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ID: bioinfo
: 5455

SARS-CoV2
• : SARS-CoV2 Mpro

– cov2.fasta
– : PDB ID: 6lu7

• : SARS-CoV Mpro PDB
– PDB ID: 2a5k

•
Chimera Modeller

3

96.1%

SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCP
RHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVI
GHSMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLAC
YNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDC
VSFCYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAG
TDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVA
MKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLQ
NGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQ

SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCP
RHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVI
GHSMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTFSVLAC
YNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDC
VSFCYMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAG
TDTTITLNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVA
MKYNYEPLTQDHVDILGPLSAQTGIAVLDMCAALKELLQ
NGMNGRTILGSTILEDEFTPFDVVRQCSGVTFQ

cov2.fasta 2a5k A

SARS-CoV2 Mpro

• SARS CoV2 Mpro CoV2 Mpro
BLAST

• Chimera BLAST
• CoV2 Mpro cov2.fasta

• File Open cov2.fasta
cov2.fasta

• p2.fasta info Blast Protein BLAST
BLAST

Database pdb
BLAST

4SARS-CoV2 Mpro

5

Show in MAV

BLAST

2A5K_A 2A5K A

SARS-CoV2 Mpro

• MultAlignViewer
Structure Modeller (homology)
Modeller

6

2A5K_A

SARS-CoV2 Mpro

Advanced Options

Include 
non-water HETATM

1

7

2a5k

SARS-CoV2 Mpro

Modeller

8

File Save PDB

cov2-1.pdb

SARS-CoV2 Mpro
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• PDB ID:6lu7
• Chimera
• File Open

cov2-1.pdb

• File Fetch by ID
PDB

6lu7
• Tools

Structure Comparison
MatchMaker

9SARS-CoV2 Mpro

• Reference structure query model1.pdb (#1.1)
Structure(s) to match 6lu7 (#2)

10

RMSD

SARS-CoV2 Mpro

11

• RMSD

Iterate by pruning …
RMSD between 297 pruned atom pairs is 0.732 angstroms
(across all 306 pairs: 2.745)

Iterate by pruning …
RMSD between 306 atom pairs is 2.715 angstroms

SARS-CoV2 Mpro

zDOPE

12
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SARS-CoV2 Mpro

-0.060

-0.055

-0.050

-0.045

-0.040

-0.035

-0.030

-0.025

-0.020

-0.015

-0.010

-0.005

0.000

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 50 100 150 200 250 300

13SARS-CoV2 Mpro

Favorites Model Panel

query model 1
6lu7

14SARS-CoV2 Mpro

PDB: 6lu7

15SARS-CoV2 Mpro

UniProtKB: P0DTD1

16SARS-CoV2 Mpro

PROSITE
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17SARS-CoV2 Mpro

6lu7

41HIS

41HIS

145CYS
145CYS

6lu7 N3

18SARS-CoV2 Mpro

PDB: 2a5k

19SARS-CoV2 Mpro

UniProtKB: P0DTD1

20SARS-CoV2 Mpro

PROSITE

21SARS-CoV2 Mpro

CoV Mpro 2a5k CoV2 Mpro 6lu7

41HIS

42HIS

145CYS
146CYS

6lu7 N3

SARS CoV2 SARS CoV

22

CoV2_Mpro SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGH
2a5k.1.A  SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVIGH

CoV2_Mpro SMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFC
2a5k.1.A  SMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCVSFC

CoV2_Mpro YMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYE
2a5k.1.A  YMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAGTDTTITLNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYE

CoV2_Mpro PLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQ
2a5k.1.A  PLTQDHVDILGPLSAQTGIAVLDMCAALKELLQNGMNGRTILGSTILEDEFTPFDVVRQCSGVTFQ

35 46 65

86 88 94 134

202

267 285 286

cov2-cov1.py

: CoV2 Mpro 6lu7
: CoV Mpro 2a5k

Chimera

41

145

SARS-CoV2 Mpro

SARS CoV2 SARS CoV

23SARS-CoV2 Mpro

SARS-CoV2
• : SARS-CoV2

– cov2.fasta
• : SARS-CoV PDB
• : PDB ID: 6lu7
•

SWISS-MODEL

24

96.1%

SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCP
RHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVI
GHSMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLAC
YNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDC
VSFCYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAG
TDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVA
MKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLQ
NGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQ

SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCP
RHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVI
GHSMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTFSVLAC
YNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDC
VSFCYMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAG
TDTTITLNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVA
MKYNYEPLTQDHVDILGPLSAQTGIAVLDMCAALKELLQ
NGMNGRTILGSTILEDEFTPFDVVRQCSGVTFQ

cov2.fasta 2a5k A

•SARS-CoV2 Mpro
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25

SWISS-MODEL

•SARS-CoV2 Mpro

SWISS-MODEL

26

Build Model PDB
Search For 

Templates
SARS-CoV2 Mpro

SWISS-MODEL

27•SARS-CoV2 Mpro

SWISS-MODEL

28

Build Models

1

•SARS-CoV2 Mpro

Build Models

SARS CoV Mpro
full list

SWISS-MODEL

Build Model (Homomer)BuiBuildld ModModelel (Ho(Ho(Hoooooomommommomer)er)er)

29

SARS CoV 2a5k.1.A

2

•SARS-CoV2 Mpro

SWISS-MODEL

30

PDB

DeepViewer/Swiss-
PdbViewer

•SARS-CoV2 Mpro

cov2_swiss_model.pdf

SWISS-MODEL

31•SARS-CoV2 Mpro

SWISS-MODEL

32•SARS-CoV2 Mpro
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SWISS-MODEL
• Chimera

33•SARS-CoV2 Mpro

Open

SWISS-MODEL 10
• 6lu7

– File Fetch by ID PDB ID: 6lu7
– Tools Structure Comparison MatchMaker

34•SARS-CoV2 Mpro

A C RMSD
297 0.709 Å

304 1.611 Å
Chimera 1.4

: 
: 

2a5k 2
2

6lu7

SARS CoV2 SARS CoV

35

CoV2_Mpro SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGH
2a5k.1.A  SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVIGH

CoV2_Mpro SMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFC
2a5k.1.A  SMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCVSFC

CoV2_Mpro YMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYE
2a5k.1.A  YMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAGTDTTITLNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYE

CoV2_Mpro PLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQ
2a5k.1.A  PLTQDHVDILGPLSAQTGIAVLDMCAALKELLQNGMNGRTILGSTILEDEFTPFDVVRQCSGVTFQ

35 46 65

86 88 94 134

202

267 285 286

cov2-cov1.py

: CoV2 Mpro 6lu7
: CoV Mpro 2a5k

Chimera

SARS-CoV2 Mpro

SARS CoV2 SARS CoV

36SARS-CoV2 Mpro

ModLoop
• Sali
•
• Modeller
• http://modbase.compbio.ucsf.edu/modloop/

37

Modeller

: 
: 
: 

ModLoop

38

: 3b7e A
: p1-1.pdb

: 

RMSD between 364 pruned atom pairs is 
0.674 angstroms (across all 385 pairs: 0.956)

RMSD between 359 pruned atom pairs is 
0.670 angstroms; (across all 385 pairs: 1.105)

ModLoop

39

# Run this script with something like
#    python loop.py N > N.log
# where N is an integer from 1 to the number of models.
#
# ModLoop does this for N from 1 to 300 (it runs the tasks in parallel on a
# compute cluster), then returns the single model with the best (lowest)
# value of the Modeller objective function.

from modeller import *
from modeller.automodel import *
import sys

# to get different starting models for each task
taskid = int(sys.argv[1])
env = environ(rand_seed=-1000-taskid)

class MyLoop(loopmodel):
def select_loop_atoms(self):

rngs = (
self.residue_range('163: ', '169: '),
self.residue_range('251: ', '257: '),

)
for rng in rngs:

if len(rng) > 30:
raise ModellerError("loop too long")

s = selection(rngs)
if len(s.only_no_topology()) > 0:

raise ModellerError("some selected residues have no topology")
return s

m = MyLoop(env, inimodel='input.pdb',
sequence='loop')

m.loop.md_level = refine.slow
m.loop.starting_model = m.loop.ending_model = taskid

m.make()

loop_model.py

SCWRL
• Side Chains With Rotamer Library
• Fox Chase Cancer Center Dunbrack

•
• http://dunbrack.fccc.edu/scwrl4/index.php

40
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SCWRL

41

scwrl4 –i p1-1.pdb –o p1-s1.pdb 
p1-1.pdb p1-s1.pdb

SuperPose : heavy atom RMSD 1.63Å
C RMSD 0.92Å backbone atom 0.96Å

heavy atom RMSD 1.65Å
C RMSD 0.92Å backbone atom 0.96Å

: RMSD

H1N1
• : H1N1 p1

– p1.fasta
• : N8 PDB
• : PDB ID: 3b7e

– 4
•

SWISS-MODEL

42

56.8%

VILTGNSSLCPISGWAIYSKDNGIRIGSKGDVFVIREPF
ISCSHLECRTFFLTQGALLNDKHSNGTVKDRSPYRTLMS
CPVGEAPSPYNSRFESVAWSASACHDGMGWLTIGISGPD
NGAVAVLKYNGIITDTIKSWRNNILRTQESECACVNGSC
FTIMTDGPSNGQASYKILKIEKGKVTKSIELNAPNYHYE
ECSCYPDTGKVMCVCRDNWHGSNRPWVSFDQNLDYQIGY
ICSGVFGDNPRPNDG--TGSCGPVSSNGANGIKGFSFRY
DNGVWIGRTKSTSSRSGFEMIWDPNGWTETDSSFSVRQD
IVAITDWSGYSGSFVQHPELTGLDCMRPCFWVELIRGQP
KENTIWTSGSSISFCGVNSDTVGWSWPDGAELPFSI---

TYMNNTEAICDAKGFAPFSKDNGIRIGSRGHIFVIREPF
VSCSPIECRTFFLTQGSLLNDKHSNGTVKDRSPFRTLMS
VEVGQSPNVYQARFEAVAWSATACHDGKKWMTVGVTGPD
SKAVAVIHYGGVPTDVVNSWAGDILRTQESSCTCIQGDC
YWVMTDGPANRQAQYRIYKANQGRIIGQTDISFNGGHIE
ECSCYPNDGKVECVCRDGWTGTNRPVLVISPDLSYRVGY
LCAGIPSDTPRGEDTQFTGSCTSPMGNQGYGVKGFGFRQ
GTDVWMGRTISRTSRSGFEILRIKNGWTQTSKEQIRKQV
VVDNLNWSGYSGSFTLPVELSGKDCLVPCFWVEMIRGKP
EEKTIWTSSSSIVMCGVDYEVADWSWHDGAILPFDIDKM

p1.fasta 2htq A

SWISS-MODEL

43

Build Models

1

Build Models

N8
full list

SWISS-MODEL

44

N8 2ht7.1.A
Build Model (Homomer)

SWISS-MODEL

45

PDB

DeepViewer/Swiss-
PdbViewer

SWISS-MODEL

46

SWISS-MODEL

47

SWISS-MODEL
• PDB ID: 3b7e

Chimera

48

2ht7 4
4

3b7e 2

A C RMSD
384 1.088 Å

359 0.680 Å
Chimera 1.4
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NCBI BLAST

49

p1 p1.fasta

blastp
Protein Data 

Bank proteins (pdb)

NCBI BLAST

NCBI BLAST

50

NCBI BLAST

51

N8 2HT5 A

2HT5

NCBI BLAST

2HT5

2HTQ

56%

BLAST

52

• : p2

– p2.fasta
– : PDB ID: 1dx0

• : PDB
– PDB ID: 1qlx

•
SWISS-MODEL

53

GSKKRPKPGG-WNTGGSRYPGQGSPGGNRYPPQGGGGWGQ
PHGGGWGQPHGGGWGQP--------HGGGWGQPHGGGWGQ
GGGTHSQWNKPSKPKTNMKHMAGAAAAGAVVGGLGGYMLG
SAMSRPIIHFGSDYEDRYYRENMHRYPNQVYYRPMDEYSN
QNNFVHDCVNITIKQHTVTTTTKGENFTETDVKMMERVVE
QMCITQYERESQAYYQRGS

p2.fasta 1qlx

89.5%

GSKKRPKPGGGWNTGGSRYPGQGSPGGNRYPPQGGGGWGQ
PHGGGWGQPHGGGWGQPHGGGWGQPHGGGWGQPHGGGGWG
QGGTHGQWNKPSKPKTNMKHVAGAAAAGAVVGGLGGYMLG
SAMSRPLIHFGSDYEDRYYRENMHRYPNQVYYRPVDQYSN
QNNFVHDCVNITVKEHTVTTTTKGENFTETDIKMMERVVE
QMCITQYQRESQAYYQRGA

SWISS-MODEL

54

Build Models

1

1dx0.1.A

1qlx.1.A

SWISS-MODEL

55

PDB

SWISS-MODEL
• PDB ID: 1qlx

Chimera

56

1dx0 N 123

C RMSD
103 1.826 Å

79 1.180 Å
Chimera 1.4
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HHpred

57

https://toolkit.tuebingen.mpg.de/tools/hhpred

p1
p1.fasta

Submit Job

H1N1 p1

HHpred

58
…

HHpred

59
…

HHpred

60

5nz4_B

HHpred

61

Model using selection

5nz4_B
HHpred

5nz4_B

HHpred

62

Forward to Modeller

HHpred

63

Submit job

Modeller

Modeller

HHpred

64

PDB

3b7e A
RMSD between 385 pruned atom pairs is 0.272 angstroms
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Phyre

http://www.sbg.bio.ic.ac.uk/phyre2/

65

p1
p1.fasta

Phyre Search

H1N1 p1

Phyre

66

1. Finding homologues with PSI-Blast
2. Building hidden Markov model of sequence
3. Checking for transmembrane helices
4. Constructing models
5. Loop modelling
6. (Multiple template modelling with Poing, 

intensive mode only)
7. Generating results page 

Phyre

67

c2htuA
N8

p1

Phyre

68

c2htuA
BLAST

Phyre

69

FASTA Chimera
Modeller

Phyre intensive

RMSD between 360 pruned 
atom pairs is 0.669 angstroms; 
(across all 383 pairs: 1.123)

2htuA
PDB

Modeller
Phyre

RMSD between 367 pruned 
atom pairs is 0.671 angstroms; 
(across all 385 pairs: 0.923)

RMSD

Phyre2

70

20%

nr20 HHblits

HMM-HMM

Normal mode

Phyre2

71

C -C

Poing

Intensive mode

Robetta

72

https://robetta.bakerlab.org/

Structure Prediction
Submit
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Robetta

73

TR only

AB 
only

p1.fasta

Robetta

74

5
Download Models
5

ab initio

Robetta

75

Tools Depiction Rainbow
Change color every model

5

3b7e
model#0.3: RMSD between 30 pruned 
atom pairs is 1.201 angstroms; (across all 
385 pairs: 27.680)

ab initio

Robetta

76

comparative modeling

Robetta

77

comparative modeling

3b7e : RMSD 
between 370 pruned atom pairs is 0.644 
angstroms; (across all 385 pairs: 0.892)

Modeller : RMSD between 
364 pruned atom pairs is 0.674 
angstroms (across all 385 pairs: 0.956)

: 
: 3b7e

Robetta

78

transform-restrained

3b7e : RMSD 
between 103 pruned atom pairs is 1.133 
angstroms; (across all 385 pairs: 9.782)

Modeller : RMSD between 
364 pruned atom pairs is 0.674 
angstroms (across all 385 pairs: 0.956)

: 
: 3b7e

Robetta

79

comparative modeling

1dx0
model#0.4: RMSD between 51 pruned 
atom pairs is 1.046 angstroms; (across all 
104 pairs: 6.147)

Modeller : RMSD between 80 
pruned atom pairs is 1.193 angstroms; 
(across all 104 pairs: 1.822)

p2.fasta
: 
: 1dx0
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