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Contrasting Animal and Plant Cell Signaling in Membrane Proteins

Is GCR1 an analog of animal GPCRs? is it needed?

GCR1 not required? Urano et al. Open biology. 2013;3: 120186. (image source)
Self-activation of alpha subunit: Johnston et al. 2007. Proceedings of the National Academy of Sciences of 
the United States of America, 104(44)
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GPCRs can have various active states and bind different kinds of ligands to produce specific 
responses to each stimulus.

Several active states per GPCR: Gray et al. Proceedings of the National Academy of Sciences of the United States of America 2014 Jan 7,;111(1):12.
Evidence of heterotrimer signalling in plants: Chen et al. PLANT PHYSIOLOGY 2006, 141(3)
GCR1 internalization: Pandey and Assmann The Plant Cell, , 2004. 16(6)
CR1 and GPA1 regulate DNA synthesis through PI- PLC activation and IP3 and DAG production. Apone et al. PLANT PHYSIOLOGY, 2003. 133(2)

RGS1 has a regulatory GTPase activity on the GTP-Gα subunit. GCR1 would be necessary
Gibberellin A1 Abscisic Acid
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GCR1.mfta file generation

GCR1-sequence Fasta format

BLAST search

sequence alignment

GCR1.mfta

7 TM regions were found up

Hydrophobic centers and eta residue



Condense alignment: GCR1 Vs human GPCRs 

Alineamiento secuencias

IDs de GPCRs con estructura 3D def.

Secuencias de GPCRs con estructura 3D def.

Homology procedure based on sequence alignment



Model 1
Model 2

GCR1.mfta

Model 3

GCR1 3D structure by homology: Vohra S, Taddese B, Conner AC, Poyner DR, Hay DL, Barwell J, et al. Research. Research. 2013.



Selected templates



PE2R3 (Human prostaglandin E receptor EP3.) 

6ak3_chainB.pdb

hBeta2_2rh1_opm.pdb

6ak3_chainB_align.pdb

Condense alignment

PE2R3.bgf and PE2R3.mfa files
Scott, Caitlin E. Biogroup Methods GPCR Structure Prediction. 2010



Homologize Procedure: target and templates.

GCR1_PE2R3.PE2R3.hom.bgf

GCR1_PE2R3.bgf from homology



Model 1 Model 2

GCR1.mfta

Model 3

Bray, J. K.; Abrol, R.; Goddard, W. A.; et al. Proceedings of the National Academy of Sciences. 2014

BiHelix



Model 1 Model 2

GCR1.mfta

Model 3

Bray, J. K.; Abrol, R.; Goddard, W. A.; et al. Proceedings of the National Academy of Sciences. 2014

BiHelix



MultiSuperCombiNeutralize
SuperBiHelix
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Bray, J. K.; Abrol, R.; Goddard, W. A.; et al. Proceedings of the National Academy of Sciences. 2014



Hydrogen bonding Network: S34(1.50)--N265(7.49)--D62(2.50)

Conserved H_bonds network among GCR1, and GPCRs de clase A. 13



D207(6.35)--R190(5.70)--E211(6.39)--R187(5.67)--N208(6.36)
R190(5.70)--D204(6.32)--R194(5.74)--R193(5.73)

Critical for active conformation in human GPCRs.

If 6 - 3 interactions are broken 
and there are 5 - 6 interactions, 
can it be an indication of inactive 
state of GCR1?
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D204(6.32)--R194(5.74)--R190(5.70)--E211(6.39)--R187(5.67)--N208(6.36)--N191(5.71)--R209(6.37)
R193(5.73)--R194(5.74)--D204---R190(5.70)--E211(6.39)--R187(5.67)--N208(6.36)

Salt bridges interactions critical for active conformation in human GPCRs.

E211(6.39 or 6.30)
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04Ni_GPCR
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06Ci.bgf to 06Ci_GCR1

1 Loops translation
1.1 06Ci.bgf alignment to GCR1

1 Loops translation
1.2 Loops + TMs connections

2 pdb to bgf
Annealing procedure preparation

2 pdb to bgf
Questions about Annealing-procedure preparation

3 Simulated annealing
Results
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04_GCR1 Vs 06_GCR1 min02.log files

04Ni_GCR1 06Ci_GCR1
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04_GCR1 Vs 06_GCR1 min02.dcd files

04Ni_GCR1 06Ci_GCR1 19



04_GCR1 eq02.log analysis

TS : kinetic TS : temp 
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04_GCR1 eq02.log analysis

TS : total TS : potential
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04Ni_GCR1 min02.dcd 

Starting point Final point
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06Ci_GCR1 min02.dcd
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Starting point Final point



alignment and RMSD between between 20Ci-GCR1_noH_TMfix.annealed and system_minvac.fin

  0  -137.885
  1  -162.693
  2  -210.722
  3  -233.652
  4  -225.566
  5  -254.661
  6  -255.747
  7  -282.483
  8  -285.503
  9  -246.771
10  -294.057
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20Ci_gcr1 Starting structure (from minimized simulated annealing structure)
yourprot-lig+POPC+wat+NaCl.pdb
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Equilibrate 2
Potential Energy 

Equilibrate 3
Potential Energy 

Equilibrate 3
Temperature 



ETITLE:      TS           BOND          ANGLE          DIHED          IMPRP               ELECT            VDW       BOUNDARY           MISC        KINETIC               TOTAL           
    1              2                3                    4                    5                   6                        7                     8                  9                      10                 11                        12

TEMP         TOTAL2         TOTAL3        TEMPAVG
   13                  14                  15                   16

ELECT VDW

Protein_Energy 20Ci_GCR1
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alignment between system.round_4.fin.bgf and 03Ci-GCR1_TMfixed.bgf

  0  14.02
  1 -2.64055
  2 -116.409
  3 -144.018
  4 -167.795
  5 -146.396
  6 -153.773
  7 -151.435
  8 -167.714
  9 -156.242
10 -158.664
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ETITLE:      TS           BOND          ANGLE          DIHED          IMPRP               ELECT            VDW       BOUNDARY           MISC        KINETIC               TOTAL           
    1              2                3                    4                    5                   6                        7                     8                  9                      10                 11                        12

TEMP         TOTAL2         TOTAL3        TEMPAVG
   13                  14                  15                   16

ELECT VDW

Protein_Energy 03Ci_GCR1-
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10 stable salt bridges.
2 Marginal salt bridges.

4 No salt bridges.

Total 16

03Ci_GCR1
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saltbr-ASP201-ARG193.dat (IC3-5.73) saltbr-ASP204-ARG194.dat (6.23-5.74)

saltbr-ASP207-ARG190.dat (6.26-5.70) saltbr-GLU211-ARG190.dat (6.30 - 5.70)

saltbr-GLU211-ARG187.dat (6.30 - 5.67)
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03Ci_GCR1



Protein_Energy 03Ci_GCR1-20ns-helix_restrained (for a total of 60ns_helix-restrained)
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Starting point Final point



saltbr-GLU117-ARG107.dat (4.39-3.52) saltbr-GLU117-LYS111.dat (4.39-IC2)

saltbr-GLU120-ARG107.dat (4.42 - 3.52)
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Protein_Energy 3Ci_GCR1-20ns-helix_restrained (for a total of 60ns_helix-restrained)

(4.39-3.52) (4.39-IC2) (4.42 - 3.52)
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saltbr-ASP118-LYS53.dat (4.40-2.41)
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Starting point

Final point



saltbr-GLU242-LYS160.dat (EC3-EC2)
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Starting point

Final point



20Ci 03Ci
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ETITLE:      TS           BOND          ANGLE          DIHED          IMPRP               ELECT            VDW       BOUNDARY           MISC        KINETIC               TOTAL           
    1              2                3                    4                    5                   6                        7                     8                  9 = 0               10 = 0         11 = 0                    12

TEMP         TOTAL2         TOTAL3        TEMPAVG
13 = 0             14                  15                   16

TOTAL 3

Protein_Energy 03Ci_GCR1- final 20ns (for a total of 60ns)
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Ligands: ABA

Downloaded from ccdc.cam.ac.uk/



Ligands: From n_ABA to c_ABA



Ligands: From n_ABA to c_ABA



Ligands: ABA_conformers



Spheres (29,35,54,61) around protonated Histidine, HSP, on 03Ci_GCR1

TM1

TM2

TM3

TM4

TM5

TM6

TM7

sph29

sph35

sph54

sph61
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TM1

TM2

TM3
TM4

TM5

TM6

TM7

sph29

Spheres (29,55) around protonated Histidine, HSP, on 03Ci_GCR1
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Docking results with 29,55

Docking results with 29,35,54,61
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Docking results with 29,55

Min_Docking 29,55
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Structure ./1c/post_complexminimize_energy.csv:filename ucav ucav_rank sum_ranks total snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb

39682
./10c/post_complexminimize_energy.csv-system.round_10.fin.c
m.bgf -92,0380 2 3 -415,3540 -140,2080 1 -415,3540 -348,3360 73,1900 -0,6450 -62,8140 -28,5840

S_bridge H_bond
0 4
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33566 ./7c/post_complexminimize_energy.csv-system.round_7.fin.cm.bgf -93,3500 1 4 -403,4580 -127,8281 3 -403,4580 -349,1250 73,4951 -8,7860 -63,5990 -20,9610

Structure ./1c/post_complexminimize_energy.csv:filename ucav ucav_rank sum_ranks total snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb

S_bridge H_bond
1 4
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Structure ./1c/post_complexminimize_energy.csv:filename ucav ucav_rank sum_ranks total snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb

37407
./5c/post_complexminimize_energy.csv-system.round_5.fin.cm.
bgf -88,2930 5 7 -420,8630 -133,0693 2 -420,8630 -365,2710 77,4773 -15,6120 -51,9500 -20,7310

S_bridge H_bond
1 1
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Structure ./1c/post_complexminimize_energy.csv:filename ucav ucav_rank sum_ranks total snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb

37462
./2c/post_complexminimize_energy.csv-system.round_2.fin.cm.
bgf -82,1840 8 14 -413,3630 -124,2474 6 -413,3630 -363,5380 74,4224 -14,2980 -50,4400 -17,4460

S_bridge H_bond
1 1
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Structure ./1c/post_complexminimize_energy.csv:filename ucav ucav_rank sum_ranks total snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb

37407
./4c/post_complexminimize_energy.csv-system.round_4.fin.cm.
bgf -81,8720 11 15 -419,1340 -126,1392 4 -419,1340 -366,4400 73,4452 -12,1220 -51,9160 -17,8340

S_bridge H_bond
1 1
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Structure ./1c/post_complexminimize_energy.csv:filename ucav ucav_rank sum_ranks total snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb

33513
./3c/post_complexminimize_energy.csv-system.round_3.fin.cm.
bgf -83,0930 7 15 -436,2520 -123,7134 8 -436,2520 -384,8960 72,3574 -15,9980 -50,8790 -16,2160

S_bridge H_bond
1 3
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Structure ./1c/post_complexminimize_energy.csv:filename ucav ucav_rank sum_ranks total snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb

33566
./8c/post_complexminimize_energy.csv-system.round_8.fin.cm.
bgf -86,5200 6 17 -402,9980 -122,5472 11 -402,9980 -354,7730 74,3222 -6,8040 -59,8780 -19,8400

S_bridge H_bond
1 1
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Docking results with 29,55

Docking results with 29,35,54,61
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filename ./1_cycle/post_complexminimize_energy.csv:filename ucav ucav_rank Sum_rank snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb # S_bridges # H_bonds

GCR1_22097 ./10_cycle/post_complexminimize_energy.csv-system.round_10.fin.cm.bgf -93,0430 2 15 -134,0768 13 -399,3080 -338,8800 73,6488 -7,2520 -63,0660 -22,7250 1 4
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filename ./1_cycle/post_complexminimize_energy.csv:filename ucav ucav_rank Sum_rank snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb # S_bridges # H_bonds

GCR1_6252 ./6_cycle/post_complexminimize_energy.csv-system.round_6.fin.cm.bgf -92,9350 4 6 -144,1486 2 -409,4220 -336,2110 70,9376 101,5467 -68,4870 -28,9190 0 7
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filename ./1_cycle/post_complexminimize_energy.csv:filename ucav ucav_rank Sum_rank snapbe snapbe_rank cpx_te ptn_te lig_te ucav_vdw ucav_cou ucav_hb # S_bridges # H_bonds

GCR1_6252 ./5_cycle/post_complexminimize_energy.csv-system.round_5.fin.cm.bgf -86,7930 15 44 -128,1663 29 -401,1260 -343,1900 70,2303 -6,9200 -61,8980 -17,9770 1 6
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Best poses of Gibberellin A1 on 03 Ci_GCR1
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GCR1_6252 ./6_cycle/post_complexminimize_energy.csv-system.round_6.fin.cm.bgf -92,9350 4 6 -144,1486 2 -409,4220 -336,2110 70,9376 101,5467 -68,4870 -28,9190 0 7

S_bridge H_bond
2 1

37407 ./4c/post_complexminimize_energy.csv-system.round_4.fin.cm.bgf -81,8720 11 15 -419,1340 -126,1392 4 -419,1340 -366,4400 73,4452 -12,1220 -51,9160 -17,8340
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Thanks
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