
Y . Native data collection (20 MGy)
@

 Henderson, Proc. R. Soc. B. 241, 6 (1990)

radical » Owen, et al. Proc. Natl. Acad. Sci. USA, 103, 4912 (20006)
@) U Experimental phasing (< 5 MGy)
- \ AN * Holton, J. M. J. Synchrotron Rad. 14, 51 (2007)
Q ﬂ_{ »\2 * Olieric, et al. Acta Cryst. D63, 759 (2007)
: Rule of thumb
o - « Resolution dependency of 10 MGy / A, Howells et al. J. EI. Spect.

& Rel. Phen. 170, 4 (2009)
* Does estimation, Holton, J. Synchrotron Rad. 16, 133 (2009)
Dose = (texpo X f/IJX) / (kdose X IH-beam X IB-beam)
k, .. =2000\2

dose

M. Warkentin et al. J. Synchrotron Rad. 20, 7 (2013)

SLS 11/26/15



PAUL SCHERRER INSTITUT

(I = Radiation Damage and Single-, Micro-, Serial- Crystallography

Radiation damage estimation at 100 K

Dose = (texpo X ﬂUX) / (kdose X IH-beam X IB-beam); kdose = 2000\ (Gy’ S€C, photon, “m)

e.g. 12.4 keV (1.0A), 4 x 10" photon/sec,

dose-rate =

4 x 10" p/s /(2000 x 100 ym x 100um) = 0.02 MGy/s - one xtal Single crystal
crystallography

4 x 10"p/s / (2000 x 10 pm % 10 ym) = 2 MGy/s - afew xtals Micro-crystallography

4 x 10"p/s / (2000 x 5 pm % 5 ym) = 8 MGy/s - tens xtals Serial crystallography

4 x 10"p/s / (2000 x 1 pm % 5 ym) = 40 MGy/s —> hundreds xtals Serial crystallography

4 x 10"p/s / (2000 x 1 ym x 1 pm) = 200 MGy/s —> thousands xtals Serial femtosecond

crystallography (xFEL)

Does estimation, Holton, J. Synchrotron Rad. 16, 133 (2009)

SLS 11/26/15
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Intensity Data Collection: Counting Statistics

Random errors, counting statistics

1.00
— A\J1/2
Ucount N
. . . 0.95
I=N,—N, Signal is the difference S
24 2)\12 fos
Y (Up T Oy, )
0.85
0;=(N,+ N, Uncertainty is the sum
S0, = .- so0 B o 0803125 025 05 10 20 40 80 160
oo i : Y SHEHHHHTH ) -
400 ’1@\ . 400 :::::::::::Ei'l"a;\;f 1.35
[ : HHHEHEIE T
7 [ e HERHHEHEH  § 130 4
= 300 —ewim . BEEERRR] Saaa [2eTY, '
i [ LG SESERRE FHE
B 200 / '\ : ;E 2000 il j \ . 1.25
/ = iy o
100 / 3 \ 100 -:31:‘:)/ & \ ‘oo :él'zo [
background *backgrounds s [ ;1 1i i g 115
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10 E
@[] @[] 1.10
Wide @ -slicing Fine @ -slicing
+ Large A@ (A@ >E) « SmallA@ (AQ <<E) 105
*  Large overlap of reflections *  Minimal overlap of reflections 1.00
and background along @ and background along @ 0125 025 05 1.0 20 40 80 16.0
¢ Few images e Many images feimosaicity

Fine-phi slicing data collection is enabled by the pixel array detector (PILATUS, EIGER),
which has single-photon sensitivity and no readlout noise

SOLEIL, 11/26/15
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Intensity Data Collection: Reduce Background

Match beam size to crystal size
Use best part of crystal

Match detector distance to
diffraction resolution

Remove extra solvent and
supporting material
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Size and divergence of X-rays Crystal and
solvent

~
~
5x5pm?  10x5pm? 20 x5pmeN S~
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Qariable beam size from 1 to 200 ym at beamline PXI, SLS/
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zero point-spread function))

\at beamline PXI, SLS )
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In Meso Methods in Membrane Protein Crystallography

The lipid cubic phase (LCP) or in meso method for crystallizing membrane proteins

has delivered over 260 structures of integral membrane proteins (12% of the membrane

protein structures in the PDB).

The method is experiencing explosive growth as half of the 260 structures was

deposited in the last two year.

Because of the sticky and viscous nature of the mesophase, the harvesting process is

slow and inefficient with the loss of valuable crystals.

Adhesin Porin channel

hannel

Rhodopsin
nomwisual 57

Figure 1

Distribution by biological function or activity of integral membrane proteins and
peptides crystallized by the in meso method that have yielded crystal structures and
records in the Protein Data Bank. The data correspond to the entries in Table 1 and
were sourced from the Protein Data Bank in September 2014,

250

200

Figure 2

Annual cumulative number of released PDB records for integral membrane-
protein and peptide structures solved with crystals grown by the in meso method.
The number of records released each year is indicated. The figure for 2014 is
estimated based on a count of 32 recorded up until September 2014, The line is
drawn to guide the eye and takes the form y = 5.13exp(0.22x).

M. Caffrey, Acta Cryst. F71, 3 (2015)

PSI, 11/26/15
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«({j» From Well and Loop to in situ (IMISX)

£ 340 — |
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IMISX Data Collection at Room Temperature

Experimental setup

Microscope

IMISX \l,
Plate

‘JF‘

Goniometer

T Aperture
Gonlometer

Adaptor Beamstop Scatter
Guard

(d) (e)
Crystals viewed through an on-axis

microscope

e Vew Opoons Devices Eaparmment Mode Mo

Owle Coteion MAD

+“Data = 0 #Migemet Sample Changer « Cameren * O 8§ Mgrement Cantest -
Fokter DuraCatection workhoptessfesT)
Pefx NpT

fan ) + Meat indtex |1

* Data Catection W Rautervg ] - |
ot Wamh o | 10
Label  Omen Duta Vi

Padaton Damege Lymate: aversge (conservetive)
Peamwes unth 2 Mgy 4 (2) frames. O (0) degrees (phasing hent) X ¥ 2 o
Frames onit] 30 MOy 22 (18) Sarves, 2 (1) degrees
Frames wntd 20 MGy 45 (29) fares, 5 (0) Segrees (Henderon ki)
Done for dataset 392 001 (005 393) MGy

Cutector Datance (Fw) 300
Owcllason Angle (%) (21
Cxposure Teve () 51

Fhue 6 Thees 11 phvs
Cryciet Staten 921K

3 Flows: 1020 Ls
B L S Cormected
@ Tetal Range )
Anarysis Poiomters 16.31.15 0430 User Operation, 430mA Top-up
16.11.13 0421 ingector Fast: ro Top-op powsbie
Colect 15.11.13 1821 User Operation, 400mA Top-uo
152103 1537 ingectior Fault: ne Top-ep possble [
Savpie Adgrevent Shetler: (o) Crye: Rapariment type: Sample Changer Server: ro sews Curser: 1164 428

Semi-automated “select and collect” protocol in DA+ GUI

SLS, 11/26/15
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== IMISX RT Example: S-SAD Phasing with Lysozyme

Lysozyme in LCP (Chia-Ying Huang) Multiplicity of reflections

~
o

1 . 3 0.86° 00 v Observed-IMISX
Crystal size: ~ 10o x 10 x 20 pum £ o * 13 crystals e
Wavelength 1.7 A VL g J¥¥ ,97° dataof asingle
. . £ 1000 r ., " crystal
Beam size 30 x 10 um? ol : | '
L E SO0 Y 0 Y,
In situ room temperature : O Y
20 x 0.1° frames per crystal oo L . S
1290 crystals collected (Vincent Olieric) 16
o190 155° X precicted
1171 datasets processed Biad. o920rystls
992 datasets merged (Kay Diederichs) > 57 ;-{,;
| &Y
. EA
» < L0 vv 3
* ¢ 60 80 100 120 140 160 180 200
» Multiplicity

In merged data sets obtained with randomly
oriented crystals, the multiplicities follow a
binomial distribution.

Bop. 0 = (} ) oy

n is the number of asymmetric units in recip. space
— Experimental p is the effective oscillation range of dataset / 180

. ’ ‘ - phased map k is the multiplicity

IMISX method, Huang, et al. Acta. Cryst. D71, 1238 (2015)

SLS, 11/26/15
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= Room Temperature is Cool, But Cryo is Even Cooler

The cryogenic advantages (IMISXcryo)

* 50 times longer crystal lifetimes with X-rays

» Keep crystals at their best state

* Prepare crystals in advance of beamtime

* Simplify crystal storage and transportation

* Compatible with sample changers (vial)

» IMISXcryo specific, crystals are visible under crvo

Precipitant removal technique

IMISXcryo vs. loop-harvesting
* Limited rotation range ~ +/— 45°
* Preferential crystal orientation

Curved-well technique Extend rotation range

Seite 12



(== Automated Sample Changing with CATS System

Sample exchange as standard loop-harvested crystals in pin/vial
20 — 100 crystals per well, 10 or 16 wells per puck
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= IMISXCryo Example One: One Crystal W-SAD Phasing

“ %2 % 003320 D 3 = 4 & = Thu 8:58 AM iti Q=
- ® 1 50 X 50 X 1 0 Um3 X| hkl2map Version 0.3.i-beta - SHEL):J statistics S

P . 4 70° data
(#) ; ceal - CCall vs. CCweak -

- | ® SG °I222 :: - =
® © 1.9A/o=18,CCp= * T
Y « Completeness 91.7% 2 7T

' sy

® 74 SHELXC/D/E w0 4
DX wapys 5T
) F‘ 0 . ; . ; H Ccweak
2 . O 0 5 10 15 20 25
% a 't X/ hkl2map Version 0.3.i-beta - SHELXE statistics

1
. \\ ; Contrast - Contrast vs. Cycle -
g & 2 07 original
- BA 2 06 inverted
. ¥ < 04 61.38%

by & ' #res [max-pdb]
- 73 [81]

- 4 | 03 193 [196]
- ';' 0.2 ?f;grace,nat)
Lo " 0.1 43.34
. & 00 : : : : : : : d cycle
S = 0 10 20 30 40 50 60 70 80

\ = g

SLS, 11/26/15 Slide 14
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IMISXCryo Example Two: Two Crystals Native

PepT,, . =
(peptide transporter) el

Number of crystals 2

Data per crystal (°) 60

Crystal size (umd)
Beam size (um?)
Space group

o

Unit cell (A)

o

Resolution (A)
R

meas

Rp.i.m.

l/o

CCys
Completeness (%)

Multiplicity

20 x 20 x 30

10 x 18

0222,

100.2, 109.5, 1115

50-2.4(2.46 -2.4)

0.122 (0.999)

0.059 (0.487)

9.3 (2.2)

0.99 (0.62) Diffraction resolution is the same as the best
99.4 (98.8) resolution c.)btained in previous published
43(4.2) structure with loop-harvested crystals

SLS, 11/26/15
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IMISXCryo Example Three: 104 Crystals GPCR

Number of crystals
Data per crystal (°)
Crystal size (um3)
Beam size (um?)
Space group

Unit cell (A)

Resolution (A)
R

meas

Rp.i.m.

/o

CC1/2
Completeness (%)

Multiplicity

Rock2

(Human f32-
adrenoreceptor)

o
104 of 149 in one well ‘((E? l
Palmitoyl ;
3 cham \
%. ’&'\ .Butanediol
)

: : #
5% 10 x 30 ‘ h‘ ,
10 x 18 choestero'p o W ped
c2 \‘): SavEs”

Acetamide L% S0
108.0, 170.6, 40.4 SW: &":\(:@m
50— 2.5 (2.57 - 2.5) j”)/ :,’.""‘»«?
0.203 (2.084) ) g
0.085 (0.879)
7.3(1.1)
0.99 (0.21)
95.1 (91.0)
5.7 (5.6)

SLS, 11/26/15
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IMISXCryo Example Three: 104 Crystals GPCR

Preferential crystal orientations as shown in the screwed multiplicity

distribution from the Binomial

(b)
Projection of the unit-cell a, b, and ¢ axis along the X-ray beam direction
(red dot)

No. of reflections

4000

3500
3000
2500
20001
1500}
1000

500

X x Observed ¥

Predicted X

v B(n, p, k) = (2 )p"(l -p)y*

v

1 1 erv!
5 10 15 55 P23

0

Multiplicity of a reflection

(a)

30

(c)

(d)

\\

I =~

X-ray

IMISX plate

SLS, 11/26/15
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«(--}» Fast Rastering of LCP Bolus at 100K

(a) | o ()

Cryogenic data collection allows diffraction based crystal searching and centering
Rastering of LCP bolus in 64 second
40 x 40 grid-scan with beam size of 10 x 10 ym? and a PILATUS 6M operated at 25 Hz

Seite 18
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(3 Serial Micron-Crystallography

D :
ata per crystal (°) 10

. Crystal size (umd) 5%x5%5
Beam size (um?) 8x8
Space group C222,
Unit cell (A) 102.4, 109.8, 1114
Resolution (A) 50-2.8(2.87-2.8)
R eas 0.440 (1.662)
Roim 0.145 (0.549)
l/o 6.2 (1.6)
CC,, 0.983 (0.447)
Completeness (%) 99.8 (100.0)
Multiplicity 9.2

50 x 30 grid-scan in 1 um steps (beam size of 3 Complete 2.8 A data set merged from 25
x 2 Um?) on membrane protein microcrystals crystals measured with the EIGER 16M at
grown in LCP (C.-Y. Huang from M. Caffrey lab) beamline X06SA, SLS

Seite 19
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(5 New Challenges in Data Processing and Merging

Process each data set with XDS
Merge data sets together with XSCALE
How to select data sets?

How to evaluate quality of the merged data?




PAUL SCHERRER INSTITUT

New Challenges in Data Processing and Merging

Se-SAD phasing

210 crystals collected with 15° data each

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3,0 AS FUNCTION OF RESOLUTION

RESOLUTION NUMBER OF REFLECTIONS  COMPLETEMESS R-FACTOR R-FACTOR COMPARED I/SIGMA  R-meas CC(1/2) Anomal SigAno  MNano
LIMIT OBSERYED UNIQUE POSSIBLE OF DATA  observed expected Corr
12,08 8708 375 381 98,42 16.,8% 17,0% 8705 27,26 17,22 99,5%  93% 3,406 144
8,54 17043 100,0% 14,32 16,72 17043 23,57 14,72 98,9* 2,884
6,97 23497 18,3% 19,52 23495 20,06 18,72 99,3*

5.40 30161 1193 1193 100,02 33,07 32.67 30158 13.3¢ 33,67 98.1%  B4* 1,686 G547
4.93 34059 1336 1336 100,02 28,37 28.7% 34089 14.87 28,97  98.9% EO* 1.570 520
4.56 36934 1456 1456 100,02 27.1%  27.0¢ 36934 15,98  27.67  99.0% G0* 1,455 580
6 1 4.27 34601 1536 1535 100,02 27.8%7  27.47 34534 15,44 28,47  9B.9%  45% 1,373 719
8 Cry stals 4,03 40747 1646 1647 93,97 .17 7% 40744 13,58 3,87 9n.7¢ 3¢ 1,188 77l
3.82 43056 1725 1725 100,02 43,87 45,77 43055 11,00 49,87  97.1* 3¢ 1,175 Bl4
3,64 47505 1873 1973 100,02 59,72 §5.37 47505 9,70 60,87  95.0*  30* 1.131 888
3.49 49589 1900 1901 99,92 79.82 76,97 48583 7.5 81,3 92.9%  19% 1,006 905
3.35 4393 13993 1393 100,02 9222 88.7% 43326 6.06 95,37  87.3%  18% 0,955 942
3.3 50511 2090 2091 100,02 104.8%7  103.57 50508  5.40  107.0¢ 88,0 11 0,853 993
312 53528 2168 2158 100,02 130,37 129,77 53525 4.4 132,97 78.9% 1% 0.885 1028
3.02 56010 2217 217 100,02 158,37 160,17 56007 3.6  161.47  7e.7* 10  0.872 1059
2.93 Seo78 2311 2311 100,02 18522  191.0¢ 58278 3,10  188.8% 67.9% 3 0,773 1110
2.85 53034 2339 2333 100,02 225,22  231.47 59034 2,70  209.7%  BL.9% 7 0,793 1124
2.77 56347 2500 2500 100,02 269,52  278.7¢ GB34d 2,18 27557 43,0+ 5 0,771 1201
2,70 G612 2458 2458 100,02 37262 387.3% GBIS7 1.8 380,77 3B.3* 1 0,725 1176
total 822613 33753 33762 100,02 47.97  47.8% 822571 8,30 48,87  93.1%  33¢ 1,141 15300
SUBSET OF INTENSITY DATA WITH SIGNAL/NDISE >= -3.0 AS FUNCTION OF RESOLUTION
RESOLUTION  NUMBER OF REFLECTIONS  COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SIGHA R-meas CC(1/2) fnomal Sighno  Nano
LIMIT OBSERYED UNIQUE POSSIBLE OF DATA  observed expected Corr
12,08 17470 375 381 98.4% 40,47 33,74 17470 30,41 40,87  93.8% 93¢ 4,106 144
8.54 31967 100,02 /.47 31,97 31967 26,44 3,97 99,0 3162

6.97

183 crystals te

total

43436

56459
65125
70460
66429
77570
82353
30566
91784
83511
94539
99286
102888
107529
107838
103440
100279
1538086

33756

100,0%

100,02
100,02
100,02
100,02
100,02
100,02
100,02
100,0%
100,0%
100,0%
100,0%
100,0%
100,02
100,02
100,02
100,02
100,02

87.9%

33.87
72.8%

85,3%

43436

56459
65125
70460
66429
77570
82353
30566
91784
83511
94539
99286
102888
107529
107838
103440
100279
1538086

22.55
14,87

3.2+
93,5

99,5*

2,778

1,904
1,701
1,556
1,410
1,263
1,200
1,169
1,022
0,972
0,897
0,931
0,888
0,815
0,800
0,759
0,752
1,204

Seite 21
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(5 Conclusion

IMISX method allows high-throughput data collection at both room and
cryogenic temperatures

IMISXcryo method delivers high quality diffraction data without slow and
inefficient crystal harvesting process

IMISXcryo method enables serial crystallography with micron-sized crystals
at synchrotron sources
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