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123 — In-vacuum long-wavelength MX
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Beamline parameters:

~

Wavelength range: 1-59A

Beam size at sample: 100 - 500 pm (unf

=L Photon flux: 5 x 1012 ph/s in 100 x 100

focused)

m (4 keV)

nond




Edgeplots web tool hitp://skuld.bmsc.washington.edu/scatter/

Accessible X-ray absorption edges of biologically relevant

elements
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Why long wavelengths?
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Anomalous scattering breaks Friedel Law
Ful #|F

kl‘

Equal atom case:
all atoms have the same
scattering behaviour

gton.edu/scatter/AS_Friedel.html :
01/ merritt@u.washington.edu dlamond


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

123 — Long-wavelength MX

Experimental Phasing

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

« MAD phasing

Element identification
* Anomalous difference Fourrier maps

diamond




Aftainable 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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Design and Interface Copyright © 1997 Michael Dayah (mlchael@dayah com) ht't;:nf ptable com/




Challenges at long wavelengths

* Limited resolution: « Absorption:
— Bragg’s law: nA = 2d siné « Air absorption
Pilatus 12M (Dectris) « Crystal, solvent and loop absorption
o) 8 AN

In-vacuum
crystallography:
Elimination of air scattering and
absorption

Air transmission
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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




Sulfur SAD examples
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A=275A
Multiplicity: 10 - 20
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Experimental phasing &

% sulphur content of proteins - eukaryota
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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 2:12 0.546

4 0.228 1.59 0.021

5 0.035 1.27 0.004

e

[@ Molecules per ASU: 2

MW (kDa): 350712000 Residues: 546 Sulphurs: 18 Cys: 16 Met: 2

—— res-ref (predict)
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Other SAD examples
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Other types of SAD phasing
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S-Cl SAD

Crystals only grew after proteolytic cleavage

Qounn >

“==mwwes 2 A resolution data collected at A=2.75 A: 4 sttt e sen s n s o
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CI-SAD

When no S present ...
Streptavidin — by accident
2.75 Al 4.5keV

124 aa, 1.8 Ares

. Strongest unique anomalous peaks

—

X Y Z Height(sig) SOF Nearest atom
==CL1 ©0.12007 ©0.28673 0.20421 21.69 1.000 0.161 CL A:CL154
CL2 ©0.25070 -0.11130 0.27163 18.22 1.000 0.147 CL A:CL152
CL3 ©0.55049 0.15263 0.35564 17.03 1.000 0.035 CL A:CL150
CL4 ©0.11652 0.20638 0.34395 11.53 1.000 0.366 CL A:CL155
CL5 0.24511 -0.01222 0.30005 8.79 1.000 0.369 CL A:CL151
CLe 0.30127 -0.12587 0.25139 8.75 1.000 0.164 CL A:CL153 o
CL7 0.21334 0.06462 0.34445 8.02 1.000 0.336 @L;Ai@kISE (iIElle()ll(j



S-P SAD

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

+ A=2.7552 A

» 2.6 Aresolution
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Erika Mancini

Strongest unique
X

.50462
.47304
.32113
.29208
.33852
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.51146
.61710
.30427
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.53982
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.37394
.60130
.46872
.37520
.63336
.56681
.32583
.30758
.17451
.13409
.46447
.38112

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

anomalous peaks

Y
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[ 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
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Nearest atom

0.218 SG_A:CYS79
0.058 P_E:DT13
9.132 P_D:DC13
0.214 5G_B:CYS79
9.193 P _D:DG14
9.193 P_E:DG11
9.129 P _E:DT12
0.177 P D:DA6
9.222 P D:DC12
0.185 P_E:DT14
0.428 P_D:DG8
0.243 P_D:DA7
0.248 P_D:DAL5
0.183 P_D:DAS
0.281 P_D:DA9
0.321 P_E:DC15
0.432 P_E:DA20
0.750 P_E:DT19
0.588 P_D:DAll
9.335 P_E:DT8
9.355 P_E:DT6
0.867 P_E:DA4
0.253 P_E:DG10
0.104 P D:DAlO
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Ca-SAD Cd-SAD

4 Calcium in 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 - Data to 3 A resolution
« Initiallv collected as S-SAD

3 06 * length in A Heray wavelenglh in B
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Anomalous peak height: 10 — 17 o

T.A. Bowden

US

UNIVERSITY J-W- NObIe

OF SUSSEX
Noble, J. W., Almalki,’(,Roe, S. M., Wagner, A., Duman
(2018). Acta Cryst. D74, 1008-1014.

diamond

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,

R rAtack, J.R.
Journal of Viroloav Dec 2018. 93 (1) e01048-18
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Stacked RNA G-tetrad

« A=3.35A (f=-3.29, "= 3.9)
« resolution 2.2 A, limited by detector
« P2:3024 3190107 90
- 14 RNA nucleotides/asu
3 Kon 2 fold axis
Anomalous peak heights 16 o

Zhang et al. Nucleic Acids Res. 48(1) (2020), 9886—9898.
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Element identification

Anomalous difference maps

) diamond
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Ca identification

 Journal reviewer commented on Ca
identification

» RsaA protein responsible for S-layer assembly

« Ca?" important for S-layer lattice formation{_‘_'%;f“ Yo

« Data collected at A =3.02 A

« 19 Ca builtin 471 amino acids
« Space group P2,2,2,

« 3.5 A resolution

]
Bharat, T. A. M., et al. (2017). "Structure ot hexagonal surface layer on
Caulobacter c?éentus cells." Nature Microbidlogy 2: 17059. Tanmay Bharat

M MRC Laboratory
; ‘ Jan Lowe of Moiecular Eiclogy
o
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S identification

* Help with sequence assignment
* Membrane protein (LCP)

* 13 sulfurs in 471 amino acids

» Space group P2,2,2,

« A=3.1A

UNIVERSITY OF

OXFORD

S. Newstead

K identification

« Experiments above and below the K-edge
(A\=3.44 A).

X-ray wavelength in &
6.19A 2.91R 1.90R 1413 1.12R 0.93R 0.79R 0.69R
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X-ray energy in eV

S ’ institut de génétique et de
biologie moléculaire et cellulaire

A. Ro)év & G. YUSUpO\) ‘



IC 3255 249 620 90
EC 1439 131 394 74

Peptidyl transferase center

,oﬂel -contains ~1300 V
iyity and folding of t

% £ | Alexey Rozov -
tal N \)7 — - Iskander Khusainovdlan‘lorId
et al. Nature Communications (2019). DITIC Guinara Yusupova
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Gating mechanism in the selectivity filter K

Potassium
39.098
A K,,2.1 (TREK-1) B ML335K”2.1 (TREK-1):ML335
‘ g =y /ML335\
' ) Wl 2 e
SV ':'\\ ‘}Y \ rI\, '\’Y ¥ r ((\, R ° A I d -ff
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Zi.b-—. :{#‘1\45 g e S4Frs \:g—z—;. $ s $2=F191 ) Fiis Fourier maps
3‘7—“. 0\1142 54—“'-’\\1,142 $4 =50 ~r1142 S4 ° ‘\_”42 p
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ss-%-. SuF1as g o “JAF14s e L2 F14s S o F14
B e ¥ W Nqe oty 3 - L, ™ * r1a2
50 mM [K"] 200 mM [K*] 50 mM [K] 200 mM [K] e In presence and absence

c D E of ML335

K,,2.1 (TREK-1) K,,2.1 (TREK-1):ML335
K,;2.1 (TREK-1):ML335

4 - -/—/_@

/ Lolicato et al., Sci. Adv. 2020; 6 : eabc9174

/

\
K,,2.1 (TREK-1)

w
M

N
1

Number of
occupied K* sites

6 5'0 160 15.;0 2(']0 University of California
[K*] mM San Francisco

200 mM [K°] 200 mM [K']
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Discriminating between sulphate and phosphate

X-ray wavelength in &

‘E 6.19A 5.224 4,508 3.96R 3.54A 3.194 2.914 2.68A

E 6.0e T T T T T T T pf" -
3 PF —
E 4.0e r é\ \ Caf —
£ 20e | T { ae —
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% -8.03 1 1 1 1 1
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\ E=24keV

Below sulphur edge
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Conclusions

|23 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!

Minimum of 1S / 116 residues (so far).

Successful SAD experiments with S, K, P, CI,Ca, V, Cd, |, Au.

«“Unique opportunities to identify ClI, K, Ca ions.

e

Beamhbmepage for further information:

https://www.diamond.ac.uLL;Instruments/Mx/I23.htmI
I [
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