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Abstract

Glycogen phosphorylase (GP) plays a crucial role in catalyzing the breakdown of glycogen to form glucose-
1-phosphate, which is the rate-limiting step in glycogenolysis in animals. Therefore, Glycogen phosphorylase inhibitor
is one of the therapeutic targets for antidiabetic drug in type 2 diabetes (non-insulin dependent diabetes). As we are
looking for new GP inhibitors; therefore, in this work, we applied molecular docking method to the investigation of
the binding energy of compounds and GP enzyme in comparison to those reported GP inhibitor. In this study, five
new hyphodermin A derivatives (14—18) were docked on each allosteric sites of GP which are AMP site, purine site
and indole sites. The results showed that all derivatives have the highest binding affinity at indole site. Three of which
(16-18) had the binding energy values of -10.91 to -11.72 kcal/mol lower than that of CP 403,700 (12), previously
reported as GP inhibitor, at the values of -10.57 kcal/mol. The results showed that compounds 16—18 had the potential
as GP inhibitors, especially compound 18 which could be used as the lead compound due to that fact that the lowest
B.E. was observed at indole site. For the further study, we have planned to test these compounds in the GP inhibitory

activity for treatment of type 2 diabetes to confirm the result from the molecular docking.

Keywords: Hyphodermin derivatives, Glycogen phosphorylase, Molecular docking, Diabetes Type2

1. unin

InaTaou WeaTW3iad (Glycogen Phosphorylase ; GP) iflwou lwifiiddamonszuaumsmumueasu
vom31u'laasa Tagrmihiilunisaatelnalany (Glycogen) L?Juﬁmwaﬂgiﬂﬁ-l-wgmm (Glucose-1-
Phosphate) G'?'iu‘ﬂumu”lcnﬂ“lmi"ufﬁ’muﬂ1Jﬁﬁ“%fn“luﬂszmumiﬁma"lnaimw (Glycogenolysis) d5uludad
@oagndouy wule T lssfdn lnajve o laal Gp walundnile funazaues dufu ewlsd Gp Suflunil
GluimaQmﬂmmamﬁﬂumﬁnmmamzﬁmﬁmmiuﬁa@ga (Hyperglycaemia) mméjﬂmkmmmm%ﬁﬂﬁ 2
13© Non-insulin dependent diabetes ieaniniioen laiihan Idaaaszansavhimsaas naTamud
Thamaanausuiy (Schweiker, Loughlin, Lohning, Petersson, & Jenkins, 2014) E?'Nﬂ%ﬁ;ﬁu NUN TFALINIUB LA
il Lﬂuﬂmuﬂ1ﬁwu”lﬁ'ﬁ’ﬂmﬁmmxé’1ﬁqi SnMadalistoauninesAnseniaTan (World Health Organization :
wHO) Niflunilluaumgiidesdensdediateu fusunisguiusudui 3 sesnnanuduTlafinguasns
quuw’% (World Health Organization, 2017) TaoTsawnnnuriiad 2 lﬁﬂmnmiﬁﬁuéaummmwﬁwﬁugﬁuw
amnd ua bigwsminharangTaalunszumdenigiad 18 denaldszduhaang lnaludeaga Feo1
Mmildifaanudemese la szuvdszan uazennmldaiveanazinalsaialaa1uun'ld (Harvard Medical

School, 2018)
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Y [
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o ) Lo ¥ o ¢ A qua W &
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1. tNafANEYIA1 B.E. 331’?’]1\1@’(15@1\3&?15151461;!1/‘1!‘5 Hyphodermin A (14-18) ﬂ”]JL@'th“lfll GP nysiiu
Purine site, AMP site L1a¢ Indole site Ta 816191}3% Molecular docking
4 @ an J o 4 4 @ a { a
2. !ﬁ@ﬁﬂ‘kﬂ@u@lﬁﬂiﬂ?i$ﬁ’]1ﬂﬁ1iﬁﬂlﬂi?$ﬁ@uwu‘ﬁ Hyphodermin A (14-18) nunmazﬂuﬁmnm
Purine site, AMP site i8¢ Indole site mmmu“quﬂ GP
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4 < o ¢ . o 2
3. e IumseengnBvesas A5 13 oy WU Hyphodermin A (14-18) Tumsdudans

q

o 4
vmmﬁummullw GP

3. 3BAuHUM I

3.1 mawsenlaseadeveslysdu

wsenTasaadravealusauTasldion Tl Human Liver Glycogen Phosphorylase (HLGP) 910 Protein
Data Bank (http://www.rcsb.org) 5% e 11/5@U 1L5R (Ekstrom et al, 2002), 3DDS (Thomson et al, 2009) t1ag 1L5Q
(Ekstrom et al, 2002)1ag# 1n59a219994815 Riboflavin (10), GSK261 (11), 182 CP-403.700 (12) S99 w12
15179 Purine site, AMP site Qg Indole site R ResT]

3.2 mawisen Tild Inssadavesaunua

1]
= 13

wionTasaadeuedunudnaua 3 ngu fagali 2 Asil
3.2.1 Taseadadunudiaun 1dn Riboflavin (10), GSK261 (11), CP-403,700 (12)
3.2.2 Tasea$19v09en5A9dU Hyphodermin A (13)

323 Tfma%’wwmmiﬁamﬂzﬁwﬁuﬁ Hyphodermin A (14-18)
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TasTaseadeaunua@n 10-12 wionldvnmsfedunuaeensinlasAu HLGP 5¥a 1LSR, 3DDS

o o X v ] ~ P A Y a P
1ay 1L5Q amua1ay ¥4 lannvuaeuvesmsesenInssadqvealdsdu anmiuwanezaonlalasnuiuia
Yo ¥ a P P y oy . o 7 o &
el vinuTaseadsvesaunud aaulasead19u09@13@9AU Hyphodermin A 1AL @15 HUATIZHOYWUT
Hyphodemin A 1@31nm3ss1aeelaseadeauiinale11sunsy Gaussian view (Duke & O'Leary, 1992) 1agiin
M3 optimize 1n59831987871)51A5Y Gaussian 09 (Frisch et al, 2016) #2832 ToUID B3LYP/6-31G(d,p) tialH g
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3.3 MIMmmnNimes Nz audmIums docking
MMIMIMaiees iz aulunsii Molecular docking 1ae 1911511033 AutoDock 4.2 (Morris et
' 9

al, 2009) TagyhmsAeaunuaiayesnan1Usau HLGP 7118310 X-ray 91014313 Redocking ALAUAANNEGY
Yy (A a o a A qynw A J4 o q 9 v a sa Y u o a ¥ yy A A
WhldAusnasudy el ldmnimes i i lassafevesdunuaaudndunvusnaiu ldmiewdy Tag
a a oA J a o d"
NTAUIANMHUIZANVOIN513A05 N 1% 1@a1AA1 RMSD (Root Mean Square Deviation) Taelua11338il
A ya 7 A a . . . ) o v X & a s
wenl¥aunua 10, 11 &18g 12 NUILIN Purine site, AMP site 40¢ Indole site ATNAIAD mgﬂummuwgﬂimam
] v @ 3’, A a A o 1 a @ 1 o . 1 Aa
Niudduduenlyd Gp AdszanTamuarsmzAsYINUAING1I 1IAHANITH Redocking WUIIAUAUS
a 1 dyd 1 9 1 s o & a QYo (2 o . I a s
AuMA1ULA1 RMSD 108071 2.0 A A9dU Wi1iiwesn 19d1m5un15%1 Redocking (Humis il s iung e
@M1 Docking Tagmsimesaana1nd Iaun nasanIAvuIA 60x60x60 A’ 19971952 HIIATA INIAY 0.375 A

gazmuuauIusoulumssu 911U 150 50U
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3.4 M3 Molecular docking
o a s Ay v . o . v A Ja A a @
nimes nivunzauin 18a1nmMs Redocking 111511401391 Cross docking AUAUAUAANALT NIUTY
oy 18un aunud 10 FUVTIY AMP site tiag Indole site, aUNUA 11 AUV Purine site a2 Indole site 1AL
J o a . . . A = ° ' a o = 4 A
UAUA 12 AUV I Purine site 1182 AMP site iN0ANEIANNTUNIZADUTNAUIU Taon51fSeuioun B.E. #
VInasuRNiUUTnaTuaug ae e Tyl
Y 99 a do 1o v a s~ Yy y 1 ) .
nniulEnsiimesaana1nsin m3 Dock nuanauanaion’ld 1aun a1509@u Hyphodermin A 1ay
o ¢ o < v a o & P o 2
13§ UATIZHOYWUT Hyphodermin A AUUTNUIVNI 3 V3NUAINGT 7201151050 AutoDock 4.2 1INUUFANY
UszaniamlumsduvesoyWus Hyphodermin A filinaoulai GP Tagi15811919A1 B.E. 1azduasni o104
v
a5 luudazunavuuanh ligmimanudumzvesasdunsizioysius Hyphodermin A AoUFNUIUNG 3

a o
vinaveueu lasd GP a1eTdsunsY Discovery Studio 4.0 (www.accelrys.com)

4. BaM3IY
awv dﬂld a a [ L4 Y [ 4 v .
uTeliAanelszansamlumsiunueulsi GP AemsduniizioyWus Hyphodermin A (14-18)
o . A a . . . . H < a a
Taen13411 Molecular docking NU3LIYU Purine site, AMP site iig Indole site Tastuusniumsfnpaunudiay
4 1 o glz o 4 A a A o 3 a
10, 11 uaz 12 Aenuiudidugimsinuveaeu la Gp MlYszansamuazsumnzaeus I Purine site,
AMP site g Indole site 1gdiA1 IC,, 1M1 17 UM (Ekstrom et al, 2002), 7 nM (Thomson et al, 2009) 4% 45 nM
4 1] 1]

(Rath et al, 2000) AWEIAT VINHANITT Cross docking VoIasHa1l Wenieuiiounl B.E. NUSNaILAUNY
a @ d‘ 4 1 Y d‘ a [ a A 1 a @ d‘ a1
v3nasvduaneluweulesd wudi a3 10, 11 vag 12 1%a1 B.E. Ausnaduwauanusnadudue lasiin
B.E. 113129 Purine site, AMP site tia% Indole site NN -10.34, -14.32 11az -10.57 keal/mol MW@ AU AIN1T199

@ g’; =2 Y < J = o 1 a v oa o J = YA Y [ Ay Y
1 daiu Saaasliiviug @13 10-12 Tanudumeaeuinasuauana Falianaeandeesnumn lavinms
Ea
NARDIDII IIUIFNMIANYIAIGIT Molecular docking 1113013 1FlumsRNITANANUTINIZYOIET1TAD
vinadvveaen lxfld
9

91M11UT9%1 Molecular docking o lassi GP @aeenIdunTIzioyWus Hyphodermin A (14-18) WU
1ie B.E. o land GP ogluana -9.32 3 -9.52 keal/mol 1 TW59n159 Purine site, 539 -8.85 £14 -10.97 keal/mol
1] v H 9
ATNITIN159D AMP site 1AZFIQ -9.33 D19 -11.37 keal/mol N TIN5 4159 Indole site TUVUENA1TAIAY
Hyphodermin A 1¥iA1 B.E. fosniiansdaninziouius Hyphodermin A Taofia B.E. AIW39n 1591 Purine site,

AMRP site 1482 Indole site 11AU-7.54, -6.67 uag -7.08 kcal/mol MUAIAL AIAI519AN 1
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y T o ¢ v a s '
MI199 1 LLﬁﬂ\iﬂ']Wﬂ\i\ﬂuﬂ']ﬁﬁﬂﬂ‘U (B.E.) voaou lan] GP NUALAUANTEE 11M178 keal/mol

IN!@Q’Q Purine site (RMSD 1.992) AMP site (RMSD 0.961 ) Indole site ( RMSD 0.961 )
13 -7.54 -6.67 -7.08

14 -9.43 -9.11 -9.53

15 -9.32 -8.85 -9.33

16 -9.50 -10.02 -10.91

17 -9.50 -10.48 -11.37

18 -9.52 -10.97 -11.72

Riboflavin (10) -10.34* -8.66 -6.19

GSK261 (11) -6.81 -14.32%* -7.15

CP 403,700 (12) -8.27 -9.43 -10.57*

a sa Ao oo " A
*mmumﬂuﬁwﬂmwuwwmmnmﬂm’]u

o . 1 o . 1 v @
INHANTH1 Molecular docking W11 @Y WWT Hyphodermin A a1l ansahdunueulsi op I8
g’/ =) % { 1 % 1 =) % g L - % % 1
a3 U3nw Taelimsnediveslaseadniuananiulusaazusnadu Iuegiudnyuzves Insmsiuluua
v Y v .
azvina lwvazilasesadwvesoyiusimariiinmsnedifadiotuiiongluTngsmsdu Purine site 1ag AMP

. = o LA o ¥ 4 o o A
site TUvaz? TWs4M 3TV Indole site UN15219A2U049 1ATIAS19NUANAIAU @Ng‘ﬂ“ﬂ 3

Acceptor Ll

W=a1510-12 (MW n-A) E=a1513 @=a15 14

O=as515 @E=a1516 [=a13517 @=a518

31 3 namamsdouiuiuves Tassaaaunud (10-18) 71oluTwsam3ss (n) Purine site (V) AMP site (7) Indole site
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5. msendsena

210N13 91 Molecular docking Autouley Human Liver Glycogen Phosphorylase (HLGP) Ao
asdunszeuifug Hyphodermin A (14-18) wuh eywufimariaunsadhsusuen lad 1éia 3 130w Tas
915819103 NIFNELA B.E iafeusuaunudiay (10-12) Tuugaz s nasy Tagwueyusauluail
M3 sUpE1TUMIZAD TNTINMITVUDA Indole site aziilsz@nTamlunssuiianidunudidy (12) nagnui
euﬁuﬁmdwﬁiﬂixﬁw%ﬂmslumsii”uﬁmauhlcﬁﬂ Gp 143na13@adu Hyphodermin A 1atiiioeinTaseara
¥4 Hyphodermin A ﬁmumeuaﬂmaQaﬁxﬁnvlajmmxﬁmimlmmmﬂwaamﬁﬁu dawalsd i1 B.E. vosansaadu
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