ABOUT PHASING WITH
NATIVE SAD




Phasing with Native-SAD

® Merit
|. Only native crystal is needed.
2. Homolog structure is not necessary.

® Demerit
|. Anomalous signal is weak.
2. Need the X-ray beam of long wavelength.




Outline

® Before data collection

® During data collection

® After data collection
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Phasing with Native-SAD
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Henke et al., 1993.




Freeze your crystal

» Solution-free loop Decrease the absorption from solution

One way to reduce the unwanted

e

Hollow pipe P ) ) ]
o~ =a“"e absorption is to use a Solution-free
Polyimide loop loop to remove the solution around the

Base crystal.
¥

Before suction

Type AL Type BL TypeAS T BS
YP YP YP ype After suction




Check the anomalous signal of your target protein

» Calculate the anomalous scattering ratio by the following equation
S Crystal structure determined by SAD

<|AF|>/<F>= \/i(\/m . AfA)/( Np - Zeff) 4000 i

3500 -
3000 -
2500 -

Nature, 290,P107—113 (1981) About 80% MW < 100 KD

Zefr = effective atomic number, 6.7 for non-hydrogen el

Np : number of atoms (5C, 1.50, 1.35N/per residue) 1500
N, : number of anomalous scattering atoms 1000 -
Af,: anomalous scattering factor depended on wavelength S I =
T T T - - =,

0 -

50kD 100kD 150kD 200kD 300kD 400kD 1000kD

Example : 423 residues, 17 (Met+Cys) === <AF>/<F>=1.24% (\=1.9A) 2.3% (\=2.7A)

» Using the X-ray of longer wavelength will get stronger anomalous while leads to more absorption and low-resolution data.

For example, at PF-BLI A, around 2.6A is the highest resolution when 2.7A wavelength is used
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® During data collection




Work at beamline

|. Take one shot to check exposure time and resolution. Data: 2019-11-25, PF-BLIA, A=2.7 A, exposure 0.15

Image XY Lal
Intensit y

PF-BLIA: the highest resolution is around 2.6 A when 2.7 A SRS
wavelength is used

2. Data collection for one dataset, and then use XDS to process
the data.

Check XDS statistics: Resolution, Redundancy, I/s(l), Rmeas
and Sigano

3. After that, check the radiation damage with “xdsstat”.

$ xdsstat > XDSSTAT.LP
$ loggraph XDSSTAT.LP

4.Adjust the exposure time to collect multiple datasets.




Check the quality of your data with graph

$ xdsstat > XDSSTAT.LP; $ loggraph XDSSTAT.LP Data: 2019-11-25, PF-BLIA,A=2.7 A, exposure 0.1S
R B thl Z|i—j|=d |Ihkl,i s Ihkl,jl Eile Gepearance Edit Leilitiss - relo ||
g 2kt 2i—jl=aUnkri — Tnki,j)/2 .

Diederichs K. (2006) Acta Cryst D62, 96-101
R, : R-factors as a function of frame number difference

» The horizontal axis is the difference between frames.
Indicators for measuring radiation damage

- Flat > No damage

- Right shoulder upward - damage

- The variation at the end is not very important, since it contributes little

Statistics of data setis)
R_d az a function of frame nunber difference

Tables in File

to the reflection.

[ —

Graphs in Selected Table

F_cn
number of contributing reflections'n

| —




S-SAD Data collection protocol (PF-BLIA)

» 360-3600 deg. of data from multiple possible position under 100%
transmittance, 0.1-0.5 deg./sec.

» XDS results
Resolution > 3.0 A
Redundancy >10
I/s(l) > 2.0
Sigano > 0.7
Decay <5% (delete Rmeas>1|.5*avgRmeas)
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® After data collection




After data collection

» Single dataset

|. Process data with XDS — v" Check Resolution, Redundancy, I/s(1), Sigano and Decay.
2. Phenix.AutoSol or SHELX C/D/E
3. Phenix.AutoBuild

» Multiple datasets _ .
Process every single dataset with XDS — v Check Resolution, Redundancy, I/s(1), Sigano and Decay.

.

2. Merge data with XSCALE v" Run xds_nonisomorphism to identify the non-isomorphous
3. Phenix.AutoSol or SHELX C/D/E data set.

4. Phenix.AutoBuild

» SHELX C:set up files for Shelx D
» SHELX D: locate heavy atoms
» SHELX E: phasing and density modification




After data collection

hkl2map
> Single dataset

]

|. Process data with XDS e —
2. Phenix.AutoSol or SHELX C/D/E ==
3. Phenix.AutoBuild

|/ SHELHC\/SHELKDY,/SHELHE originaly/SHELHE invertedy

» Multiple datasets
Process every single dataset with XDS )
Merge data with XSCALE e rtors st it ——
Phenix.AutoSol or SHELX C/D/E 2.0 HB® g2

LW —

Preferences Help Run Abort Save Xtriage HySS Coot PyMOL ' Ask for help
Ph o t B o I d J canflgure] AutoSol run 1_ | 4 b x
enix.AutoBui input files | Opti v
° Copyright and contact information for HELZMAP Input files | Options and output |
Input files

You can add input files by either dragging them from the desktop into this window, entering them into the text field, or clicking the
Browse button. All reflection file formats, PDB files (ligands or substructure sites), sequences, CIF (restraints) files, and parameter files for
AutoSol or phenix.refine are allowed. At least one reflection file is required.

» SHELX C:set up files for Shelx D p—

File path: |honngEPNASﬁworkspacejdata.‘runslioscjxdsjrunsliseq.fasta Browse... ﬂ

» SHELX D: locate heavy atoms C— oata tye f—
> SHELX E: Phasing and density modiﬁcation = . gﬂ SAD/MAD peak - Labels: iobs sigma_io| v | &: |2.7000. [f:)| (F :)|

Atom: (S (Sites:) (17
runsl_seq.fasta gﬂ - NCS copies: ’—
Apply global atom type

Unit cell : |113.466 113.466 115.842 90 90 90 Space group : |P43212 w

@ idle

Project: runsl_SAD




After data collection

» SHELX C: set up files for SHELX D Data: 2019-11-25, PF-BLIA, A=2.7 A, exposure 0.1S

hkl2map Version 0.4.e-beta - (%

/SHELHCY/SHELKDY/SHELKE originall/SHELHE inverted)

19860 Unigue reflections. highest resolution 2.759 Angstroms
Project nane: [enzyne-1 265,56 Friedel pairs used on averaze for local scaling

dmin [A] ¢/ Isigl:;2.76 / 9.8
Fesl, Inf, 14,79 9,10 &,B5b GH.60 4.79 4,22 2,79 2,45 2,18 2,95 276
17 487 806 1133 1del 1785 2136 2000 28068 3250 2329

File Tools

Frepare Fa data from SAD =i | experimnent., H {data}

Bt fm § — Chi-sq 3,74 1,84 1,09 1,50 1,42 1,19 1,11 ©o,%2 1,18 1,55 0,60
mt_ I : [ roee | clizig> 2.0 44,1 41,2 378 40,1 FF.4 3,7 2245 256 205 9.8
|HR in 3 |/home/,Jameshong/DEPHHS_workspace/data/runsl_osc/xds_lf}{DS_RSEII Browse | KEDmPlEtE gd . q_ 1|:":| +[:] 1':”:' +[:| 1[:":' . [:] 'l[:l[:l +[:| 1[:][:] . [:' 1[:][:| +[:| 100 +[:| 1|:|[:| +[:] 1':”:' +[:| 93 . 3
Cell : & [113.465 b [113.d65 c [115.833 alpha [30,000 heta (90,000  ganma [30.000 E%é&;?ﬁ. + %Béj ﬁzég %5?% %Eé% %E?% §E§|§ %dé% %dég %Eég %1'?1% 58'5?
Space group name or number § IP43212 confirmed : W qu?m'ﬁ:‘: :} g +jg ? +EE ? +%g ? +g§ ? +§E ? +%g g +g§ g +g? g +¥E g +%g 13 +E%

. SJ-E + + + + + + + + + + +
it ive cut 5] Jenzyne 1 FkL [ | CCE1s20 91,5 B35 ¥F9.8B /H,0 66,1 B34 44,2 4.0 18,8 -2.5 -16.9
|Fa out. § Ienzyme—l_Fa.hkl Browse |

_ _ _ There is an output table. It gives against resolution:
more opt ions view graphics | RFun SHELXC |

e The number of reflections read in

solution and p

* The average intensity divided by its standard deviation o

/SHELHCY/SHELKDY/SHELHE original\/SHELKE inverted'

19860 Unigue reflectionz. hisghest resolution 2,759 Angstroms S .
265.6 Friedel pairs used on average for local scaling ° Completeness (In %)
Resl, Inf . 14?9 9,10 5,85 5,60 4,79 4,22 379 345 3,18 2,95 2.76
Wldater 167" agp” oo™ 133 " deed  drs ™ pust " 2ol chol s 3z
l_$q + + + . n . . . . . . . . . . .
%gém%te %g g 1§§ é 1§é § 1§§ § 1§§ é 1§§ é 1§§ é 1§§ § 1§§ § 1§§§ o8 » d" divided its estimated standard deviation g, giving you a good indication for the strength of the
ultipl, a3 N . .

2.8
Ripinii S84 1.82 1,73 1,83 1,73 1.90 1.85 1.86 2,22 2.9 501
Ranom 9.46 4,88 5,14 5,77 4,35 4,24 3,93 4,00 4.26 5.14 10.56

digsie> 242 L84 Le2 15z 1,26 10g 0196 087 074 0.2 055 anomalous signal, which should asymptote to 0.8 in the outer shell, if the data are processed well.
For zero =zignal <d'/l=zigr and <d"/=igr should be about 0,80 X _ i X .
15784 Reflections written to enzume-L_fa,hkl for input to SHELKD/E * The self-correlation coefficient for the anomalous signal. It should be above 25% for a significant
19860 Reflections written to enzune-1.hkl for input to SHELHE /

Dutput. of SHELHC Mait.ing signa l.




SHELX D

» SHELX D: locate heavy atoms

l.
2.
3.

* Critical parameters for SHELXD

| Truncation of the data at a particular resolution, typically in the range 3.0-3.5 A, can be critical to success.
2.The resolution at which the data are truncated, e.g. where the internal CC between the signed
anomalous differences of two randomly chosen reflection subsets falls below 30%.

3.The number of sites requested should be within about 20% of the true value so that the occupancy
refinement works well (and reveals the true number).

4. In difficult cases it may be necessary to run more trials (say 10000).The multiple-CPU version of SHELXD

is recommended!

Values to look at in SHELXD

A high value for the correlation coefficient CC and CC(weak) indicates a correct solution (eg. 30 and [5).

The CC-values of correct solutions are usually well separated from the ones from wrong solutions.

The best way to check is to run SHELXE with the best solution and look at the electron density map.

hkl2map Version 0.4.e-beta

Project namei

|Fa in 3 |enzgme—1_Fa.hkl
|Ins in 3 |enzgme—1_Fa‘ins

Find Ii? heavy atoms of tyepe |5 . Use data from |999 to  |3.3 & resolution,

Allow sites on special positions?

w yes ¥ no

Limit nunber of tries to [1000 +

|PDB out ¢ |en29me—1_Fa‘pdb

Enasble Patterson search to Find starting atoms 7 # yes « no

Minimum distance allowed betueen heavy stoms 3 W
Resolve IO— disulphide bridges.

Fix random nunber zeed to allow reproduction of results? % yes « no
Exclude E-values less than IT .

Allocate memory for lcl— % 1Mio reflections,

Use |16 of 16 availshle threads,

view graphics

less options |

Erouse |
Brouwse |

Erouwse |

Run SHELKD |

Try 986, CPU 2. CC All/Wesk 14,2 /4 2.4, CFOM 16.7. best 23,5. PATFOM 0,47
Try 987, CPU14 All/Hesk 12,2 / 0,6, CFOM 12,9, hbest 22,5, PATFOM 0,35
Tru 988, CPU1Z. CC AlliWeak 14.0 /4 1.3, CFOM 15.3. best 23.5. PATEOM  0.47
Try 939, CPU 7. CC All/Weak 14.7 /4 1.7, CFOM 16,4, best 23.5. PATFOM  0.42
Try 990, CPU 5. CC All/Wesk 12,2 / 1.2, CFOM 14.4. best 23.5. PATFOM  0.47
Try 991, CPU 8. CC All/Wesk 14,6 / 2,2, CFOM 16,8, best 23,5, PATFOM Q.51
Tru 992, CPU13. CC AlliWesk 15,3 /4 2.0, CFOM 17.3. best 23.5. PATFOM 0.d6
Try 9593, CPU 9. CC All/Heak 15,2 / 5.5, CFOM 20,7, best 23,5. PATFOM 0,47
Try 994, CPULS. CC AlliWesk 12,7 / 1.4, CFOM 14,1, best 23.5. PATFOM  0.56
Try 995, CPU 6. CC All/Wesk 15,4 / 3.6, CFOM 19,0, best 23,5, PATFOM 0,52
Try 995, CPU 3. CC All/Wesk 12,5 / 3,0, CFOM 16,4, best 23.5. PATFOM 0,39
Tru 997, CPU 4. CC All/Wesk 15.0 /4 1.8, CFOM 16.9. best 23.5. PATFOM 0.d6
Try 998, CPU 1. CC All/Heak 14,4 / 1,5, CFOM 16,0. best 23,5. PATFOM 0,50
Try 998, CPUL6. CC All/Meak 14,4 /4 1.5, CFOM 15,9, best 23,5, PATFOM 0,55
Try  Lo00, CPULL, CC All/Wesk 16.4 / 3.9, CFOM 20,4, best 23,5, PATFOM 0,39

+ enzyme-1_fa finished at 12:26:16 Elapsed time: 28,06 secs  +

Output. of SHELED

| —4

/

Hait ing




SHELX E

hkl2map Version

» SHELX E: phasing, density modification and auto-tracing of the protein backbone. =i

o e [Native in ¢ | [enzume-1.hk1 E— |
Critical parameters for SHELXE s —

Phasze structure based on giwven — |sit,es and modify the electron density F‘or‘l 20 cucles.

Use fractional solvent content of 0,682 , Estimate the solvent cantentl

e Number of cycles: 10 up to 200.

Hative data cdo —l| include heavy atons.

4 Extend diffraction data to | A [native dats sxtend to 0.0 A,

. Solve nt CO nte nt Ca n be esti mated by SH ELX K Run |_3 cycles of autotracing without —l| initial search for secondary structure.
4 Interrupt caloulstions for incorrect emamtiomorph after | 4 cucles,

Inwert heawy atom substructure For phasing? no -

e Auto-tracing can help in difficult cases: 3 up to 20 By e T

|Phases inw 3 |Enzgme—1_i.phs . TN oot | Brouwse |

Output. revised heawvy atom =ites and phases? # ues « no

High resolution cut-of f for input dats: IO.l &,

The output files name.pdb (trace) and name.phs (phases) can be read cttocte rerrg tor " thin, rattect i,
dlrectly |nt0 COOT. 4 Limit no, of sites to [10  for refinement, |

JSHELRCN/SHELHDY/SHELKE originall/SHELKE inverted)

Tru 986. CPU 2. CC All/Weak 14,2 / 2.4, CFOM 16.7. best 23.5. PATFOM 0.47 K

Tru 987, CPUL4. CC AlllWeak 12.3 / 0.6, CFOM 12.9, best 23.5. PATFOM Q.35

Tru 985, CPULZ. All/Heak 14,0 ¢ 1,3, CFOM 15,3, hest 23.5. PATEOM Q.47

Tru it ] L7 AllAdeak 14,7 /4 1.7, CFOM 15.4. best 232.5. PATEOM 0,42

Tru 990, CPU 5. CC AllAWeak 13,2 / 1.2, CFOM 14,4, best 23,5. PATFOM Q.47

Tru 991, CPU 8. CC All/Weak 14,6 4 2.3, CFOM 16.8. best 23.5. PATFOM 0.51

Tru 992, CPULZ. CC AlllWeak 15.3 / 2.0, CFOM 17,3, best 23.5. PATFOM Q.46

Tru 9583, CPU 5. CC AlldWeak 15,2 / 5.5, CFOM 20,7, best 23.5. PATFOM Q.47

Try 994, CPULS. CC AllAdeak 12.7 4 1.4, CFOM 14,1, best 23.5. PATFOM  0.66

Tru 985, CPU 6. CC AlldWeak 15.4 / 3.6, CFOM 19,0, best 23.5. PATFOM .58

Tru 995, CPU 2. CC AlldWeak 13,5 4 3.0, CFOM 16.4. best 23.5. PATFOM 0,39

Tru 997, CPU 4. CC AllAWeak 15.0 / 1.8, CFOM 16.9. best 23.5. PATFOM Q.46

Tru 996, CPU 1. CC All/Weak 14.4 / 1.6, CFOM 16.0. best 23.5. PATFOM Q.50

Tru 999, CPULe. CC AllfWeak 14.4 / 1.5, CFOM 15.9, best 23.5. PATFOM Q.55

Tru 1000, CPUL1, CC AlldMesk 16,4 # 3.9, CFOM 20,4, best 23.5. PATFOM 0.39

+ enzume-1_fa finished at 12126316 Elapsed timet 28,06 secs  + —_
£

Output of SHELXD Maiting




Statistics of Native-SAD data

» In our group, Native-SAD data collected at PF/Spring-8 :
|) 126 datasets;2) |8 kinds of protein molecules

) Successful Supposed to be
> Successulphasig; e e

e 32 datasets No. of dataset

e Statistics b)’ XDS(average of 32 datasets) . redundancy 20.1 (14.9) 21.2(13.5) 1 1.6(7.8)

|) completeness : 93%(73%)
2) Redundancy : 20 (15)

3) /(1) : 36 (13) (1) 36.4 (13.2)  28.5(8.3) 15.2(3.8)
4) SigAno : 1.8(1.2)

completeness 93.7(73.2) 95.1(76.3) 88.7(67.5)

SigAno 1.83(1.20 1.48(1.23 1.08(0.82
+ Results from SHELX D : (1.20) (1.23) (052
CCall > 30 CCall 39.8/21.5 24.9(10.4) 21.4/8.7
CC weak > |5 /CC weak
<|AF|>/<F> 2.27/0.97 1.815/0.88 1.84/1.08

(2.7A/1.9A)




The structures solved by Native-SAD in our group

DusC (+1P)

MW: 36.2 kDa

S ratio: 12/322=3.7%
<|AF|>/<F>:1.19%

SG: P4;2,2 (Z=1)
Resolution:2.3A@1.9A
Data: 360°+600°
Model building: 97.8%

TtuA (+2Zn, 3P, 4Fe-4S)
MW: 36.21 kDa
Sratio: 15/321=4.7%
<|AF|>/<F>:2.48%

SG: P6,22 (Z'=1)
Resolution: 3.3A@2.7 A
Data: 180°x4-360°
Model building: 59%

EF2-domain I-1l (+3P)
MW :43.3 kDa
S ratio: 21/386=5.4%
<|AF|>/<F>:1.44% or 2.67%
SG: P3,21 (Z'=1)
Resolution:2.5A@1.90r2.7A
Data: 720°
Model building: 97.7%

TtuAB (+2Zn, 4Fe-4S)
MW: 43.52 kDa
S ratio: 15/386=3.9%
<|AF|>/<F>:1.79%
SG: C2(Z=3)
Resolution: 2.8A@2.7 A
Data: 720°x8
Model building: 74.4%

Kflal1896 (New)
MW : 43.97 KDa
S ratio: 9/405=2.2%
<|AF|>/<F>:1.1% @2.1A
SG: P42,2 (Z=1)
Resolution: 2.5A
Data: 720° x 5
Model building: 84.7%

7

SmDG (+4Ca)
MW: 62.9 kDa
Sratio: 22/543 =4.1%
<|AF|>/<F>:1.24%
SG: P2,2,2, (Z=1)
Resolution: 2.4A@1.9 A
Data: 180°x3(180°shift)
Model building: 79%

Protein(New-1st Screening)

MW: 24.7 kDa

Sratio: 22/229 =9.62%
<|AF|>/<F>:2.27%@2.1A
SG: P2,2,2(Z=1)
Resolution: 2.34A
Data: 720°x8

Model building: 58%

CeszZ

MW: 41.2 kDa
S raton: 7/346=2.0%

<|AF|>/<F>:1.63%

SG: P2, (Z=4)
Resolution: 2.7A@2.7 A
Data: 360°x10

Model Building: 85.3%

“f{%z‘

GatCAB (+2Mg)
MW: 117.7 kDa
Sratio: 32/1060 =3.0%
<|AF|>/<F>:1.07%
SG: P2,2,2, (Z=1)
Resolution: 2.2 A@1.9 A

Data: 180°x15 (90°shift)-112°

Model building: 77%




Example | --- Easy case

Protein A: 423 aa, |7 S atoms, 49 kDa
Phenix.AutoSol: 46 min with 8CI16T Intel i7 CPU and 32G RAM

Phenix.AutoBuild: 2h37m; Model building 99%; R/Rfree 0.16/0.20

XDS statistics

No. of dataset

Wavelength 2.7A
Resolution 2.84A
Redundancy 1.6 (4.5)
Completeness 98(87.6)
I/s(l) 21.1 (6.9)
SigAno 0.94(0.58)
CCall / CCweak | 16.3/7.1
<|AF|>/<F> 2.23

SHELX C/D/E initial map Phenix.AutoBuild




Example 2 --- Difficult case

Protein B: 350 aa, 7 S atoms, 41.2 kDa
Phenix.AutoSol: 6hours with 8CI16T Intel i7 CPU and 32G RAM

Phenix.AutoBuild: | Day; Model building 85.3%; R/Rfree 0.25/0.28

XDS statistics Phenix.AutouiId

No. of dataset | (1*360) 6(6*720) 10(10*360) 4
Wavelength 1.9A 1.9A 2.7A

Resolution 2.11A 2.8A 2.7A

Redundancy 6.6 (6.2) 44.1 (26.0) | 30.9(10.5)

Completeness 99.5(97.9) 99.9 (99.4) | 91.4(32.3) ‘

/(1) 9.39 (0.73) | 8.1 (4.3) 43.6(8.8)

SigAno 0.88(0.67) 0.99 (1.2) 1.55(1.04)

CCall / CCweak 18.9/5.1 16.6/5.3 27.6/13.8

<|AF|>/<F> 0.88 0.88 1.63



S-SAD Data collection protocol (PF-BLIA)

» 360-3600 deg. of data from multiple possible position under 100%
transmittance, 0.1-0.5 deg./sec.

» XDS results

Resolution > 3.0 A

Redundancy >10

I/s(l) > 2.0

Sigano > 0.7

Decay <5% (delete frames Rmeas>|.5*avgRmeas)
» SHELX C/D result:

CCall/CCweak > 30/ I5




THANKS FOR
YOUR
ATTENTION




