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3D structures from 2D crystals = atomic model)
Bacteriorhodopsin 35,30A
DOC bacteriorhodopsin 6.0 A
Bacteriorhodopsin p22,2, 6.5 A
Porin PhoE 6.0 A
Plant LHC-II 34 A
Rhodopsin frog p2 6.5 A
Tubulin dimer 37 A
Aquaporin-0 1.8 A
Aquaporin-1 38 A
Aquaporin-4 28 A
Halorhodopsin 50A
Glutathione transferase 35A
Prostaglandin E2 synthetase 36 A
SecYEG complex 8.0 A
Plant photosystem Il RC 8.0 A
Neurospora H*-ATPase 8.0 A
Gap junction channel 75,60 A
NhaA Na*/H* antiporter 70 A
Glycerol channel GlpF 6.9 A
Oxalic acid transporter OxIT 6.0 A
EmrE multidrug transporter 70 A




F-type ATPase 0.6 MDa  P-type H+-ATPase 0.6 MDa Complex I 0.9 MDa

betaGal
Clathrin cage 20 MdD 0.45 MDa PDH 1.6 MDa




Potential of cryoEM

(a) How do we know how well we should be able to do?
(b) How do we know we are right — validation?
(c) How do we improve?

Relate theory to experiment

Tilt pair analysis to assess orientation determination
Calculate control map with high resolution noise substituted

Better detectors
Minimise specimen movement & image blurring




Human Rotavirus DLP Zhang et al & Grigorieff
3.8 A, B-factor 450A2 (2008) PNAS 105, 1867-72.

X-ray cryoEM



Rotavirus tilt pair images: James Chen & Niko Grigorieff, Brandeis
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Rotavirus: 10 tilt pairs, Chen & Grigorieff

TILTDIRECTION

270 degrees

Fig.1

Film pair <TANG> (sd) | Nom. TANG
N1001/2 +3.83 (=0.20) +5.0
N1003/4 +4.50 (=0.21) +5.0
TILTANGLE=10.
N1007/8 -4.24 (+0.39) -5.0
N1009/10 -5.67 (x0.33) -5.0
N1011/12 -10.4 (x0.44) -10.0
N1013/14 -8.07 (+0.63) -10.0
] N1015/16 +8.67 (x0.45) +10.0
Goniometer
best tiltaxis N1017/18 +9.34 (=0.53) +10.0
N1019/20 +8.83 (x0.81) +10.0
N1021/22 -21.14 (20.95) -20.0







Shaoxia Chen: LMB Cambridge
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Fig.2









How to improve: solve two remaining problems

* beam-induced movement [evidence from many observations:
visible blurring, asymmetric Thon rings, large B-factors, model
systems like paraffin, vertical movements observed in tilted 2D

crystals, rotavirus ice film doming, liquid helium (Wright et al,
2007) effects larger]

* orientational accuracy [information in images must be increased]







A Ultrascan 4000 15um
B SO-163 film 7um

C Backthinned CMOS
D Electron counting

D represents the
performance of the
proposed new electron
counting detector

Four detectors - present and future
summary
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