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RERFIX

X-ray

NMR

Electron

Microscopy
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Others

Total

IR)E

120180
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1741
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222

134251

k(%)
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0.08%

0.17%

100%

Yearly Growth of Structures Solved By Electron Microscopy

number of structures can be viewed by hovering mouse over the bar RCS B_ P D B 20 17/10/18
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Developing cryo-electron microscopy for the high-resolution structure determination of

bimolecules in solution

BRPOEETFOEBREBREDBERED=OHDIKEE FREMBEORMORFE

Richard Henderson

(1945-, MRC Laboratory of

Molecular Biology)
NITI)T DEEREZRW:
NITIVABRTO D 2R
%E%wﬁjﬂﬁﬂﬁﬁﬁﬁﬁﬁ

-

A
//‘\,f
PDBcode:tbrd (1990)

ELECTRON CRYSTALLOGRAPHY (3.5 A)

Jacques Dubochet
(1942-, EMBL, Heidelberg)
954+ EFEMBOR

HD-ODIERE(TE
IWIF7R)IKDERGER

Nature 308, 32 - 36 (1984);

Joachim Frank
(1940-, Columbia university)

BRIFHETOI-H0OER

7095 LD

é 4 O wadsworth.org 7':7 i‘é “ee
|

SPIDER (System for Processing
Image Data from Electron
microscopy and Related fields) is
an image processing system
for electron microscopy.

Random Info
||| Future of EM

Frank,J., Shimkin,B., Dowse, H.
SPIDER—A modular software system
for electron image processing.
Ultramicroscopy, 6,343-357, (1981)



Three-Dimensional
Electron Microscopy
of Macromolecular Assemblies

Yo Jatest; :

i Lwr-c pzo,_‘ (2% ,I& LluVl/
&M- vn.(’e\ S:‘\a/Q- —’TO—V-(-\'VQ;,
yelonstme o

gy
DX azle.
Mt 3 08

TQ‘(?S‘)"I . I<q wa l>q'ta

e ——— _— I — . F ASSESRINEEEE W,

Joachim Frank. Three-Dimensional Electron Microscopy Of Macromolecular Assemblies: Visualization Of Biological
Molecules In Their Native State Oxford University Press; 2ndhft (2006/2/2)
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Maps released

EMDataBank

SDEMDEZBEIYIEED-T—E3R—X

w.emdatabank.org/
® Home : EMDataBank *

2015-09-30 : 3200 EMDB map entries, 908 PDB coordinate entries PDBe | RCSB

EMDataBank

Unified Data Resource for 3DEM

Announcing the 2015
EMDataBank Map Challenge
All members of the

One-stop shop for 3DEM deposition and retrieval

Unified Data Resource for 3-Dimensional Electron Microscopy

EMDataBank is a unified global portal for deposition and retrieval of 3DEM density maps, atomic
moadels, and associated metadata, as well as a resource for news, events, software tools, data
standards, validation methods for the 3DEM community.

v

Cumulative number of maps released =
2017:
6k 5290 maps
o
5k
4k
3k
2
Tk
0ok
2002 2004 2006 2008 2010 2012 2014 2016
Year
5290{@M EMDB IR

(2017/10/25)

roject team

Gerard Kleywegt (PDBe), Helen Berman (RCSB- Ingvar Lagerstedt (PDBe), Ardan Patwardhan

PDB)
and Wah Chiu (Baylor)

(PDBe), Cathy Lawson (RCSB PDB), Eduardo
Sanz Garcia (PDBe)

EMDBDT—4ZHh MY %9«
FEHI=H—/\(PDB;j, #iXK)

tor

¥ &
EE
@8
IR

ribosome

proteasome

GroEL/ES

Virus




EMPIAR (Electron Microscopy Public Image Archive)
https://www.ebi.ac.uk/pdbe/emdb/empiar/

O A ebiscuk/pdbe/emdb/empia EMDBIZ&$FSNT-3D<TVvTD

N & 7501 DB B A O =T —HR—2

“ EM Pl AR Electron Microscopy Public Image Archive

EMPIAR home Deposition RESTAPI FAQ About EMPIAR

EMPIAR, the Electron Microscopy Public Image Arch| EM PlAR_1 01 22

upload, and download and reprocess the thousands Mixed under-/over-focused data collected by VPP-Cs-corrector coupled

EM.
Publication: PPapofe_0003.mrc
Deposit your data in EMPIAR to share it with the sti

Browse and download EMPIAR datasets using the tg

L3
Show entries Related EMDB entry: A S
Deposited: X e
) -y
Released: A
Dataset y Title Last modified: f

| PDBOIRFETILDIE(33GB) D14 |
rovecror| 14001 [2FH 24

EMDBMD 3DV YT DHAE(516 GB)D
91fZ Y

Category:
EMPIAR- Tilt-series of e. coli carrying the ple7 Image format:
10115 YED-MroR hunar-oversvnrecssad hyv indl No. of images or gt series

2017/08/013R 7%
EMPIAR- 7__\\_/)TI~/ I‘U 5!;5.{287

——— 2T 4% (X 47.21B
BRADIRY):EMPIAR-10061:12.4TB
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SREGEEOEEEZEETYIOHE

The revolution will not be crystallized. Nature 525, 172-174

20134 IZUCSF®MYifan Cheng®D % IL—THY, 3.4 A DERIEED
HE/)-P// €7’§0)7\y7°?&%§§ Liao et al. (2013) Nature, 504,107.

TRPV1 (transient receptor potential channel)  Cao et al. (2013) Nature, 504,113.

—— 7 e

x B EREEREH T AIHOBRLES F

AR (HhTHAO )L RZ5?
> XBHBRFOBE YT ERMET

E.Coli ribosome
EF-TU complex

2.9A

o
K '?2%1? ~
A )

ool ;

Fischer et al. (2015) Nature, 520,567. Bai et al. (2015) Nature, 525,212.
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Liang, Y.L.,Khoshouei, M.,Radjainia, M.,Zhang,
Y.,Glukhova, A, Tarrasch, J.,Thal, D.M.,Furness,
S.G.B.,Christopoulos, G.,Coudrat, T.,Danev,

o %‘? R.,Baumeister, W.,Miller, L.J.,Christopoulos, A.,Kobilka,

Ozorowski, G.,Pallesen, J.,de Val, N.,Lyumkis, D.,Cottrell,
C.ATorres, J.L.,Copps, J.,Stanfield, R.L.,Cupo, A.,Pugach,
P.,Moore, J.P.,Wilson, I.A.,Ward, A.B.

. B.K.,Wootten, D.,Skiniotis, G.,Sexton, P.M. Open and closed structures reveal
Phase-plate cryo-EM structure of  allostery and pliability in the HIV-1
a class B GPCR-G-protein complex. envelope spike.

o g Nature, 546:118-123, 2017 Nature, 547:360-363, 2017
Antibody N
p160 .Zb Fab (P‘V
30 %
e
y } l‘~ "-'««. ‘Y \ /

/’}X —f (“\ N 40 ,
1 N
L';D—\/; N %
Antibody
17b Fab
= 7
EMDB-8623 (4.1 A, 2003) A
(contour Level: 0.05) PDBcode: 5uz7 EMDB-8713 (3.7 A, 200%) ¢~ -

(contour : 0.07) PDBcode: 5vn3 NS



Map Challenge&Model Challenge

o

2 'WANTED

= Cﬁallengers
Assessors )

o ‘@| http://c
®| EMDataBank Valid:

EMDataBank Validation Challenges

http://challenges.emdatabank.org/

Kl E)

MAP CHALLENGE ~ MODEL CHALLENGE ~

create/assess moderate-to-
high resolution 3DEM
'reconstructions

News

Model Challenge

Registration for the 2015/2016 Model Challenge is now open.
Please visit the model challenge page for more details.

Announcing the 2nd EMDataBank Model

Challenge
2015 EMDataBank

'MAP CHALLENGE

EMDataBank is pleased to announce the 2015/2016 Model
; ‘challenges.emdatabank.org

Challenge. h

o

Map Challenge

All members of the
Scientific Community--

Registration and Submissions are open for the 2015 Map ‘
at all levels of

Challenge. Please visit the map challenge page for more

experience--are invited N details. Model Challenge Targets
.. A The eight targets chosen by the model challenge committee are shown below. All are based on recently reported 3DEM structures. The
to pa rtici pate as v 4 vt target order is according to unique molecular weight, from 19 kDa (TMV) at left to 2500 kDa (ribosome) at right. For challenge rules and
( ' ' ‘ : additional information about each target see the model challenge guide.
Target Map Download: You can use this rsync script to download target maps from one of three wwPDB ftp sites. Alternately, you can
I I -~ — E :H' ~ download individual maps from EMDB atlas pages (click on EMDB entry link in the table below, select "download" tab).
h N . 75\
I\/I a. p C a. e g e . 2 7 E I—l a: b ~ f.Tobacco ) og 4. TRPV4 5. Brome 6. 7 8.708
Mosaic 3. GroEL S “ : &
o . Virus Proteasome Channel Mosaic Virus  B-
3 ’k % ! Y E{ m 6 > 4 ;
RICE RN YT ER9 5T AR - g%o & g siet
. ~ — I'—h = 7 \ 70 M":_,:a Eﬂgg:’"ry iMD'zutz EMD-5623 EMD-6422 EMD-5778  EMD-6000 :M:'”g: EMD-2677 EF?D;‘ZMZ
O e a e n e / M‘ ‘J R nrr ;yRI Im: rom|m G Lietal Liao et al Wang et al o t:salg . Luetal ac Ier @
. j E L 13Z e e(ﬁ;so"’"’" ;3 3.3 4.1 3.3 3.8 33: a5 Zag
\3 > ok 5 =
~ —\ ~ — Map( B EM?B lenrry EMD-6287 EMD: 2984' EMD-3061 | EMD-6316
\ I Primary Citation Campbell Bartesaghi Bai et al Ll etul
Ve \ , , Reported Resolution etal et al 34 16
(A) 2.8 2.2 . .
" > -~ > O > RN Imposed Map " Dihedral Dihedral Icosahedral y
XELLLBBENLN<SA)TYTMNE—4 gk | Fm e TG TS e T e e o
[]
Sample MW (MDa) - 0.7 0.8 0.3 4.6 0.47 0.17 2.5
Unique MW (kDa) 19 50 56 80 80 120 170 2500

Deadline for submitting model is June 17, 2016 (21:00 UTC) => June 18 (6:00 JPN)
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EFEH

Condensor aperture

BRI —

Specimen port

Intermediate aperture

Binoculars

EFIAMIE (BRE)

Electron gun

XX
XXX
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|

Image recording system

EFREMER, BIBIEXEZE,

|

https://commons.wikimedia.org/
wiki/File:Scheme_TEM_en.svg

. Objective aperture

I

Objective lens *‘T% l/‘JZ

Diffraction lens

Intermediate lens A L 2 X
Projector lenses 34 & LoX

Fluorescent screer
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EEHEFIEMER

Scanning electron microscopy

BT

Electron gun —

— Electron beam

First condenser lens —|

i

Spray aperture —

Second condenser lens —{

Ld

Deflection coils
Final lens aperture |

Backscatter —
electron detector

ﬂ*;', Sample —

N

—1— X-ray detector

R Y

Objective lens

L X

(.

5
[

;

https://commons.wikimedia.org/wiki/File:Schema_MEB_(en).svg

.

Vacuum pump

| Secondary

electron detector

i <l\* T:EEI%I‘J Eit": [Z E %)o -
g*j;?emﬁégg%&yf%ggg;ﬁ | EFHRZAMICERIL. BBLI-EFHRO

AMOREZEEET Do

B (SEM) &EE BB (TEM) BE R

25 18 24 B8 0 ol i

Electron gun

Transmission

RFH electron microscopy
Condensor aperture =l =
RERILST— 5
Specimen port

L. Objective aperture

g
D XL X
= Objective lens
Diffracti | A g
Intermediate aperture % raction lens I:FFEﬁ I//X
! I Intermediate lens
~ o
; XA Projector lenses &E:J- I-//Z
Binoculars
Fluorescent screer
/ /
il
Image recording system i
B SR B E

e =

https://commons.wikimedia.org/wiki/File:Scheme_TEM_en.sv;
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BAEF () ¢t &
JSM-7900F EEEFIEME

BETEM) A EE

EFEEHRERS
GatanftK2-Summit

BAEF (#) # &
JEM-2200FS

| a_type_of_bird_flu_virus_which_is_a_subtype_of_avian_i
nfluenza_A.jpg

nttps://commons.wikimedia.org/wiki/File:A_(H5N1)_virion,

Thermo Fischer (FEI)$t &
Titan Krios G2

Beta-galactosidase (EMPIAR-10012)



51474 B FIEMER D

BHFEMZEZITSOT O K272 AREEFREM I ZOFETIEEFHATSAEL,

2HT4TEBEE (negative staining):
MBS DD IILIBRZAFICMA ., EARLFIZERFEAEIETHHE

TELNIFZRAKTEETLHHE: 7J<’Ea/utn'tﬂ’ém EICHHSE AR FNTELTF
ARREDIK GEREIK) [TIEBFESIRREICLTEHEIT A A

XIKDIKEED K TIELL, BALIETEILIZFRAKEDKTHAZENETE,
IKIZFRRAIIELWMERIRRETH AT, MERmEHLT. £RaF2RAGKLTLED,

D5 AABEFTEMER (Cryo Electron Microscopy)
TEILIFRAKTHEBLEZABZ, fAL-EFHEMBETREIDIHFENDIL

JUVE TUYRD LIS, RS FEBENTT,
BE3SmmIEEDMIR kT HY +RIAAYY LTEEAHLT
ZRD IR HHEERT 5.

WUNIIRD BN = "

Hh—RUEZE>TER




2013F LAfF D EIAD
SfEEE/LDER

1. BEEEFEH 38 (Direct Electron Detector) DB A : chETIEEF
ENRIZEZ TCCOAASTHRE LTV =, DEDIZEFEEECMOSE  H—TiR T3,

2. EIIRECDEA . 8RHEROIL—LEHETRY., HEHID. BFERE
S EDRBDSNEBEL-E I EREERT S,

3. BEIE ¥R E2E & (auto loader)E E D B 8T — 2 UG HHE
AR RE —CEH#FEﬁEJJﬂEéﬁ'év—t—Cj(E@T FOREMNAIEEE ST,

4. 7R )LAGLAEHR (Volta phase plate) DE A 1 h—RUEEEFEOERH L
[ZELZET. /LAY o AMEER

ST HEER - VI IITOUE: ABEDN—KT4RY, )“E

'J 0)%)& DI3RRIIROGPUIZEKBENETE A ARMAHELERBELDKINEEG
EDOWN=YIrHOIT7DOREF,



5 IR 2 K D115 AR AT D FF5 1K
* !f\l:l ElEI’“:‘j:Z:go L/7b\ ugﬁ*zl'd);h:mgfd:t @EEJ%E&IQ:LZ‘ZE
« [RA2>/\E T4 ] (detergent, nanodisc)

e HESHIRELDFIZEUILNTULNS(YRY — L, GroEL)

RIEIEGPCR, NEV AEVIFE D KESTHLERE
sEnlat (SASOEVIEFASL0N..)
- [RBIBYIZ,

ENG!
Al ERXFDRFNETCRILEIKZL TS EE
TE
WTEDY TR Relion)Tldk, —DDEARANSIHBE D RIKEIR
EFAHIELHAREICHEOTETILNS,
BERBELEVN-STEHEIAALHL (?)
« K7 F1 tAfF%b\Ez_éiaA%%é LHL. #EEERLIEH
MED FFELGR—XIXH#HLLN?
s MKDEEEUZTRARIDIZER?
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A

B R F## 4T (single particle anaIyS|s)

(2R (Wi
FRARGRIZEDERDF

Ak

snn@EvyT

BB {& (micrograph) D FEDEYIY H L (picking,boxing) SRITEERK



BER N EETICES /A X RE

JRFET )L(PDB:3j7h)%&5 A D FR{E E THEFIE7 A T32x32MD ERIZIRFEZ, SNR=0.5D /1 X,

100D 1 R FIVEHE
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BERO7ILI)X L

EEREEBDEZREZARMNBEIMDIGES
(V)ZEERTIO7ILdYR L: HRE;

Q) ER#MZEBTITOITILIAYR L: J— ) TEHERE

s ﬁ%&%@ﬁ
S BB ARNKRANDIGE ﬂ
g_) EASDEHEEE A , LT D(1)-(3)&YRT

(1)3DERMN LR LUIRFBRE QQFBEFRERISRLEL  S)HERFEARAZEZRALTID
ZERR TR FEBREES ERZEBER. B,

-
n-o-o-o-gen

= REARDHTE




W R IA Back prOJect|on

pi(r(i)) i- BB DRER

(0 = x® y0
 -EBE DB DXY B FTREE

b_(r(i) Z(i)) — p-(l"(i))t(z(i))

-EEDIXEBRDEIRFIK]
("back projection body” )

. 1 —-D/2<z<D/2
t(z(')):{ ‘

0 otherwise
FA—THERE R T BEERS ARSI top hat” function
3DEMEABRERINTLED, N
=> p(r) = b (r",z?)
?X?/l_”%'~l_lnl}£ﬁk \’Eﬁﬁnﬂﬂ'é74)lx9’&7ﬁ\('}"t7ﬁ\6 i=1
WIRETT D

BAHEHEREE (weighted back projection) BRI NT-3DEI1R
T4 ILAFHIEEIRERE  (filtered back projection)  taken from Frank (2006), p 215



J—) TEHEAGE Fourier reconstruction

IBREETEETE Projection-slice theorem
p(x) = f f(x, y)dy F(k,.k,) = j j f (%, y)exp[-27i(xk, + Yk, )]dxdy

Fk,0) = [ [ f(x y)expl-27ixk,Jdxdy = [~ U F(x, y)dy}exp[—zmxk Tdx= [ p(x)expl-2ixk, Jdx

y ky #
2D: j_ p(x)exp[-27xk, ]dx = F(k,,0)

projection p(x) ',' slice s(ky)

Fourier taken from wiki
) Transform
yER Iz L-1D3R B ET—T ’ X
9 5L, 20D FEMZERTD f(r) F(k)
ky=0 0) IE %7? ' - fd: é o / Three-dimensional
Fourier transform

fnverse three-dimensional
Fourier transform

3D: f j_“’ p(x, y) exp[-27i(xk, + yk,)]dxdy = F (k,,k, 0)

Two-dimensionai
Fourier transform

Fourier transform of 2D projection is the
slice plane the Fourier 3D map.

Two-dimensional

G| 4| |4

Fourier transform
Ziﬁ ( ?Q g: L 7'; 2 D ?& E;{% % 7 - U = inverse three-dimensional
Z'R m-d— é & N 3 D 0) J:,I /& ;& ;"'E FEﬂ kZ:O Pl:_j » Fourier transform
DED:T] fab A

taken from Frank (2006), p 196
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IRTTEEBR Y O

n/a
RELION
SPIDER
EMAN
IMOD
IMAGIC
FREALIGN
XMIPP
SPARX

A\ F—AT> U

2401 | I
1269

1155
1013
435
405
377
284
228

JOg 5.4

FRFEIIL—T

m P Sy

RELION

Sjor Scheres (MRC)

RNA XHETE (MAP EM)EIRFH, 2D 58 L 3DFEEE, IR
ED—REDH/BIXDZLIIZDYIREFELTLNS,

SPIDER

Joachim Frank
(Columbia Univ.)

/—RIIVEZEENRAREHRITTLNSLLA—LY
ThHITTIN—,

EMAN2

Steven Ludtke (Baylor
College of Medicine)

RelionHIRAT . b LLFEHLN NG\ —Dt=o
=\, i [ERelion|ZE IS TS,

FREALIGN

Nikolaus Grigorieff

(Howard Hughes Medical Institute)

3D refinmentIZ4F{ELTI=V Tk,
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E I\/l A N 2 http://blake.bcm.edu/emanwiki/EMAN2

Stephen Ludtke M4 JL—7 (Baylor College of Medicine, TX,US) CRi%

C++. CEHI ., Python TV
% <{DpythonM A1) T+HVIZ L : e2proc2d.py, e2proc3d.py, e2boxer.py, ...
GUIfTED XD TRE8 5 (such as e2boxer.py, e2display.py, e2projectmanger.py...).

iBE(E. RILFARALYREMPI IZEBEFMEETE A AIRE, GPUIZIZERE o

‘;lfile Project Utilities Help seprelectmanagerey -0 _EO\)«F\%;&-%IE-g_é o
EMAN2 Project Manager V4Y—FIATDGUIRYITH

Project Name: Unknown eZ projeCtma nage r' py

Workflow Mode SFR % | EMAN2 Program Interface :EJJ:E 1;% éh—c L \ é (o}

SPR
+- [ Raw Data
Particles
+- <% CTF
+- ¥ Particle Sets
+- 445 2D Analysis
+- 48 Initial Model
+- g 3D Refinement
+-N s Validation and Analysis

b~ m]

WK

EX

Cancel Launch

Welcome to the EMAN2 Project Manager



AT AEREGRT 5

s EMAN2DF2—kr)T7ILDT—E2hLEE
http://blake.bcm.edu/emanwiki/EMAN2/Tutorials

- [R5 : Bartesaghi A, Matthies D, Banerjee S, Merk A, Subramaniam S Structure
of B- galact05|dase at 3.2-A resolution obtained by cryo- eIectron microscopy,
PNAS.(2014) 111, 11709-11714; EMDB-5995; PDBcode:3j7h).

R THW-EET—2IXEMPIART —ZR—IANSA HO—KTES,

EMPIAR-10012: micrographs (single image) 509 images in MRC format, 7420 x 7676.
Total file size :108.0 GB

EMPIAR-10013: micrographs (multiple image) 509 images in MRC format, 7420 x 7676,
Frames per image 38, Total file size: 402.2GB

- Fa—RIT7ILOT—RE BERICT—2ZF/NEKL TS,
B[] (L TR AR
S09OMDER => 96 DEZ
E{RDRERE 7420 x 7626 pixels => 3838 x 3710 pixels
96 images in HDF format: such as, BGal _000021.hdf, Bgal 000025.hdf, ...,
Bgal _000496.hdf. Each HDF file has 54 MB, 3838 x 3710 pixels.

Total file size is 54MB x 96 = 5 GB.


http://blake.bcm.edu/emanwiki/EMAN2/Tutorials

K

<8 ==
A BB,

F AR D ER DB

BGal _000021.hdf
3838 x 3710 pixels.

RIRMIIE3RTY YT
(emd_5995, PDB:3j7h)

PP pa
T \}4»’!&‘} 'Q‘




EMAN2 DALIE D FHi=

Motion Correction (EAIEI##E) SHEREIEAaTOTRINTIIUIZES
Prepare your project (Dell Precision T1700, Xeon E3-1220 v3,3.10GHz,4 threads).

. Launch e2projectmanager.py

Import and estimate image defocus [1min]

. Extracting/boxing particles from micrographs HIFE[{2 D H

. CTF Correction AV P2 AMEZEBE I K AFHIE[4min]

. Building sets

. Generating reference free class average [15min] 2DE[{& 738 & 1 E{E
. Eliminate bad particles

. Select good class averages

10. Make initial models [1min] #FIEAZEE3IDT YT DAL

11. Building sets

12. 3D refinement 1 [12 min] 3DV D{EZIE 1

13. 3D refinement 2 [284 min = 4hour 44min] 3DV Y7 D¥EZHL 1
14. Eliminate bad particles (optional)

15. Final refinement [673 min = 11hour 13min] 3DV Y7 D& 3



PAFE{EDOHME (picking, boxing)

BGal_000021.hdf (Particles)

FEXTI000EEEMEBLTH G, BRYIIBEEHHE T 5AEN— IR, I I A
B+ PAEOHFEERT S, Fa—r)T7ILT—3TIE, HEFADboxT 71 ILHVIEHE




BGal_000021.hdf







BV AMEERZ (CTF) 2K D1

CTF mathematically describes how aberrations in a transmission electron microscope modify the image of a sample. This
sets the resolution of High-Resolution Transmission Electron Microscopy (HRTEM), also known as phase contrast TEM. By
considering the recorded image as a CTF-degraded true object, describing the CTF allows the true object to be reverse-
engineered. This is typically denoted CTF-correction, and is vital to obtain high resolution structures in 3D electron

microscopy, especially cryo-electron microscopy. Its equivalent in light-based optics, is t

he optical transfer function.
a) (b}

[

/

X HBERE
o I . .
12.3 BRICET 3 7 v AOIBS | SENSE RIS OB ’\P‘I A phase ObJeCt and Its

effect on an incoming
plane wave.

CTF: sin(2zx(q)) =sin(zAAfg? — 71 24°Cq*%)
A:wave length

10 T T H
0.5F
=
L S
5 & oo
£
1]
051
1.0 ; AN U:
0 2 4 6 8 10 . .
g (") \Wave number True projection of GroEL
4 $%(2003) I
7 EF B 12.13 2> b 3R MMRER%OH)

(A=2.51pm, Ce=1.2mm, Af=100nm) (Ludtke and Chiu)

A
:defocus

The effect of spherical aberration

C.: spherical aberration constant

Frank (2006)

Same particle CTF and
envelop functions applied.



Example of CTF corrections

Before correction After correction

Stack - BGal_000021_ptcls.hdf -0 x| Stack - BGal_000021_ ctf flip_fullres.hdf




Step 7. 2DER D 77 55 & 1R D 1E R
(e2refine2d.py)

Input : all__ctf flip_lp14.Ist ( 5513 images with 56 x 56 pixels), Ncls :

Stack - allrefs_06.hdf




xample of “good” classes (class O

= Included Particles

Included particles

-—
E Classes (r - 0 x

Averaged image

Excluded Particles

Excluded particles




EMAN2 D 2DIEH{R 73 F8 D FH ;% (e2refine2d.py)

lterative MISA (Multivariate Statistical Analysis) -based reference-free classification algorithm.
MSA and K-means for Rotational/translational invariant of 2D images

1. Initialize the iterative process by making some initial guesses at class-averages. These are
invariant-based, meaning even with MSA, this initial classification is not exceptionally good.
a. Generate rotational/translational invariants for each particle (input_fp)
b. Perform MSA on the invariants to define an orthogonal subspace representing the most
important differences among the classes (input_fp_basis) ( MSA may be PCA ?)
c. Reproject the particles into the MSA subspace using --nbasis vectors (input_fp_basis_proj)
d. Classify the particles into --ncls classes using K-means (classmx_00)
e. Iterative class-averaging of the particles in each class to produce a set of initial averages
(classes_init)

MSA and K-means for alighed 2D images

2. Align the current class-averages to each other, and sort them by similarity, keeping them
centered (allrefs_YY) (Note that YY starts with 01 and is incremented after each iteration)

3. Perform MSA on the (aligned) class-averages. Again, this represents largest differences, but
now performed on images, not invariants. (basis_YY)

4. Select a subset of --naliref averages to use as alignment references for this iteration (aliref YY)
5. Align each particle to each of the reference averages from the last step. Keep the orientation
corresponding to the best-matching reference. (simmx_YY)

6. Project aligned particles using reference MSA vectors from basis_YY (input_YY_proj)

7. K-means classification of input_YY_proj (classmx_YY)

8. New iterative class-averages (classes_YY)

9. Loop back to step 2 until --iter loops are complete




)

AET ILDYERL (e2initiamodel.py)

XD2DXIREDHEREALS.

A DDRKREFENSERLIZSE

L Stack - good classesd4.hdf - O x

56 x 56 x 56

8DDHRKREMRMNIERLIZHE

=

Stack - good_classes8.hdf - 0 x

56 x 56 x 56




O £ =3 .
3DV YT DFEZEAL 1 (e2refine_easy.py)
Input : sets/all-bad1l__ctf flip_Ip14.Ist (5513 images with 56 x 56)
Initial 3D map is taken form the step 10 (initial model). targetres : 18 A

Initial model refined modell
56 x 56 x 56 56 x 56 x 56

e2refine_easy.py
Includes
re-classification
of 2D images.




3D RYTDRFEZL? (e2refine_easy.py)

Input :
Initial 3D map is taken form the step 12 (3D refinementl).

56 x 56 x 56

sets/all-bad1l__ctf flip_Ip5.Ist (5513 images with 128 x 128)

refined modell refined model2

targetres : 6 A

128 x 128 x 128



H%%g*ﬁ%}1|S(e2refine_easy.py)

Input : sets/all-bad1__ ctf flip_fullres.Ist (5513 images with 256 x 256)

Initial 3D map is taken form the step 13 (3D refinement2).

128 x 128 x 128

refined model2

FSC : Fourier Shell Correlation

Final refinement

targetres : 4A

256 x 256 x 256
Gold Standard Resolution (tight mask)
1.0[= ' ' ' ' ‘ I —_— mask‘edtight704.txt'
— maskedtight_03.txt
— maskedtight_02.txt
— maskedtight_01.txt []
0.75
Resolution
A 05
¢ 4.1 A
0.25
0.143
0

Voo 120 U1z 18 16 15
Spatial Frequency (1/A)

U4 3



Comparison with EMD-5995

Corr.Coeff. =0.9175

Corr.Coeff. = 0.7426

(HOHs were removed.
Reso.For Sim.Map=4.0 A)



RELION

MRC®Sjor Scheres M JL—THIFAF

2D FEEIDBIERDTOY T LEIRE,
FEHIE. CTFFEERE X, GUINSRIDT
O S LZFERHT ZETH I,

2D FELIDBRETIX. R XHETFED#HE
AR, mRFEREEHETE (Maximum a
posteriori estimation) DEM7 /LT 1) X L,

BRFTTBERTIL, BIRBBEETITO. AN
(21, Z2DERZ AL, 2DFEEZR (I FEDH
EU 2D RITHFHEITAWLS,

—DDY T IL(ERER2DEEEE) IS . B
MD3DIVITHHTET D EMTED,

WHEFEIE, YILFAF7(MPI), JILFALY

NIZHDAZ . ver 2DV 5, GPUIZH X s o

RELION v2.0.3: /home/takawaba/etc/relion20_tutorial/betagal

] IFO| Disp\ay‘ Colors| Running|

Input micrographs [ClfFlnd.ﬁDbDDS.fmicrugrauhs?ctf.slar

][ EBrowse

Currentjub:[Giveialiasihere ] Disp\ay:[
IFinishedjobs IRunningjobs ] [Inputtothisjob
ManualFick o042/ «|| |Fefine3Dijob01ai CtfFincljob003/
ManualFickok041/ Fefine3Cuobil 3¢ ]
LocalRes/first3drefs FRiefine3Dujob0204
Pos Fefine3Ciok021f
Mazl ediy3r Refine30Mob022f
Feefi || | Fefine3Diobnasi
Selecticlass3d_first_exhaustivel ; RrfinpaMink24)
Clas | Schecluled jobs | | Output from this job
Selectitlass2d_aftersor
Class2Diaft 3
Select/afte
Sar
Extr
At
Aut
Sele

Set low-pass filter to 20 due to downscaling of 0.5
Saved ManualFickjob042imicrographs _selected star
Total number of picked particles: O from 15 selected micrographs.

HDSRBIUTHLTE
GPUKTED1EDTRIMYTHET
INEWLBRB TR TTES |
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VT DR EIZL DR EFHDEN

J&£3.275 A (EMD-5778)
—EB ($FIZa~yI R

FIEEE10A (BT —4)
KA

’ =) A :..",.
- &' "~ ¢
r .,': :':"r"x ’ y k.i - = v
/. '::'31:’2 B0k X
) &/ (U \ MY
= R =)

v

BEIVITHhLEELS-
[RFE7T JL(PDB:3j5p)

=
AL



ETVOD_DOF7ITA—F

ERGEDSGS

mﬁ@f“@%ﬁ'

/ $ILZYORFETLERDS N/

7 12 (7“’CE-$JJ MNOET ')/7 95, .

T/RETIVT

EEZRE
REEORXR S5ALLE AALLT
7 &t SIAZYrDEFETILN | RVTHLRFETILERE
%E(o %h%% 2 ”H%—Jé-l_\l"t ﬁo %h%*ﬁzﬁWt
FEXTHEE-ET)>Y | UCSF Chimera cooT

BETRE-ETUVY SITUS, IMP, gmfit

ROSETTA, PathWalker

T -fRE1E MDFF (NAMD)

REFMAC,
phenix_real_space_refine

NKREAD—FETIY T IS FRIEEL AL NS,




REBEEDET)>T DF

Clamp-loading complex
BIEICKIEERDEEITYT
RIS E 12A

X{RE SRR THR I NS 2
HJ1VrDRFETIL
7 EERDEFETIL

BfEBEOEETYS = RFLARILDRBEBEDETIL

Miyata T, Suzuki H, Oyama T, Mayanagi K, Ishino Y, Morikawa K. (2005). Open clamp structure in the
clamp-loading complex visualized by electron miscroscopic image analysis. PNAS, 102, 13795-13800.



7 Program SITUS

Points for Pon(;ts for Superimposed
atomic model 3D densty structure

gdock : Representative 3D points
aregenerated using Vector Quantization.
The superimposing problem becomes the
matching between two groups of 3D points.

i ) The popular software for docking of atomic models into 3D density map
‘ http://situs.biomachina.ora/

colores - Exhaustive One-At-A-Time

6D Search .colores is a rigid-body search
tool, suitable for one-at-a-time fitting of
single subunit structures, which are not
necessarily expected to account for the

full Map. The fitting procedure consists of 3 steps:
(A) An exhaustive rigid body search on a discrete 6D
lattice (B) an automatic ("black box") peak detection
based on the correlation scores on the lattice (C) the
final off-lattice refinement of solutions to the nearest

maximum of the correlation). £3



INATYyR-ETY25

RRIGE DG RERFEREMELTET IV E1TO2L

Complex “ ‘ “ = 's

Subunitl  Subunitz  Subunit3

WO DEERFHRZ W9 £OIZ&xE1E
IVTADIT4vk R 3

Subunits fit density map of the complex

repulsion among the subunits.

« N
pSEad: BT

symmetric configuration of the subunits. Proximity (contact/interaction) of the subunits

obtained from the experiment (chemical cross-

linking, mass spectroscopy..)

¢S - ¢




IMP: Integrative Modeling Platform

Developed by Andrej Sali Lab ©

home about news download doc source systems tests bugs contact

IMP's broad goal is to contribute to a comprehensive structural -
characterization of biomolecules ranging in size and complexity fi

biochemical and biophysical experiments. IMP provides an open suvuive wrr
and Python toolbox for solving complex modeling problems, and a number of

o FoXS: fitting structures against SAXS data

o MultiFoXS: determination of multi-state models eIF3a.CTD
 [ntegrative docking: combining experimental data with computational pairwise docking
o Conformational sampling: sampling antibody conformations using the rapidly exploring rando
o EMageFit: solution of a complex structure using subunit structures and EM class averages eIF3j
o MultiFit: solution of a complex structure using subunit structures and a cryo-EM density map
¢IF3b-RRM

o CNMultiFit: solution of symmetric complexes using a cryo-EM density map elF3c-PCI
- SAXSMerge: merging multiple SAXS profiles €lF3b-CTD eiFsb-l-propeller



Atomic model fi(r) = WkZWk nim (1)
for Subunitl

gmfit: fitting using Gaussian Mixture Model(GMM)

f (r)=iw¢i(r)
----é-I\;IM ----------------- G- ;Vl”-vi ----- f"'

L 4
*

3D density map for Complex

Cyclin-dependent

Docking of the subumts »
inase2 (1finA) | overlapping well with the comp'lew..‘.
Atomic model cmpfit ‘
for Subunit 2 - \ i

Cycn“
(1finB)

Atomic model of Complex

Overlap between two gdfs ov(g,, @) can be obtained analytically

cmpflt ZOV( fk! f )

1

OV(¢A’¢B) = ¢A(r)¢3 (r)dr
J—oo (2 )3/2‘2 ZB‘

K K

Erepuls = z ZOV( fk’ fk)
12 Xp|:_%(ﬂA _.”B)T (ZA +ZB)_1(:uA _.”B)}

k k'>k

Kawabata, Biophys.J.95,4643-4658 (2008)



Fitting Test: Botulinum Toxin (emd-2467)

Manually
sont/a Modelled by
the authors

Modelled by us

Manually Modeled by the authors EMD-2467 Modeled by gmfit

Botulinum Neurotoxin
Resolution 30 A. Ngauss=20.  Prediction with the Segmentation-Fitting initialization.

Letet al, (2013), Structure of a. Structure of a Bimodular Botulinum Neurotoxin NI=1000, NS=100, 0.779089 Ngauss for complex = 20
Complex Provides Insights into Its Oral Toxity. PLOS PATHOGENS, Volume 9, Issue 10, Ngauss for subunit = 20
e1003690

KZ subunits ( transformed
into GMM with Ngauss= 20)
Composed of 14 chains:

M-PTC: BoNT x 1, NTN-HAx 1
HAcomplex: HA70 x 3, HA17 x 3, HA33 x 6

M-PTC

K(BVOaAB)

HAcomplex
(4ho4/4ho7)




Fitting Test: polyketide synthase (emd-5647)

Manually
modelled by the

Emd_5647

PikAlll

Manually modeled by the

pathway (PikAlll) with
authors

phosphopantetheinylated ACP

5th module from Pikromycin biosynthetic

Resolution 9.2A. Ngauss=20 or 40.

Dutta et al, (2014), Structure of a modular polyketide
synthase. Nature, 510, 512-517, 2014

Prediction with the Min-energy
of Symmetric Segmentation-
Fitting initialization.
NI=1000, NS=100,CC=0.84.
Ngauss for complex = 20
Ngauss for subunit =8

Prediction with the Min-energy
of Symmetric Segmentation-
Fitting initialization.
NI=1000, NS=100,CC=0.80.
Ngauss for complex =40
Ngauss for subunit = 16

KS domain
dimer(2hg4)

Dimenzation] 1519-1543
helces 0

Docking 15441582
helix

C2 symmetric restraint

AT domain
(2hg4)

N

. x2 | 7 subunits

of (each subunit is
transformed into
GMM with

Ngauss=8 or 16)

KR domain
(2fr0)




gmfit DWEBH—E X

Fitting assemblies can be obtained
program by clicking the link “View
the Omokage search page.

« 5 P e
| » Shape simiterity sea... < IO

by gmfit
fitting” in

7'—%~—A:EMDB ID: 2189

Iuman RNA polymerase Il in complex with Al RNA
QQuick. W, 71, BAEM Navigator

Display:  ima st

-

-Sr-n-im-ll ]
Showing 1 - 100 of 2,000 structures fouad from all (200,139 structures)

Pages 2[3J4aJw0]20 Next |

Pl L 1 1N

gos only [ &3
.@ #2 Score: 0.8406 Ei_gwew ﬁm'_ngp
A Database: EMDB / ID: 2192

human RNA polymerase II in complex with?Z 8-]-1?@
b ? « | QQuick, W, Yorodumi, B\ EM Navigator, # Omokage search

- L4 ke 3 ®

—

—VI

—

If you googled by “gmfit”, you can find the

“Pairwise gmfit” page.

L SHE I o |ttp: //ipr.pdbj.org/gmfit/pairgmfit.html

Pairwise gmfit

Superimpose two density maps or atomic models by gmfir

IDENSITY MAP TOMIC MODEL
[nput ID Upload Map File [nput [D Upload Pdb File
lemdb id level db_id _||chain_id|jassembly_id]jpdb file upload
TARGET
be . upload %' upload
[superimposed)|| ]
phrxig)}zr.\'rr . | upload S upload
Ytyk || Submit v
< >
You can input two emdb_id / pdb_id or

upload your own map / pdb files for the fitting.

&

Map vs. atomic model

EMDB 1095
:} PDB 4aas
2 Y

(GroEL)

EMDB 2190
EMDB 1883
(RNA polymerase 1II)

Map vs. map ‘~

Atomic model vs.
atomic model

PDB 3ifv < 4
PDB 4k3l

(DNA clamps, dimer vs.
trimer)



[Omokaget& R I DY —E X

Q O]‘nokage search - Shape similarity search of macromolecules -

earch quer i As the query. EMDB ID
B search query uery is EMDB-2190. | ’ 1
Query PDB _ID and SASBDB_ID

[English] HAEE

Omokage search
Registered data Upload

1-2 min Query structure data: structurerin_d_altib_gnks your original/modified data are available.
ID of EMDB, PDB or SASBDH [€2190 | | Search g
Database: EMDET ID™T50( » Movie | MStructure viewer Users can upload their own
buman RNA polymerase 1T in complex with AluRA RNA mOdel or map flle as query

[, Search
Human RNA polymerase [ ——

- Search résult

Showing 1 - 100 of 2 000 structures found from all (212 387 structures) Many maps and atomic models
Pages:| 1 | 2 | 3 | 4 | 10 | 20 | V _ wpolymerase Il are found.
Display: | images only | aslist | download CSV file (for K ap— Map vs Map .owws °

= .
— -- I“I"T‘:;;‘EJA‘A](AI““ Comparlson b 2190 00m 8] pdborg/gmiit/cgi bin/pairgr =T vidref=emdb_2190 0 ~ & ﬂ*O

Re-rank top |50 ' |a'ata by gmfit Corr. Coetf. (beta) —

’———J—\ STy, gmflt 6"’"’““” Map VSAtom ——
{ ‘{ (Current [JAVA] C! Comparlson 2190 : 0.902

o:[HTMLS ==
I I
I ,
| I
| I
I EMDB-2191 human PDB-5c44 transcribing I PDB-4bbr RNA EMDB-2192 human
I Rna polymerase Il in 'l RNA Polymerase Il polymerase II-TFIIB oy merase 11 in com ra
\cgmplexwith BZRNA - \gomplex / complex with B2 81-131 RNA
al s
S

PDB-4a3i R PDB-4bXRNA i el o DB-3h0g RNA 2 i

Polymerase II polymerasé-ll complexes iEEnllZ}:v RNA cp.al.g.qznbgnkmiz Merase JLirom D Bl = Oy e T SO

binary complex with Byel, a chromatin- it Schizosaccharomyces human VP16-Mediator- AR complex containing a

Polymerase I Polymerase Il bombe pol II-TFIIF assembly complex with scAlu CPD Lesion

with DNA binding PHF3 DIDO
homologue

elongation complex RNA



T /IRET )77 :ROSETTA

ROSETTAZRHLN-ET YT D F 4=
Partial model \

Complete model

(@ Place fragments into density > (@ Compatibility score function ) @ Monte Carlo sampling \‘ @ Consensus assignment j
MYPRQTIENSEQVENCE... 7
Density correlation Overlap score ’ ., N
. score % B W
ot &= .
o 2 3 4 2 O hnvd | N (D>
: Closability score Clash score -

’ 3 \40 :w l!m

% = A 3 168
6-dimensional 3 4 \/Q S \/\9:

search 45 &

¢

Iterate until ~70% of sequence is covered

Density Final partial model Comparison to native

Ray Yu-Ruei Wang Mikhail Kudryashev Xueming Li
Edward H Egelman Marek Basler Yifan Cheng David
Baker Frank DiMaio. De novo protein structure
determination from near-atomic-resolution cryo-EM
maps, Nature Methods 12, 335-338 (2015)

20S-o
48 A

BERVIE FAEED
INSWEEICHIY S (T AV

T—aV) WA

TRPVA
34 A
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T /IRETY2 Y :PathWalker

TI/BICHIATORBZEN. TNETEDLEITEVNIELLJEHTRATIKEIE

Preprocess density
map (A)

v

Seed
pseudoatoms (B)

v

Backbone
tracing (C)

v
Find and correct
SSEs (D)

!

Fix SSEs in ‘
map (E)  “Now sse

found
No new SSE

found

Final
modification (F)

) |

Finish

%
| Wy ' k
BEIVITE, FAVREEQ/NSWEEICUIYE T (2T A0 T—3>) BAbiE
Muyuan Chena, ¢, Philip R. Baldwinb, c, Steven J. Ludtkec, Matthew L. Bakerc, De Novo modeling in cryo-EM density
maps with Pathwalking, J Str Biol, 196,289-298 (2016)



IEE' ZEKBEFETILEFEST=HD

1. BRFETILDITELGSI-EBEEIVIEZERTRRL. ZRELGETIVTME
n.ﬁ'é%% (PDBIZxt 9 HEMDB IDMEEE SN TS, FRIRIFXUCSF ChimeraZ
o[tool] >[Vo|ume Data]->[Volume Viewer]| CREEIZLEMEZEZ TRRTED, )

RFETILDEDEDMN, ELAERIET EEEMNHD
B, F= BFETILABITTONVENWIYTDE LM
HENREMNHERTES,

EMD-3061, PDB-5a63

2. Xﬁﬁ"naaﬁ#*ﬁl LERT, —D DO YT DERIZHEWTEEMLBREBENER

BIEEDNHB, BIZAIX. »FREESFDORNE. EEFEFEEEAA M FEE THk
HNRERLGLTEITFEE,

3.3VAADBBEDIYITIE. BEENGTI/EEER L. FEE L E ThHhH
S, AIEECHEE N FOREIIZNIFEEETIILEWLWEITER,



