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Data processing for EM Single Particle Analysis

2D images 3D image Atomic model
3D reconstruction Atomic modeling

emd_5995.map
150 MB

pdb3j7h.ent
2.6 MB

EMPIAR-10013
402.2GB

EMPIAR EMDB wwPDB3.2Å

509  DM4 movies (7420 x 7676 x 38; 32 bit) 340 x 340 x 340 voxels 32878 atoms

Beta-galactosidase

PDB ID

EMDB ID
7

EM EMDB
PDB ID:6cvm EMD-7770

Atomic resolution cryo-EM structure of beta-galactosidase

RESOLUTION: 1.9 
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UCSF Chimera
PTQ: 2-phenylethyl 1-thio-beta-
D-galactopyranoside



EM EMDB
PDB ID:6nbf EMD-2984

RESOLUTION: 3.0 

Cryo-EM structure of parathyroid hormone receptor type 1 in complex with a long-acting 
parathyroid hormone analog and G protein
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mmCIF

• PDB mmCIF
• mmCIF (

934 )
• X mmCIF (2019 7 )
• mmCIF

(RasMol,  UCSF Chimera, PyMOL, VMD, ….)
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mmCIF
• STAR

•
•

• asym_id
• (assembly)

A

B

C

D
HEM:asym_id: E

HEM:asym_id: F

HEM:asym_id: G

HEM:asym_id: HPDB_ID:2hhb PDBcode:1a5k

Asymmetric Unit assembly 111

HEADER    OXYGEN TRANSPORT                        07-MAR-84   2HHB              
TITLE     THE CRYSTAL STRUCTURE OF HUMAN DEOXYHAEMOGLOBIN AT 1.74 ANGSTROMS     
ATOM      1  N   VAL A   1       6.130  16.559   4.905  1.00 41.29           N  
ATOM      2  CA  VAL A   1       6.870  17.784   4.702  1.00 41.33           C  
ATOM      3  C   VAL A   1       8.377  17.548   4.913  1.00 31.64           C  
ATOM      4  O   VAL A   1       8.820  16.980   5.922  1.00 38.31           O  
ATOM      5  CB  VAL A   1       6.345  18.763   5.731  1.00 52.26           C  
ATOM      6  CG1 VAL A   1       6.745  20.188   5.356  1.00 52.75           C  
ATOM      7  CG2 VAL A   1       4.826  18.612   5.847  1.00 58.75           C  
ATOM      8  N   LEU A   2       9.146  18.005   3.962  1.00 27.63           N  
ATOM      9  CA  LEU A   2      10.599  17.914   4.153  1.00 33.62           C  
ATOM     10  C   LEU A   2      11.062  19.085   5.062  1.00 32.51           C  
ATOM     11  O   LEU A   2      10.829  20.254   4.744  1.00 31.03           O  
ATOM     12  CB  LEU A   2      11.269  18.078   2.776  1.00 34.38           C  
ATOM     13  CG  LEU A   2      10.986  16.983   1.769  1.00 32.23           C  
ATOM     14  CD1 LEU A   2      11.735  17.168   0.427  1.00 36.30           C  
ATOM     15  CD2 LEU A   2      11.276  15.630   2.404  1.00 38.42           C  
ATOM     16  N   SER A   3      11.674  18.766   6.158  1.00 26.50           N  
ATOM     17  CA  SER A   3      12.286  19.774   7.034  1.00 27.60           C  
ATOM     18  C   SER A   3      13.529  20.322   6.334  1.00 30.36           C  
ATOM     19  O   SER A   3      13.995  19.754   5.344  1.00 27.40           O  
ATOM     20  CB  SER A   3      12.719  19.060   8.326  1.00 23.83           C  
ATOM     21  OG  SER A   3      13.844  18.245   8.107  1.00 29.07           O  
:
HETATM 4389  CHA HEM A 142       8.634   7.898 -18.334  1.00 17.24           C  
HETATM 4390  CHB HEM A 142      10.386   9.965 -14.276  1.00 23.17           C  
HETATM 4391  CHC HEM A 142       8.337   6.403 -11.611  1.00 11.04           C  
: X Y Z

PDB
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data_2HHB
# 
_entry.id   2HHB 
# 
_struct.title 'THE CRYSTAL STRUCTURE OF HUMAN DEOXYHAEMOGLOBIN AT 1.74 ANGSTROMS RESOLUTION' 
_struct.pdbx_descriptor 'HEMOGLOBIN (DEOXY)' 
#
loop_
_atom_site.group_PDB
_atom_site.id 
_atom_site.type_symbol
_atom_site.label_atom_id
_atom_site.label_alt_id
_atom_site.label_comp_id
_atom_site.label_asym_id
_atom_site.label_entity_id
_atom_site.label_seq_id
_atom_site.pdbx_PDB_ins_code
_atom_site.Cartn_x
_atom_site.Cartn_y
_atom_site.Cartn_z
_atom_site.occupancy
_atom_site.B_iso_or_equiv
_atom_site.pdbx_formal_charge
_atom_site.auth_seq_id
_atom_site.auth_comp_id
_atom_site.auth_asym_id
_atom_site.auth_atom_id
_atom_site.pdbx_PDB_model_num
ATOM   1    N  N   . VAL A 1 1   ? 6.130   16.559  4.905   1.00 41.29 ? 1   VAL A N   1 
ATOM   2    C  CA  . VAL A 1 1   ? 6.870   17.784  4.702   1.00 41.33 ? 1   VAL A CA  1 
ATOM   3    C  C   . VAL A 1 1   ? 8.377   17.548  4.913   1.00 31.64 ? 1   VAL A C   1 
ATOM   4    O  O   . VAL A 1 1   ? 8.820   16.980  5.922   1.00 38.31 ? 1   VAL A O   1 
ATOM   5    C  CB  . VAL A 1 1   ? 6.345   18.763  5.731   1.00 52.26 ? 1   VAL A CB  1 
ATOM   6    C  CG1 . VAL A 1 1   ? 6.745   20.188  5.356   1.00 52.75 ? 1   VAL A CG1 1 
ATOM   7    C  CG2 . VAL A 1 1   ? 4.826   18.612  5.847   1.00 58.75 ? 1   VAL A CG2 1 
ATOM   8    N  N   . LEU A 1 2   ? 9.146   18.005  3.962   1.00 27.63 ? 2   LEU A N   1 
ATOM   9    C  CA  . LEU A 1 2   ? 10.599  17.914  4.153   1.00 33.62 ? 2   LEU A CA  1 
ATOM   10   C  C   . LEU A 1 2   ? 11.062  19.085  5.062   1.00 32.51 ? 2   LEU A C   1 
:
HETATM 4385 C  CHA . HEM E 3 .   ? 8.634   7.898   -18.334 1.00 17.24 ? 142 HEM A CHA 1 
HETATM 4386 C  CHB . HEM E 3 .   ? 10.386  9.965   -14.276 1.00 23.17 ? 142 HEM A CHB 1 
HETATM 4387 C  CHC . HEM E 3 .   ? 8.337   6.403   -11.611 1.00 11.04 ? 142 HEM A CHC 1 
:
# asym_id

X Y Z asym_id( )

mmCIF
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A

B

C

D
HEM:asym_id: E

HEM:asym_id: F

HEM:asym_id: G

HEM:asym_id: HPDB_ID:2hhb

PDB

PDB

mmCIF

mmCIF

mmCIF

PDB
mmCIF

PDB
biological unit PDB best-effort PDB 
file
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MNIADG-SVVGPTALQEAWFTQRD

PDB

15BLAST, PSI-BLAST, HHpred Modeller, SwissModel, RosettaCM

HOMCOS

Ab initio
De novo

MODELLER, SWISS-MODEL,
RosettaCM, 3Dzigzaw

ROSETTA, EVfold,…

MODELLER, HOMCOS ZDOCK, HADDOCK,…

― MODELLER, HOMCOS, 
fkcombu

DOCK, AutoDock, sievgene, 
Glide,…
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2yn1_A LGPCA Thioredoxin

SeqID=52.5%
RMSD(C )=1.08 Å

SeqID=25.3%
RMSD(C )=2.30 Å

1fb0_A Thioredoxin M
(Spinacia oleracea (spinach))

1x5e_A Thioredoxin
domain containing protein 
( Homo sapiens)

SeqID=86.5%
RMSD(C )=0.64 Å

RMSD( )=2.83 ÅRMSD( )=1.81 ÅRMSD( )=1.29 Å

(2trx_A)

BLAST MODELLER2trx_A Thioredoxin (Escherichia coli)
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(Sequence Identity) Ca RMSD
( Applications )

50 ~ 100 % 1.0 Å

30 ~ 50   % 1.5 Å

NMR

30 % 3.5 Å

Baker, D., Sali, A. Science (2001),  294, 93-96

→
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UniProt 2019_07 4,519 20,431 2019/08/07
PDB BLAST PDB

95%
95%

UniProt DISOPRED3.16

TM: DO: (DO)
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HOMCOS :

PDB

A B

PDB
BLAST KCOMBU

MYB

HRX
Crebbp

MYB

MRE-1

MRE-1

http://homcos.pdbj.org
“HOMCOS”

PDB
BLAST

BLAST
KCOMBU   PDB

BLAST BLAST 

BLAST KCOMBU 

VaProS 3D Interaction
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>1vwg_A

>1jsu_B

2g9xA
1w98A
1fq1B
:

1vwg_1 A1 B1
2g9x_1 A1 B1
:

BLAST

TGWVEIEINL…

PDB

: 
PPARD_HUMAN
Peroxisome proliferator-activated 
receptor delta

(1)UniProt ID, AC (2) , 
(3)PDB (4)PDB 22



PPARD_HUMAN  (Peroxisome proliferator-activated receptor delta)
PPARD_HUMAN

PPARG_HUMAN

PPARD_HUMAN

RXRA_HUMAN

DNA

K55

UniProt
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(CDK3)
Sequence-replaced 3D model

(CDK3_HUMAN)
(1pf8_A_1

Modeller

Modeller

CDK3
CDK2

HTML5(Jsmol)
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(CDK3)

CDK3
CDK2

Cyclin A2

(CDK3)

’b’

Sequence-replaced 
model

Modeller

CDK3

Cyclin A2
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(CDK3)

4QE

(CDK3)

’b’

CDK3
CDK2

Sequence-replaced 
model

Modeller
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Site Table

UniProt
(Feature Table)

(H:α E:β ) (%)

(1) acc (2) observed aa

SIFT score
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ARSA_HUMAN Site Table

UniProt
(Feature Table)

(%)
UniProt

(VARIANT)

(1) acc (2) observed aa

SIFT score

ARSA_HUMAN(Arylsulfatase A)
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29 (ARSA)

D→N
Leukodystrophy 
metachromatic(MLD)
[ (

)]

(Ca2+)

29 D (100%)

29

29
Ca2+

Ca2+

29 D→N
Ca2+

Ca2+

29
Asp
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ARSA_HUMAN

31

compund
metal

32

PDB 20161019, UniProt 2016_09 humsavar HLA classI / II

“Disease” ”Polymorphism”

leq5 5%
leq5 5%

cons_compound={ADP,AMP,ANP,ATP,FAD,FES,FMN,GDP,GNP,GSH,GTP,HEM,NAP,NDP,SAH,SAM}
cons_metal={CA,CU,FE,MG,ZN}

UniProt
Feature Table
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