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123 — In-vacuum long-wavelength MX

Vs i |
Beamline parameters:
= Wavelength range: 1-5.9 A
“ : Beam size at sample: 100 - 500 um (unfocused)
o
L7 Photon flux: 5 x 102 ph/s in 100 x 100 um (4 keV)
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Edgeplots web tool hitp://skuld.bmsc.washington.edu/scatter/

Accessible X-ray absorption edges of biologically relevant

elements
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Afttainable X-ray absorption edges

SAD and MAD phasing for large complexes by using
unique to 123 anomalous signals from M-edges
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123 — Long-wavelength MX

Experimental Phasing

« SAD phasing from native proteins and DNA/RNA crystals by using anomalous
signal from S/P/Ca/K/ClI

« MAD phasing

Element identification
 Anomalous difference Fourrier maps

—

Assistmodel buildir
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Challenges at long wavelengths

« Limited resolution: « Absorption:
— Bragg’s law: nA = 2d sing « Air absorption
ctris) « Crystal, solvent and loop absorption
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Sample preparation logistics

[Pre-screening on other MX beamlines ]

Samples sent to Diamond

Users harvest and
cryo-cool crystals

‘ [ Transfer to 123 vacuum endstation ]
Tools sent to users

123 thermally conductive Diamond Cryogenic Sample Transfer System
sample holders and blocks

L2 DEWAR + LEVEL SENSOR.




> A=275A
D Multiplicity: 10 - 20

Sulfur
0 A
7 11 4

>

- »}O . 4 Sin 157 aa
10 S in 477 aa W ﬁé 52 i 427 aa c2
P4,2,2, > 81A1r1 1.8 Ares
3.2 Ares : es

5Sin 453 aa
C2
1.8 Ares
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Yosoku - 123 Resolution Requirement for Phasing

@ Space Group  P2(1) v € UnitCell 62.3597.87 66.01 90 103.87 90 © High Resolution 2.8

NLKMEIILTLSQGLKKYYGKILRLLQLTLEEDTEGLLEWCKRNLGLDCDDTFF

QKRIEEFFITGEGHFNEVLQFRTPGTLSTTESTPAGLPTAEPFKSYFAKGFLSIDSGYYS

AKCYSGTSNSGLQLINITRHSTRIVDTPGPKITNLKTINCINLKASIFKEHREVEINVLL

Sequence or Number | PQVAVNLSNCHVVIKSHVCDYSLDIDGAVRLPHIYHEGVFIPGTYKIVIDKKNKLNDRCT
of Scatterers LFTDCVIKGREVRKGQSVLRQYKTEIRIGKASTGS

& ASUPREDICT

Solvent content analysis

Copies Solvent content Matthews coeff. P(solvent content)

1 0.807 6.37 0.022

2 0.614 3.18 0.406

3 0.421 212 0.546

4 0.228 1.59 0.021

5 0.035 1.27 0.004

]

[@ Molecules per ASU: 2

MW (kDa): 35.0112000 Residues: 546 Sulphurs: 18 Cys: 16 Met: 2

—— res-ref (predict)
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Other types of SAD phasing
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Element identification

Anomalous difference maps

) diamond
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S identification

* Help with sequence assignment
 Membrane protein (LCP)

* 13 sulfursin 471 amino acids

* Space group P2,2,2,

« A=3.1A

OXFORD

S. Newstead

K identification ol L
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«  Experiments above and below the K-edge %@} SRR 0

(A=3.44 A).

X-ray wavelength in &

v

X-ray energy in eV

A. Rozov & G. YuSUpO\)»‘ |gbmc S dianond

institut de génétique et de
biologie moléculaire et cellulaire
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IC 3255 249 620 90
EC 1439 131 394 74

Peptidyl transferase center

Alexey Rozov diamond

i \’ R Iskander Khusainov
et al. Nature Communications (2019). ML Gulnara Yusupova




Discriminating between sulphate and phosphate

X-ray wavelength in &
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Chirality of phosphorothioate (PS) modifications of
therapeutic oligonucleotides

3 4 §
B
07 O ‘ OT 0 B OT/O B2 Jahns et al, Nucleic Acids Research, Volume 50, Issue 3, 22 February 2022, 1221-1240
o R 0 R O R
: G -
< P. > S Nucleic Acids Research, 2022
:.’O/ \0 0 BT s :‘:?\O 0 B, O//p\o 0 'By /1[1/).\'://(/:1[.:rg/l(l.li()93/1111:‘/g211(‘77;
Structures of annexin A2-PS DNA complexes show
0 R 0 R 0 R dominance of hydrophobic interactions in
i 3 d phosphorothioate binding

Malwina Hyjek-Skladanowska', Brooke A. Anderson?, Vitaliy Mykhaylyk®, Christian Orr®,
Armin Wagner®, Jarostaw T. Poznaniski‘, Krzysztof Skowronek “°, Punit Seth “2 and
Marcin Nowotny “'1-*
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SCIENCE IMMUNOLOGY | RESEARCH ARTICLE

ANTIBODIES

Hinge disulfides in human IgG2 CD40 antibodies
modulate receptor signaling by regulation A
of conformation and flexibility

Christian M. Orr'*23%t, Hayden Fisher'2t, Xiaojie Yu?, Claude H.-T. Chan?,
Patrick J. Duriez®’, Steven G. Booth?, Isabel Elliott"*%, Tatyana Inzhelevskan
Christine A. Penfold?, Armin Wagner®, Martin J. Glennie?, Ann L. White*?, Jo

Arwen R. Pearson®°#, Mark S. Cragg™'°#, Ivo Tews''%*%
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Conclusions

123 delivers a high anomalous signal-to-noise ratios thanks to:
 reduction of background (in vacuum)
 Increase of anomalous signal (long wavelength)

« High multiplicity for S-SAD is not needed anymore even with low
symmetry SG. Useful if non-isomorphous crystals!

« Successful SAD experiments with S, K, P, Cl, Ca, V, Cd, I, Au.

« Unique opportunities to identify Cl, K, Ca ions.

e

Beamm{)mepage for further information:

https://www.diamond.ac.ukflnstruments/Mx/123.html|
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Sulfur Chlorine Calcium
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X—ray wavelength in A
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Anomalous difference
Fourier maps:

green: 1 = 4.428 A
blue: 1= 3.542 A
magenta: 1 = 2.952 A
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€
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i

National Physical Laboratory
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CGPPF-UK

S-SAD 2

* MR notworking Bijvoet ratio 1.35% (0.6% at A = 2 A)

. _ _ ijvoet ratio 1.35% (0.6% at A =
Se-Met not possible (no MET) Inverse beam 4 x 180° (single crystal)

« 1Sin 116 amino acids « Solvent content; 0.45

« 3 molecules in the asu - Datato 2.5 A resolution

* Space group P2,2,2

R. Owens grou
e« A=275A Jrotp

SHELXD CcCall/CCweak

e

CCall
N

oY “'-s

10 r ‘#’5{% *

chchchch

Anomalous peak height: 12 - 17 o

Phases improved with 3-fold averaging diamond



Ca identification

 Journal reviewer commented on Ca
identification

* RsaA protein responsible for S-layer assembly
« Ca? important for S-layer lattice formation< §;, ;i
}

« Data collected at A = 3.02 A

« 19 Cabuiltin 471 amino acids
« Space group P2,2,2,

« 3.5 A resolution

ﬁ\ . o -Q 'J;’p\ __::.?" o
"/ WV J Loy (2¥ Wl i)
R
w.,

X-ray structure of RsaA

Cryo-ET structure of the S-layer
diamond

]
Bharat, T. A. M., et al. (2017). "Structure oi hexagonal surface layer on

Caulobacter cyentus cells." Nature Microbidlogy 2: 17059. Tanmay Bharat

P MRC Laboratory
p ‘ \]an Lowe of Molecular Biology
e




Membrane protein: ACRB

« 1049 residues

« 42 Met, 2 Cys

« Space group: H32

« Max. resolution 3.4 A
« Multiplicity 80

* 72% solvent content
« A=3.02A

Imperial College
London ‘

| diamond
Research Complex

at Harwell K Beis ‘
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Anomalous scattering breaks Friedel Law

\Fhk,\;t\l:_\

hkl

Equal atom case:
all atoms have the same
scattering behaviour

’mld.bmsc.was
Ethan A Merritt ©1996-

e

gton.edu/scatter/AS Friedel.html .
01/ merritt@u.washington.edu dlamond


http://skuld.bmsc.washington.edu/scatter/AS_Friedel.html

Why long wavelengths?

f=f,+Af'+if"= f'+if"

X-ray wavelength in A

12.39A8 3.67A 2.15R 1.524 1.18A 0.964 0.81A 0.70AR
6.0e r
S f
SPf —
aoe | peak
2.0e |
-_-__'—":—
0.0e f
~2.0e ¥ Useful range for SSAD
4.0e | on standard beamline
-6.0e | _
inflection
‘B.DE 1 1 1 i 1 1 1 1 1
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
X-ray energy in ev
\ |
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S-P SAD

» DNA-protein complex: transcription factor
» 3 copies of protein + 2 nucleotide chains
+ 3S+42P

» A=2.7552 A

» 2.6 A resolution

X

.50462
.47304
.32113
.29208
.33852
.51915
.51146
.61710
.30427
.42176
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.38112
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UNIVERSITY
OF SUSSEX

Erika Mancini

Strongest unique

[ I I <R I < I <~ I <= B I <> I o B < <> T = i <> I < T~ i <= i < i > I < i > T

anomalous peaks

Y

.07487
.04165
.03346

03690

.01449
.04316

00334

.13862
.06975

09297

.10472
.12196

06571

.17344
.09583

13285

.19672
.20419

08189

.06400

05391

. 11855
.07793
.09080

[ IR > I~ B = I > R > i = B e R [ = <> <> T~ > Qi > Qi i > i

z

.61799
.68116
.66971
.64865
.68998
.62131
.65367
.64571
.63729
.68401
.57872
.60533
.70305
.68630
.54937
.66534
.58281
.56273
.59164
.56801
.63012
.69574
.59757
.55818

Height(sig) SOF Nearest atom
18.30 1.0080 0.218 5SG_A:CYs79
13.56 1.000 0.058 P_E:DT13
13.16 1.000 9.132 P_D:DC13
13.16 1.000 0.214 5G_B:CYS79
13.02 1.000 9.193 P _D:DG14
12.82 1.000 9.193 P_E:DG11
12.76 1.000 9.129 P _E:DT12
11.79 1.000 0.177 P D:DA6
11.17 1.000 9.222 P D:DC12
10.09 1.000 0.185 P_E:DT14

9.1 1.000 0.428 P_D:DG8
8.64 1.000 0.243 P_D:DA7
8.09 1.000 0.248 P_D:DAL5
8.05 1.000 0.183 P_D:DAS
8.03 1.000 0.281 P_D:DA9
7.84 1.000 0.321 P_E:DC15
7.65 1.000 0.432 P_E:DA20
7.35 1.000 0.750 P_E:DT19
7.28 1.0080 0.588 P_D:DA1l
7.00 1.000 9.335 P_E:DT8
6.88 1.000 9.355 P_E:DT6
6.67 1.000 0.867 P_E:DA4
6.66 1.000 0.253 P_E:DG10
6.33 1.000 0.104 P D:DAl®
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Ca-SAD Cd-SAD

4 Calciumin 261 amino acids « 11 S/146 amino acids
« Space group P2,2,2 * Space group P6;22

- A=3.02A - A=275A

* Inverse beam 2 x 200° * Inverse beam 2 x 180°

« Datato 2.1 A resolution « Datato 3 A resolution
* Initiallv collected as S-SAD

3 06 X encth n & X-ray wavelength in &
-ray wavelen n
. Y ¢ 4,958 644 1.80R 1.36R 1.104 0.92R8 0.7948 0.694
4.958 644 1.804 1364 1.10& 0.928 0.794 0.69R 15.0e

3 1 A Gar
10.0e . cdr
S f
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0.0e T 1
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wugg
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-8.0e 4000 6000 8000 10000 12000 14000 16000 18000 20000
4000 6000 8000 10000 12000 14000 16000 18000 20000
= X-ray energy in eV
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G\}”\
RID
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Anomalous peak height: 13 - 29 ¢ Anomalous peak height: 10 — 17 ¢

T.A. Bowden

@ UNIVERSITY OF
OXFORD
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Pryce,R., Ng, W.M., Zeltina, A., Watanabe, Y.,El Omari,K.,Wagner, A., Bowden, T.A., Structure-
based classification defines the discrete conformational classes adopted by the arenaviral GP1,
Journal of Viroloav Dec 2018. 93 (1) e01048-18

US

UNIVERSITY \]-W- NObIe

OF SUSSEX
Noble, J. W., Almalkir{,Roe, S. M., Wagner, A., Duman, R

Atack, J. R.
(2018). Acta Cryst. D74, 1008-1014.



Experimental phasing
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McjD SERCA RNAseA

V_ S A D 1V/580 aa 1V/292 aa

227 A
X-ray wavelength in &

4.958 2.64A 1.80R 1.36A 1.108 0.92& 0.79R 0.69A
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v vr

4.0e Sf
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2.0e
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0.0e B —

4000 6000 8000 10000 12000 14000 16000 18000 20000
X-ray energy in eV

El Omgri al. IUCrJ, 2020, 7



