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Abstract 
This study performs a structural bioinformatics characterization of the glycogen 

phosphorylase protein in humans, revealing a high sequence and structure homology between the 
liver and muscle types. These enzymes can exist as inactive monomers or tetramers, but they are 
biologically active as homo-dimers. The two proteins have many allosteric sites and their known ligands 
are small molecules with both hydrophobic and hydrophylic regions. The ligands bind to cavities 
situated into one or both chains of the homo-dimer, interacting with the two chains by electrostatic and 
hydrophobic interactions. Knowledge of the structural features of identified effectors of glycogen 
phosporylase could be of help to design new allosteric inhibitors of this protein, with positive effect 
both for type 2 diabetes treatment and for preventing muscle glycogenolysis. 
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Introduction 

 
Muscle glycogen is the primary carbohydrate fuel for most types of physical exercises 

and it is degraded fast during high intensity exercises. Glycogen phosporylase (GP) is a key 
enzyme that regulates muscle glycogen degradation during glycogenolysis, because catalyses 
the degradative phosphorylation of glycogen to glucose-1-phosphate (G-1-P), the initial step 
in glycolysis [1] 

(Glycogen)n+Pi ↔ (Glycogen)n-1+glucose-1-phosphate 
From a structural point of view, GP can be a dimer or a tetramer form, but  it is found to be 
mostly in the dimer forms  in vivo, with two interconvertible forms in the dimer, GPa and 
GPb [1].  GP is an allosteric enzyme and has two conformations: an inactive (T state) or an 
active (R state) state, the transition between them being done by the phosphorylation of SER 
14 or by the ATP binding [2]. The GPb is predominantly in T state and GPa is predominantly 
in R state.  In resting muscle, GP is in the T state and it is inhibited by this state ligands,  G-1-
P, ADP and ATP [2] and it is activated by the AMP and certain analogues of 5-AMP. 
 Being an allosteric enzyme, GP is controlled by allosteric effectors interacting at 
specific sites and favoring a particular conformation and it is already known that it contains at 
least 6 potentially regulatory sites [3].   
 Because of its role in the glycogen metabolism, this protein can be interesting for 
bioinformatics and drug design studies concerning finding compounds able to prevent 
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unwanted glycogenolysis under high glucose concentrations and that may be relevant for the 
diabetes control. The glycogen itself, AMP, ADP, ATP, G-1-P and purine compounds 
(caffeine, nucleosides, flavonoids) are already known as GP effectors [4].  Also, many 
pharmacological inhibitors of GP have been developed in order to attenuate hyperglycemia 
associated with type 2 diabetes [5]. Major problem is that these inhibitors do not show 
specificity and they also may act to the muscle type GP, limiting muscle glycogen 
degradation and having muscular and cardiac effects [5]. So, it could be of high interest to 
find some GP inhibitors with high specificity for liver type GP. From this point of view, the 
bioinformatics structural characterization of the muscle type GP by comparison to the liver 
type GP as well as of their known effectors could be of great importance for further drug 
design studies, concerning GP inhibitors for diabetes treatment.  

The key factors in protein-ligand interactions are the shape and chemical properties of 
protein’s surface. Usually it is irregular, contains many clefts and groves of varying sizes and 
shapes, with particular importance in certain types of interactions and the surface properties of 
GP protein are the subject of this study.  
 
Materials and Methods 

 
There are three types of glycogen phosphorylase enzyme in humans: the brain, the liver 

and the muscle type. The liver type is involved in type 2 diabetes disease and the muscle type 
is associated to physical effort.  An initial step in our analysis was the sequence alignment of 
the two types of GP in order to analyze if there are significant differences at this level. The 
sequence alignment was made using the free on-line accessible tool [6].  
 In addition to the sequence analysis structures superimposition using PyMol software 
was performed [7]. In order to obtain structural information concerning these proteins and 
their effectors  the Protein Data Bank was used (http://www.rcsb.org/pdb/) [8] and the 
following structural files have been considered: 1z8d [9] for the muscle type of GP and 1em6 
[10], 1fc0, 1l5q, 1l7x, 1xoi, 2zb2, 2ati, 3ceh and 3dd1 for the liver type.  
 Usually for ligand binding to a protein, its surface properties are important, especially 
the global and the local surface roughness added to the cavities sizes, shapes and polarities 
[11].  Also, these properties are sensitive to the conformational changes arising in proteins 
upon ligand binding [12]. There is a free accessible on-line tool to predict the protein surface 
cavities, Fpocket [13]. We have used it in order to obtain the cavities of GP molecule. 

However, many functional sites in proteins are not concave and they cannot be 
identified by developed computational techniques and in this situation, other criteria must be 
applied, such as surface roughness. As a measure of the protein surface roughness, the surface 
fractal dimension was successfully used in literature [14]. So, we calculated the local and global 
surface fractal dimensions for the two proteins in complexes with effectors using the on-line 
tool GETAREA [15]. The surface fractal dimension was determined using the scaling law 
between the surface area (SA) of the protein and the radius of the rolling probe molecule (R)  

sDRSA −2~  

from the slope of the double logarithmical plot of SA versus R [16]. Surface area of the 
protein has been calculated using the probe radii of 1, 1.2, 1.4, 1.6, 1.8 and 2 Å respectively. 
In the case of dimmers, the surface fractal dimension has been calculated for the monomeric 
subunit A. 
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Results and Discussions 
 
The sequence similarity between the muscle and liver types of GP is 79% indicating a 

very high sequence homology. The alignment result is presented in Figure 1.  
 

 
sp|P11217|PYGM_HUMAN      MSRPLSDQEKRKQISVRGLAGVENVTELKKNFNRHLHFTLVKDRNVATPRDYYFALAHTV 60 
sp|P06737|PYGL_HUMAN      MAKPLTDQEKRRQISIRGIVGVENVAELKKSFNRHLHFTLVKDRNVATTRDYYFALAHTV 60 

                             *::**:*****:***:**:.*****:****.*****************.*********** 
 

     sp|P11217|PYGM_HUMAN       RDHLVGRWIRTQQHYYEKDPKRIYYLSLEFYMGRTLQNTMVNLALENACDEATYQLGLDM 120 
   sp|P06737|PYGL_HUMAN      RDHLVGRWIRTQQHYYDKCPKRVYYLSLEFYMGRTLQNTMINLGLQNACDEAIYQLGLDI 120 

                             ****************:* ***:*****************:**.*:****** ******: 
 

sp|P11217|PYGM_HUMAN      EELEEIEEDAGLGNGGLGRLAACFLDSMATLGLAAYGYGIRYEFGIFNQKISGGWQMEEA 180 
   sp|P06737|PYGL_HUMAN       EELEEIEEDAGLGNGGLGRLAACFLDSMATLGLAAYGYGIRYEYGIFNQKIRDGWQVEEA 180 

                             *******************************************:******* .***:*** 
 

        sp|P11217|PYGM_HUMAN       DDWLRYGNPWEKARPEFTLPVHFYGHVEHTSQGAKWVDTQVVLAMPYDTPVPGYRNNVVN 240 
      sp|P06737|PYGL_HUMAN      DDWLRYGNPWEKSRPEFMLPVHFYGKVEHTNTGTKWIDTQVVLALPYDTPVPGYMNNTVN 240 

                            ************:**** *******:****. *:**:*******:********* **.** 
 

 sp|P11217|PYGM_HUMAN      TMRLWSAKAPNDFNLKDFNVGGYIQAVLDRNLAENISRVLYPNDNFFEGKELRLKQEYFV 300 
 sp|P06737|PYGL_HUMAN      TMRLWSARAPNDFNLRDFNVGDYIQAVLDRNLAENISRVLYPNDNFFEGKELRLKQEYFV 300 

                             *******:*******:*****.************************************** 
 

       SP|P11217|PYGM_HUMAN        VAATLQDIIRRFKSSKFGCRDPVRTNFDAFPDKVAIQLNDTHPSLAIPELMRILVDLERM 360 
                            SP|P06737|PYGL_HUMAN        VAATLQDIIRRFKASKFGSTRGAGTVFDAFPDQVAIQLNDTHPALAIPELMRIFVDIEKL 360 

                             *************:****.   .   * ******:**********:*********:**:*:: 
 

  sp|P11217|PYGM_HUMAN      DWDKAWDVTVRTCAYTNHTVLPEALERWPVHLLETLLPRHLQIIYEINQRFLNRVAAAFP 420 
sp|P06737|PYGL_HUMAN      PWSKAWELTQKTFAYTNHTVLPEALERWPVDLVEKLLPRHLEIIYEINQKHLDRIVALFP 420 

                           *.***::* :* *****************.*:*.******:*******:.*:*:.* ** 
 

sp|P11217|PYGM_HUMAN      GDVDRLRRMSLVEEGAVKRINMAHLCIAGSHAVNGVARIHSEILKKTIFKDFYELEPHKF 480 
sp|P06737|PYGL_HUMAN      KDVDRLRRMSLIEEEGSKRINMAHLCIVGSHAVNGVAKIHSDIVKTKVFKDFSELEPDKF 480 

                              **********:** . **********.*********:***:*:*..:**** ****.** 
 

sp|P11217|PYGM_HUMAN      QNKTNGITPRRWLVLCNPGLAEVIAERIGEDFISDLDQLRKLLSFVDDEAFIRDVAKVKQ 540 
sp|P06737|PYGL_HUMAN      QNKTNGITPRRWLLLCNPGLAELIAEKIGEDYVKDLSQLTKLHSFLGDDVFLRELAKVKQ 540 

                            *************:********:***:****::.**.** ** **:.*:.*:*::***** 
 

                      sp|P11217|PYGM_HUMAN      ENKLKFAAYLEREYKVHINPNSLFDIQVKRIHEYKRQLLNCLHVITLYNRIKREPNKFFV 600 
sp|P06737|PYGL_HUMAN      ENKLKFSQFLETEYKVKINPSSMFDVQVKRIHEYKRQLLNCLHVITMYNRIKKDPKKLFV 600 

                            ******: :** ****:***.*:**:********************:*****::*:*:** 
 

 sp|P11217|PYGM_HUMAN      PRTVMIGGKAAPGYHMAKMIIRLVTAIGDVVNHDPAVGDRLRVIFLENYRVSLAEKVIPA 660 
sp|P06737|PYGL_HUMAN      PRTVIIGGKAAPGYHMAKMIIKLITSVADVVNNDPMVGSKLKVIFLENYRVSLAEKVIPA 660 

                            ****:****************:*:*::.****:** **.:*:****************** 
 

   sp|P11217|PYGM_HUMAN      ADLSEQISTAGTEASGTGNMKFMLNGALTIGTMDGANVEMAEEAGEENFFIFGMRVEDVD 720 
  sp|P06737|PYGL_HUMAN      TDLSEQISTAGTEASGTGNMKFMLNGALTIGTMDGANVEMAEEAGEENLFIFGMRIDDVA 720 

                           :***********************************************:******::**  
 

 sp|P11217|PYGM_HUMAN      KLDQRGYNAQEYYDRIPELRQVIEQLSSGFFSPKQPDLFKDIVNMLMHHDRFKVFADYED 780 
sp|P06737|PYGL_HUMAN      ALDKKGYEAKEYYEALPELKLVIDQIDNGFFSPKQPDLFKDIINMLFYHDRFKVFADYEA 780 

                         **::**:*:***: :***: **:*:..**************:***::***********  
 

sp|P11217|PYGM_HUMAN      YIKCQEKVSALYKNPREWTRMVIRNIATSGKFSSDRTIAQYAREIWGVEPSRQRLPAPDE 840 
     sp|P06737|PYGL_HUMAN      YVKCQDKVSQLYMNPKAWNTMVLKNIAASGKFSSDRTIKEYAQNIWNVEPSDLKISLSNE 840 

                             *:***:*** ** **: *. **::***:********** : **::**.****  ::. .:  * 
 

sp|P11217|PYGM_HUMAN      AI----- 842 
sp|P06737|PYGL_HUMAN      SNKVNGN 847 

 
Fig 1. Sequence alignment of   the muscle and liver types of glycogen phosphorylase 
 

There are only two small regions presenting low sequence similarity between the two 
types of human GP: the region 319–326 (which is highlighted in Figure 1) and the ending 
region of C-terminal domain, 835-end. In the spatial structures of the two types of GPs the 
319-326 regions are unstructured and situated at the protein surfaces.  
  The superimposition of the A chain structures for the liver (1EM6) and muscle type 
(1Z8D) GP is presented in Figure 2.a. The high degree of the sequence similarity between the 
two types of GP is also reflected in the structural homology. Even if every structure has 
distinct ligands, the structural homology reflects that their binding only causes small local 
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rearrangements in the protein structures. It is not surprising if we take into account the small 
size of registered ligands and the fact that they usually bind into small cavities situated at the 
protein surface [11]. Zooms into the spatial structures of the two proteins in the regions 319-
326 are shown in Figure 2.b. We noticed that there is a significant difference in the shape of 
the surfaces of two regions. 

 
                                  (a)                                                                    (b) 
 

Fig. 2. The superimposition of the structures of muscle (light grey) and liver (dark grey) types of human 
glycogen phosphorylase (a) and zoom into the region 316-326 for the two superimposed proteins (b) 
 

The cavities predicted by Fpocket tool are ranked according to their ability to bind 
small molecules such as sugar molecules, cofactors or drug-like molecules, but their ranking 
does not reflect drugability. The properties of 6 predicted cavities and corresponding to the 
binding sites of some of the identified ligands for both the muscle [9] (a total of 43 cavities 
for 1z8d) and liver [10] (a total 47 cavities for 1em6) types of GP molecule are presented in 
the Table 1, and they are also visualized in Figures 3.a and 3.b. In Table 1 we show the 
volume, the amino acids that are involved and the hydrophobicity score (H) of every cavity.  
This hydrophobicity score is the mean of hydrophobicity scores of all residues in the cavity 
and reveal the overall hydrophobic or hydrophilic character of the cavity. The values 
presented in table 1 for the hydrophobicity score show that most of the cavities considered for 
analysis are hydrophobic.  

The big number of identified cavities for glycogen phosphorylase may be explained by 
the fact that this protein presents internal channels that can be seen as a sum of small cavities.  
It was observed that the largest cleft of GP is made by a series of deep interconnected grooves 
in the exterior of the protein spanning most of its surface [17].  

 
(a) 
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(b) 

Fig. 3. Visualization of the predicted cavities (light gray surface) at the surface of the  muscle (a) and liver type 
(b)  glycogen phosphorylase. Prediction has been made using Fpocket tool and the involved amino acids are 
presented in dark gray. 
 
The global surface fractal dimensions for the two molecules when they bind their effectors are 
presented in Table 2 and the dimensional properties of their ligands are presented in Table 3. 
We notice similar global fractal dimensions for all the investigated files being in good 
agreement with other published data concerning globular proteins  showing surface  fractal 
dimensions comprised in the interval (2.17–2.42) [16].  Such a result suggests similar folding 
mechanisms for the two proteins resulting in homolog structural properties.  
Table 1. Properties of identified cavities of muscle and liver types of  glycogenphosporylase 

Protein Cavity Involved amino acids V (Å 3) H.  
score 

Muscle 
type 
GP 

Cavity 1 
 

ARG 60, VAL 64, TRP 67, ILE 68, LYS 191, ARG 193, ASP 
227, THR 228,  PRO 229,  THR 240 

549.67 16.28 

Cavity 2 
 

HIS 582, THR 585, LEU 586, ARG 589, ARG 592, GLU 593, 
LYS 596, PHE 597, PHE 598, VAL 599, ARG 601, GLU 737, 

ILE 781, GLN 784, GLU 785, SER 788, LYS 792, 

675.88 7.12 

Cavity 3 
 

Val 15, ARG 16, GLY 17, VAL 21, GLU 22, ASP 61, HIS 62, 
GLY 65, ARG 66, ARG 69,  PRO 835, ALA 836 

535.34 3.34 

Cavity 4 
 

VAL 452, ASN 453, GLY 454, SER 460, LEU 463, LYS 464, 
PHE 468, PHE 479, GLN 480, ASN 481, 

154.71 28.36 

Cavity 5 
 

ASP 339, THR 340, THR 374, ASN 376, HIS 377, THR 378, 
PRO 381, ALA 383, LEU 384, GLU 385, ARG 386, ASN 440, 

ALA 442, ILE 467, PHE 468

356.65 14.22 

Cavity 6 
 

PHE 163, GLY 164, PHE 166, GLU 177, GLU 178, ALA 179, 
ASP 180, VAL 278, LEU 279, PRO 281, PRO 611, 

714.29 33.94 

Liver 
type 
GP 

Cavity 1 
 

A: PHE 37, THR 38, VAL 40, 
B: ARG 60, ASP 61, LEU 63, VAL 64, TRP 67, PRO 188, TRP 

189, GLU 190, LYS 191, ASP 227, PRO 229, 

220.31 36.73 

Cavity2 
 

A: GLY 260, ASP 261, TYR 262, ILE 263, 
B: PRO 281, ASN 282,  ASP 283, ASN 284, PHE 285, GLU 287, 

GLU 382, HIS 571, GLU 572, ALA 610, PRO 611, GLY 612, 
TYR 613, ARG 770, 

790.51 2.05 

Cavity3 
 

A: ARG 93, LEU 95, GLN 96, ASN 97, GLU 120, GLU 123, 
GLU 124, GLU 126, ARG 490,  LEU 494, CYS 495, PRO 497, 

ASN 541, LYS 544, SER 651, GLU 654, LYS 655,

591.22 -2.74 

Cavity4 
 

B: ASN 496, LEU 499, LEU 534, ALA 535, VAL 537, LYS 538, 
GLN 539, ASN 541, LYS 542, ASP 661, ASN 684, GLY 685, 

597.14 36.38 
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TYR 791, PRO 794, TRP 797, ASN 798, VAL 801, ILE 805, 
Cavity5 

 
B: ARG 66, ARG 69, THR 70, HIS 73, TYR 74, LYS 77, PRO 

79, LYS 80, GLY 151, LEU 152, ALA 153, ASN 235, ASN 236, 
THR 237, ASN 826, VAL 827, GLU 828, SER 830, 

1173.34 8.82 

Cavity6 
 

B: ILE 170, ASP 172, GLY 173, TYR 553, VAL 555, THR 624, 
ALA 627, ASP 628, ASN 631, VAL 642, ILE 643, PHE 644, 

GLU 646, 

453.27 18.97 

Table 2.  Global surface fractal dimensions for muscle and liver types of GP in complex with their effectors. 
PDB entry code Global surface fractal 

dimension 
1Z8D 2.39±0.02 
1EM6 2.39±0.01 
3DD1 2.40±0.01 
1FC0 2.40±0.02 
1L5Q 2.40±0.01 
1L7X 2.40±0.01 
1XOI 2.41±0.01 
2ZB2 2.39±0.01 
3CEH 2.41±0.02 

 
Despite their similar global roughness, the two investigated GP proteins may have distinct 
local fractal properties. For the biggest identified cavities of muscle and liver types of human 
GP, the local surface fractal dimensions are 2.62±0.17 and 2.61±0.19, respectively.  It means 
that cavities having different volumes may also have distinct fractal dimensions in 
comparison to the entire protein. This result, added to distinct hydrophobicity scores of 
cavities, explains the binding possibility of ligands possessing different geometric and 
physicochemical properties, such as presented in Table 3.  
Table 3. Dimensional properties of registered inhibitors of the human GP 

Inhibitor* Volume 
(Å3) 

Accessible 
solvent surface (Å 2) 

AMP 257.6 489.9
GLC 134.8 308.5 
ADE 104.9 273.8 
NBG 176.3 389.7 
PLP 178.9 395.8 
CP4 424.9 817.9 
MPD 117.7 287.2 
CFF 162.1 355.8 
IHU 273.6 518.9 
700 363.9 645.9 
288 316.5 603.4 

MES 155.3 348.6 
MRD 118.5 284.9 
A46 268.3 586.4 

 
*AMP – adenosine monophosphate, GLC alpha-D-glucose, ADE adenine, NBG 1-N-acetyl-beta-D- glucoseamine, 
PLP pyridoxal-5'-phosphate, CP4 bis [5-chloro-1H-indol-2-YL -carbonyl-aminoethyl]-ethylene-glycol, MPD (4R)-
2-methylpentane- 2,4-diol, CFF cafeine, IHU  N-(2-chloro-4- fluorbenzenoyl)-N'-5-hydroxy-2 methoxyphenyl)urea, 
700 5-chloro- 1H-indol-2-carbonyl phenylalaninyl, 288 5-chloro-1H-indol -2-carboxylicacid-[cyclopentyl-(2-
hydroxyethyl)-carbamoyl]-methyl}-amide, MES 2-(N-mofpholino)-ethanesulfonic acid, MRD(4S)-2-methyl-2,4-
pentanediol, A46   5-chloro-N-{4-[(1R)-1,2- dihydroxyethyl]phenyl}-1h-indole-2-carboxamine, 
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The analysis of the results presented in Table 3 reveals small ligands for GP protein. 
Also, analysis of the binding sites composition reveals that GLC, ADE, NBG, IHU, MES, 
CFF usually interact with hydrophobic residues and the other ligands interact both with 
charged and hydrophobic residues.  
 
Conclusions 

 
The present study performed a structural bioinformatics analysis of muscle and liver types 

of GP structures.  Knowledge of the structural features of the protein and its surface in 
addition to those concerning the ligands sizes and properties could be a starting point for the 
design of new allosteric inhibitors with high specificity for liver GP.  

We have identified a short region, 316-326, of muscle and liver types of GP, 
significantly differing in sequence. It is known that the 313-326 loop of muscle GP 
contributes to AMP binding being disordered and in the T state and ordered around AMP in R 
state [10]. This loop has a different conformation in liver GP that may explain why liver GP is 
not activated by AMP [18].  The significantly difference  in the sequences of the region 316-
323 of the  two types of human GPs results in a more hydrophobic, less flexible  and a higher 
percent of buried side chains region in liver type than in muscle type of GP. These differences 
may also be responsible for distinct kinetic properties [10] of the two types of GPs.  The fact 
that the mentioned regions are disposed at the proteins surfaces opens the possibility to search 
for distinct cavities related to these regions, allowing specific drug-like ligands for every type 
of GP protein.  

Mapping of the ligand-binding sites in GP protein identifies the hotspots for ligand 
interactions and the complementary information obtained within this study can be used for an 
efficient search for new possible allosteric effectors. This observation is in good agreement 
with the recently obtained results showing that ligand-binding cavity variations can 
complement information on protein similarity [11].  

The results presented in this study added to those already existing in specific literature 
make GP as a promising target for further drug-design studies and discoveries.  

  
Acknowledgements 
 

This work is a result of collaboration between the coauthors within the projects 
POSDRU/21/1.5/G/13798 and POSDRU 19/1.3/G/15852.  
 
References 
 
1. K.R. ACHARYA, D.I. STUART, K.M.VARVIL, L.N. JOHNSON, Glycogen phosphorylase. Description of 

the protein structure. World Scientific Publishing Co.,  Singapore, 1991, pp. 1-4. 
2. R.J. FLETTERICH, S.R. SPRANG, Glycogen phosphorylase structure and function, Acc. Chem. Res., 15, 

361-369 (1982). 
3. N.G. OIKONOMAKOS, V.T. SKAMNAKI, K.E. TSITSANOU, N.G. GAVALAS, L.N. JOHNSON, A 

new allosteric site in glycogen phosphorylase b as a target for drug interactions, Structure, 8, 575-584 
(2000). 

4. N.G. OIKONOMAKOS, J.B. SCHNIER, S.E. ZOGRAPHOS, V.T. SKAMNAKI, K.E. TSITSANOU, L.N. 
JOHNSON, Flavopiridol inhibits glycogen phosphorylase by binding at the inhibitor site, J. Biol. Chem., 
275, 34566-34573, (2000). 

5. D.J., TIMMONS J.A., GREENHAFF P.L., Glycongen phosphorylase inhibition in type 2 diabetes therapy, 
Diabetes, 54, 2453-2459 (2005). 

6. J.D. THOMPSON, D.G. HIGGINS, T.J. GIBSON, CLUSTAL W: improving the sensitivity of progressive 
multiple sequence alignment through sequence weighting, position-specific gap penalties and weight matrix, 
Nucleic Acids Res., 22(22), 4673-4680 (1994). 



ALECU CIORSAC, DANA CRACIUN, VASILE OSTAFE, ADRIANA ISVORAN 
 

6480   Romanian Biotechnological Letters, Vol. 16, No. 5, 2011 

7. W.L. DELANO, The PyMOL Molecular Graphics System, DeLano Scientific, San Carlos, CA, USA. (2002) 
http://www.pymol.org. 

8. H.M. BERMAN, J. WESTBROOK, Z. FENG, G. GILLILAND, T.N. BHAT, H. WEISSIG, I.N. 
ISHINDYALOV, P.E. BOURNE, The Protein Data Bank, Nucl. Acids Res., 28, 235-242 (2000). 

9. V.L. RATH,   M. AMMIRATI,   D.E. DANLEY,  J.L. EKSTROM,   E.M. GIBBS,   T.R. HYNES,   A.M. 
MATHIOWETZ,   R.K. MCPHERSON,   T.V. OLSON,   J.L. TREADWAY,   D.J. HOOVER, Human liver 
glycogen phosphorylase inhibitors bind at a new allosteric site. Chem.Biol., 7, 677-682 (2000). 

10. C.M. LUKACS,   N.G. OIKONOMAKOS,   R.L. CROWTHER,  L.N. HONG,   R.U. KAMMLOTT,   W. 
LEVIN,  S. LI,  C.M. LIU,   D. LUCAS-MCGADY,   S. PIETRANICO,   L. REIK, The crystal structure of 
human muscle glycogen phosphorylase a with bound glucose and AMP: an intermediate conformation with 
T-state and R-state features. Proteins 63: 1123-1126 (2006). 

11. C.D. ANDERSSON, B.Y. CHEN, A. LINUSSON, Mapping of ligand binding cavities in proteins, Proteins, 
78, 1408-1422 (2010). 

12. D. SAEL, D. LA, B. LI, R. RUSTAMOV, D. KIHARA, Rapid comparison of properties on protein surfaces, 
Proteins, 73, 1-10 (2008). 

13. V. LE GUILLOX, P. SCHMIDTKE, P. TUFFERY, Fpocket: An open source platform for ligand pocket 
detection , BMC Bioinformatics, 10, 168-173 (2009). 

14. M. LEWIS, D.C. REES, Fractal surfaces of proteins,  Science, 230, 1163 -1165 (1985). 
15. R. FRANCZKIEWICZ, W. BRAUN, A new efficient algorithm for calculating solvent Accessible surface 

areas of macromolecules, Journal of Computational Chemistry, 19, 319-326 (1998). 
16. D. CRACIUN, L. PITULICE, A. ISVORAN, Fractal features of proteins structure and dynamics. PART I. 

Structure , IJCHEMO,  2(1),  34-48 (2009). 
17. R.A. LADKOWSKI, N.M. LUSCOMBE, M.B. SWINDELLS, J.M. THORNTON, Protein clefts in 

molecular recognition and function, Protein Science, 5, 2438-2452 (1996). 
18. V.L.  RATH, M. AMMIRATI, P.K. LEMOTTE, K.F.FENNEL, M.N. MANSOUR, D.E. DANLEY, T.R. 

HYNES, G.K. SCHULTE,D.J. WASILKO, J. PANDIT, Activation of human liver glycogen phosphorylase 
by alteration of the secondary structure and packing of the catalytic core, Molecular Cell, 6, 139-148 (2000). 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


