Electron Crystallography Workshop
Basel, August 2008

Richard Henderson

Image processing in 2D: MRC software for real space images

MRC programs Unbending

S main steps

after acquisition of images

before interpretation of map

1 .Processing of individual images in 2D (CCUNBENDK, MAKETRAN, etc)
2 Merging (ORIGTILTK) image amplitudes and phases
3.Electron diffraction integration (BACKAUTOK, AUTOINDEXK, PICKPROFK)
4 Merging electron diffraction data (MERGEDIFF)
5.Combining image and electron diffraction data (LATLINEK)
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Aim to combine graphical plots with concise summaries

Henderson et al (1990) JMB

Dashed lines - information
Full lines — data

sk Could use MAKETRAN
for reference area
without any defocus

Kunji et al (2000) PNAS
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TABLEI (ctd)

General processing

HEADER
LABEL
FFTRANS
BOXIMAGE
TAPEREDGE
TWOFILE

General display

LASERPLOT
HISTO K
CURVY 2K
Ximdisp
SURF, LIGHT

Print out information in header records

Image handling of various kinds

Fast Fourier transform

Box off an area leaving in original position

Taper edge of an image to remove spikes in transform
Linear combination, or multiply/divide data in two files

Made redundant by PLOT2K library, directly into postscript
Make histogram of densities in an image

Produces graph, now direct to postscript

LMB raster graphics display for X-terminals

Produces shaded surface representation of 3D maps



Henderson et al (1986)
Ultramicroscopy, 19, 147-198.



Improvement by unbending



Improvement by beam tilt correction






bR 18563



Raw Unbent Unbentand TTF corrected
TTF
correction

(2,4)at 10.2 A

(3,7)at6.1 A
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Bacteriorhodopsin - from 7 Ato35A

Bigger crystals by fusion
Cold stages — liquid nitrogen and helium
Unbending
Beam tilt
Tilt transfer function
(Field emission guns)

























3D structures from 2D crystals

Bacteriorhodopsin
Bacteriorhodopsin

DOC bacteriorhodopsin
Bacteriorhodopsin p22121
Porin PhoE

Plant LHC-1I

Rhodopsin frog p2
Tubulin dimer
Aquaporin-1

Aquaporin-4

Aquaporin-0
Halorhodopsin
Glutathione transferase
SecYEG complex

Plant photosystem II RC
Neurospora H+-ATPase
Gap junction channel
NhaA Na/H antiporter
Glycerol channel GlpF
Oxalic acid transporter OxIT
EmrE multidrug transporter

35A
30A
6.0 A
6.5 A
6.0 A
34A
6.5 A
37A
37A
32A
19A
50A
32A
80 A
8.0 A
80 A
75A
70 A
6.9 A
6.0 A
70 A

*
*




Problems & pitfalls

Space group determination
Twinning
Comparison to X-ray structures

The 17" Two-Sided Plane Groups Allowed For Biological Molecules

Corresponding
Unit cell Two-sided 3-dimensional Projection
plane groups space group symmetry
oblique pl P1 pl
p21 P2(c-axis unique) p2
rectangular pl2 P2(b-axis unique) pm
pl12, P2, pg
cl2 C2 cm
p222 p222 pmm
p222, P222, pmg
p22,2, P22,2, pgg
c222 C222 cmm
square p4 P4 p4
p422 P422 p4m
p42,2 P42,2 pag
hexagonal p3 P3 p3
p312 P312 p3ml
p321 P321 p31lm
po P6 po

p622 P622 poém



The two-sided plane group nomenclature was first proposed by
W.T. Holser (Z .krystallogr. 110, 266-28, (1958)). His nomenclature
has the following main rules.

(a) Cell type is indicated first by small letter, p or ¢ (primitive or centred)
(b) The axis perpendicular to the plane is always chosen as the z-axis.

(c) The symmetry along this axis is always described by the first symbol
following the cell type.

e.g. p3 p42,2

* Note that there 80 two-sided plane groups in total, of which there
are only 17 which do not contain inversion centres or mirror or glide
planes.

CHEHHHH#HAH A4 HA4 44444 ALLSPACE #H## #4444 #4434 H 144 M4 M4 R R R0 R R R

C Table of phase comparisons to be made

(o] - not comparable

(o} 1 directly identical

c H differ by 180 * H JSIMPLE = number to compare directly
C K differ by 180 * K JSCREW = number to compare + 180 * M
(o} HK differ by 180 * (H+K) where M = H*JH180 + K*JK180

C

(o]

(o] SPACEGROUP H=-h +h -h +k +k -k -k +h -h +k -k -h +h -h +h JSIMPLE

C H= -k +k -k +k JSCREW

C ref in

C prog # symb K=+k -k -k +h -h +h -h -h +h -h +h +h -h +k -k JH180
Cc K= -k +k -k +k JK180
C

c 1 1 pl i I
c 2 2 p2 - =1 = = = = =4 4 =4 =4 =4 =4 =4 =2 190 - -
c 3 3b pl2 1 - - - - - - - - - - - - - - 1 0 - -
c 4 "a " -1 - - - - - - - - - - - 4 = 190 - -
c 5 4b pl21 K - - - - - - - - - - - - - - 01 - 180
cC 6 "a " - H - = = - - - = - - - - - - 0 1 180 -
c 7 5b cl12 1 = = = = = = = = = =4 = - = = 10 - -
c 8 "a " -1 - - - - - - - - - - - - = 10 - -
c 9 6 p222 1 1 1 - - - - - - - - - - - - 30 - -
c 10 7b p2221 H H 1 - - - - - - - - - - - - 1 2 180 -
Cc 11 "a " K K1 - - - = = = = = = = - = 1 2 - 180
Cc 12 8 P22121 HKHK'1l - - - = = = = = = = = = 1 2 180 180
c 13 9 222 1 1 1 - = = = = = = = = = - - 3 0 - -
c 14 10 p4 - -1 - 11 - = = = = = = = - 30 - -
Cc 15 11 p422 1111 111 - - - - - = = = 7 0 - -
C 16 12 p4212 HKHK1l 1 HKHK1 - - - - - - - - 3 4 180 180
c 17 13 p3 - - - - - - - - -1 -1 - - - 2 0 - -
C 18 14 p312 - - - - - -1 -11 -1 - -1 5 0 - -
Cc 19 15 p321 - - -1 - - -1 -1 -1 -1 - 5 0 - -
Cc 20 16 pé6 - -1 - = = - - -1 111 - - 5 0 - -
Cc 21 17 p622 - -11 - -11 111 11 11 11 0 - -
Cc

C Notes:-

Cc 1. Compare all possible pairs of phases each with error E.

(o] 2. Error comparing 2 different reflections is 1.414 * E.

c 3. Error comparing reflections toits Friedel is 2.0 * E.

c 4. So Friedel comparisons should have less weight ????

c 5. Note that the convention in the two dimensional spacegroups is that
C the first in-plane symmetry axis is the a-axis. Therefore,

C when ALLSPACE indicates that the spacegroup has the in-plane

c axis along b, it is better to switch the indexing to ensure

(o} compatibility with the normal convention as programmed in

(o] ORIGTILT, rather than using the REVHK option in ORIGTILT,

c which will switch the indexing on input.



Halorhodopsin

H
K
Halorhodopsin film 2464s
SPACEGROUP Phase resid(No) Phase resid(No) oxX OY Target residual based on
v.other spots v.theoretical statistics taking
(90 random) (45 random) Friedel weight into account

1 p1 34.4 432 25.9 432

2 p2 42.8*% 216 21.4 432 130.1 -21.6 51.7
3b pl2 b 77.7 167 11.3 14 -49.5 12.0 35.2
3a pl2 a 80.1 169 30.1 18 -180.0 -21.8 35.4
4b plzi;b 29.3*% 167 10.1 14 -139.7 120.0 35.2
4a pl21 a 21.4* 169 9.3 18 138.0 68.1 35.4
5b c12 b 77.7 167 11.3 14 -49.5 12.0 35.2
5a cl2 a 80.1 169 30.1 18 -180.0 -21.8 35.4
6 p22§ 64.9 552 21.5 432 -49.7 158.3 41.2
7b p2221b 59.6 552 37.7 432 -139.5 -111.9 41.2
7a p2221a 63.0 552 37.8 432 -139.7 68.2 41.2
8 p22121 32.3* 552 21.5 432 130.2 158.2 41.2
9 c222 64.9 552 21.5 432 -49.7 158.3 41.2
10 p4 30.8* 528 21.5 432 130.1 -21.7 41.5
11 p422 57.2 1173 21.5 432 130.1 158.1 37.6
12 p4212 28.2* 1173 21.6 432 130.1 158.1 37.6

* = acceptable

should be considered
possibility






Lindahl & Henderson, Ultramicroscopy (1997) D85N/D96N mutant
Twinning - tetartohedral

2 EM and 4 X-ray
bacteriorhodopsin structures




The multidrug transporter EmrE is an asymmetric homodimer
Tate & Ubarretxena-Belandia, EMBO J. (2003) 22,6175

Top view

Side view

B=~120

B=~750 B=~350









Key considerations

Tilt-transfer-function (TTF, TTBOX, etc)
Creating reference area using MAKETRAN
Size of reference box (optimize)

Other problems

Better images on thick carbon
Flatness of 2D crystals
Treatment as single molecules/unit cells

Lessons from 2D for single particle EM

Beam tilt
Differential magnification

Grigorieff, Beckmann & Zemlin, JMB, 1995
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