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Crystal structure model building

Buccaneer ARP/WARP Phenix.autobuild
ModelCraft
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Crystal structure model building
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Crystal structure model building




Crystal structure model building
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Solving crystal structures with AlphaFold2 models

Predicted IDDT per residue
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Model building traps in MX (and cryo-EM)
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validation

Model of an Unicorn
Gottfried Leibniz after Otto von
Guericke, Protogaea (1719)



Unknown proteins in EM and MX

M. pneumoniae 70S ribosome at 3.5 A
refined from in situ tilt-series data
Cryo-EM and artificial intelligence visualize Tegunov et al. 2021

endogenous protein community members
Skalidis et al. Structure 2022




Sequence-free MR with SIMBAD
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Protein sequence identification from a map
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Protein sequence identification with findMySequence
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MX benchmarks: three hen egg-white lysozyme targets

4gce 4rin
2.9A 2.2A
P4;2,2 1,500 artificial
MR search models
2hub
4rin
O 4gce
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MX benchmarks: three hen egg-white lysozyme targets
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MX use-case: Bothrops atrox venom proteins

Diego A. Leonardo
Wolfram Seifert-Davila e
Dan E. Vivas-Ruiz EMBL ::ii



MX use-case: Bothrops atrox venom proteins
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cryo-EM of C. thermophilum native cell extracts

omokage search

de novo
'A_‘FZ findMySequence
pre 60S findMySequence
Fatty Acid Synthase pyruvate
dehydrogenase
with Panos Kastritis and loannis Skalidis EMBL

Skalidis et al Structure 2022 s



two dehydrogenases in C. thermophilum native cell extracts
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Sequence re-assignment as a model validation

p-value p-value
small ~1

sequences

oK v ?
sequences

differ S

target sequence

alignment p-value

Chojnowski ActaD 2022 EMBL i



Is the sequence assignment p-value a reliable score?

sequence OK sequences differ
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finding a

hidden errors in EM models

AlphaFold2 model plddt>90
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cytoplasmic domain of a cation channel at 3.8A resolution
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checkMySequence: complete sequence assignment validation
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==> Unidentified chains; check input sequences and model-to-map fit

e/2:51
g/3:39

==> Chains with sequence mismatches; you will have to fix them first!

model KDNVVQMMNEKKSFDVSDFPKVYLTTAVEEDLDT- -

FECEETETTE R LR e e
refseq KDNVVQMMNEKKSFDVSDFPKVYLTTTVEEDLDTRG

==> Possible sequence assighment 1issues
- Fragment N/5-24 has a chain break at N/11 and no residue indexing gap, check!

model --------- VELTEEE-LYISKKNLLFKRF----------

[EEEEEE PR EErr e
refseq AAAAAAMPRVELTEEEKLYISKKNLLFKRFVEPGRLCLIE

- Fragment F/356-395 is shifted by -4 residues [-log(p-value)=1.99]
model seq 356-395

sknkkEKRVQKQIQKKELQKINHDYYKGVAKAVKKKKKREEKKAKskktangavi
new seq 360-399

sknkkekrvQKQIQKKELQKINHDYYKGVAKAVKKKKKREEKKAKSKKTangavi

Chojnowski ActaD 2022 EMBL (o35t




checkMySequence for 6,000 cryo-EM models at 5A or better

- Fragment y/1-20 is shifted by -1 residue [-log(p-value)=2.95]
model seq 1-20
MKAKELREKSVEELNTELLN11lreqgfn
new seq 2-21
mMKAKELREKSVEELNTELLNL1reqgfn

70S ribosomal protein 2.9 A

EMBL i




checkMySequence for 6,000 cryo-EM models at 5A or better

- Fragment u/43-62 1is shifted by -3 residues [-log(p-value)=2.40]
model seq 43-62
ekpttERKRAKASAVKRHAKKLAREnarrt
new seq 46-65
ekptterkRAKASAVKRHAKKLARENARTt

70S ribosomal protein at 3 A
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checkMySequence for 6,000 cryo-EM models at 5A or better

deposited model
rebuilt with findMySequence

- Fragment C/161-200 is shifted by 2 residue [-log(p-value)=3.11]
model seq 161-200
InnfypkDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTkdeyer
new seq 159-198
InnfyPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLT1tkdeyer

ferroportin at 3 A
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checkMySequence for 6,000 cryo-EM models at 5A or better

deposited model
rebuilt with findMySequence

- Fragment C/145-204 is shifted by 10 residue [-log(p-value)=1.94]
model seq 145-204
gfaelarryahnlanARFLWRNRVGAEAVEVRINHIRQGEVARAWRFDALAIGLRDFKADAELDALAELIASGLSgsghv1
new seq 135-194
gfaelARRYAHNLANARFLWRNRVGAEAVEVRINHIRQGEVARAWRFDALAIGLRDFKADAELDAlaeliasglsgsghvl

CRISPR-associated protein at 3.8 A i

g £33
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checkMySequence and protein crystal structures — model bias

p-value p-value
small ~1

sequences
OK v ?

? sequences
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alignment p-value
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Sequence assignment in MX — model bias

- complete
- poly-ala

-log(p-value)

0 20 40 60 80 100
residue idx

hen egg-white lysozyme @2.9A (poly-ala + Refmac5, 4gce)

EMBL i



Sequence assignment in MX — model bias
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Register shifts in protein crystal structures — example 1
WD40-repeat domain from T. curvata @2.5A

Metric Percentile Ranks Value
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Register shifts in protein crystal structures — example 2

Helicase form H. pylori @2.5A

¢l Asn C/115

5

D

Metric Percentile Ranks Value ) \

Rfree 0 S 0.272 %
Clashscore I — s
Ramachandran ocutliers 0 W 1 .0% ’
Sidechain outliers 0 S 6 5% @
RSRZ outliers W 14.1% &
. o deposited

1 Percentie refative 16 o8 Kooy structures
0 Percentie retative 18 X Sy FrvChares oF Saveiar resoiulion

Chojnowski, in preparation
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Register shifts in protein crystal structures — example 3

hydrogenase from T. melanesiensis @2 8A Asp B/176
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Register shifts in protein crystal structures — example 4

Ribosomal protein L31e form H. Marismortui @2.65A

Metric Percentile Ranks Value

Reree IS 0212
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Register shifts in protein crystal structures — example 5

glutaminase from G. kaustophilus @2.1A

Metric Percentile Ranks Value
Rfrec ) P (.247
Clashscore Im— ] e
Ramachandran outliers I 0 P 0.3%
Sidechain outliers I ] 0.9%
RSRZ outliers I S 6%
Worse Betrer
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Register shifts in protein crystal structures

Statistics from a scan of 10,000 deposited protein crystal structures at 2-3A resolution

- 27 models with indexing issues (residue numbering ignores gaps)
- 89 structures with sequence mismatches

- 115 with poorly resolved chains (at least 1)

- 70 plausible register shifts

Chojnowski, in preparation EMBL ::



Nucleic acid sequence assignment in EM/MX
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Base-pairs from backbone geometry

\Z3

input RNA model backbone is “covered”
with motifs with known secondary structure

T :]\ * Dbase pairs assignment
« sequence validation
» refinement restraints

Chojnowski et al. NAR 42 D123-D131 2014 i
Chojnowski at al. ActaD 71 697-705 2015



Base-pairs from backbone geometry

Watson-Crick (canonical) base-pairs
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checkMySequence and NA crystal structures

p-value p-value
small ~1
% 2T N sequences
b .i\_}s{,';‘,a_ o OK /
ESFRES ..:~'5.
. g sequences
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Nucleic acid sequence assignment and validation in EM/MX

1ol R Ry Lo RRYs

ccpd/mtz | nucleobase-type probability estimates with Neural-Networks

y

.
v ok 4

)

model -
PDB/mmCIF
/

A 4

)

(2]

=

-

-~

m

3

-

3

o

o

-

3

o

-~

(o]

3.

3

o

o

L

w

iy

©

m-

=

W

3

e |

o

-~

1))

(=4

o

=
3 g
2w
a ®
—-U
~a-
»w =

R —

!‘ P . 4.
@ .;~. . ) ' ,
sequence(s) LN~ ce
fasta o LT T : "':::’ o Cogsagriy -
ofe 'y oLt
Fo oo , i - g

>sequence A

g I
AACUGUAUAUAAAUACAGUY I 00000 ©
>sequence B
VAURGCOCUGUUUAUACAGUA I ‘e
>sequende C
UCCRGUUAAUCCAUACAGCA « (—l—

sequence database query :
Infernal/cmsearch building Covariance Model (CM) Infernal/cmbuild I
I

CACGUCAGUAGAAGCGGUCAGCCOLCGUUAGUAUCUAACGAUACAACAGAAGCGGUUCCGOUCGLGAALUGCUGGCAY

nucleobases building most plausible match to the target sequence search

£
f
|

Chojnowski, in preparation EMBL ::i:i:




Nucleic acid sequence identification in EM strcutures
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Sequence identification of short RNA fragments from
17 EM structures of ribosomes at 3.5A or better
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Nucleic acid sequence assignment in EM structures

sequences OK sequences differ
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Sequence assignment issues in rRNA

EM model of mammalian ribosome @3.4A (deposited 2014) deposited
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Nucleic acid sequence assignment and identification in MX

sequence identification sequence assignment
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Sequence assignment issues in rRNA

Crystal structure model of bacterial ribosome @3.5A (deposited 2017)
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Predicted inter-residue distances for model validation
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