Lab Rotate Report (From Oct. 15 2001 to Feb. 15 2002) 

Dynamic Hinge Regions co-localize with Biological Important Residues of 15 Proteins

Instructor : Dr. Ivet Bahar

Student : Lee-Wei Yang

Date : Feb 28 2002

ABSTRACT

We have investigated different global motions in the computed dynamic fluctuations exhibited by fifteen proteins with a coarse-grained Gaussian network model. Meanwhile, we compare the residues in structural stable hinge regions with biological critical residues including active sites and inhibitor binding sites which were mentioned in the literature. After randomly choosing 15 proteins from the Brookhaven Protein Databank (PDB), we found biological catalytic residues and inhibitor binding residues highly colocalized in the dynamic hinge region of proteins. 

INTRODUCTION
Understanding the relationship between molecular structure and biological function is of utmost importance for protein design and engineering. Despite the rapidly increasing number of x-ray-elucidated three-dimensional structures and advances in techniques for probing or controlling the function and dynamics of proteins, relatively few connections between function and structure have been established, except on the local scale, e.g., enzyme active sites. However, we try to establish a generalized concept in this study how biological important residues correlate with a dynamic stable region in this study by randomly choosing 15 proteins in this investigation. 

Gaussian network model (GNM) is a simple, but powerful analytical approach recently introduced for modeling the dynamics of proteins and their complexes based on knowledge of 3-dimensional structure information. This approach has proven in several  studies to provide useful information on the mechanism of global motion relevant to biological functions. The good agreement between theoretical predictions and experimental crystallographic temperature factors demonstrated applicability and utility of the theory (Bahar et al, 1999). Here, we extracted 3 dimensional coordinates information of proteins from PDB and analyzed  them by Gaussian network model. The 15 proteins we chose demonstrate a consistent behavior of dynamic movement in their catalytic sites and the inhibitory binding sites. Therefore, the connection between the hinge-bending sites and the catalytic sites of enzymes is not just a coincidence, but a requirement for the function.

METHODS

.

PROTEINS

We searched Brookhaven Protein Databank (PDB) for proteins with the inhibitor information provided. After removing the homologues sequence, there were 822 structures in the current PDB release. We chose the first 80 hits for the following study. The 80 proteins appear in a randomly fashion without any bias to a particular protein family, size or biological function. 80 proteins were then screened and investigated for the feasibility in further dynamic analysis. Only 15 proteins out of 80 were suitable for the following study by reason of:

1.No or insufficient inhibition or catalyst sites information in the related literature

2. Inhibitor itself is huge polypeptide with carbon number larger than 40

3.Sequences have incomplete chain information

15 proteins have their names, PDB codes, subunits and residues information listed in Table 1. The 3D-structure diagrams of the chosen proteins were generated by Sting Millennium web-based software provided in PDB.
GAUSSIAN NETWORK MODEL

In the elastic network model of proteins (Tirion, 1996; Bahar et al, 1997), the interactions between residues in close proximity are represented by harmonic potentials with a uniform spring constant, . The physical basis and the analytical method for examining the collective dynamics of such a network (Haliloglu et al., 1997; Bahar et al., 1998) bear close similarities with the elasticity theory of random polymer networks (Flory, 1976). The junctions of the network are conveniently identified here with the C( atoms. Any deformation from native state coordinates is resisted by the linear springs that associate the close neighboring (bonded and non-bonded) residues. Residues are dots in the random network model subject to Gaussianly distributed fluctuations, hence the name Gaussian network model (GNM). In this study, only C( atoms information out of protein itself, not including inhibitors’ were used for the GNM collective dynamic analysis.

General Formulation

In the GNM, the fluctuations Rij in the separation Rij between the ith and jth residues obey the Gaussian distribution 




W(Rij) = [2kBT)] 3/2 exp {- (2)Rij2 / kBT}


(1)

where kB is the Boltzmann constant, and T is the absolute temperature. The configurational partition function for a protein of N residues is expressed with analogy to the theory of random networks (Flory, 1976) as
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(2)

Here {R} represents the 3N-dimensional column vector {R1, R2, R3, ...., RN} of the fluctuations in the position vectors of the individual residues, the superscript T denotes the transpose, and  is the N x N Kirchhoff matrix.   The elements of are (Bahar et al., 1997) defined as
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based on a cutoff distance rc for inter- residue interactions. A lower bound for rc is the first interaction shell radius of 7.0 Å extracted from statistical analyses (Miyazawa and Jernigan, 1985, 1996; Bahar and Jernigan, 1997) of PDB structures.  The force constant  is the only adjustable parameter of the theory for a fixed cutoff distance. Its magnitude, usually of the order of 1 kcal/(mol Å2), is found by rescaling the theoretically predicted mean-square (ms) residue fluctuations so that their average value matches that indicated by the experimental B-factors.  affects the absolute size of fluctuations, only. The relative fluctuation amplitudes of the individual residues, or the distribution of fluctuations are not affected by the value of the parameter . 

Equilibrium dynamics and modal contributions to collective motions

The equilibrium correlations between the fluctuations of residues i and j are obtained from
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where V is the total potential energy 





V = (/2) {RT} {R} 




(5)

and [ -1]ij is the ijth element of the inverse of  . The ms fluctuations <(Ri)2> of individual residues are evaluated from the last equality in eq 4, using i = j.

The eigenvalue decomposition of  reads  = U  UT where U is an orthogonal matrix whose columns ui, 1 ( i ( N, are the eigenvectors of , and  is the diagonal matrix of the eigenvalues (i), usually organized in ascending order, i.e., 1  ( i  ( N-1, and N = 0. The ith eigenvector reflects the shape of the ith mode as a function of residue index, and the ith eigenvalue represents its frequency (Haliloglu et al., 1997; Bahar and Jernigan, 1998; Bahar, 1999). The correlations between the fluctuations of residues i and j result from the superposition of (N-1) modes in the GNM. The contribution of the kth mode , <Ri. Rj >k , is given by
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(6)

and the cumulative effect of a subset k1 ( k (  k2 of modes is found by summing up the above equation over the investigated subset. We checked the slowest two modes standing for the most global protein movement in this study. The mean-square fluctuations <(Ri)2> of residues are found from the diagonal elements 
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of following eq 4, which are proportional to the theoretical B factor. 

We convert this idea into a practical fortran program and calculated the global motion amplitudes by using the protein structure coordinates from PDB. 

Table 1.  25 proteins, their relative inhibitors and biologically critical residues

	PDB code
	Protein 
	Residue

numbers
	Inhibitor
	Active sites
	Inhibitory sites
	Ref

	10GS
	Human glutathione S-transferase P1-1
	2x209
	Ter117
	7,8,13,38,44,51,52,64,65,98
	8,10,13,38,51,52,64,65, 98,108 in both subunits
	1

	1A16
	Aminopeptidase P 
	440
	Pro-Leu
	260,271,354,361,383,406
	350
	2

	1A30
	HIV-1 protease 
	2x99
	Tripeptide Glu-Asp-Leu
	A25,A30,B25
	A27,A29,A48,A49,A50,B23
	3

	1A3B
	Human (-thrombin
	14+245*
	TRI166 (Bifunctional Boronate inhibitor)
	38,39,40,41
	42,57,58,60D,60F
	4

	1A42
	Human carbonic anhydrase II
	260
	Brinzolamide
	62,64,67,131,198,201,202
	92,94,96,119
	5

	1A47
	Cgtase
	683
	Maltohexaose 
	230,258,329
	197,371
	6

	1A5I
	Plasminogen activator
	244
	Glu-Gly-Arg chloromethyl ketone
	57,102,156,194,195
	57
	7

	1A5V
	Asv integrase
	54-199**
	Y3 
	64,121,157
	62,119,154,155,158
	8

	1AEC
	Actinidin
	218
	               E-64
	25
	19,24,26,66,68,69,162
	9

	1AL8
	Glycolate oxidase
	359
	TKP
	24,108,129,257
	24,108,129,161,254,257
	10

	1ARZ
	E Coli. Dihydrodipicolinate reductase
	4x273
	NADH & 2,6 pyridine dicarboxylate
	159,160,163
	12,13,16,17,34,39,81,84,88,102,104,127,129,163,169,170 (in B,C,D subunits)
	11

	1B3N
	(-ketoacyl carrier protein synthase  
	412
	Cerulenin
	163,340,342,398,399,400,401
	107,108,111,163,193,198,202,303,340,342,398, 399,400,401
	12

	1B6A
	Methionine aminopeptidase 2 
	110-478**
	Tnp-470
	231
	219,328,331,339,340,  376,444,447
	13

	1BGQ
	N-Terminal domain of yeast Hsp90 
	214
	Radicicol 
	40,44,79,80,84,92,93,98,123,124,171,173
	34,44,79,83,124,171
	14

	1BH6
	Subtilisin DY
	275
	N-Benzyloxycarbonyl-Ala-Pro-Phe- chloromethyl ketone
	32,64,221
	64,99,100,101,125,126, 127,155,221
	15

	1BVV
	G/11 xylanase
	185
	XYLOSE
	69,78,172
	9,80,112,116,166
	16

	1BLC
	(-lactamase
	31-290**
	clavulanate
	70
	69,70,234
	17

	1BR6
	Ricin
	268
	PTEROIC ACID
	80,81,121,123,177,180
	78,80,81,121,180
	18

	1BIO
	Human Complement Factor D
	16-243**
	Isatoic Anhydride
	57,102,195
	195,189,214,218
	19

	1BK9
	Snake venom phospholipase A2
	134
	p-bromo-phenacyl-bromide
	48,99
	5,9,30,45,48,49
	20

	1BXO
	Penicillopepsin
	323
	PP7
	33,213
	75,216
	21

	1CP3
	Apopain
	35-227**
	acetyl-Asp-Val-Ala-Asp fluoromethyl ketone
	161,162,163, 164,165
	64,161,163,205,207,209,214
	22

	1CQQ
	Human Rhinovirus 3C Protease
	180
	Ag7088
	40,47,145,147
	142,143,144,145,147, 161,165,170
	23

	1CR6
	Murine Soluble Epoxide Hydrolase
	2*544
	Cpu
	333,334,465, 495,523
	333,334,465,523
	24

	1CRU
	Soluble Quinoprotein Glucose Dehydrogenase
	448+452
	Pyrroloquinoline Quinone
	228, 343, 346
	228, 229, 231, 247, 248, 348, 377, 406, 408
	25


Properties of 25 randomly chosen proteins from PDB bank are listed here. The number before the x symbol in the residue numbers columns stands for the number of subunits in protein (e.g. 10GS is a dimer and 1ARZ is a tetramer)
*    1A3B consists of two subunits. One has 14 residues and the other one has 245. 1CRU has one subunit with 448 residues and the other one with 452 residues.

**  1A5V, 1B6A and 1BLC are proteins containing only one subunits with incomplete chain information. For example, the coordinate data of 1A5V is only available from 54 to 199
RESULTS

The result of GNM analysis is shown in Fig 1. All the proteins present in slowest global mode except 1A42, 1A5I and 1AL8 are presented in the second slowest mode given that their first modes motion appear as almost all hinge region which give no practical dynamic information. As we show here, the active sites and inhibitory binding sites locate in the hinge region sites in a consistent fashion regardless the different function, residue size and subunit numbers of these proteins. Manganese ions in 1A16 serve as the catalytic center. The residues which stabilize them also locate in, or in the immediate neighborhood of, the hinge sites. For those metal ions who play structure-stabilized role or partially involved in the catalysis of chemical reaction, the residues which bind them always demonstrate the co-localization feature with the dynamic stable hinge region.

However, few residues don’t go with the co-localization feature that well such as Tyr108 in 10GS and Gln63, His64 in 1A42. After checking the biological function of these residues, we have few interesting finding. In10GS, the hydrogen-bonding partner of the hydroxyl group of Tyr108, one residue implicated in the catalysis, is space-group dependent. In P43212 form, its hydroxyl group interacts with carbonyl group of Asn204. In the C2 form, a peptide flip is observed, resulting in the hydroxyl group Tyr108 bonding instead to the amide nitrogen of Gly205. Moreover, Tyr108 forms hydrophobic interaction with inhibitor Ter-117 and S-hexyl GSH but not with substrate GSH. Therefore, wide global motion of Try108 as well as Val10 may provide broader substrate recognition function in organisms, so may Tyr-75 in 1BXO. Tyr-75 stays in the tip of the “flap” in the aspartic proteinases which is a (-hairpin loop (in penicillopepsin, residues 71-82) that forms a wall against which the inhibitor packs on the opposite side of the cleft from the catalytic Asp residues. The big fluctuation of Tyr-75 provides room for the ducking of big inhibitors as PPi3 or PPi4. But critical catalysis residues Asp-33 and Asp-213 still tend to stay in the hinge sites. In 1A42, His-64 acts as a catalytic proton shuttle between zinc-bound solvent and bulk solvent. In Higher pH, His64 is oriented toward the active site at pH 8.5 (the "in" conformation). However, in murine CAIV, His-64 flips over at pH below 7 and adopts the "out" conformation. The wide global motion of His64 may reflect its pH dependent feature and make sure the protein possesses a more active conformation in a narrow pH range. Intriguingly, the adjacent glycine residue at position 63, which is conserved among nearly all characterized carbonic anhydrase, is replaced by glutamine in murine and rat CAIVs. Tamai et al.(1996) provides evidence that Gln63 -> Gly substitution in murine CAIV increases the activity of the enzyme, demonstrating that Gln-63 does indeed modulate proton transfer at His-64.

We try to score the residues by normalizing the fluctuation and providing percentage grading with the highest peak as 100% the lowest trough or so-called hinge region as 0% in order to give a sense how close the biological critical residues sit away from the hinge sites. As shown in Table 2, the active sites sit around 7% to the hinge ‘ground’ in slow1 mode by averaging all the catalytic residues or 6% to the hinge by averaging the average score of each protein in order to avoid the bias if certain protein’s information is overweighed. The inhibitor-binding site score 9.3 and 9.6 respectively in all residue averaging and in all protein averaging at slow1 mode analysis which is slightly higher than the average in active sites. This may reflect the fact that inhibitor site proximal to the catalytic hinge region to block the biological function of proteins. Score of mode slow2 is close to that of relative slow1 data.

Besides, the experimental B factor of biological critical residues also coincide with a relatively dynamic stable region but not as close to the hinge as that in slow1 or slow2 motion as shown in Fig 2, 14.7% and 17.6% in the protein averaging for active site and inhibitory sites, respectively. The 3D structure generated by Sting Millennium is shown in Fig2. Small molecule inhibitors ranging from 5 to 30 carbons are surrounded by active or inhibitory sites.

Table 2. Percentage score and average for residues in active and inhibitory sites

	PDB code
	Active site
	Amino acid
	Slow1(%)
	Slow2(%)
	B-exp(%)
	Slow1avg
	Slow2 avg
	B-exp* avg.

	10GS
	7
	tyr
	20.3
	51.4
	19.23
	
	
	

	
	8
	phe
	29.4
	47.65
	26.72
	
	
	

	
	13
	arg
	47.67
	8.6
	20.9
	
	
	

	
	38
	trp
	12.9
	80.85
	66.72
	
	
	

	
	44
	lys
	4.45
	81.61
	40.11
	
	
	

	
	51
	gln
	4.2
	60.94
	15.42
	
	
	

	
	52
	leu
	11.65
	54.13
	20.49
	
	
	

	
	64
	gln
	2.3
	20.25
	10.38
	
	
	

	
	65
	ser
	11.86
	16.6
	5.27
	
	
	

	
	98
	asp
	36.01
	10.72
	19.27
	18.07
	43.28
	24.45

	1A16
	260
	asp
	28.57
	0.17
	11.88
	
	
	

	
	271
	asp
	18.92
	0.12
	6.5
	
	
	

	
	354
	his
	15.02
	0
	0
	
	
	

	
	361
	his
	10.2
	0.29
	16.89
	
	
	

	
	383
	glu
	26.16
	0
	17.31
	
	
	

	
	406
	glu
	25.97
	0
	18.31
	20.81
	0.10
	11.82

	1A30
	A25
	asp
	2.3
	0.5
	8.08
	
	
	

	
	A30
	asp
	8.21
	0.02
	16.6
	
	
	

	
	B25
	asp
	1.79
	1.34
	10
	4.10
	0.62
	11.56

	1A3B
	38
	gln
	0.43
	1.95
	49.4
	
	
	

	
	39
	glu
	0.39
	1.71
	39.48
	
	
	

	
	40
	leu
	0.31
	1.33
	26.07
	
	
	

	
	41
	leu
	0.15
	1.2
	19.29
	0.32
	1.55
	33.56

	1A42
	63
	gln
	5.98
	43.57
	18.9
	
	
	

	
	64
	his
	3.04
	34.69
	33.25
	
	
	

	
	92
	gln
	2.49
	1.58
	10.18
	
	
	

	
	94
	his
	2.11
	0.45
	4.96
	
	
	

	
	96
	his
	0.09
	5.86
	9.07
	
	
	

	
	117
	glu
	0.16
	1.66
	7.64
	
	
	

	
	119
	his
	0.54
	0.9
	6.88
	
	
	

	
	199
	thr
	0.54
	0.9
	6.88
	
	
	

	
	201
	pro
	23.76
	0.3
	11.44
	
	
	

	
	202
	thr
	23.55
	0.67
	24.91
	
	
	

	
	244
	asn
	0.68
	17.46
	14.9
	5.72
	9.82
	13.55

	1A47
	230
	asp
	0
	7.21
	10.34
	
	
	

	
	258
	glu
	0.36
	3.19
	3.76
	
	
	

	
	329
	asp
	8.38
	18.79
	6.76
	2.91
	9.73
	6.95

	1A5I
	57
	his
	0.9
	6
	25.56
	
	
	

	
	102
	asp
	0.02
	0.72
	21.45
	
	
	

	
	156
	lys
	0.29
	3.3
	17.21
	
	
	

	
	194
	asp
	0.34
	0.16
	17.93
	
	
	

	
	195
	ser
	0.29
	0.08
	8.5
	0.37
	2.05
	18.13

	1A5V
	64
	asp
	0.05
	0
	8.13
	
	
	

	
	121
	asp
	16.9
	0.32
	17.1
	
	
	

	
	157
	glu
	7.46
	0
	19.03
	8.14
	0.11
	14.75

	1AEC
	25
	cys
	1.86
	2.67
	1.67
	1.86
	2.67
	1.67

	1AL8
	24
	tyr
	0.31
	3.38
	17.74
	
	
	

	
	108
	trp
	0.36
	0.6
	15.86
	
	
	

	
	129
	tyr
	0
	7.72
	14.79
	
	
	

	
	257
	arg
	0.37
	0.9
	10.11
	0.26
	3.15
	14.63

	1ARZ
	159
	his
	0
	0
	7.5
	
	
	

	
	160
	his
	0.22
	0
	11.6
	
	
	

	
	163
	lys
	0.22
	0
	17.28
	0.15
	0.00
	12.13

	1B3N
	163
	cys
	0.03
	1.05
	13.18
	
	
	

	
	340
	his
	1.61
	3.73
	10.09
	
	
	

	
	342
	leu
	0.03
	1
	4.22
	
	
	

	
	398
	phe
	1.91
	1.62
	22.56
	
	
	

	
	399
	gly
	1.22
	1.8
	18.41
	
	
	

	
	400
	phe
	2.76
	1.8
	13.52
	
	
	

	
	401
	gly
	3.87
	1.89
	13.52
	1.63
	1.84
	13.64

	1B6A
	231
	his
	0.61
	4.36
	6.97
	0.61
	4.36
	6.97

	1BGQ
	40
	asp
	0.1
	3.45
	13.92
	
	
	

	
	44
	lys
	0.34
	7.55
	15.58
	
	
	

	
	79
	asp
	0.69
	2.5
	7.48
	
	
	

	
	80
	ser
	0.62
	4.36
	8.26
	
	
	

	
	84
	met
	0
	3.14
	10.12
	
	
	

	
	92
	asn
	0.6
	0.07
	25.81
	
	
	

	
	93
	leu
	0.64
	0.04
	37.29
	
	
	

	
	98
	lys
	3.45
	5.13
	81.37
	
	
	

	
	123
	gly
	2.56
	5.23
	13.29
	
	
	

	
	124
	phe
	1.37
	2.27
	12.09
	
	
	

	
	171
	thr
	0.3
	2.79
	6.88
	
	
	

	
	173
	leu
	0.31
	1.02
	13.74
	0.92
	3.13
	20.49

	1BH6
	32
	asp
	23.27
	1.26
	3.08
	
	
	

	
	64
	his
	29.98
	1.47
	6.7
	
	
	

	
	221
	ser
	3.29
	0.34
	3.58
	18.85
	1.02
	4.45

	1BVV
	69
	tyr
	0
	1.55
	7.37
	
	
	

	
	78
	glu
	2.8
	9.1
	7.8
	
	
	

	
	172
	glu
	1.8
	8.52
	13.33
	1.53
	6.39
	9.50

	1BLC
	70
	ser
	0.2
	1.1
	14.88
	0.2
	1.1
	14.88

	1BR6
	80
	tyr
	2.42
	0.02
	7.23
	
	
	

	
	81
	val
	5.67
	0
	1.05
	
	
	

	
	121
	gly
	19.39
	0.62
	11.92
	
	
	

	
	123
	tyr
	13.44
	0.75
	6.39
	
	
	

	
	177
	glu
	7.65
	0.03
	3.93
	
	
	

	
	180
	arg
	3.69
	0
	3.35
	8.71
	0.24
	5.65

	1BIO
	57
	his
	3.65
	2.1
	19.02
	
	
	

	
	102
	asp
	2.06
	1.41
	2.63
	
	
	

	
	195
	ser
	0.66
	0.01
	1.4
	2.12
	1.17
	7.68

	1BK9
	48
	his
	0.07
	1.59
	5.89
	
	
	

	
	99
	asp
	2.67
	7.08
	9.31
	1.37
	4.34
	7.60

	1BXO
	33
	asp
	2.83
	0.15
	0.4
	
	
	

	
	213
	asp
	1.46
	0.69
	0.2
	2.15
	0.42
	0.30

	1CP3
	161
	gln
	0.38
	0.4
	12.75
	
	
	

	
	162
	ala
	0.67
	2.34
	17.46
	
	
	

	
	163
	cys
	0.36
	4.77
	26.76
	
	
	

	
	164
	arg
	0.64
	4.99
	29.11
	
	
	

	
	165
	gly
	1.59
	6.43
	29.69
	0.73
	3.79
	23.15

	1CQQ
	40
	gly
	1.6
	0.05
	41.81
	
	
	

	
	71
	cys
	0.1
	0.1
	24.43
	
	
	

	
	145
	his
	25.22
	6.1
	29.07
	
	
	

	
	147
	glu
	0.23
	17.83
	40.77
	6.79
	6.02
	34.02

	1CR6
	333
	asp
	6.25
	16.03
	7.07
	
	
	

	
	334
	trp
	6.62
	15.16
	11.04
	
	
	

	
	465
	tyr
	9.56
	38.78
	21.64
	
	
	

	
	495
	asp
	6.99
	28.86
	17.59
	
	
	

	
	523
	his
	5.15
	30.9
	8.91
	6.91
	25.95
	13.25

	1CRU
	228
	arg
	6.74
	2.38
	6.5
	
	
	

	
	343
	tyr
	12.89
	27.17
	43.1
	
	
	

	
	346
	trp
	3.79
	25.64
	19.6
	7.81
	18.40
	23.07

	AVG
	
	
	
	
	
	
	
	

	
	
	
	5.99
	8.41
	15.92
	4.92
	6.05
	13.91

	
	
	
	
	average of 110 points
	
	
	average of 25 proteins
	


	PDB code
	inhibition site
	Amino acid
	Slow1(%)
	Slow2(%)
	B-exp(%)
	Slow1avg
	Slow2 avg
	B-exp* avg.

	10GS
	8
	phe
	29.4
	47.65
	26.72
	
	
	

	
	10
	val
	60.38
	13.7
	22.96
	
	
	

	
	13
	arg
	2.3
	8.6
	20.9
	
	
	

	
	38
	trp
	47.67
	80.85
	66.72
	
	
	

	
	51
	gln
	4.2
	4.2
	15.42
	
	
	

	
	52
	leu
	11.65
	11.65
	20.49
	
	
	

	
	64
	gln
	4.45
	20.25
	10.38
	
	
	

	
	65
	ser
	4.2
	16.6
	5.27
	
	
	

	
	98
	asp
	36.01
	10.72
	19.27
	
	
	

	
	108
	tyr
	72.88
	16.25
	48.05
	27.31
	23.05
	25.62

	1A16
	350
	his
	31.91
	0.29
	24.11
	
	
	

	
	354
	his
	15.02
	0.004
	0
	
	
	

	
	361
	his
	10.2
	0
	16.89
	
	
	

	
	404
	arg
	30.8
	0
	12.69
	21.98
	0.07
	13.42

	1A30
	A27
	gly
	0
	0.16
	12.63
	
	
	

	
	A29
	asp
	4.13
	0.03
	16.73
	
	
	

	
	A48
	gly
	2.7
	13.83
	26.35
	
	
	

	
	A49
	gly
	2.7
	13.25
	40.99
	
	
	

	
	A50
	ile
	0.81
	15.8
	38.11
	
	
	

	
	B23
	leu
	8.92
	2.66
	13.97
	
	
	

	
	B81
	pro
	8.93
	9.62
	26.89
	
	
	

	
	B84
	ile
	13.72
	0.18
	19.34
	5.24
	6.94
	24.38

	1A3B
	42
	cys
	0.04
	0.73
	16.74
	
	
	

	
	57
	his
	0.35
	1.09
	10.78
	
	
	

	
	58
	cys
	0.07
	1
	13.55
	
	
	

	
	60D
	trp
	0.35
	2.47
	27.5
	
	
	

	
	60F
	lys
	0.31
	2.38
	24.37
	0.22
	1.53
	18.59

	1A42
	64
	his
	3.04
	34.69
	33.25
	
	
	

	
	92
	gln
	2.49
	1.58
	10.18
	
	
	

	
	199
	thr
	11.52
	1.43
	10.5
	
	
	

	
	200
	thr
	17.88
	1.73
	12.01
	8.73
	9.86
	16.49

	1A47
	197
	asp
	4.79
	37.24
	15.36
	
	
	

	
	371
	asp
	7.24
	24.5
	16.17
	6.02
	30.87
	15.77

	1A5I
	57
	his
	0.9
	6
	25.56
	
	
	

	
	189
	asp
	0.08
	17.7
	12.16
	
	
	

	
	195
	ser
	0.29
	0.08
	8.5
	0.42
	7.93
	15.41

	1A5V
	62
	gln
	3.06
	0.08
	3.17
	
	
	

	
	119
	lys
	11.6
	0.01
	0.12
	
	
	

	
	154
	ala
	1.58
	0
	32.41
	
	
	

	
	155
	met
	4.55
	0
	19.03
	
	
	

	
	158
	arg
	11.62
	0
	18.62
	6.48
	0.02
	14.67

	1AEC
	19
	gln
	3.78
	16.78
	12.87
	
	
	

	
	24
	gly
	17.4
	7.25
	17.56
	
	
	

	
	26
	trp
	9.23
	1.13
	2.21
	
	
	

	
	66
	asn
	39.24
	13.74
	3.33
	
	
	

	
	68
	gly
	34.59
	5.98
	6.77
	
	
	

	
	69
	tyr
	29.48
	1.07
	9.45
	
	
	

	
	162
	his
	13.94
	9.52
	10.79
	21.09
	7.92
	9.00

	1AL8
	24
	tyr
	0.03
	3.38
	17.74
	
	
	

	
	108
	trp
	0.04
	0.6
	15.86
	
	
	

	
	129
	tyr
	0
	7.72
	14.79
	
	
	

	
	161
	leu
	0.33
	0.31
	44.3
	
	
	

	
	254
	his
	0.3
	0.42
	11.67
	
	
	

	
	257
	arg
	0.37
	0.9
	10.11
	0.18
	2.22
	19.08

	1ARZ
	12
	gly
	5.12
	8.2
	28.7
	
	
	

	
	13
	ala
	5.56
	8.37
	27.2
	
	
	

	
	16
	arg
	4.68
	7.7
	22.59
	
	
	

	
	17
	met
	4
	7.03
	26.63
	
	
	

	
	34
	gly
	5.12
	8.54
	28.32
	
	
	

	
	39
	arg
	6.68
	9.55
	32.62
	
	
	

	
	81
	arg
	3.12
	6.53
	37.84
	
	
	

	
	84
	gly
	3.34
	7.03
	42.6
	
	
	

	
	88
	his
	3.34
	7.37
	60.02
	
	
	

	
	102
	gly
	2.22
	5.52
	27.85
	
	
	

	
	104
	thr
	1.78
	6.7
	28.3
	
	
	

	
	127
	ala
	0.89
	3.35
	25.14
	
	
	

	
	129
	phe
	1.11
	4.02
	12.02
	
	
	

	
	160
	his
	0.22
	0
	11.6
	
	
	

	
	163
	lys
	0.22
	0
	17.28
	
	
	

	
	169
	gly
	0.22
	1.5
	15.01
	
	
	

	
	170
	thr
	0.22
	1.34
	17.76
	2.81
	5.46
	27.15

	1B3N
	107
	gly
	1.15
	0.3
	3.84
	
	
	

	
	108
	ile
	10.16
	0.57
	10.77
	
	
	

	
	111
	leu
	22.65
	6.58
	9.23
	
	
	

	
	163
	cys
	0.03
	1.05
	13.18
	
	
	

	
	193
	ala
	1.3
	9
	5.11
	
	
	

	
	198
	gly
	0.11
	26.78
	14.22
	
	
	

	
	202
	phe
	1.91
	32.75
	18.55
	
	
	

	
	303
	his
	4.25
	0
	24.73
	
	
	

	
	340
	his
	1.61
	3.73
	10.09
	
	
	

	
	342
	leu
	0.03
	1
	4.22
	
	
	

	
	398
	phe
	1.91
	1.62
	22.56
	
	
	

	
	399
	gly
	1.22
	1.8
	18.41
	
	
	

	
	400
	phe
	2.76
	1.8
	13.52
	
	
	

	
	401
	gly
	3.87
	1.89
	13.52
	3.78
	6.35
	13.00

	1B6A
	219
	phe
	2.93
	0.2
	8.68
	
	
	

	
	328
	leu
	6.04
	12
	12.6
	
	
	

	
	331
	his
	3.16
	0.16
	13.56
	
	
	

	
	339
	his
	1.14
	0.25
	14.14
	
	
	

	
	340
	ala
	1.14
	0.04
	23.8
	
	
	

	
	376
	asp
	0.49
	9.02
	19.01
	
	
	

	
	444
	tyr
	3
	3.69
	6.26
	
	
	

	
	447
	leu
	0.16
	8.27
	8.84
	2.26
	4.20
	13.36

	1BGQ
	34
	leu
	0.18
	0
	17.16
	
	
	

	
	44
	lys
	0.34
	7.55
	15.58
	
	
	

	
	79
	asp
	0.69
	2.5
	7.48
	
	
	

	
	83
	gly
	0.19
	4.75
	10.4
	
	
	

	
	124
	phe
	1.37
	2.27
	12.09
	
	
	

	
	171
	thr
	0.3
	2.79
	6.88
	0.51
	3.31
	11.60

	1BH6
	64
	his
	29.98
	1.47
	6.7
	
	
	

	
	99
	ser
	76.85
	1.6
	28.87
	
	
	

	
	100
	gly
	71.18
	2.06
	43.83
	
	
	

	
	101
	ser
	79.37
	4
	33.13
	
	
	

	
	125
	ser
	0.06
	2.23
	0
	
	
	

	
	126
	leu
	0.19
	4.33
	10.25
	
	
	

	
	127
	gly
	12.57
	24.62
	15.69
	
	
	

	
	155
	asn
	35.98
	8.12
	10.66
	
	
	

	
	221
	ser
	3.29
	0.34
	3.58
	34.39
	5.42
	16.97

	1BVV
	9
	trp
	2.4
	14.03
	24
	
	
	

	
	80
	tyr
	0.1
	3.5
	1.6
	
	
	

	
	112
	arg
	26.81
	3.24
	27.52
	
	
	

	
	116
	pro
	77.25
	60.25
	20.92
	
	
	

	
	166
	tyr
	0.06
	8.61
	8.08
	21.32
	17.93
	16.42

	1BLC
	69
	ala
	0.06
	5.24
	16.53
	
	
	

	
	70
	ser
	0.2
	1.1
	14.88
	
	
	

	
	234
	lys
	1.43
	0.04
	17.9
	3.69
	0
	3.35

	1BR6
	78
	asn
	0
	0.08
	11.92
	
	
	

	
	80
	tyr
	2.42
	0.02
	7.23
	
	
	

	
	81
	val
	5.67
	0
	1.05
	
	
	

	
	121
	gly
	19.39
	0.62
	11.92
	
	
	

	
	180
	arg
	3.69
	0
	3.35
	6.23
	0.14
	7.09

	1BIO
	189
	asp
	0.31
	9.1
	16.15
	
	
	

	
	195
	ser
	0.66
	0.01
	1.4
	
	
	

	
	214
	thr
	0.03
	0.03
	12.8
	
	
	

	
	216
	arg
	0
	4.46
	30.19
	0.25
	3.40
	15.14

	1BK9
	5
	phe
	1.2
	23.68
	21.95
	
	
	

	
	9
	ile
	0
	21.64
	28.41
	
	
	

	
	30
	gly
	11.35
	0.58
	19.32
	
	
	

	
	45
	cys
	2.61
	0.2
	0.45
	
	
	

	
	48
	his
	0.07
	1.59
	5.89
	
	
	

	
	49
	asp
	0.09
	1.21
	12.97
	2.55
	8.15
	14.83

	1BXO
	75
	tyr
	87.5
	72.77
	2.42
	
	
	

	
	216
	thr
	3.88
	0.46
	0.14
	45.69
	36.62
	1.28

	1CP3
	64
	arg
	0.28
	0
	30.57
	
	
	

	
	161
	gln
	0.38
	0.4
	12.75
	
	
	

	
	163
	cys
	0.36
	4.77
	26.76
	
	
	

	
	205
	ser
	2.25
	0.83
	14.5
	
	
	

	
	207
	arg
	3.18
	2.99
	22.8
	
	
	

	
	209
	ser
	1.66
	4.7
	36.91
	
	
	

	
	214
	trp
	6.48
	4.83
	11.17
	2.08
	2.65
	22.21

	1CQQ
	142
	thr
	33.14
	0.02
	45.01
	
	
	

	
	143
	lys
	14.62
	0.02
	46.25
	
	
	

	
	144
	ser
	6.88
	0.05
	43.88
	
	
	

	
	145
	gly
	1.6
	0.05
	41.81
	
	
	

	
	147
	cys
	0.1
	0.1
	24.43
	
	
	

	
	161
	his
	7.74
	0.02
	21.02
	
	
	

	
	165
	asn
	48.45
	0.1
	52.57
	
	
	

	
	170
	phe
	27.75
	0.46
	22.31
	17.54
	0.10
	37.16

	1CR6
	333
	asp
	6.25
	16.03
	7.07
	
	
	

	
	334
	trp
	6.62
	15.16
	11.04
	
	
	

	
	465
	tyr
	9.56
	38.78
	21.64
	
	
	

	
	523
	his
	5.15
	30.9
	8.91
	6.90
	25.22
	12.17

	1CRU
	228
	arg
	6.74
	2.38
	6.5
	
	
	

	
	229
	asn
	5.91
	0.38
	5.56
	
	
	

	
	231
	gln
	0
	0.09
	4.09
	
	
	

	
	247
	gly
	0.11
	12.01
	7.38
	
	
	

	
	248
	pro
	0.23
	20.21
	10.32
	
	
	

	
	348
	thr
	1.89
	15.92
	10.94
	
	
	

	
	377
	lys
	24.14
	4.96
	13.53
	
	
	

	
	406
	arg
	29.7
	0.76
	9.39
	
	
	

	
	408
	arg
	24.02
	0
	2.35
	10.30
	6.30
	7.78

	
	
	
	
	
	
	
	
	

	AVG
	
	
	9.86
	7.34
	17.74
	10.32
	8.63
	15.68

	
	
	
	
	average of 161 points    
	
	
	average of 25 proteins
	


The score for each residues was given by normalizing the fluctuation and providing percentage grading with the highest peak as 100% and the lowest trough or so-called hinge region as 0% in order to give a sense how close the biological critical residues sit away from the hinge sites. These scores were evaluated base on the percentage fluctuation of critical residues in different dynamics. Average score in the column 4 to 6 is the average score of slow mode 1, slow mode 2 analysis and experimental temperature factor respectively for each residue.  Average score in the column 7 to 9 is the average score of the average for each protein.

DISCUSSION

One interesting point is that, even we did not provide inhibitor information in the GNM calculation, the hinge regions are already ready to serve as a catalytic center before the possible substrate or inhibitor binding. Not surprisingly, the over all global motion will become more rigid after inhibitor binding when we take inhibitor carbon coordinates into account in GNM analysis (data not shown). 

As we can imagine, there is a biological benefit to locate the active center in the hinge region, in such a way the energy or conformation change can be cooperatively transmitted to distant portions of molecule inducing a global conformation change.

Overall, this study provides a general idea of the beneficial effect that biological macromolecules set their catalytic centers in the dynamic hinge region.
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