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*History of RIP phasing

*Use of UV RIP phasing on ID23EH1

o[ atest results and perspectives

turopean Synchrotron Radiation Facllity



Prol ogue 4 Ught for Science

*Radiation damage destroys your crystal

*Radiation damage prevents to get complete data

*Radiation damage depletes the anomalous signal

*The devil is not so black as he is painted
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The behavior of mercury-derivatized eniclmic crystals of 2 60 kDa protein target from the New Yook Soucturad
GenomiX Rescarch Consortsam provides novel insights into the mechanism of heavy-atom-specific mdiation
damage and its potential explostation for de sovo strecture solution. Despate significant anomalous signal, structure
solution by classic SAD and MAD phasing approaches was not successful. A detailed analysis revealod that
significant somorphic varation of e diffracted intensities was :mduced by X-ray imadiation. These intensity
changes allowed $e crystal structare %0 be solved by the radiation-damage-induced phasing (RIP) sechnique.
Inspoection of the crystal structure and clectron-demsity maps demoestrated that the covalent S-Hg boads at all four
denivatizod Cystoine sitos were much more sasceptible 10 radiation-induced cleavage than other bands typically
present in native protoins. A simple disgnostic is described 10 identify the fingerprint of such decay af the time of
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The €JJg of Columbus 4 Ught for Science

Radiation damage

Fafter

The Structure Factor is dependent
on the X-ray dose. With a
appropriate experiment planning an
Foefore and an Faster can be identified
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Isomorphous replacement

If some particularly radiation
sensitive site are identified, the
difference between the two data
collection can be treated as a
derivative
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S Se

Relative photoelectric cross sections of carbon, nitrogen, oxygen,
sulfur and selenium at 13.114 keV
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SIR-like 4 Uight for Science

Fafter
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Oryaiepiote Radiation-damage-induced phasing with anomalous scattering:
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Substrecture-solton and phasing procodures using 4 combination of anomalous scamermg and radiaton-damape-
oL mdacad nomorphous differeaces bave boen investigatod, The tyrosine residucs in Saumats were iodinaed with N-
odoseccmmnde in the crystalline form as well as prioe 10 crystallizaton. Several ata sets weere colleciad from bodh
forms and usad for substrucuse solution and phasing using vanous peosoCols, coploving anomalous, Bomoephous
Oor both these signals, It was shown that combination of the anomalous and isomorphous sigaals in the form of the
RIPAS (radiatoa-demage-induced phasing with anomalous scanering) sermegy is beneficial for both locateg the
sebvnrucuse and subsequent phasing

€ lescsmational Unsoe of
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Keywords: anomadous scattering: radiation damage; RIP; RIPAS.
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SIRAS-like 4 Light for Science

In the presence of an anomalous scatters, Foefore Will contain the anomalous
contribution, while Fater wWill be collected away from the peak, or will contain much
less anomalous signal because of depletion of the scatters

“(...) In fact, many structures have been solved unintentionally with a helping hand from RIP! In a MAD experiment,
provided that the 'inflection point' dataset is collected last from the same crystal, the radiation damage has the
effect of making f' for the MAD element at this wavelength even more negative than usual, enhancing the dispersive
part of the MAD signal.”

http://strucbio.biologie.uni-konstanz.de/ccp4wiki/index.php/SHELX_C/D/E
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prepare your data

Improving radiation-damage substructures for RIP

Max H. Nanao,* George M. Sheldrick” and Ratmond B. G. Ravelli*”

SEMBL. 6 Ree Mies Horowitz, 35047 Geenoble, France. and "Goorg Augus Universitht, Tammaensrasse 4. D 17077 Goninges
Cormuan y
Comrespoadence ¢ mad e @ emd| preaodle £

Specific mdiation damage can be used ©0 solve macromodocular structures using the mdiatoe damage-induced
phasing (RIF) method. The method has been investigated for six daulfiide coataining fest structures (elastase,
insulin, lysoryme, nbonacicase A, trypsin and Saumass) using data sets that were collecied on a thind-gencration
synchrotron undalator beamline with a highly attieesated beam. Each crystal was exposed to the unattenuatod X -ray
beam between e coliection of a "before’ and an “afier’ data set. The X-may "bumn’-induced intensity dafferences
ranged from S %0 15%, depending on the protem mvestigated. X say-susceptible substructures were determaned
using the integrated direct and Pasersom methods in SHELXD. The best substructures were found by downscaling
the “after’ data set in SHELXC by a scak factor X, with optamal values ranging from 0.96 10 0.99. The initial
substroctures were mmproved Srough itoration wih SHELXE by the addition of negatively occupied sites as well as
a larpe number of relatively weak sites. The final substructures ramgod from 40 1o more than 300 sites, with
stronpest poaks as high as 570, All strectures except one could be solved: 2 was not possible to find the nitial
substructure for nbonacicase A, bowever, SHELXE seration stasting with the kzown five moat susceptble siles
gave excellent maps. Downscaling proved o be necessary for the solution of clastase, hysoryme and thaumatin and
reduced the namber of SHELXE serations in the other cases. The combination of downscaling and substructure
oration provides important benefits for the phasing of macromolecular structures using radiation damage.

Kevwords: radiation damage; synchrotron radiation; SAD; MAD; SIR; MIR; RIP; RIPAS,

A Ught for Science

“The best substructure were found by
downscaling the “after’ data set in SHELXC...”
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Is UV better?

.'-

Phasing Macromolecular Structures
with UV-Induced Structural Changes

Max H. Nanao ' and Raimond B.G. Ravedl

' Burcpean Moiecuar Boiogy Laboratory (ENIIL)
Grenolre Oumstaton

£ e Jues Morowts

AP 1M

042 Granotie Cocax 9

France
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Experimental phasing of macromolecyiar crystl
siructures reles oM the AcCw e Mmodsuremen! of wo
o More sets of reflections from Isomorphous crystals,
wher e Ihe scatierng power Of & few MOMS 18 Aifferem
1or sach et Recently, It was demonstrated that X-ray-
HAuted inlensily Gifferentes (o a0 COMan phasing
rformation, explonting specific structural changea
Characheristic of Xvay damage. This method (redanon
damage-imducec phasing,; FilF) has e acvantiage hat
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I D23 E H 1 A Ught for Science

ID29 BM29 1ID30 BM30 ID31

Public beamlines

CRG beamlines

Free bending magnet ports / insertion device ports
Instrumentation test and development beamlines

ID15A+B BM14 ID14A+B
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|D23EH1 A Ught for Science

A UV laser is already installed on ID23EH1 since the early days...
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the laser 4 light for Science

Teem photonics laser 2
45° micror

Wavelength (nm)

Peak Power (kW)

Average Power
(mW)

Repitition rate
(kHz)

Pulse Width (ps)

Energy/Pulse (J)

Average Power (measured
at sample position ~1.6 mW)
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A Uight for Science

UV exposure is controlled through mxCuBE

No special intervention is needed by the user
(except usual typeé&click)

Needed informations are exposing A¢p and time

At the beginning one oscillation was performed
between chosen values

Now the two side of the crystal are exposed to
maximize exposed volume
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Lo A shot in the dark A tghtfor Science
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As the experimental setup was not designed for this kind of experiment, we made some

tests to verify its performance

Test cases

A Uight for Science
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Elastase a Uight for Science

Elastase

=
S
2
[
°
o)
S
X
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Thaumatin 4 Ught for Science

Thaumatin
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LyS oZzyme 4 Ught for Science

Lysozyme

T

% model built

L

UV-exposure in min
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A Lght for Science

*All these test cases have disulphide bridges

*This commercial protein crystals are too good to really prove the technique

Some minor UV damage was observed by Nanao&Ravelli on Methionine on PYP
protein

*So we decide to play with Selenium labelled proteins....
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Protocol a Uight for Science

For all cases UV exposure was 50 mins around collecting rotation

1. RIP before and after datasets were collected @ 12 KeV

Before After =) RI|P

2. SAD/MAD A pk and ip datasets were collected before irradiation
SIRAS was done using pk and an after data from the same crystal

SIRAS

A
After

Pk Ip
SAD MAD
All data sets were processed with XDS and all structures were solved using
Autorickshaw

turopean Synchrotron Radiation Facility



A LUght for Science

FERULOYL ESTERASE DOMAIN OF XYNY
FROM CLOSTRIDIUM THERMOCELLUM

1GKK

300 resi - 8 Selenium labelled methionine + 5 Cd ions

Space group P212121
2 mol/au
58% solvent
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A Ught for Science

FAE Before

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3.0 AS FUNCTION OF RESOLUTION
RESOLUTION NUMBER OF REFLECTIONS COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SIGMA Rmrgd-F Anomal SigAno

LIMIT OBSERVED UNIQUE POSSIBLE OF DATA observed expected Corr

.084
.984
.956
.908
.869
.838
.795
.761
.725
.848

.08 13502 3568 3603 99.0% 3.2% .3% 13445 34.57 . .4% 36%
.60 23948 6143 6164 99.7% 3.4% .4% 23839 34.43 . .5% 19%
.94 31137 7833 7858 99.7% 4.3% .0% 31031 28.06 . .5% 11%
.55 37304 9250 9261 99.9% 5.8% .5% 37183 21.25 . .2% 10%
.28 42097 10377 10397 99.8% 7.0% .8% 41990 17.80 . .5% 6%
.08 46382 11417 11438 99.8% 8.6% .6% 46282 14.53 . . 6% 6%
.93 50313 12399 12413 99.9% 11.8% .3% 50188 10.71 . .4% 4%
.81 53353 13270 13289 99.9% 17.1% .2% 53151 7.52 . .2% 0%
.70 55821 14099 14192 99.3% 26.1% . 9% 55446 4.85 . . 9% 1%
total 353857 88356 88615 99.7% 6.7% 7% 352555 15.88 . .71% 7%

OO O0OO0OO0ODO0OO0OO0OO0 R

FAE After 50 mins exposure

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3.0 AS FUNCTION OF RESOLUTION
RESOLUTION NUMBER OF REFLECTIONS COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SIGMA R-meas Rmrgd-F Anomal SigAno

LIMIT OBSERVED UNIQUE POSSIBLE OF DATA observed expected Corr

.059
.971
.962
.913
.862
.828
.788
.744
.709
.842

.09 13482 3564 3598 99.1% 3.3% .45% 13423 33.46 3.9% .5% 34%
.61 23851 6127 6155 99.5% 3.5% .5% 23741 32.84 4.1% . 6% 15%
.95 31202 7813 7837 99.7% 4.6% .3% 31099 26.62 5.3% .1% 12%
.55 37211 9213 9223 99.9% 6.1% . 9% 37090 20.05 7.1% . 6% 9%
.28 42059 10356 10370 99.9% 7.7% .5% 41948 16.33 8.9% .3% 5%
.09 46449 11420 11432 99.9% 9.8% . 9% 46342 12.96 11.3% . 9% 6%
.93 50218 12377 12395 99.9% 13.8% .4% 50089 9.35 15.9% . 6% 4%
.81 53259 13233 13253 99.8% 20.8% .5% 53062 6.24 24.0% .5% -1%
.70 52098 13826 14155 97.7% 34.1% 1% 51645 3.63 39.7% .6% -3%
total 349829 87929 88418 99.45% 7.3% .4% 348439 14.54 8.4% .2% 6%

OO O0OO0OO0OO0OO0OO0OO0 R
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FAE - RIP - diso

29.92/17.78

0
8 6 5 4 35 3 28 26 24 22 2

O <d'/sig>

FAE - MAD - dano

42.46/28.13

8 6 5 4 35 3 26 24 22 2 1.78

0

O <d"/sig> O <d"/sig>
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FAE - SAD - dano

48.25/29.14

8

6 5 4 35 3 26
O <d"/sig>

FAE - SIRAS

25.41/18.80

24 22 2 1.78

8

6 5 4 35 3 25

O <d"/sig>

23 21 19 1.69

O <d'/sig>




FAE - RIP
1.00

0—0—0—o-0—-0"°"%

0.50

0.25

ARP/wWARP (afterDM - ncs)
550/600 residues built

4.35 3.45 3.01 2.73 2.53 2.38 2.26 2.16 2.08 2.01

O <FOM> O <mapCC>
FAE - MAD

1.00

o_o_o_o,o—o—O-O—O—o
0.75 o—o—o—0’°"°'°‘°~o~o

0.50

ARP/wWARP (afterDM - ncs)
555/600 residues built

3.92 3.1 2.7 245 228 2.14 2.03 1.94 1.87 1.79

0

O <FOM> O <mapCC>
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FAE - SAD
1.00

o_o_o—o—O—O—o—o-O-O
0.75 O—O—O—O-O_O-O_O‘Ow

0.50

0.25

ARP/wWARP (afterDM - ncs)
551/600 residues built

3.92 3.1 2.7 245 228 2.14 2.03 1.94 1.87 1.79

O <FOM> O <mapCC>
FAE - SIRAS-like

1.00

o_o_o_o—o-o—o—o-o—o
0.75 o_o_o_o—o—o—o-o\o

0.50

ARP/wWARP (afterDM - ncs)
353/600 residues built

3.91 3.09 2.7 2.45 227 2.14 2.03 1.94 1.87 1.79

0

O <FOM> O <mapCC>
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A Lght for Science

Mycobacterium tuberculosis Chorismate synthase

2011

400 resi - 11 Selenium labelled methionine
Space group P6422

1 mol/au

73% solwvent
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A Ught for Science

ChSynt Before

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3.0 AS FUNCTION OF RESOLUTION
RESOLUTION NUMBER OF REFLECTIONS COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SIGMA R-meas Rmrgd-F Anomal SigAno

LIMIT OBSERVED UNIQUE POSSIBLE OF DATA observed expected Corr

.891
.908
.856
.821
.818
.786
.768
.745
.715
.793

6.11 16910 2168 2248 96.4% 3.7% .9% 16893 44 .66 4.0% .0% 13%
.34 29590 3675 3722 98.7% 4.6% .4% 29553 39.62 4.9% .4% 6%
.55 38802 4668 4702 99.3% 5.0% . 9% 38777 36.10 5.4% .1% 2%
.07 45891 5450 5480 99.5% 7.4% .3% 45884 25.01 7.8% .9% 0%
.75 52234 6166 6178 99.8% 12.8% .8% 52222 15.72 13.6% 1% -1%
.51 57536 6804 6811 99.9% 22.9% 1% 57530 9.26 24 .4% .3% -1%
.32 61533 7345 7347 100.0% 35.6% . 9% 61526 6.01 38.0% . 9% 1%
.17 64796 7861 7862 100.0% 59.2% .0% 64790 3.64 63.1% 1% 1%

2.05 43004 7902 8356 94.6% 86.9% 1% 42679 1.85 96.0% .0% 0%

total 410296 52039 52706 98.7% 9.6% .8% 409854 15.27 10.3% .3% 1%

O OO O0OO0OO0OO0OO0O O

ChSynt After 50 mins exposure

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3.0 AS FUNCTION OF RESOLUTION
RESOLUTION NUMBER OF REFLECTIONS COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SIGMA R-meas Rmrgd-F Anomal SigAno

LIMIT OBSERVED UNIQUE POSSIBLE OF DATA observed expected Corr

. 848
.874
.871
.802
.796
L7177
.733
.705
.666
.767

6.11 16974 2177 2256 96.5% 4.1% .3% 16956 40.30 .4% .2% 1%
.33 29596 3682 3728 98.8% 5.3% .0% 29558 34.71 .6% .8% 1%
.54 38798 4675 4709 99.3% 6.0% .8% 38772 30.53 .4% .4% 1%
.07 46004 5469 5498 99.5% 9.8% .6% 45996 19.66 .4% .5% -2%
.75 52332 6177 6190 99.8% 19.6% .5% 52320 10.96 .8% .5% -1%
.51 57629 6818 6826 99.9% 37.8% .3% 57624 5.89 .3% .6% 1%
.32 61512 7352 7355 100.0% 61.5% 1% 61506 3.58 .6% .9% -2%
.17 64812 7882 7882 100.0% 109.2% .0% 64806 2.02 .6% .5% 0%
.05 43070 7903 8376 94 .45% 159.6% .3% 42745 0.99 .2% .3% 1%

total 410727 52135 52820 98.7% 12.7% .8% 410283 11.96 . 6% 1% 0%

O OO O0OO0OO0OO0O OO o
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ChSynt - RIP - diso

26.89/14.24

8 6 5 4 35 31 29 27 25 23 2.05

0

O <d'/sig>

ChSynt - MAD Pk - dano

2.5

51.41/33.
0

8 6 5 4 35 32 3 28 26 24 22

O <d"/sig> O <d"/sig>
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ChSynt - SAD - dano

54.98/33.86

8 6 5 4 35 32 3 28 26 24 22

0

O <d"/sig>

ChSynt - SIRAS diso/dano

34.56/25.58

8 6 5 4 36 34 32 3 28 26 24

0

O <d"/sig> O <d'/sig>




ChSynt - RIP - shelxe

1.00 o

075 °‘°‘0-o—o-0~o\

0.50

025 —ARPIWARP (after shelxe)
346/400 residues built

4.52 3.56 3.1 2.81 2.61 2.45 2.33 2.22 2.14 2.06

0

O <FOM> O <mapCC>

ChSynt - MAD - shelxe

ARP/wARP (after shelxe)
379/400 residues built

4.55 3.58 3.11 2.82 2.61 2.46 2.33 2.23 2.14 2.06

0

O <wt> O <mapCC>

turopean Synchrotron Radiation Facility
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ChSynt - SAD - shelxe
1.00

075 W

0.50

0.25

ARP/wWARP (after shelxe)
379/400 residues built

487 3.83 3.34 3.02 2.8 2.63 2.5 2.39 2.29 2.21

O <wt> O <mapCC>

ChSynt - SIRAS - shelxe
1.00

075 W

0.50

025 "ARP/WARP (after shelxe)
393/400 residues built

5.3 4.17 3.63 3.28 3.04 2.86 2.71 2.59 2.49 2.4

0

O <wt> O <mapCC>
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A LUght for Science

H35

100 resi - 7 Selenium labelled methionine

Space group P21212
4 mol/au
56% solvent
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A Ught for Science

H35 Before

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3.0 AS FUNCTION OF RESOLUTION
RESOLUTION NUMBER OF REFLECTIONS COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SIGMA Rmrgd-F Anomal SigAno

LIMIT OBSERVED UNIQUE POSSIBLE OF DATA observed expected Corr

.818
.841
.815
.830
.801
.753
.734
.723
.679
.762

6.57 4243 1030 1086 94.8% 2.9% .4% 4181 30.55 . .6% 6%
.67 7390 1751 1778 98.5% 4.4% .2% 7277 25.33 . .1% -45%
.82 9677 2244 2255 99.5% 4.5% .3% 9557 26.41 . .9% -5%
.31 11514 2627 2636 99.7% 7.2% .0% 11395 17.32 . .3% -3%
.96 13124 2959 2973 99.5% 13.8% .8% 13008 .69 . 1% 0%
.70 14472 3239 3254 99.5% 25.1% .8% 14357 .32 . .8% -2%
.50 15698 3489 3516 99.2% 46.2% .7% 15591 .99 . .5% -1%
.34 16818 3740 3777 99.0% 81.5% . 6% 16719 .71 . . 6% 1%

2.21 17600 3922 3989 98.3% 142 .3% .2% 17489 .96 . .0% 3%

total 110536 25001 25264 99.0% 10.4% . 6% 109574 .88 . .71% 0%

O OO O0OO0OO0OO0OO0O O

H35 After 50 mins exposure

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3.0 AS FUNCTION OF RESOLUTION
RESOLUTION NUMBER OF REFLECTIONS COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SIGMA Rmrgd-F Anomal SigAno

LIMIT OBSERVED UNIQUE POSSIBLE OF DATA observed expected Corr

.867
.805
.801
.808
.797
.765
.711
.673
.641
.742

6.56 4272 1037 1091 95.1% 3.0% .5% 4209 29.28 . .8% 9%
.66 7470 1771 1795 98.7% 4.7% . 6% 7354 22.90 . . 6% -7%
.81 9712 2251 2263 99.5% 4.9% . 6% 9598 24.23 . .3% -11%
.30 11670 2656 2661 99.8% 8.7% .6% 11551 14.69 . 1% -3%
.96 13192 2971 2986 99.5% 18.5% .4% 13079 .63 . .4% 2%
.70 14540 3260 3275 99.5% 36.0% .4% 14424 .87 . .2% 0%
.50 15847 3522 3545 99.45% 69.3% 1% 15742 .04 . .8% -1%
.34 16900 3756 3792 99.1% 126.5% .1% 16804 .13 . .0% -1%
.21 17706 3955 4031 98.1% 218.8% .0% 17588 .64 . .0% -2%

total 111309 25179 25439 99.0% 12.7% .9% 110349 .49 . .4% -2%

O OO OO0 O0OO0O OO o
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A Ught for Science

H35 - RIP - diso H35 - SAD - dano

41.87/23.65 38.75/19.29

0
8 6 5 4 3532 3 28 26 24 22 8 6 5 4 36 34 32 3 28 26 24

O <d'/sig> O <d"/sig>

H35 - MAD - dano

40.44/21.53

8 6 5 4 36 34 32 3 28 26 24

0

O <d"/sig> O <d"/sig>
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H35 - RIP

0—0—0—0—0—0~>"0°0
015 O« o

0.50

0
4.74 3.77 3.29 2.99 2.78 2.62 2.48 2.38 2.29 2.2

O <FOM> O <mapCC>
H35 - MAD

0—0~0—0—0~0—0—0—0-0

o7 O’O‘O-O-Oso_o_o_o_o

0.50

0
5.26 4.15 3.62 3.28 3.04 2.86 2.72 2.59 2.49 2.4

O <FOM> O <mapCC>
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H35 - SAD

0—0-0—0—0—0—0—0—0—0

o o*°'°~o-o-o-o_o%

0.50

0
5.26 4.16 3.62 3.29 3.05 2.87 2.72 2.6 2.5 2.41

O <FOM> O <mapCC>
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Problem 4 Ught for Science

Why H35 SIRAS didn’t work?7?7??

| already had exposed that crystal to UV and it looks like no additional damage is
possible, but strange enough, the peak anomalous signal was still enough to
phase....more work to do!!!

turopean Synchrotron Radiation Facility



Conclusion and perspectives  augntfor science

*the SIRAS approach is working at its best because damaged sites are the
anomalous scatters

*More complicated (and maybe more interesting) scenario are foreseen in case of
combination of independent phases

*Still there is room to investigate the effect of UV on
*Metalloproteins
*DNA
eprotein-DNA complexes
*Nucleotide binding proteins
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