A) Ternary (open is preferred in xtal structure 4FVT)

--Open/closed loop complex frame 1 prime (~700 kcal/mol)
--Open/closed complex amber 2-12 ns GBSA/PBSA (~400 kcal/mol)

-ternary open
Prime: -11130
Amber 2-12 ns: -6978

-ternary closed
Prime: -11745
Amber 2-12 ns: -7360 

Derived delta by Dr.RC = 615 kcal/mol (Prime) Open -closed
Derived delta by Dr.RC = 382 kcal/mol (Amber) Open -closed


ΔConf Relative conformational stability = (Complex Energy Open loop - Complex Energy Closed loop) =  615 kcal/mol (Prime)
 ΔConf Relative conformational stability = (Complex Energy Open loop - Complex Energy Closed loop) = 375.01 kcal/mol (Amber)
1) Frame 1 Prime MM/GBSA relative conformational energy favors “closed/4BVG” loop over “open loop/4FVT” by -615 kcal which is not consistent with experimental findings.
2) Amber MM/GBSA relative conformational energy favors “closed/4BVG” loop over “open loop/4FVT” by -382 kcal which is not consistent with experimental findings.

Both methods rank it incorrectly.

Prime Energy correction
Based on Prime side chain validation data carried out on native 4FVT and 4BVG crystal structures we would expect an energy error of -146.89 and -676.7 kcal/mol respectively, post side chain modelling. 
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Accounting for this energy error in the closed loop model should be able to correct the energy error in the model.  Accordingly, the corrected energy will be   
Ternary Closed = -11069 kcal/mol (based on corrected energy)
Ternary open (native) = -11130 kcal/mol
The energy error from 4FVT is not factored here because the ternary open loop conformation herein was not subjected to side chain modelling.
Accounting for the energy error favors the open conformation

Source of errors
Cross comparison of Sirt3/NAD+/AC-Cs complex with a closed loop and Sirt3/INT/NAM model with a closed loop revealed many outliers residues. 
Some of these may not be true outliers because of the effect of side chain reorganization upon substrate binding (induced fit effect). 
[image: ]



However it is believed that six residues (Pro 35, Leu 44, Leu 48, Gln 50, Tyr 51, and Asp 52) contribute significantly to the energy error for the Ternary closed loop model. 
Interestingly, these residues also appear as outliers in our validation study carried out using 4BVG crystal coordinates.
Further these residues are not involved in direct ligand/substrate binding that could potentially undergo side chain reorganization upon binding. 
Based on the above information it could be concluded that these residues could be “true outliers” and their large RMSD /energy deviation is not influenced by the substrate here. 
Side chain validation studies revealed that Leu 48 along contributes -82 kcal/mol error. 
It is speculated that these residues would have accounted for the energy error in Prime scoring and side chain prediction for the ternary complex with 4BVG loop.
  
Amber MM/PB-GB SA (Component analysis)
Amber MM/PBSA and MM/GBSA complex energies favor and closed loop conformation for the ternary complex. 
Amber energy values are inconsistent with experimental evidence.  
However, it has to be noted here that the ternary complex (open) was subjected to 18 ns simulation by Ping conversely; the closed complex was subjected only to 12 ns simulation by me. This inconsistency could also be a potential source of error.
The complex energy obtained by MM/PBSA and MM/GBSA was analyzed based on the individual component contribution. 
The component terms are listed in tables below






	MM/PBSA
	Open
	Closed
	Delta

	BOND
	874.72
	875.43
	-0.71

	ANGLE
	2372.62
	2373.58
	-0.96

	DIHED
	3049.77
	3041.85
	7.92

	VDWAALS
	-2293.00
	-2198.53
	-94.47

	EEL
	-18738.34
	-19268.12
	529.78

	1-4 VDW
	1061.81
	1053.58
	8.23

	1-4 EEL
	9750.60
	9592.82
	157.77

	EPB
	-3305.04
	-3087.43
	-217.61

	ENPOLAR
	2182.89
	2207.85
	-24.97

	EDISPER
	-1247.20
	-1225.29
	-21.91

	Ggas
	-3921.83
	-4529.39
	607.57

	Gsolv
	-2369.35
	-2104.86
	-264.48

	TOTAL
	-6291.17
	-6634.26
	343.08



	MM/GBSA
	Open
	Closed
	Delta

	BOND
	874.7192
	875.4252
	-0.71

	ANGLE
	2372.6201
	2373.5789
	-0.96

	DIHED
	3049.7686
	3041.8522
	7.92

	VDWAALS
	-2293.0017
	-2198.527
	-94.47

	EEL
	-18738.3398
	-19268.1244
	529.78

	1-4 VDW
	1061.8108
	1053.5796
	8.23

	1-4 EEL
	9750.5973
	9592.8224
	157.77

	EGB
	-3557.9493
	-3303.8033
	-254.15

	ESURF
	97.0006
	101.9087
	-4.91

	Ggas
	-3921.8255
	-4529.3931
	607.57

	Gsolv
	-3460.9487
	-3201.8946
	-259.05

	TOTAL
	-7382.7742
	-7731.2877
	348.51



Component based analysis revealed the electrostatic energy is overestimated for the closed form. 
Both MM based electrostatic contribution and the polar (Ele) terms from PB/GB tend to be overestimated for the closed conformation.
However, the magnitude of the conformational energy difference (total energy) when compared to the total potential energy is relatively small (~ 343 kcal/mol).
This small difference could also be an artifact of the simulation time difference. Since we are extending to simulation to 25 ns one shouldn’t be surprised to see reversal in the conformational energy preference. 
In fact negative energies for the binding of NAD+ were obtained only when Ping sampled energies between 12-16ns. This shows that the system takes more time to converge. I speculate here that it could be due to convergence error.  
An ideal way to compare would be to compare the energies of two complexes in same conformation, but with different substrates to understand the major source of discrepancy in the energy terms.
Accordingly, Sirt3/NAD+/Ac-Cs2 and Sirt3/INT/NAM complex in open loop conformation were compared. The cross comparison tables are shown below. 
	MM/GBSA
	Open(TER)
	Open(INT/NAM)
	Delta

	BOND
	874.72
	896.32
	-21.6

	ANGLE
	2372.62
	2459.56
	-86.94

	DIHED
	3049.77
	3054.75
	-4.98

	VDWAALS
	-2293
	-2271.19
	-21.81

	EEL
	-18738.34
	-18352.86
	-385.48

	1-4 VDW
	1061.81
	1056.99
	4.82

	1-4 EEL
	9750.6
	9671.42
	79.18

	EPB
	-3305.04
	-3323
	17.96

	ENPOLAR
	2182.89
	2211.1
	-28.21

	EDISPER
	-1247.2
	-1276.94
	29.74

	Ggas
	-3921.83
	-3596.97
	-324.86

	Gsolv
	-2369.35
	-2462.06
	92.71

	TOTAL
	-6291.17
	-6059.03
	-232.14



Cross comparison of two similar conformations bound to different substrate revealed the major source of difference in the energy to be the electrostatic term.

Although the internal energies (Bond, Ange, torsion) are close (~ 111) along expected lines (similar conformations, the internal energies needs to close), the electrostatic component shows large deviation between the two complex with similar conformation.
This point out that the MM based electrostatic contribution tends to be over estimate for the ternary closed complex.
The method used here for comparing the conformational energies of the two conformation ( open vs closed ) may  not be thermodynamically correct , but would certainly provide an idea of the energetic stability of the conformations.
A rigorous method for computing the conformational energy difference between two conformations from MM/PBSA is illustrated below
The thermodynamic cycle which is implemented is shown below 
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Where,  is the average of the solvation energy and G is the conformational energy component of the conformer. The energy term G here is 
<G> = <E internal > - TS
Here the internal energy term is the boned terms (Bond. Dihedral and angle) from the potential function. S (entropy) can be obtained from NAM or QHM  approximations.







B: INT/NAM (closed is preferred in xtal structure 4BVG)
--Open/closed loop complex frame 1 prime (~500 kcal/mol)
INT/NAM open 
prime: -11890
amber 2-12 ns: -6757 


-INT/NAM closed

prime: -11794
amber 2-12 ns: -6787

Derived delta by Dr.RC = -96 kcal/mol (Prime) open to closed
Derived delta by Dr.RC = 30 kcal/mol (Amber) open to closed
	
	




ΔConf Relative conformational stability = (Complex Energy Open loop - Complex Energy Closed loop) = 375.01 kcal/mol (Prime) = -139 kcal/mol
ΔConf Relative conformational stability = (Complex Energy Open loop - Complex Energy Closed loop) = 57.10  kcal/mol (Amber)
1) Amber and OPLS findings are inconsistent here. However the energy difference between the force field are not large (RC method ~ 66 and by VR method ~ 82). Considering the noise level in MM based energies, it would be hard to tell if one scoring function is favoring the open or closed over other based on a narrow energy window (~ 66 and ~82). Also, not just the FF are different here, the charges ( Amber uses RESP charge and Prime uses OPLS ff based charge  for the Ligand and one uses GBSA and the other VSGB2 as its implicit solvent model). This difference also needs consideration.
2) Prime Energy correction
In the previous case (Ternary) we compared a crystal structure with a model
Herein we compared two modelled structures, hence conformation of NAM (not sure how NAM was docked) could also lead to differences in the energy here.
Based on Prime side chain validation data carried out on native 4FVT and 4BVG crystal structures we would expect an energy error of -146.89 and -676.7 kcal/mol respectively, post side chain modelling. 

 Accounting for the energy error in the modeled structures the corrected energy will be;
Ternary Open (native) = -11648 kcal/mol (based on corrected energy)
Ternary Closed = -11113kcal/mol (based on corrected energy)
   In this case we don’t see the closed conformation to be the preferred one.
Amber MM/PB-GB SA (Component analysis)
Amber MM/PBSA and MM/GBSA complex energies are inconsistent here.  
The internal inconsistency between MM/PBSA and MM/GBSA ranking is due to errors in the estimation of the solvation free energy.
	MM/GBSA
	Open
	Closed
	Delta

	[bookmark: RANGE!A2:B15]BOND
	896.32
	[bookmark: RANGE!C2:D16]903.60
	-7.27

	ANGLE
	2459.56
	2444.54
	15.02

	DIHED
	3054.75
	3055.22
	-0.47

	VDWAALS
	-2271.19
	-2276.07
	4.88

	EEL
	-18352.86
	-18834.44
	481.58

	VDW
	1056.99
	1057.85
	-0.86

	EEL
	9671.42
	9692.49
	-21.07

	EGB
	-3643.87
	-3346.44
	-297.43

	ESURF
	102.17
	96.59
	5.57

	Ggas
	-3485.00
	-3956.82
	471.81

	Gsolv
	-3638.97
	-3249.84
	-389.13

	TOTAL
	-7123.97
	-7206.66
	82.69

	
	
	
	

	
	
	
	

	
	
	
	

	MM/PBSA
	Open
	Closed
	Delta

	BOND
	896.32
	903.60
	-7.27

	ANGLE
	2459.56
	2444.54
	15.02

	DIHED
	3054.75
	3055.22
	-0.47

	VDWAALS
	-2271.19
	-2276.07
	4.88

	EEL
	-18352.86
	-18834.44
	481.58

	1-4 VDW
	1056.99
	1057.85
	-0.86

	1-4 EEL
	9671.42
	9692.49
	-21.07

	EPB
	-3323.00
	-2965.72
	-357.28

	ENPOLAR
	2211.10
	2186.42
	24.68

	EDISPER
	-1276.94
	-1186.46
	-90.49

	Ggas
	-3596.97
	-3956.82
	359.84

	Gsolv
	-2462.06
	-1944.54
	-517.52

	TOTAL
	-6059.03
	-5901.35
	-157.68



MM/GBSA ranks it in correctly, but MM/PBSA doesn’t. 
These MM/PBSA values are based on the correct salt concentration and not the old salt concentration.
Similar to the ternary complex, component analysis reveals significant differences for the electrostatic terms calculated form MM, GB and PB methods for the two conformations.
Sirt3/INT/NAM and Sirt3/NAD+/ Ac_CS2 in a closed loop conformation were compared. The cross comparison tables are shown below. 

	MM/GBSA
	Sirt3/INT/NAM(closed)
	Sirt3/NAD+/AC-Cs2 (closed)
	Delta

	BOND
	903.60
	875.43
	28.17

	ANGLE
	2444.54
	2373.58
	70.96

	DIHED
	3055.22
	3041.85
	13.37

	VDWAALS
	-2276.07
	-2198.53
	-77.54

	EEL
	-18834.44
	-19268.12
	433.68

	1-4 VDW
	1057.85
	1053.58
	4.27

	1-4 EEL
	9692.49
	9592.82
	99.67

	EGB
	-3346.44
	-3303.80
	-42.64

	ESURF
	96.59
	101.91
	-5.32

	Ggas
	-3956.82
	-4529.39
	572.57

	Gsolv
	-3249.84
	-3201.89
	-47.95

	TOTAL
	-7206.66
	-7731.29
	524.63


Cross comparison of two similar conformations bound to different substrate revealed the major source of difference in the energy to be the electrostatic term.
Although the internal energies (Bond, Ange, torsion) are close (~ 111) along expected lines (similar conformations, the internal energies needs to close), the electrostatic component shows large deviation between the two complex with similar conformation.






C: Coproduct (closed is preferred in xtal structure 4BVH)
Herein we comparing a modelled with side chain predicted structure. 
Even without energy correction Prime ranks it correctly.
Prime MM/GBSA conformational energy favors “closed loop over open) loop for product complex which is consistent with experimental findings (inferred based on 4BVH product crystal structure).
Amber MM/PB-GB SA (Component analysis)
Amber MM/PBSA and MM/GBSA complex energies favor and closed loop conformation for the ternary complex. 
Amber MM/GBSA energy values are consistent   here.
	MM/GBSA
	Open
	Closed
	Delta

	BOND
	847.3359
	866.3116
	-18.9757

	ANGLE
	2316.061
	2373.136
	-57.075

	DIHED
	2963.473
	3018.913
	-55.4399

	VDWAALS
	-2202.43
	-2270.94
	68.5123

	EEL
	-18612.8
	-18444.4
	-168.403

	VDW
	1040.04
	1051.478
	-11.4384

	EEL
	9822.812
	9554.018
	268.7941

	EGB
	-3574.49
	-3817.44
	242.9516

	ESURF
	103.1658
	99.7707
	3.3951

	Ggas
	-3825.52
	-3851.49
	25.9743

	Gsolv
	-3471.32
	-3717.67
	246.3467

	TOTAL
	-7296.84
	-7569.16
	272.321










However, Amber PBSA calculations values are very close. 
In fact the comparison of the last 10-12 ns values shows open to be preferred over the close form by ~ 20kcal/mol. However,  1-12 ns shows that closed is marginally favorable  by  2 kcal/mol. This is hard to conclude as 2 kcal/ mol is within the SEM value. 
	MM/GBSA
	Open
	Closed
	Delta

	BOND
	862.7905
	866.3116
	-3.5211

	ANGLE
	2365.548
	2373.136
	-7.5885

	DIHED
	3019.579
	3018.913
	0.6656

	VDWAALS
	-2277.14
	-2270.94
	-6.2012

	EEL
	-18440.8
	-18444.4
	3.639

	1-4 VDW
	1053.294
	1051.478
	1.8161

	1-4 EEL
	9598.473
	9554.018
	44.4554

	EPB
	-3614.49
	-3564.17
	-50.3156

	ENPOLAR
	2192.223
	2195.03
	-2.8078

	EDISPER
	-1204.38
	-1204.56
	0.1818

	Ggas
	-3818.23
	-3851.49
	33.2652

	Gsolv
	-2626.65
	-2573.71
	-52.9415

	TOTAL
	-6444.87
	-6425.2
	-19.6762



The electrostatic contribution here is not much different between open and closed form as per MM/PBSA. However, MM/GBSA shows difference in electrostatics. 
Per-residue analysis.
Per-residue analysis towards binding can be done only for product complex.
Comparison could not be done for other complex because per-residue component   for complex done by Ping is creating problem.



Per-residue analysis shows that the product ( 2-OAADPr) binds more strongly to the closed form as evident for E-Interaction analysis and binding energy analysis.
Per-residue energy contribution towards binding was computed using a 6A cut-off distance.
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	RES ID (Open)
	GBSA
	PBSA
	RESID (Closed)
	GBSA
	PBSA

	THR200
	-7.44
	-5.86
	ARG  38 
	-18.712
	-23.747

	SER201
	-4.286
	-4.451
	PHE  37 
	-8.797
	-7.913

	GLY25
	-4.004
	-2.653
	THR 200 
	-7.853
	-6.798

	ALA26
	-3.634
	-2.765
	SER 201 
	-6.546
	-8.369

	ASN224
	-3.496
	-1.632
	ALA  26 
	-4.561
	-4.011

	GLN108
	-2.793
	-1.906
	GLY  25 
	-4.547
	-3.613

	ARG225
	-2.559
	-3.586
	ASN 224 
	-3.801
	-1.704

	GLY27
	-2.388
	-1.668
	GLN 108 
	-3.283
	-2.681

	LYS280
	-0.643
	-3.332
	ARG 225 
	-3.262
	-4.475

	VAL246
	-1.863
	-1.706
	GLY  27 
	-2.656
	-2.12

	ASP245
	-1.739
	-0.684
	HIE 128 
	-2.407
	-3.319

	VAL204
	-1.619
	-0.912
	VAL 246 
	-2.012
	-1.668

	VAL24
	-1.253
	-0.232
	THR  30 
	-1.906
	-2.134

	Total
	-37.717
	-31.387
	Total
	-70.343
	-72.552
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