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•History of RIP phasing

•Use of UV RIP phasing on ID23EH1

•Latest results and perspectives

Summary
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•Radiation damage destroys your crystal

•Radiation damage prevents to get complete data

•Radiation damage depletes the anomalous signal 

Prologue

•The devil is not so black as he is painted
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Prologue
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The Structure Factor is dependent 
on the X - ray dose . W i th a 
appropriate experiment planning an 
Fbefore and an Fafter can be identified

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

The egg of Columbus
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Relative photoelectric cross sections of carbon, nitrogen, oxygen, 

sulfur  and selenium at 13.114!!keV
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the anomalous egg of Columbus
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In the presence of an anomalous scatters, Fbefore will contain the anomalous 
contribution, while Fafter will 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

SIRAS-like

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

“The best substructure were found by 
downscaling the ‘after’ data set in SHELXC...”



Is UV better?
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ID23EH1
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ID23EH1

A UV laser is already installed on ID23EH1 since the early days...



45° mirror
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Wavelength (nm) 266

Peak Power (kW) 1.4

Average Power 
(mW)

5

Repitition rate 
(kHz)

7

Pulse Width (ps) 400

Energy/Pulse (J) 0.7

Average Power (measured 
at sample position ~1.6 mW)

Teem photonics laser

the laser
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!start 

!end

!start

+180

!end

!end+180

!start UV exposure is controlled through mxCuBE
No special intervention is needed by the user 
(except usual type&click)
Needed informations are exposing "# and time

mxCuBE

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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A shot in the dark



Data collection 

Proteins 
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Test cases

As the experimental setup was not designed for this kind of experiment, we made some 
tests to verify its performance
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•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....



Protocol
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For all cases UV exposure was 50 mins around collecting rotation

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

Before UV After RIP

Pk UVIp After

SAD MAD

SIRAS

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

All data sets were processed with XDS and all structures were solved using 
Autorickshaw
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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

Case 1



Case 1
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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     R-meas       Rmrgd-F  Anomal  SigAno       Nano

   LIMIT     OBSERVED  UNIQUE  POSSIBLE     OF DATA   observed  expected                                                                                                                                                                              Corr

        5.08       13502    3568      3603       99.0%       3.2%      3.3%    13445   34.57     3.7%     2.4%    36%   1.084    2349

     3.60       23948    6143      6164       99.7%       3.4%      3.4%    23839   34.43     3.9%     2.5%    19%   0.984    4020

     2.94       31137    7833      7858       99.7%       4.3%      4.0%    31031   28.06     5.0%     3.5%    11%   0.956    5088

     2.55       37304    9250      9261       99.9%       5.8%      5.5%    37183   21.25     6.7%     5.2%    10%   0.908    6065

     2.28       42097   10377     10397       99.8%       7.0%      6.8%    41990   17.80     8.1%     6.5%     6%   0.869    6729

     2.08       46382   11417     11438       99.8%       8.6%      8.6%    46282   14.53     9.9%     8.6%     6%   0.838    7257

     1.93       50313   12399     12413       99.9%      11.8%     12.3%    50188   10.71    13.6%    12.4%     4%   0.795    7701

     1.81       53353   13270     13289       99.9%      17.1%     18.2%    53151    7.52    19.7%    18.2%     0%   0.761    7937

     1.70       55821   14099     14192       99.3%      26.1%     28.9%    55446    4.85    30.2%    28.9%     1%   0.725    8011

    total      353857   88356     88615       99.7%       6.7%      6.7%   352555   15.88     7.7%     8.7%     7%   0.848   55157

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       Nano
   LIMIT     OBSERVED  UNIQUE  POSSIBLE     OF DATA   observed  expected                                                                                                                                                                              Corr

        5.09       13482    3564      3598       99.1%       3.3%      3.4%    13423   33.46     3.9%     2.5%    34%   1.059    2362

     3.61       23851    6127      6155       99.5%       3.5%      3.5%    23741   32.84     4.1%     2.6%    15%   0.971    3978

     2.95       31202    7813      7837       99.7%       4.6%      4.3%    31099   26.62     5.3%     3.7%    12%   0.962    5158

     2.55       37211    9213      9223       99.9%       6.1%      5.9%    37090   20.05     7.1%     5.6%     9%   0.913    6097

     2.28       42059   10356     10370       99.9%       7.7%      7.5%    41948   16.33     8.9%     7.3%     5%   0.862    6740

     2.09       46449   11420     11432       99.9%       9.8%      9.9%    46342   12.96    11.3%     9.9%     6%   0.828    7312

     1.93       50218   12377     12395       99.9%      13.8%     14.4%    50089    9.35    15.9%    14.6%     4%   0.788    7694

     1.81       53259   13233     13253       99.8%      20.8%     22.5%    53062    6.24    24.0%    22.5%    -1%   0.744    7946

     1.70       52098   13826     14155       97.7%      34.1%     38.1%    51645    3.63    39.7%    40.6%    -3%   0.709    6885

    total      349829   87929     88418       99.4%       7.3%      7.4%   348439   14.54     8.4%    10.2%     6%   0.842   54172
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ARP/wARP (afterDM - ncs) 
353/600 residues built
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Case 2
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Mycobacterium tuberculosis Chorismate synthase 
2O11

400 resi - 11 Selenium labelled methionine
Space group P6422 

1 mol/au
73% solvent



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       Nano

   LIMIT     OBSERVED  UNIQUE  POSSIBLE     OF DATA   observed  expected                                                                                                                                                                              Corr

        6.11       16910    2168      2248       96.4%       3.7%      3.9%    16893   44.66     4.0%     2.0%    13%   0.891    1504

     4.34       29590    3675      3722       98.7%       4.6%      4.4%    29553   39.62     4.9%     2.4%     6%   0.908    2975

     3.55       38802    4668      4702       99.3%       5.0%      4.9%    38777   36.10     5.4%     2.7%     2%   0.856    3970

     3.07       45891    5450      5480       99.5%       7.4%      7.3%    45884   25.01     7.8%     4.9%     0%   0.821    4749

     2.75       52234    6166      6178       99.8%      12.8%     12.8%    52222   15.72    13.6%     8.7%    -1%   0.818    5462

     2.51       57536    6804      6811       99.9%      22.9%     23.1%    57530    9.26    24.4%    16.3%    -1%   0.786    6090

     2.32       61533    7345      7347      100.0%      35.6%     36.9%    61526    6.01    38.0%    25.9%     1%   0.768    6640

     2.17       64796    7861      7862      100.0%      59.2%     62.0%    64790    3.64    63.1%    44.1%     1%   0.745    7152

     2.05       43004    7902      8356       94.6%      86.9%     91.1%    42679    1.85    96.0%    87.0%     0%   0.715    5726

    total      410296   52039     52706       98.7%       9.6%      9.8%   409854   15.27    10.3%    13.3%     1%   0.793   44268

 

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       Nano

   LIMIT     OBSERVED  UNIQUE  POSSIBLE     OF DATA   observed  expected                                                                                                                                                                              Corr

        6.11       16974    2177      2256       96.5%       4.1%      4.3%    16956   40.30     4.4%     2.2%     1%   0.848    1511

     4.33       29596    3682      3728       98.8%       5.3%      5.0%    29558   34.71     5.6%     2.8%     1%   0.874    2980

     3.54       38798    4675      4709       99.3%       6.0%      5.8%    38772   30.53     6.4%     3.4%     1%   0.871    3975

     3.07       46004    5469      5498       99.5%       9.8%      9.6%    45996   19.66    10.4%     6.5%    -2%   0.802    4768

     2.75       52332    6177      6190       99.8%      19.6%     19.5%    52320   10.96    20.8%    13.5%    -1%   0.796    5472

     2.51       57629    6818      6826       99.9%      37.8%     38.3%    57624    5.89    40.3%    27.6%     1%   0.777    6109

     2.32       61512    7352      7355      100.0%      61.5%     64.1%    61506    3.58    65.6%    43.9%    -2%   0.733    6643

     2.17       64812    7882      7882      100.0%     109.2%    115.0%    64806    2.02   116.6%    80.5%     0%   0.705    7170

     2.05       43070    7903      8376       94.4%     159.6%    169.3%    42745    0.99   176.2%   163.3%     1%   0.666    5746

    total      410727   52135     52820       98.7%      12.7%     12.8%   410283   11.96    13.6%    19.7%     0%   0.767   44374

Case 2
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Case 2
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ChSynt
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Case 3
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H35

100 resi - 7 Selenium labelled methionine
Space group P21212

4 mol/au
56% solvent



Case 3
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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     R-meas       Rmrgd-F  Anomal  SigAno       Nano

   LIMIT     OBSERVED  UNIQUE  POSSIBLE     OF DATA   observed  expected                                                                                                                                                                              Corr

        6.57        4243    1030      1086       94.8%       2.9%      3.4%     4181   30.55     3.4%     2.6%     6%   0.818     517

     4.67        7390    1751      1778       98.5%       4.4%      4.2%     7277   25.33     5.0%     4.1%    -4%   0.841     918

     3.82        9677    2244      2255       99.5%       4.5%      4.3%     9557   26.41     5.1%     3.9%    -5%   0.815    1238

     3.31       11514    2627      2636       99.7%       7.2%      7.0%    11395   17.32     8.1%     7.3%    -3%   0.830    1456

     2.96       13124    2959      2973       99.5%      13.8%     13.8%    13008    9.69    15.6%    16.1%     0%   0.801    1621

     2.70       14472    3239      3254       99.5%      25.1%     25.8%    14357    5.32    28.4%    32.8%    -2%   0.753    1779

     2.50       15698    3489      3516       99.2%      46.2%     47.7%    15591    2.99    52.1%    59.5%    -1%   0.734    1928

     2.34       16818    3740      3777       99.0%      81.5%     84.6%    16719    1.71    91.9%    99.6%     1%   0.723    2043

     2.21       17600    3922      3989       98.3%     142.3%    149.2%    17489    0.96   160.5%   179.0%     3%   0.679    2138

    total      110536   25001     25264       99.0%      10.4%     10.6%   109574    9.88    11.8%    23.7%     0%   0.762   13638

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     R-meas       Rmrgd-F  Anomal  SigAno       Nano
   LIMIT     OBSERVED  UNIQUE  POSSIBLE     OF DATA   observed  expected                                                                                                                                                                              Corr

        6.56        4272    1037      1091       95.1%       3.0%      3.5%     4209   29.28     3.5%     2.8%     9%   0.867     529

     4.66        7470    1771      1795       98.7%       4.7%      4.6%     7354   22.90     5.3%     4.6%    -7%   0.805     942

     3.81        9712    2251      2263       99.5%       4.9%      4.6%     9598   24.23     5.5%     4.3%   -11%   0.801    1240

     3.30       11670    2656      2661       99.8%       8.7%      8.6%    11551   14.69     9.9%     9.1%    -3%   0.808    1473

     2.96       13192    2971      2986       99.5%      18.5%     18.4%    13079    7.63    20.9%    21.4%     2%   0.797    1639

     2.70       14540    3260      3275       99.5%      36.0%     36.4%    14424    3.87    40.6%    46.2%     0%   0.765    1798

     2.50       15847    3522      3545       99.4%      69.3%     72.1%    15742    2.04    78.1%    86.8%    -1%   0.711    1950

     2.34       16900    3756      3792       99.1%     126.5%    131.1%    16804    1.13   142.6%   151.0%    -1%   0.673    2056

     2.21       17706    3955      4031       98.1%     218.8%    226.0%    17588    0.64   246.7%   266.0%    -2%   0.641    2143

    total      111309   25179     25439       99.0%      12.7%     12.9%   110349    8.49    14.4%    30.4%    -2%   0.742   13770
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Problem
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Why H35 SIRAS didn’t work????

I 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!!!



Conclusion and perspectives
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•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

•protein-DNA complexes

•Nucleotide binding proteins

•....
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