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Derivatisation

SIR/MIR (Single/Multiple Isomorphous Replacement)
SAD/MAD (Single/Multiple Anomalous Dispersion) 



A. Crawshaw, C. Davies

(M)SIRAS Case study 1: CdPilA1 (R20291)
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SIRAS case study 2: 

Crystal Size ≈ 100 x 100 x 50 µm

Source ESRF, Grenoble, BM14

Wavelength 0.9795 Å

Detector ADSC Q315

No. Images 360

Unit Cell Dimensions a = 34.73, b = 68.71, c = 120.03 Å
α = β = γ = 90°

Space Group P212121

Resolution (Å) 50.0 – 2.0 (2.03 - 2.0)
Reflections total / unique 891062 / 20268

Completeness 99.7 %

Redundancy 8.5 (7.4)

RSym 0.12 (0.45)

I/ δI 19.8 (3.4)

Mosaicity 0.8

No. Molecules/A.u. 1

Solvent Content 48 %



Derivatisation

• Only 2 Met but 8 Cys:
SeMet +SeCys – no expression (cells die)

KTITGVFNSFDSLTWTRSVEYVYKGPETPTWNAVLGWSLNSTTADPGDTFTL
ILPCVFKFITTQTSVDLTADGVSYATCDFNAGEEFTTFSSLSCTVNSVSVSY
ARVSGTVKLPITFNVGGTGSSVDLADSKCFTAGKNTVTFMDGDTKISTTVDF
DASPVSPSGYITSSRIIPSLNKLSSLFVVPQCENGYTSGIMGFVASNGATID
CSNVNIGISKGLNDWNFPVSSESFSYTKTCTSTSITVEFQNVPAGYRPFVDA
YISAENIDKYTLTYANEYTCENGNTVVDPFTLTWWGYKNSEADSDGDVIVV



• Original crystals at pH 4.5 – no interaction with most HA
• Reoptimize, new crystals around pH 8
• OsCl4 co-crystals 
•Multiplicity problem
•Weak anomalous signal due to: 

– low occupancy 
– wavelength off peak  

Derivatisation



• Resoaked crystals at pH8 with excess PtCl4
• Collected data at SLS, at precise peak wavelength
• Optimal data collection

Wavelength 1.068 Å

Unit cell a = 35.07, b = 68.99, c 
= 120.77 Å
α = β = γ = 90°

Space Group P212121

Resolution (Å) 68.9 – 1.83 (1.93-1.83)

Reflections 
total/unique

366357/26698

Completeness 99.7 (98.2)

Redundancy 13.7 (12.5)

Rsym 0.08 (0.45)

I/δI 24.9 (5.6)

Mosaicity 0.47

No. Molec./A.U. 1

Solvent Content 40.00%

Data collection

Derivatisation



Substructure sol. - SHELX

No. sites 2

CC 0.48

FOM 98.67

Phasing - SHARP

FOM 0.38

Phasing Power Iso/Ano 1.04/1.7

Model Building - ARP/wARP

No. residues built 282 (of 310)

Docked in sequence 279 (98%)

Score 2.26

Rwork 20.9

Rfree 27.3

Salgado et al., 2011

Substructure 
determination

Phase calculation

Model building

ShelxC/D

ARP/wARP

autoSHARP



S-SAD case study:
MGPVAGNYVHDFTANGTSS...
(121 aa, 3 Met)

Anomalous
Scatterer – S in Met

Home source

Synchrotron

I23 (1.5 to 4Å)



90° 180° 360° 720°

Resolution 43.05 – 1.93 (1.98 – 1.93)

Rmerge 0.054 (0.221) 0.068 (0.243) 0.062 (0.246) 0.062 (0.248)

Rmeas 0.057 (0244) 0.070 (0.250) 0.062 (0.249) 0.062 (0.249)

Rpim 0.018 (0.076) 0.016 (0.055) 0.010 (0.039) 0.007 (0.027)

Total obs. 141180 282998 566986 1134844

Unique obs. 13948 13948 13948 13949

Mean I/σI 25.9 (8.1) 31.7 (11.8) 49.6 (40.4) 70.2 (23.3)

Mn (I) CC(1/2) 0.999 (0.979) 0.999 (0.989) 1.000 (0.995) 1.000 (0.997)

Completeness 
(%)

100.0 (100.0) 100.0 (100.0) 100.0 (100.0) 100.0 (100.0)

Multiplicity 10.1 (10.0) 20.3 (20.2) 40.6 (40.4) 81.4 (80.8)

Anomalous 
completeness

100.0 (100.0) 100.0 (100.0) 100.0 (100.0) 100.0 (100.0)

Anomalous 
multiplicity

5.5 (5.3) 11.5 (10.7) 22.5 (21.7) 45.1 (43.4)

Data collection & 
processing

S-SAD (Cu edge):

A. Baslé, A. Luís, H. Gilbert
(ICaMB, Newcastle)
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225 kDa protein asymmetric unit (three ϕ6 polymerase molecules) using 
the anomalous scattering signal from 3 Mn ions recorded near the Mn K edge.

Soft X-ray SAD case study:
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Soft X-ray SAD at Mn edge:

Salgado et al., 2005

Model Building

Refinement



Difficult case study: MR-SAD, partial models, etc

Fagan et al., Mol Microbiol. 2009

D1 D2

Usenik et al., Structure, 2017

CWB2 CWB2

CWB2



Derivatisation

HA Soaks Mounted Screened Collected Anom. res. Å 
(overall res.)

Best res.
data  Å

Au 30 25 18 2 5.8 (3.4) 3.4

Hg 15 11 7 4 3.7 (2.9) 2.9

Br 30 20 9 2 no 3.1

I 30 25 9 2 4.1 (3.3) 2.9

Pb 30 27 22 4 3.6 (2.8) 2.8

Pt 15 14 8 4 5.2 (3.3) 3.2

TaBr 15 14 12 7 5.9 (3.4) 2.9

W 15 14 8 1 no

Sm 15 8 5 0 -

Cd 15 5 4 0 -

Re 15 13 11 0 -

Total 225 176 113 26

HA Soak Screened Collected Anom. res. Å
(overall res.)

Best res.
data  Å

Au 16 15 5 6.6 (3.3) 2.7*

Pt 9 5 2 4.7 (3.1) 3.2

TaBr 8 5 3 7.4 (3.5) 3.5

total 33 25 10
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‘Divide & conquer’ – partial domains
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Summary: isomorphous replacement

1. A good choice for the de novo structure solution of very large 

macromolecules or complexes 

2. Signals can be (very) large

3. Non-isomorphism can be a problem and usual cause of failure

4. Search for suitable derivatives can be limiting (time, protein 

availability)



Summary: Anomalous scattering

1. No ‘native’ crystal when using heavy atom derivatives

2. No issues with isomorphism if data collected from  single crystal

3. Se-Met can be introduced and used as a “magic bullet”*

4. Current ‘method of choice’ for de novo structure solution

5. Signals are small – data have to be good (thoughtful data 

collection)

6. For MAD, need to collect a lot of data from one crystal can lead 

to radiation damage (ie, non-isomorphism)

*Se-cysteine also a possibility



Difficult cases

1. No “magic bullet”

2. What does the data tell you? 

3. “Know” your crystals: any issues? Twinning, pseudo-symmetry, 

tNCS, anisotropy?

4. Test and combine different phasing strategies

5. Combine information and models

6. Building can be as challenging as solving the phase problem

7. Try and try again – if data suggests it’s possible to solve!
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