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Electron Crystallography

° Our current approach
. Problems and pitfalls
. Lessons from 2D for other cryoEM
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3D structures from 2D crystals

Bacteriorhodopsin
Bacteriorhodopsin

DOC bacteriorhodopsin
Bacteriorhodopsin p22121
Porin PhoE

Plant LHC-II

Rhodopsin frog p2

Tubulin dimer

Aquaporin-1

Aquaporin

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
3.0A
6.0 A
6.5 A
6.0 A
3.4 A
6.5 A
3.7A
3.8A
4.0 A
50A
6.0 A
8.0 A
8.0 A
8.0 A
7.5A
7.0 A
6.9 A
6.0 A
7.0 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 Pl pl
p2l P2(c-axis unique) p2
rectangular pl2 P2(b-axis unique) pm
pl2 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 pdg
hexagonal p3 P3 p3
p312 P312 p3ml
p321 P321 p31lm
p6 P6 p6
p622 P622 pbm



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 1s indicated first by small letter, p or ¢ (primitive or centred)
(b) The axis perpendicular to the plane 1s always chosen as the z-axis.

(¢) The symmetry along this axis 1s always described by the first symbol
following the cell type.

c.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.



CH## T ALLSPACE T
C Table d phase comparisonsto be nade

- not comparabe

1 drectlyidenticd

H dffer by 180 * H JIMPLE =number to compare drectly

K dffer by 180 * K JSCREW =numnber tocompare +180* M
HK dffer by 180 * (H+K) where M=HJH180 +K*JK180

SPACEGROUP H=-h +h-h +k +k -k -k +h-h +k -k -h +h -h +h JSMPLE

refin
prog #symb K=tk -k-k +h-h +h-h-h +h-h +h +h-h+k -k JH180
K=

H= -k+k -k +k  JSCREW

the first inplane symmetry axisisthe aaxis. Therefore

when ALLSPACE i nd catestha the spacegroup has thein-p ane
axisdong b itis better toswtchtheindexi ngto ensure

co mpati hlity wththe nor mel convention as programmed in

OR GITI LT, ra her than usi ngthe REVHK optionin OR GIILT,

whi ch wll switchtheindexi ng oninptut.

C

C

C

C

C

C

C

C

C

C

C

C -k +k -k +k JK180

C

Cl 1 pl --------------- 00 - -

C2 29p2 --1------------ 10 - -

C3 3bpl2 1-------------- 10 - -

C4 "a " - 1------------- 10 - -

C5 4 pl2l K- - - - - - - - - - - - 01 - 180

c6 "a" -H------------- 01 180 -

C7 5cl2 1-------------- 10 - -

cC8 "a" - 1l------------- 10 - -

C9 6 p222 11 1------------ 30 - -

Cl10 7b p2221 HH1 - -----~------ 12 180 -
Cll1 "a " KKI1-=---=-=----=--- 12 - 180
Cl2 8 p22121 HKHK1 - - - - - = = - = - - - 1 2 180 180
C1l3 9 ¢c222 1121------------ 30 - -

ci4 10p4 --1-11--------- 30 - -

Cl5 11 p22 11111121-------- 70 - -
Cl1l6 12 p4212 HKHK1 1 HKHK1 - - - - - - - - 3 4 180 180
Cl7 13 p3 --------- 1-1--- 20 - -

c18 14 p312 - - - - - - 1-11-1--150 - -
c19 15p3220 ---1---1-1-1-1-50 - -
cC20 16 p6 --1------ 1111--50 - -
c21 17 p622 --11--111111111 110 - -
C

C Notes:-

C 1 Compare dl possilde pars o phases each wtherror E
C 2 HEror conmparing 2 dfferent reflectionsis 1414* E
C 3 Bror comparing reflections tdts FHiedd is 20* E
C 4 So Fiedd comparisons shoul d haveless we ght ????
C 5 Notethat the conventioninthetwo di mensi onal spacegroupsisthat
C

C

C

C

C

C



Halorhodopsin  CTFg000 defocus=5650,7050,15, 19.2.94, CTF refinement




HAl or hodopsi nfilm 2464s

SPACEGROUP Phase resid( No) Phase resi d No)

v. ot her spots v.theoreticd

(90 random) (45random
1 pl 344 432 259 432
2 p2 42. 8 216 214 432 130.1 -21.6 517
3b pl2 b 77.7 167 113 14 -495 120 3K2
3apl2_a 801 169 0.1 18 -180.0 -21.8 354
4b p121 b 29.3* 167 101 14 -1397 1200 352
4a pl21 _a 21 4* 169 93 18 1380 681 354
5b c12 b 77.7 167 113 14 -495 120 352
5acl2_a 801 169 0.1 18 -180.0 -21.8 3K 4
6 p222 64.9 552 215 432 -49.7 1583 412
7b p2221b 596 552 37.7 432 -139.5-1119 412
7a p222la 630 552 37.8 432 -139.7 682 412
8 p22121 32 3 552 215 432 1302 1582 412
9 c222 649 552 215 432 -49.7 1583 412
10 p4 30 8 528 215 432 1301 -217 415
11 p422 57.2 1173 2L5 432 130.1 1581 37.6
12 p4212 28 2* 1173 216 432 1301 1581 37.6

*= acceptabl e
| = shou d be consi dered
"= possi hlity

OX

OY Target res dua based on

s ati stics taking
Fiedd we ght intoaccount












The multidrug transporter EmrE 1s an asymmetric homodimer
Tate & Ubarretxena-Belandia, EMBO J. (2003) 22, 6175

Top view

Side view



Key considerations

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

Future problems to be solved

. Better images
. Flatness of 2D crystals
. Treatment as single molecules/unit cells

Lessons from 2D not yet general

. Beam tilt
. Differential magnification
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Some state-of-the-art cryo-EM structures - see Baker & Henderson, Int Tables for Cryst, Vol F





