creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[ VA= S

Niemann-Pick type C1 like 19
N-terminal domain¥} #&& 3=

cholesterol®} 1 FEEEES HErE HIE

PN PN
B & WM B

&K B W

2016 # 8AH



Binding modes of Niemann-Pick type C1 like 1
N-terminal domain with cholesterol and it's
derivatives : by molecular docking study and

molecular dynamics simulation

EunSook Joo

(Supervised by professor WangShik Lee)

A THESIS SUBMITTED IN PARTIAL FULLFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF AGRICULTURE SCIENCES

2016. 06
THIS THESIS HAS BEEN EXAMINED AND APPROVED
DEPARTMENT OF ANIMAL RESOURCE

GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



Niemann-Pick type C1 like 1¢]
N-terminal domain® & &3+

cholesterol¥ 1 FHEBEEY Ko E HE

HEEKR 2 £ M

o] NS BE BLEN WwNoE RHEE

20164F 6H

KBS BRE BELEM

FIMKRER KEBE

2016%F 6AH



L A B e 10
2 ?j?/\]_ .................................................................................................................. 12
21 /z-ﬂ_:]i_ﬂ_}-jﬂr %gﬂigﬂ% ................................................................................... 12

2.3. NPC13 NPC29] Z | AHE AF GE s 16
24, AZE WA ZH AHZE FFAFA] G| e, 17
2.5. Niemann-Pick type C1 like T(NPCIL1) weeerersrerseemssemssmmsisnimsnimaninnns. 18
26. AN ZH AEZ BAA G| e 20
27, NPCIL1T} A& G oottt 20
2.8. NPC1ZF NPCIL1E] HFO] & erverrerreererserssmmnmierienisnintinsissississistsseississisesseinees 29
3. A E HD HFH e 25
31, B IEZ AL B coeeereererensees i 25
32, BRAZH S H AT i 29
A, ZATF T GLEE e 39
A1, BEZFITETIA] B ceeereerereeseeisti s 392
42 BRAZEZEE RO AT i s 40
4.3 7‘%% g_l B ettt sttt 53
B, R OF cr s 59
ABSTRAQCT +eeeeeesesersesssssrsesesesstsistsssiesssesstsstsisse sttt s e ssssaese e 62
S TLTET] cereeeens ettt 64
J_-?__% 1. Supplementary DAt soorrrerrrrrrrrer e 77
B2 2 ‘n2Y2dE Ao TR FezdE FEANA NEAT )

3l
B Ba Al Aol Aol FesHES] F 2 o



£ A

[Table 1. Flexible receptor docking results of NPC1 NTD and NPCIL1
NTD and ChOleSterOH .................................................................................... 34
[Table 2. Flexible receptor docking results of NPC1 NTD and NPCIL1

NTD Wlth 25_HC] ......................................................................................... 36
[Table 3. Flexible receptor docking results of NPC1 NTD and NPCIL1
NTD Wlth B_SITO] ...................................................................................... 39

[Table 4. RMSD between loops of unbound and bound conformations
for NPC1 NTD and cholesterol, 25-HC and B-SITQ] :-eeeeeeeeeeveeeeeeene 43

[Table 5. RMSD between loops of unbound and bound conformations
for NPC1L1 NTD and cholesterol, 25-HC and B-SITO] «eeeeeeeeeeeeeees 44

[Table S1. Molecular docking results of NPC1 NTD with cholesterol]

[Table S3. Molecular docking results of NPC1 NTD with 25-HC] -+ 79
[Table S4. Molecular docking results of NPC1L1 NTD with 25-HC] -- 80
[Table S5. Molecular docking results of NPC1 NTD with B-SITO] --- 81
[Table S6. Molecular docking results of NPC1L1 NTD with B-SITO]

[Table S7. RMSD between loops in unbound and bound conformations
for NPC1 NTD and cholesterol, 25-HC and B-SITQ] «eereeeeeeeeeeeeeeenee 83
[Table S8 The loop RMSD between ligand bound and unbound
average conformation for NPC1 NTD and NPCIL1 NTD] eeeeeeeeeeeees 34
Table 1. Composition of experimental diets (26, Wt/Wt) «eeeeeeeemememenes 95

Table 2. Composition of experimental diets (96, Wt/Wt) e 9



Table 3. Effects of oligo—chitosan or chitosan on initial body weight
(inittal BW) and final body weight (final BW) by fasting time in
rats fed with high-cholesterol diets. e, 08

Table 4. Effect of oligo—chitosan or chitosan on average daily feed
intake (ADFI), average daily weight gain (ADWG) and feed
efficiency (FE) in rats fed with high-cholesterol diets. «weeeemeemeeeee 99

Table 5. Effects of oligo—chitosan or chitosan on slaughter weight
(SW), liver weight (LW), liver weight (LW) rate, kidney weight
(KW) and kidney weight (KW) rate by fasting time in rats fed with
high—CholeSterol diets, wwssessermmmssmmmiisiisinsitii s 100

Table 6. Effects of oligo—chitosan or chitosan on serum total
cholesterol (sTC), serum HDL-cholesterol (srHDL-C) rate, serum
LDL-cholesterol (sLDL-C) and serum triglyceride (sTG) by fasting
time in rats fed with high—cholesterol diets. swooreeeemmermmmme... 103

Table 7. Effects of oligo—chitosan or chitosan on liver total cholesterol
(ITC) and liver triglyceride (ITG) by fasting time in rats fed with
high—ChOIEStErOl dIEts, -+ ersseersserrsseemssesesseemssrnsesiisseiseeiss s sesseeens 104

Table 8. Effects of oligo—chitosan or chitosan on serum
glutamate—-oxaloacetate transaminase (GOT) and glutamate-pyruvate
transaminase (GPT) level by fasting time in rats fed with

high_cholesterol dietS. .................................................................................. 105



a9 A9

[Figure 1] The active torsion bonds of Hgands. - seeesssereseriseceennns 2%
[Figure 2] The Flexible residues of hydrophobic binding pocket used in
current dOCKING STUAY. «wwsreeesesssrsssssmsssinssissisiii e, 27
[Figure 3] The loops used to compare with ligand bound and unbound
conformations for NPC1 NTD and NPCIL1 NTD. «eeeeeeeeeereseeeneeneeeeee 30
[Figure 4] The sequence alignment of NPCIL NTD and NPC1 NTD.

[Figure 5] Best model of protein in complex with cholesterol from
molectlar docKing STUAY. «wswsseresseeeesseemsseessesmisesissesiissesssesnsssisesesseseens 33
[Figure 6] Best model of protein in complex with 25-HC from
molecular dOCking StUdy. ............................................................................... 35
[Figure 7] Best model of protein in complex with B-SITO from
mOleCUlar dOCkil’lg StUdy. ............................................................................... 3’7
[Figure 8] The backbone RMSD of NTD-ligand complex with respect

to unbound structure (3GKH or 3QNT) as a function of simulation

[Figure 9] The RMSF of each residue between ligand bound and
unbound conformations for NPC1 NTD and NPCIL1 with cholesterol,
O5-HC and B-SIT, w+wsseeesersrerssrerssesisesissenissseisesiie i 46

[Figure 10] The loop regions of NPC1 NTD which shows noticeable

structural change after ligand binding for cholesterol, 25-HC and

ﬁ_SITO ............................................................................................................. 47
[Figure 11] Movement of L6 in complex of NPC1 NTD. «eeeeeeseeseeseeneens 48
[Figure 12] Movement of L5 in complex of NPC1 NTD. «eeeeeeeeeeeeseeneen. 48

[Figure 13] The loop regions of NPCIL1 NTD which shows



noticeable structural change after ligand binding for cholesterol,

25_HC and B_SITO ...................................................................................... 49
[Figure 14] Movement of L2 in complex of NPCIL1 NTD. weeeeeeeeeeeeeeeee 50
[Figure 15] Movement of L6 in complex of NPCIL1 NTD. «eeeeeeeeeeeees 50

[Figure 16] The average structures of NPC1 NTD and NPC1L1 NTD
obtained from MDD SINUIALION, wwwreerereerereerermsrmrmesesssimessssssesesssssesessssees 51
[Figure S1] Best binding mode of protein in complex with cholesterol
in RB orientation from Rigid receptor condition docking. :=--««=sssss== 85
[Figure S2] Best binding mode of protein in complex with cholesterol
in FB orientation from Rigid receptor condition docking. «=:---=======eee+: 85
[Figure S3] Best binding mode of protein in complex with 25-HC in
RB orientation from Rigid receptor condition docKing. «::«eeeesseeeeeeseee 36
[Figure S4] Best binding mode of protein in complex with 25-HC in
FB orientation from Rigid receptor condition docking. =--=sseeeeseseeeeeeeees 86
[Figure S5] Best binding mode of protein in complex with B-SITO in
RB orientation from Rigid receptor condition docking. ««««««««-sseseeeeeeeeees 87
[Figure S6] Best binding mode of protein in complex with B-SITO in
FB orientation from Rigid receptor condition docking. =-==««s-seeeeseeeeeeees 87
[Figure S8] Moving residues of complex of NPCl NTD with
Cholesterol at 50 ns Simulation tlme ......................................................... 88
[Figure S9] Moving residues of complex of NPC1 NTD with 25-HC at
50 NS SIMUIALON [Me, weeereeeereesesrmmmsssmmssmmsesssisesssssesssssessssssessssssssssssessnes 38
[Figure S10] Moving residues of complex of NPC1 NTD with B-SITO
At 50NS SHNUIALION [IME, -+ wreeerereresrsremmmsrmmesesssnsesssssesesssss s sssnsesssessesesns ]9
[Figure S11] Moving residues of complex of NPCIL1 NTD with

ChOleSterOl at 50 ns SimUIatiOn tlme ......................................................... 89



[Figure S12] Moving residues of complex of NPCI1L1 NTD with 25-HC
at BOHS Simulation tlme ................................................................................ 90
[Figure S13] Moving residues of complex of NPC1L1 NTD with B-SITO

at 501’18 Simulation tlme ................................................................................ 90



1. A&

Niemann-Pick type C1 like 1(NPCIL1)

rlo

I A% E7PA A EE
(brush border membrane)¥} <77 7te] Al A3 (canalicular membrane)ell
AA g wrawmd R Aojot TF ZFH2EHEY F7E SASHH, dAle Fd 2~
= 44 (homeostasis) Ao 58 TS G $th(Davis &, 2004; Dietschy
5, 2004). NPC1L1<e Niemann-Pick type C(NPC) i+ ©@¥ & (family protein)®
Niemann-Pick type CI(NPC1)¥} olv|x=il &AW 22 F+27F FAFSHEARE
(Carstea &, 1997; Davies &, 2000b), NPCIL1¥+= €3 NPClS EE AEQ]
2l &~ (lysosome) Tl fxste] AExE 2 x ¥ A (low-density lipoprotein;
LDL) -2 Zd2HES Alx Av|#ez Ad3th(Xie 5, 1999). F oujde
N-Ze =w 2l (N-terminal domain; NTD)9] 32 F+x% w9 FA}8taL(Kwon
S, 2011), NTDel| =" &3 AH ZAFst=(Infante &, 2008b; Altmann -5,
2004) A4 ZA3HE-9) (hydrophobic binding pocket)®= 7}A| a1 glo B & -FA}FSH
FU~HE A9T2E 7 o2 AS5HAHKwon 5, 2011). ¥, F@|H =
Akt el 25-hydroxycholesterol(25-HC)(Ikonen, 2008)%F 2] &4l  ~HE9l
—sitosterol(B-SITO)(Davis %, 2004)2 NPC1 NTDY NPC1L1 NTD¢} ZAgtst=
Atz A FY2HEH= Zol7F Jqvia BiEai(Davis 5, 2004, Brown %,
2007; Infante ‘&, 2008a; Ge &, 2008) 1

B drddAMe d¥d4ers HaudA &2 NPCIL1I NTDO| Z#=HE 29+
25 o Fstaa @k o]& ¢8l, NPC1 NTDY NPCIL1 NTD¢ 3 7k# &3t
EE(Ed2dHE, 25-HC, B-SITO)# e Ad+=x5 2 7HA 9 Aitstst =4 =,

™

wdlgo] o3 B %= (molecular docking)® Ex}E# st R o243 (molecular
dynamics(MD) simulation)< AF&3 Blad Folty, M, AutoDock(v1.5.6)<
o] &3t wdElgo] o3t T=F oz NPCILI NTD(PDB ID: 3QNT)¢t NPCl
NTD(PDB ID: 3GKH) ztzte] 29k 3 7h4] 2zt=sate] A ek 2 (best model)

Ll
ol

EEsa oo AFSAL AR ot tgow o FFTEE /Hm
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=< Huska = NTD7F 3 71¢] 2zt=er A of 2ol = Aol 9l

B4, 53] WA MAet Fas Hdo] = Bew deEA dom(Zhang T,
2011; Infante &, 2008b), =3] H<te] A@Aoz AAE NPCl HA|FZxoA =
NTD+= o2 W Z=v 2l (luminal domain)E3 <1l Ao (Gong &, 2016) ©]
23 F2S UL SnFsr| e o wela ol Alole ATz FE e
EAo AAA A4S Z3] NPCIL1 NTDe 98 53], Zy2dH=E F5o

oAAe e Ug oS T 5 o s
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2. AT}

2.1 Alx9y) Y 2vE

TE M ¥EY(plasma membrane; PM)2 o]5 T (bilayer)S FA st A2 &
doll whel ez @epith dE S0 A, E3tE @3l A A& (saturated
hydrocaRB % &on chain)S 7M1 Q= 2238 20 A (sphingomyelin, SM)
Fol =S E AXYS Ao Zhe dHE vEhY, EBxstd g3ea AlE
(unsaturated hydrocarbon chain)S 712 =] Al 221 %] 2 (glycerophospholipids) S} &
of =575 AES AAGE A Y. o]THEs st A HE Abold
ZHE(sterol)o] Aol o 4748 &4 a7t yetde B " 7 uite] 1
Aot Aase] JowALE HA S FEAHS vHEls SH3 A
(liquid-ordered phase; lipid raft)”} ¥ th(van Meer &, 2008). A3 o= 2~ 11
A A (sphingolipids) @} Z®H|Zo] FH3atn, = A=A (glycerolipids)®] = %=7}
ol # 3 725 veidle v, AZEd AV8sS A e AdY F
Fob 74 NERE A gdeN 7 27#E9 7led "HsA daEe v
(van Meer %, 2008). 3], Z2HE2 Hxuto] 71 wo] &) st (AA] A2
o] oF 20~25%), AlEWo]] A&E+ 3 (endocytic recycling compartment; ERC)©]
U 7] A H(trans Golgi network; TGN)oll = tlwko] g ~H Zo] &3t}
3 dEA A Coxey 5, 1993; Mukherjee 5, 1998). A2 1% (endoplasmic
reticulum; ER)> MXE 2713 FolA FH2EHE 571 7P GoHAE AXE
el FHlzdHE 38 A FE 98-S "gdete], Axee] FHiEHE ¥
wd(poolo] i 1 F AHIE AFA HOom oFdle] FUIHIEEEE
BEAA o] wEed FEl2HE ARES Foe zuHEdeA-Agdid
g s &l 2 (sterol regulatory element binding protein(SREBP) cleavage

activating protein;, Scap)/?l€d-FEFA2 &9 A (Insulin-induced gene protein;

_12_
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A H(Steck &,

SERERPE LT

Al 2" E: 2 28 E=1:1000) Az dY A A (signalling lipid) = 7|

g &4E A dthIkonen, 2008).
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X
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g 2H =8 38-44H7] (hydroxyl group)7f
ol A

=
=

==
=

7} 9]u} Alo](transhilayer) S W2 A o]
H =7t

SREBP) A|2=%l9] 7]
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Insig)/Z2~H|
A1 €]
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2.2. Niemann-Pick type C1(NPC1)¥} Niemann-Pick type C2(NPC2)

Nimann-Pick C(NPC) &2 NPCIo|v NPC29| Edwold ol&) 2=,
7] WE/8A~F(late endosome/lysosome)o A2 A& Frp=2Ho] 2 H A< A
oz delA Arh(Vanier, 2010). NPC12 127871 ¢] ofmjieito & g wo] gl
o 137019 9#E = <l (transmembrane domain; TM), NTD(2397] o}n] %
2HE x2&gsteE 3719 WA =l (uminal domain, 25-264, 371-615, 855-1098)

I 2HE 7A] = 2l (sterol-sensing domain; SSD, 616-791), A2 2] C-E¢hk

|

.

<

T ¢l (cytoplasmic C—-terminal domain; CTD)S 7FA i ¢l tH(Davies¢t Ioannou,
2000). ol E= AE deA FWeleA Exsir, 53] fiF vellA Tid
H(Wiistner®} Solanko, 2015). NPC1 CTD+ Z2E™(clathrin) o1 9E <l AP-1
3 Al 25741 EE] E (acidic/di-leucine motif)E F3 FEzE&S dto] 7
Y/l agol o= Axir|iez o 5dAE Y& A & (targeting) ¥ NPC
o] 715 T89S 3 (Poirier 5, 2013). NPC 3H#}E59] 1/32 cystein©] 3
gk Al HA W =l Dol Edwoelrt floleta Harso] gl
tH(Vanier, 2014). NPC1 NTD9] 454 AFHE s 8949 s FFHo=
Hus oW, 7o EdlzHEe] Ax Agtste] 3-471¢k NPC1 NTD

A9l Asndl ¥ GIn797F A2 %S F4 ¢ HKwon 5, 2009). NPC1 NTD
o] FxE HZA¥TX(PDB ID: 3GKH) ¥ oiuel FHzHE3% AT A4
(PDB ID: 3GKD<®} 25-HC¢ A7s 4-5(PDB ID: 3GK])E X% o]
(Kwon &, 2009). NPC1 NTD+ 7 A4 *H (competition assay)ol Al Zd~H &
Hok 24-C, 25-C, 27-C Ao Fi717F B2 SA|&HEC =& AR08t =

53] 25-HCO)E B, 19-HCH 20-HCol gt AFstes vokrtal By
U(Infante 5, 2008b). o] HEs]l NPC2+ 1517019 ofvjwito =2 A% 2ol

ikt

g

_14_



o

Aol gekwl A (glycoprotein) &4 (Naureckiene 5, 2000), 42 (bovine) NPC2¢]
Z(PDB ID: INEP)E X®W 7709 B-7F=(strands)e] 270¢] B-4 3 (sheet)S
A B-MES A (sandwich) 725 7L o, ¥ 254 TH(&3 ~34
A%el EtEst =2ad ARehe ow FAsa Yrh(Friedand &, 2003).
NPC2&= $7] H2/faFdA F2 a9, 245 SHd(FF, F3d &5,
o= A5 A (Storch®t Xu, 2009). A v &5

Al NPCIL1#+= 338S 314 &v Aoz oddx JvkDixit 5, 2007).
NPC2= Zd2HEY w2 Is=E vehd 111 =H(molar ratio)= ZA3HatH
Xu &, 2007) 1 9el= tgst Fdz"HE d7A, A4 2HEGe B
-SITO), 3-%t& X o237t @ FH2HE d2vHE(e ZHUZHE
ZYU2HE 4 )9k F Adete slow 4 dov, SAIZH

’

Alef vt Ag ME=E wHolva dHA o

’

ol deix= Zd 2

i
2

(Storche} Xu, 2009).

3] # o] dd A WEs A=A N A (single particle electron cryo-microscopys;
cryo-EM)E ARE-3lo] CTDE Al9lsk NPCl1el A @¥d 5-%(PDB ID: 3JD8)
7F @9 A (monomer) FEl 2 X 1% tHGong 5, 2016). o] wEw  AA whl
A FRoE ZF 149 F8 243 (glycosylation) F-$I(NTDel 578, =w ¢l Col
70, =l Il 27DE 7HA A o, AlEute] whEole wE YA(TM)E
Aol =ml CoF Emll 7} s F2E HolWAE, A Al Fx(~160°
J)E BAE 7 RFoR Az wAHe] 9li, NTDE AETe|A o 40 A
AE Y2 Fof o] F mHRlEe SiFite] A grta BuE At ghH, 5709
TM(TM3~7)2.& o]Fo|xl SSD+= um™A TM(TMI~13)=¥ A A %
(180" 3= vprs FAstar gt sfd A5 4 (sequence homology) <A 43%
E YEho] SSD-FAF =W I(SSD-like domain) o2 W on, o] thie
U(TM2)3 H(TMB)e] TMEH Mxd & Axutd o2 Fold= al-29 a
7-80] =Tl C¢ I& dAsta gloem, NTD9 TM thisS 43 TMIS
Huagrh o] ®Hate] maw NPCLY i =vlsS A2 Ads 2483 9
Aol gl9lem, NPCl NTDe] EelxHE 23459 A7+ =l C Ho &
g AEE = Co 7 e mElEe] EyMel AR YAsa oA NPC2

1

_15_



7} NPCLolAl Zel~HES ddd o NPCle =v¢l Co NTDe A9 ¢
Tol dAlH o A3t B uE(Wang %5, 2010; Deffieust Pfeffer, 2011)%}
dAet= EEs BEAth 1A Gong 5(2016)2 ©] =M= X220 A
£ u#sle] NPC2E NTD9 Z=vel Co HAEH9E <oz ol NPCl
NTD9} Z=wQl Coll dA Aoz §238ta NPCl NTDE ofgh H2 e A

X ZHlzHES EATS Aoz FASAT
2.3. NPC1¥ NPC29] ZH|2HE &X #&

F71 HE/R2FY] UFelA NPC29 254 AFFLd ZudHE9
isooctyl AAlEo] AZHEE, AE&EA NPClez o] &3t NPC29 %ol
NPCI NTD¢F W =vQl Col dAHoz F2d e, 24 od
(hydrophobic handoff)< &3 Zd2H &S NPC1 NTDA @ AFA € th(Wang
&, 2010; Deffieus}t Pfeffer, 2011). oJwj NPCl @502+ Fd2HE JAEH%
7b wig- =gy, NPC27F Zo] 2& wW NPCl NTD4 & ¥ (liposome) 27 9]
ZY2HE AEEE=7F 1008 ol =obx NPClel ZdlzHE AL7|dE
NPC2el d33] o4 Aoz dex th(Infante &, 2008c). NPC13} NPC2
i+ Rab-#d A ¥f%Rabrelated vesicle trafficking)s %3 = A&
(Choudhury &, 2002)cltt 7] W2/2]~Fe] 3/ E (Ko 5, 2001; Goldman
7 Krise, 201005 3 giaEFe] FU2HES e AlX A7|HoRE dAdsts
Ao R FA ¥ (Vanier, 2014), ther | EZE=g]ot2 o] FH2HE #W2 NPC2
7} o7 F3sttta st (Kennedy %, 2012).

sk I ufA]  oFwl (amphiphilic amines)$?! U18666A% NPC1y ZA3tshe] =

daH g Pad BES dAtER YaFE ol FozHE FHS Yoz

ks

(Liscum¥} Faust, 1989; Butler &, 1992). Ohgami 5 (2004)2 NPClo] =4 2~H
ol Agst= ol do] SSD7F d5F o], SSD F-el &AW e(P691S)7F o

ofjufwl NPClat Zdl~vl &9 Z3s 9ol gastlvtal Biugivy 3 Ohgane



5(2013) SSDhell Z#~®HlEo] A AFsth= A= AR, NTD 9o &
del g2 AH dsts Fio] EAga Baskglnt #H 2l Lu 5(2015)
NPC12] P691S EdwWo] A4S 3 UISe6A7F Adsle] Asae&S Lo
= o] SSDYS Fste], Fy 2H =0 NPC20ll4 NPCl NTD=, thA] SSD
2 AgEn, SSDAA #laE e st gEeA He Ao o5

24. AIE WellA e Zel=HE 33 A

ZHZEES HA 209 7HA S BEAE #odete HFAQ A2E S ERel
A dAEY E5F AEE LDLY F8A-mi7) A XU o] 9] (receptor-mediated
endocytosis)S T3 9¢1A4 FAHES WolE2dtt(Brownd Goldstein, 1986).
LDL-Z# 28 &(LDL-C)¢] LDL-Z#d2=H = F8&A(LDL-R)o 93] AxE W(x
7] W3E; early endosome)® FQH™E F7] yE/HALrEFoR ukxo] it A
A 2 9}A (lysosomal acidic lipase; LAL)ol| 23] Zd~HE d2"HZ7F Z2 2
£2 Astgd. ZY2HES NPC2¢F NPCle dezion A¥EZdz &5 o
o] A7]#EGe. PL; ER; ERC; #4&%F F447|%(ysosomal storage
organelles; LSOs))ol A2 o] thest dirte]l A& H(Chang®t Chang,
2008).

A el Ze~HE S-S ZH2EHE AT LDL S5 ds
Mol xA(feedback regulation)e] <& X2 Htt ERE 99 LDL-CE
SREBP ZHEHAAILES Fa Zd=Hs A ddd djde] dd s

(o

\l‘

o

2A7]a, AapFor FY2HE AFAAE AsA I tHGoldstein 5, 2006). %
LDL-C¥ 3-hydroxy-3-methylglutaryl-CoA(HMG-CoA) reductase?] 3=

rot

A 7]31, Acetyl-CoA;cholesterol acyltransferase(ACAT-1)E A A A F

A

dadEs FULHE diH=Z2 daste] AlZ el ZdxHE =5 W

frtt

A =t (DeBose-Boyd, 2008). 25-HC #2 SA|2~HELS ERAAY ZHd~
HEo zHdz83 H=3tA4] SREBPso AXA-ZA A7 =4 (ER-to-Golgi
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transport) S A 33t HMG-CoA reductase®t ACATE A 3tA7itta 3t}
(Adams <&, 2004). Ikonen(2008)°1 <Jst# 25-HC= NPC1 NTD¢F Agat7]=

st WAE #Ae] thE 7]olE A on NPCloly NPC2¢ %8 ¢lo] ERZ
ey o] SREBPOl tigh Aafzh&5 shrhal B skt o folk Al ol A
NPC13} Aagle] gaFe] FelzvEoly SAEHES &Rbsts & dd
So] Hu¥E A (Wistneret Solanko, 2015). =, steroidogenic acute regulatory
protein(StAR)-related lipid transfer(StART)-=w 1S ¥ &3t = HolAd ¥
Z A 64(metastatic lymph node; MLN64)= NPC20 AlA Zd ~H =S @ A uko}
7] WE/HAaFAA dEAZ]H(van der Kant %, 2013), ATP-AgA4# A
&4 A-1(ATP-binding cassette transporter Al;, ABCAl)¢] T Alsl= o 2H|
Z WES 7] WE/HLFANA apoA-1E2 ZHAHES A3t (Denis 5,
2008). gk 25-HCS #2 SAIZHES SA2HE4% dWd-dddw s
5(oxysterol binding protien; OSBP)-related protein 5(ORP5)2} ORP12] #}-&-of
o# #71 Wa/HaFeld ER2 €5 o(Du &, 2011) SREBPE ER Hell il

Aol Insiget Z2dste] FU2dHE AFAAS 2435 @ h(konen, 2008).
2.5. Niemann-Pick type C1 like 1(NPCI1L1)

Niemann-Pick type C1l like 1(NPC1L1)& A% 3} 7ho A Wd ¥ = A% o
W o] 2} (Iyer 5, 2005), Niemann-Pick type C(NPC) ++ @@z =z NPCl¥
42%29] ofn|xAl wjdo] FUsIH, 51%< H|Sz ofwial widS YERUTH
(Davies 5, 2000b), EA4A & FHE| =9} 13709 Ha%E F 9, NTD, 2702 ¢,
CTD +* a3 ke Aol WA dth(Davies®t Ioannou, 2000; Wang
5, 2009). NPCIL1 NTD(26570 ofn]=ib)ol = 871 a-yAd = 3719 B-W&, &

Jm

& F2AA 9 (leucine-zipper) 7k & HEE ‘NPCl =wel”s 7FAaL
2

(Carstea %, 1997; Davies &, 2000b). =3+ NPC1¥} Hd&A 4

als

il

ZEAaL gle] ZelaHER A3 d9ste] 2UlLHEY] 9 TRvIdE T
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st} (Altmann 5, 2004; Ge &, 2008; Infante 5, 2008b). Altmann % (2004)2

NPCIL1 null micedl & 2ol A e ZUxeE F57F 70% o4 Fadoha
Basto] AgolAe] ZHl=EHE F50l lolA NPCIL19 &2 4=l A

o= d#A Utk

NPCIL1 NTD& 2]3t=7}F gl vl Z 3% (PDB ID: 3QNT)RF A% o=
aEo} 9Joem, NPCILI NTDE +2& Bi Zd2HE9 4] g4 ]
X Ao oEE F7|S0] NPCl NTDe 3| t©] =ro} AR <
Zto]l ¢ A7) Wie] NPCILI NTD: & o thekd 2e &3 4gs & 9

4
2 &

o
I
o

tlo

Aoz FEHHATHKwon &, 2011). #Fd ZAFHES] 4 %2> NPC1 NTDe| H]
3 F3(~23 A), 93l Fe(closed conformation)®& X o™, isooctyl ZAIE

TA e AV F oEdelq Ao Ar]7F vlszsto], B-SITO= ethyl”]7}F 2

Sho]] 83 7+ x%4 =E5S Fuste] NPCIL1 NTDo| # ZAgtsl#] Ests Ao
2 B dthKwon %, 2011). 3 Ge 5(2008)8 Z#|~H Zo] AP A=

of FHlzHZECY AEd 2HES wwdAlFUAS W, NPCIL1o] SAg= =
2HE F7v ~80% Ao, B-SITO & 8~13%%re] WAlste ol Z# 2~ H|
Z 9 Alde NPCIL1® 85%7F AXuelA BAHAAN AEd 2HES
sallFAe W= 12~18%2 NPCILIRF AEZW & o]gste] B-SITO® H]al

rl

Z# 28 Zo 3 Mzrrl =dau Budgdu. A% Davis 5(2004)&
NPCIL12 2&E4 2HEZE9 §45 93 59 Z=Zo|n, NPCILI null miceol]A]

g3 AEAd 2HE 5o 90% ol FAagow, NPCILLISY ol A2
wpeb g ke FEaHE AR d3 9 e FdzEHE 2 AEA 2
E ool s ol FH2HEY AEA 2HEY &% Fol NPCIL1O|

Bag wp k. e dwrHg oz Ao] FYAHES ~50%
7F A F4EY, B-SITO= 5~15%% A% olA F4dva sh=d(von
Bergmann &, 2005), °]+= ABCG5/8¢] 414
Ax o] v (Hui®t Howles 2005), NPCIL1o] EdAHES o Aaste] &
FA7IE AE A= #AHo] ki B ¥ th(Yamanashi &, 2007).

o

2 Agd sHEs MEATE

e
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26. AAe ZHUzEHE A A

AR A ZH2EE FANS ZY2UE AT, 2FoA ] o] =y H
= 2 i w A 9d SAEE aF A=

daElEe T FH FdsEE TFYOE WY 200600 mgel s
BlZo] #ol2 ¥ THAlfin-Slaterst Aftergood, 1980). o] & FH¥E 27

sElgel ol Hom elAe BezHE AT FFA AFF AW

il
10
o
B
I
)
=
f
i)
2
o
2
E[oh

i

ot FY2HE AT E ATPE 4£H)89] acetyl CoARRE <F 20709 &47}
HFojsle] o]FojxH oo #oJdtE BE FHAELS SREBPsol 9 AJAitE =
A E B2 A ARl AFt (transcription  factor family)ol €8] F=4 @t (Wang 3
Song, 2012). 33, °F 94%9] ©Fdo] LA oA A EFFE o] dHS Eaf 7HE
S AAH o R HEoleH, IFE HES A AWE(venous sinus)S &3]
Ao tiF-E FFHL UmAeE EFo2 AFHHA  @rh(Portincasat
Wang, 2012). o]wj NPCIL12 Xf7F9 AAxe] &E7pdarg A xea) 4/
rol MBAE A E] X5t o] FEzHEYN "HE ZUZHE S50

Jol o938 @dstti(Davis

~

N

B dojstur Al FeEsHE Y A

s, 2004; Dietschy ‘5, 2004).

2.7. NPCIL1¥} A4 75

20009t 27kAIRE = FH2sHE diAbet #-EE dWASHMG CoA
reductase, SREBP, SCAP)¥ &3t +=(Loftus &, 1997) NPC1L1¢] SSDd
Zy2HEo] AgHo] F4dAvn A7 2 (Osborned}t Rosenfeld, 1998;
Radhakrishnan -5, 2004) |5 Al&d d55 &3l NPCIL1S] NTDel| Zd 2|
Zol AF AFEHH LAoA e FHzHESY W FHVIAS A ETE Ao
ol ¥ QI tH(Turley ¢t Dietschy, 2003; Peake®} Vance, 2010; Xie 5, 2011). 2 9]
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e 959 ZdzdHEd 2 2HEE2 &2 AW (apical membrane)©]
NPCIL19l ¢J3] &5, S8 Za2vE9 50~60%7F ERS SOAT2¢ <]
3l CEz #gkdt} ojuf, NPCIL12 WAstE &8 AX W= o]ssty Za=
H =9 kol wel ERCo PME +3stHA FelzHE S50 #ofstA
o S, AZ Weld ZasEEe] F-58td ERC NPCIL1ol F&HES
Fot7] s PMe= Folrtal Alx e FdsdHEo] wWolxH NPCILIZ
ERColA o o] wF24 fHGe &, 2008). g o Fo] FHHE2 &
Hulel]l 9= ATP-Z3dA dE a4 G5/GR(ABCGH/GR)l 9 sl tfA] &7
2 WEEn ojd SOAT2+= FHl2HES U dEste Fo2HE diHE=R
Agstal ABCGH8E A& ~HES A% o2 wiEste], NPCIL1¥ ABCG5/8

o BYAEE A3 Aol Ao FeAsHE FHY fA dolA Fa

ool

)

F5S %A ¢t (Othman &, 2013).

NPCIL1 NTD®l| t}&e] ZH28E&e &% 9 WaE 98t WA SH(Simond}
Ikonen, 1997; Ge &, 2011l ths] ©E =74 (Glebov 5, 2006; Babuke %,
2009) NPCIL1 NTDell = &4 A F-9lek Su=vE9 Ado] NPCIL1Y
U A FiE 53] U7 = Codl 9%S o 9 B Zd 2~ Eo] NPCILL

B Holkx A WASE Zdste Aow didstal ot opx A
ARl T A= vk &A Alxure] wAistel] #ejdte the @ S (flotillins,
clathrin &)oll NPCIL1 NTD¢} | 2H &9 A AA7F dFS A= Ao=
Basa ohLi %, 2014). Zhang S (2011)2 NTD 21zl Edwoly Z 2
2 AgEs =AWl A flotillins? A s FA WA E NPCIL1-flotillins-
ZY2HE FR(NFC)-7] A9 9 (microdomain) g HA3HA &, Zd2HE

Z73814] EYPrtar B 1ste]  NFC-microdomain Ao NPCIL13}

lo
E[Oll
Sy
i
J

flotillins®] %242 NPCIL1 NTD¢} ZFel~H &9 ZAF, o F 714 o I8
sttty Raustgdth Fd~HE §5 A8 ezetimibet= NPCIL19] =Wl C
of AY Ay, aFAAME 510~571¢] o2& 61719 ofn Al E3
Phe532, Met5433 ¥]&+4 ZA g (non-covalent bond)S A sttt daejx 9l

v} =3k o] 3o thaE A (polymorphism)o] S A$ @A) Ly W E o

_2‘]_



NPCIL19] A7)0 gk qal= veER7] wiido] =< Co Feix= NPCILL

o] FY2HE FTF7IHe dAFAAgo]l Ud& FHoe=Z dFHAtH(Weinglass &,

o

2008). g3, NPCIL19] NTD¢ ZFelxvE2 A3 o]Fo =l Cek SSD
Aol Axutez W ok FsHE RolA W NPCIL1S] CTDel U=
YVNXXF BEE7F Alxeta a5, YVNXXF REHE yAs a5 2
o] Numb¥} ZA&3slal, Numb®| clathrin®} AP2E i-&3le] MEY o] =, WA
371 APAvta Bt ri(Li 5, 2014). ol ezetimibet= NPCIL1<] A 3}
k olyel CTDS clathrin® AP29] A5 g% walsls Aoz ¥4 CRL1601
ME} vlg-29] AAo| A ezetimibe= Numb¥ NPCIL1 Ale]e] ZdH2HE

T A5AES gRF o2 A tHGe 5, 2008).
2.8. NPC1¥} NPC1L19] =}o]#A

NPCIL12 AEA FEZEEH ZH2HES F53te 988 s (Davis &,
2004; Dietschy &, 2004), NPC12 AMxZ WFol|x FHHES U2 A7|H &
= Alxgto g vtsl= 9E8S 3= 2 (Chang® Chang, 2008) A &EA] oA &
Fot= A& Aol Aozt dow, F wElde] NTDR 242 zol&
UebdY =89 g €9 NPC1 NTD9+= €32 NPCILI NTDE 899
s 23 FE A G e o AT 4T 2AHY nYE
A= FA ot =4 4y 2% 29 (Zhang 5, 2011; Kwon &, 2011).
#H, NPC1L19] &A Al ezetimibe(Suchy 5, 2011)= NPCl1#+= ofF#
A Fstal, FHAHE 5% A 714 sk (Dixit &, 2007), ¥ =
NPC19 #1244l (potential  inhibitor)¢l  U18666A(Cenedella, 2009)%=
NPCI1L1¢] 7]l o JZ A gva 4E A Ao Ge &, 2008, Wang %}
Song, 2012). HEgt thaFe] ZFH2HES dAH e & e AF "E

(lipid rafts) @7l A= NPC1¥ NPCIL1> ¢Fzte] Apo]E& Hol NPCl

o

[z

©
S

tlo
e}

of
ftlo
o

2" E0] F53 caveolin-1 positive A|3¥EW 3 (intracellular compartment)
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S AU (Jelinek &, 2014), NPCIL1S caveolin-1X.t}+= flotillinsE Al % 3} ¢]
NFC-microdomaine #/dstttal B = AtHGe &, 2011). o]x 5 NPC12} NPCIL1
& B ZYzdHES dWAstste dAdd wolstar ARt AsA A9
ZH e Ee] A4 A "y 4s THste] FU2EES A9 wo =1
oy} 1A zFol7F i (Turley 2t Dietschy, 2003; Ko 5, 2003). NPClo] A%
Y ZYU=HE F5o AJ9A #osts A= EFHEA T Ohgane 5(2013)2 2
7HA 7S AAEF T A WA, NPCle Z 2% 9<% (proton antiporter)
¢l(Tseng %, 1999) AHME9] resistance-modulation division(RND) A& A
of wjd s YRR sdeA F3a A/ A (permease/transporter) =
Z2+-8-8 A (Davies %, 2000a; Ioannou, 2001)°]H, ¥ H#= NPClo] &A% F%
S B3 AxW AELFES wiE, NPClel F+ ¥4 ~dHE 23797 714

I AFgste Ade T 2HES MEAE HEIAY 2HE FXol v sl
o AX FE5S A4St 9SS & Aor FAHSAY(Ohsaki &, 2006; Zhang
2001; Ko &, 2001). 3tH, Wang¥ Song(2012) NFC-microdomain¥ ¥##
&tol NPCIL1 NTD®9] &5 2 7F4 2 438 A WA= NPCIL1 NTD= &

dauEn A9 A%sE 29E FALNES U Axgow A4 A

o

A T WA 7SS NPCIL1 NTDo| ¢ 2~H Z0o] A3std NPCIL1
o] FxAQ WstE xYsta ¢ w2 ZF2H =9 NFC-microdomain® &

YEH =S FstH, NPCIL1 NTDE= o& =wWRlI(53] SSD)# st w2

49 F¥~HES NFC-microdomain Abelo] EFoles & J=E 2gd A
=4 oﬂ/g—aﬂq.
NPC1 NTD¥ NPC2 REFolA Aot A% % Alolo] 2jt= A ol

e WSty 3EEAE EUtHKwon T, 2009, Estiu 5, 2013
Elghobashi-Meinhardt, 2014). 3}# %+ NPC1L1 NTD®| 4%, 254 AgH9 &
Aol 7] 43 A7F NPCL NTD#= ¢Fzghe] zpol7} QlojA Ze 28l &3
A% HFol NPCILI NTDe] @efell ®3t7h & Aow o4 dthHKwon
5, 2011). o] Ao wEW oEdt niole] ~(Ebola virus; EBOV)(Miller
S, 2012; Mingo &, 2015), 1zF W ZA¥ wlolgl 2 (Human Immunodeficiency

Virus; HIV)(Tang 5, 2009; Coleman %, 2012)¢} #o] <lAo] xw 2zl Az

|
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vlo] 2] A~ (filovirus) & (Krishnan %5, 2012; Hunt %, 2012)¢] Al¥% * o] NPCl1<
Fa o]FoAxYa s, C3 1+ wlbo] 2 2 (Hepatitis C virus; HCV)(Del Campo

R

s, 2012; Sainz &, 2012)¢] AlZ A PIAol= NPCILIo] sl vt H

-

f
2

g, A& npoly A5 NPC1#wF A5 #8319 (Krishnan 5, 2012), C&¥ 7t

— =2

B
rl

tal A lem(Sainz &, 2012),

o

mpole] 2= NPCIL1#w 3524
NPC1e] 7 ¥ W7 =l Cs} o=zt npole| o] Fetuido] Agsty o5
o AFTEE B o|(Wang 5, 2016) NPCle|tt NPCIL1S] Fxu =wlel

7ol

o

o4, 2UlaEHE FF 71 Wel U walo] Ropxan gl

oz,
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=AY e mE Fx3A(PDB ID: 3GKI® 3GKH, 3GKJ ¥ 3QNT)<&
Brookhaven Protein Data Bank (http://www.rcsb.org/)oll 4] Hro} A}L8-3}1 )
NPC1 NTD®| 4-¢ Ag=x7F olv] Hasoldlenz NPC1 NTD(PDB ID:
3GKH)9} Zdl2~HE, 25-HC, B-SITOS =#H3ste] Zhzte] A +zE wad
A%72((PDB ID: 3GKI, 3GK])¢} wlwatdar, wAg+zy 2as NPCILL
NTD(PDB ID: 3QNT)& =57 =7 3te] NPCl NTDe} t=529] A+
Zotx wlaskglct =, AE7E 4zl 3GKIeE 3GKJOlA ZHzhe] Et=E
skl FH~HEY 25-HCe %7] g iFE=(reference ligand)®= AF&-3da1, B
-SITO= 3}8h4S FaLsto] Spartan'l0Z=19 (Yu &, 2006)& A

ot

ofo
ol
=
£
[-‘U
iy

7o "od 2= dwlAdy g 7t=E5S AutoDockTools 1.5.6 (ADT)(Morris

o] K ®aAdl Gasteiger AAAS e FAAAE FrReda, B A9
N-acetyl-D-glucosamine(NAG) 52 =5 AAS & A1&350. 2dde H=
ALQANA 83 AYJASF(all-atom leve) &2 2=l BE 40270
aEstgen, g7tE A Al Gasteiger 9AASHE Frbetdh gt=e A F
o A o7} 3] 4 (dihedral rotation)e] 7Fs gk H]EH -9l (torsion site)© Fd|l X~
HZol 671(01;C3, C17;C20, C20;C22, C22;C23, C23;C24, C24;C25), 25-HCl = 7
70(01;C3, C17;C20, C20,C22, C22;C23, C23;C24, C24,C25, (C25,02) 1¥]al
-SITO°| = 771(01;C3, C17,C20, C20,C22, C22;C23, C23;C24, C24;C25, C24,C28)
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7 diem, Hdig w2 Aol A

A8l cHFigure 1).

ek

I AEE 5 Active torsionCo & A

Cholesterol 25-HC B-SITO

c23:C24 i ca4ic2s 025:02 c24:025 Q. C24:C28
. €22:C23 »
C20;C22 02%23;2(;2 C24:C25 022:023 C23:C24
C17:C20 = caicas C20:C22
. : C17:C20 {C17:C20
P
>
G/_/\/"
01:C3 01:C3 01:C3

[Figure 1] The active torsion bonds of ligands.

The rotatable bonds are indicated in orange and other bonds are indicated in green
(cholesterol), dark blue (25-HC) and purple (B-SITO). The center of rotation is shown in big
orange ball and oxygen atom is shown in red. All pictures are drawn by VMD.

31.2. =723
AutoDock 4.2(Morris %, 2009)2] AutoGrid(Morris %, 1998)2 Ap-g3lo] 3}

2 8] =X X (affinity grid map)E A3/ 3sFal, AutoDock Z=Z17lef] E 3} o]

1+ Lamarckian Genetic Algorithm= %483t Flexible Ligand =% 23d&

- Ay g 7k=o] AjEelA S, NPC1 % NPCIL19] NTDel & &9

o] =Y F AEE 18 FAgrid box)9] A7E X, ¥, z
weko w2 Zhzh 60x60x600.2 A AT aE= AEE A azl= H(grid
point)e] & 7f4E 226981709101, 0375 Ao tFow A AT Y= A
2ol FA# %= NPCIL1I NTD¢ NPCI NTD 2% x = -170, y = -290, z =
-1800.2 AAQsAt A AEE T3 =F AU I JA =FHA

£ wRs oy YA =4 ulMss AutoDock 213

P EA = A S Rigid receptor =7 ¥ Flexible receptor =72 F+ 714
ZAMorris 5, 2012)914 43 ¥ 1 12 Flexible receptor Z7ol&= WH o 27E
of fAgol FoHdrt. wMHEe] Flexible residues A A3 93
Elghobashi-Meinhardt(2014)¢} Kwon (2009, 2011)¢] 175 Ztalste] NPC1#
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NPCIL1e] NTDel Sl= &4 ZAFF-SoA 2= 77k el 923 &

715 <& Flexible residue %

fz
M
lo
t
s
oxl
ol
o
32
o
I
- O'W
2
>
r]I.
Je
i,
>
o
2L
[y
oY
1,
el

ftlo
of
%
e
=
()
<)
L)
R
y
S
>
o
=2
-

Zk7)19kS Flexible redisue® A AstEZ 3|4 71538 vEd 2971 gl= proline
22 %7152 Flexible residue Aol A Al ¥ At} 3SGKH(NPC1 NTD)¢] 7 -
9789l #F7]1E5(Glu30, Asp37, Lys38, Asndl, GIn79, Thr82, Asng86, Leu87,
Leu89)°], 3QNT(NPCIL1 NTD)® 4% 3 9719 z715(Glu3g, Leub2, Serds3,
Asnb4, Ser56, Serl02, Thrl07, Phel20, Leu213)¢] Flexible residue® A % ]
H(Figure 2).

ofj

.(A ™

N,
Ny

[Figure 2] The Flexible residues of hydrophobic binding pocket used in

current docking study.

[A] Flexible residues of NPC1 NTD and [B] Flexible residues of NPCI1L1 NTD. NPC1 NTD
(3GKI) molecule is shown in light blue and cholesterol molecule is shown in cyan as a
stick. NPC1L1 NTD (3QNT) molecule is shown in light orange. Flexible residues are shown
in pink as a stick. All pictures are drawn by PyMOL.

k
oY,
BN

718 Flexible residueE A 7g3sh# &2 43& 3 =7 (Rigid receptor =

A tryl), gl7t=et FAATS & ThsAdol = F7] 2709 Flexible residue®
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A3 79 (Flexible receptor =7; try2), try2dl 1719 Z71E F713 A%
(Flexible receptor =7; try3), 2o A &&= HHE A I F71E

S Flexible residue® A A3+ 7 $(Flexible receptor =7; try4)7} 43 = At}

A or dojxl 50070e] FREL ZHzte] Aoy A (free energy of
binding: AG, kcal/mol)¢} # &}|’¢<4=(inhibition constant: k;, M)E A3ttt 2
FeluyA(ac)= =

1, K2 =7 e Ha3AFoBmRE K =exp((AGx1000)/ (Rx 7)) & AAES
HRE 7IAFela, TE 2o & 298.15Kelth). =0 & vhsojzl 7} 39
g =5 Atolo] C ¥4AH7]1RF root mean square deviation(RMSD)S 7lxtsle] %
FAE=4 F2]2~E 4 (standard hierarchical cluster analysis)< 3}t that o
UAIZF @& A4, & €9840=2 71 213 FZ(best binding mode) = A
A& AAsga ol FHxE FIL 93 RMSD 71+ 20 Az s &
FoluA(aq) SHAA 71 B Ao uxE YE WA R F82Ed &3}
12l (binding mode)©] AA=Z F98 Ao
2A8d Aolmm olF wbgsto] HA AT Z(best mode)S oStk &

=
th B A s A eE 2t 2 s g3 A UA| 7 gE Zea

ol

Ir
4
N
Lo
=
_{
N
X
Y
pu|
=)
rlo
i
i)
i)
O

= #t=e] A9-(B-SITO)el= PyMOL 2213 v1.10(The PyMOL
Molecular Graphics System, Schrodinger, LLC.)S o] &3to] A1 %x7F W
FH2HEY 3B-FA79 ARdAE Vo2 7 oPtE Alole] AR DHE =
gake] Bl aLst3d

BE FAEAAH L Windows 7 Home Premium K2 2% %= Core 13-3240

eIl A e E Q)

@
)—U
c
w
NN
(@]
)
s
N
o
K=}
[>
H
Tt
Y
4
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3.2.1. A3 g 9
YRS (Fd2HE, 25-HC, B-SITO)Y @WaAES(NPCIL1I NTD¢ NPCl
NTD)Sl =7 AnE FoIA 4 AFAUA7 Sdd ARAFT2E AAD

T7148 AAZA SFel A GROMACS 4.65(Van der Spoel &, 2005)& ©]&3F &
st mojaeS AAEAT. @ He F4UxE MU & Amber03
Force field(Duan %, 2003)E AF&3lo] topologyE A1 FI=E9

topology+= Antechamber(Sousa da Silva®} Vranken, 2012)S A}-&3te] Ao

o

322, B modd 9 5 A3

ol A wojad g xh(simulation box)e] 7FgAkE] Abelel 10 Al o f7F 9l
w5 gAar1s A4S o5 Eo] NPCILL NTDe 49 83x83x59 A’
Z71a712  AZEJTE. MD  simulation®] Z&A4S  9d  12%W A (Rhombic
Dodecahedron) JAE A3t dw Ay g7t=s Aga
7bske]  oF 1300070 & #AE  EFetE= TIPSR =&A EOAF AR
(Jorgensen &, 1983)5 ¥AslH L A"l A HsE FASIA7]17] 95HS
5709 YEF o]0 F7tE Rt MD simulations F3)sl7] ol @ e <
g BE AAEo] AREA MY 7 A=RF,
71 9t @A A5 xV|AUAE FHAslele] FAA AT Steepest
descent® (Fletcher2} Powell, 1963)S &3 <F 1,000 @A whol oy x| #4357}
A5 Ak Al2Ee NVT 47dE(ensemble)ol A1 0.0 KellA4 300.0 K7} = w7}
A 200 ps & 1 bar stellA 719 Ay ggt=9o] ZAgto] kA= 4

AEE 1.0 pse 3hA7H(relaxation time)S FATH A7 AN FuAge

X
K
-
o
£
i
o

PMEW (Darden &, 1993)& AF&3ll ALtE . dxE 11 dAu=2dx Fs 4
82 9 Ao A9 switch truncation® 8] & 002 753 9t}
MD simulatione 2 fso] 7FA o % 50 ns &< FaHJoH AAL 2 psvit},
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oy #ArELS vl 04 psvltt AFESTh NPC1 NTD< NPCIL1 NTD<]
TZRSE gstr] fal nluA AR L Aow AgiEE 879 1
55 AASA v s tH(Figure 3, 4).

[Figure 3] The loops used to compare with ligand bound and unbound

conformations for NPC1 NTD and NPC1L1 NTD.

[A] Loops of NPC1 NTD and [B] Loops of NPC1L1 NTD. NPC1 NTD (3GKH) molecule is
shown in light blue, L1 is Asn195~Phe203, 9 amino acids (a8/B7), L2 is Thy35~Asp37, 3
amino acids (B1/B2), L3 is Asp131~Asni135, 5 amino acids (B5/B6), L4 is Glyé69~Val71, 3
amino acids (al/B4), L5 is Cys227~Pro237, 11 amino acids (~C terminus), L6 is
Asp162~Lys171, 10 amino acids (aé/a7), L7 is Leu176~GIn185, 8 amino acids (a7/a8) and
L8 is Ser210~Glu218, 5 amino acids (B7~). NPC1L1 NTD (3QNT) molecule is shown in light
orange, L1 is Gly207~Asn216, 10 amino acids (08/B7), L2 is Asnd42~Ser53, 12 amino acids
(B1/B2), L3 is GIn144~Leu150, 7 amino acids (a5/B5), L4 is Leu81~Pro85, 5 amino acids (a
1/B4), L5 : Cys243~Ser255, 13 amino acids (~C terminus), L6 is Ser173~Leu183, 11 amino
acids (0é/a7), L7 is Gly190~Leu196, 7 amino acids (a7/a8) and L8 is Ala228~Gly232, 5
amino acids (a9~). All loops shown in red (front) and blue (back). All pictures are drawn
by PyMOL.

50 ns MD simulation®. & ¥ FZE9 E¥x7} dup kg5 =% gel
al7] el H¥Hor BwuE FFE(NPC1 NTD, 3GKI; NPCIL1 NTD, 3QNT)$}
AR TR JdAE Abolo] AglE RMSDZ I ZE 13tk RMSD 1=
oAl RMSD7F dAs Al fA == A" &, F2E27F g3 o] F7H 50
ns7hA o] WAtz AgTxE Z7 100704 Awsle] BA3 9929 g
E 7He] AYZS RMSDE AMtet RMSDe| #Higho® uethggld. agx
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MD simulation Z7]9] €A} Algte] wep WstE 2 37|59 9AE root
mean square fluctuation(RMSF)2 2 Al4tste] z+ sigle] #r|5o] drly &5
HEAE 2 xz2 SRlskdu 3k 40, 425, 45, 475, 50 nsoll A H A=
of vjAgTE S-S Adste] FRte ApdS age fIAE 1He® 1

H] 2L &} 3 T,

30 40 50 60 70 80
NPC1L1(NTD) EPYTTIHQPGYCA[JYDECGKNPELSGSLMTLSNVECLSNTPARKITGDHLILLQKICPRLYT
NPC1(NTD) QSCVWYGECGIA---YG----DKRYNCEYSGPPKPLPKDGYDLVQELCPGFFF
[ e —— - —
B1 L2 p2 B3 al L4
90 100 110 120 130 140
L] L] L] L] L]

L]
NPC1L1(NTD) GPNTQACCSAKJLVEIREASL STKALLTRCPACSDNFVNLCHIJCSPNQSLFINVTRVAQL
NPC1(NTD) G-NVSLCCDVRQLQTLKDNLQLPLQFL|SRCPSCFYNLLNLFCELTCSPRQSQFLNVTATEDY

o—= — D (D — D () >
B4 a2 a3 ad ab

p5
150 160 170 180 190 200
. L ] L . = [ ] [ ]
NPCIL1(NTD) G---AGQ-LPAVVAMEAFYQHSFAEQSYDSCSRVRVPAAATLAVGTHCGVY/GSALCNAQRWL
NPC1(NTD) VDPVTNQTKTNVKELQYYVGQSFANAMYNACRDVEAPSSNDKALGLLCG-KDADACNATNWI
L3 p6 6 L6 a7 L7 a8
210 220 230 240 250 260
. [ ] [ ]

NPC1(NTD) EYMFNKDNGQAPFTITPVFSDF--PV-HGMEPMNNATKGCDESVDEVTAPCSCQDCSIVC

-T-—__—_—

p7 a9 L8 L5

. . .
NPC1L1(NTD) Nﬂaﬁﬂ GNG APLIETFHLLEPGQAVGSGIQPLNEGVARCNESQGDDVATCSCQDCAASCPA

[Figure 4] The sequence alignment of NPC1L NTD and NPC1 NTD.
N-linked glycosylation sites are shaded gray. Residues lining the cholesterol binding pocket
are shaded vyellow in NPC1. In NPCIL1, residues within the interior of the closed
cholesterol binding pocket are shaded blue, residues on the exterior of the closed
cholesterol binding pocket are shaded green, and residues separating the interior from
the exterior are shaded red. Region around the entrance to the cholesterol binding pocket
that change conformation are boxed. The secondary structure of NPC1L1 NTD is shown
below the sequence. The loops assigned in current study are shown in grey bar.

Edited based on Kwon et al (2011).

MD simulation®] EE AL CentOS vh.8, 64bite] <+ A #|, GPU model
NVIDIA GeForce GTX 680x321 Workstation®l| A 7Zl4FstAth. o] =to Ab&-e
EE O9ELS VMD v19.1(Humphrey &, 1996)3 PyMOL *~=713 v1.10(The
PyMOL Molecular Graphics System, Schrodinger, LLC.)S AF&3}o] 13t}
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41, EAE=Z A3

4.1.1. NPC1 NTD¢ NPC1L1 NTD¢] Z#2e= v A3

NPC1 NTD, NPCIL1 NTD$} Zel 2~ &9 HXAgT2E Figure 59 22
o gl d S A9k grt=e] WEke 27| ZE=(3GKIY FHsHE)9 o
2] 8} 9 th(reference-like binding; RB). NPC1L1 NTD¢ Z#AvH =9 =7 3
EE #ol7] 98 tdd vl FAAE Fojste] =7 AdE AAsAh
Rigid =7 ¢ 4%, ZU=dH22 4719 NPC1 NTD9| Asndl(Dt: 2.0 A)3}
GIn79(Dt: 2.0 A)OL NPCILI NTD¢ 7% F=2 Glu3dDt: 25 Ae], 73
Ser56(2.8 A)= 223 A (Figure St oz o5 X 3ale] 2o
UAY =7 HAEES MAPE 9 7HA 7158 7247 AEsidth. NPC1 NTD
o] 37 7)ol RS Fods u ARzt b e AT Z(Figure
4N FS F e omel gt=Es 7] f=9 B3 (Dt 08 A,
RMSD: 1.1 A)el 91x 8tk 971e] 7)o §a4< 5 NPCIL1I NTD¢F 2~
HEo] ATz AeldAzt 74 wrekon, olu k=9 $x]& NPCI
NTD¢t sdstA A9 kol A %7 =gt=eke]l ARrt 44
AMRMSD: 41 A)o &(Figure 4B), NPC NTD ZAgT=xe] #al(Dt: 05 A,
RMSD: 1.1 A) ==, 2E =E5(25-HC, 1.8 A; B-SITO, 3.3 A)dl Hls| 714
231t} Rigid receptor =7 A7} Foll 4= F2dH=9 A7 iz =3
5] 4] flipped binding(FB) W3S et 255 dA=d ojn ZH2~HES B-

FAE AR TS Feta ddn Fel2EE9) isooctyl BAFES AL

2

Ot
2

HA AAH(Figure S2). 5003 & AAst =7 AIox FB W3k 3o H|3
RB W& 271 v A3, A= A% el FREoA gt

oHTable 2) AAl A7 %+= RB W 722 AT Aoz o S5HATh
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[Figure 5] Best model of protein in complex with cholesterol from

molecular docking study.

[A] NPC1 NTD and cholesterol (RMSD: 1.1 A) complex from Flexible receptor docking, [B]
NPC1L1 NTD and cholesterol (RMSD: 4.1 A) complex from Flexible receptor docking. Docked
ligand is shown in green stick and reference ligand from 3GKI is shown in cyan line.
NPC1 NTD and NPCIL1T NTD is shown in light blue and light orange ribbon. Flexible
residues of hydrophobic binding pocket are shown in a stick. Nitrogen and oxygen atoms
are shown in blue and red, respectively.

Rigid receptor 7oA g|7t= ZA3WERB or FB), Z3olvA], =7 HAl
E K, 5& Table S1, S23 2ktl. NPC1 NTD¢F Zd2v &9 284722 W
W FB W&ol vs) RB W& S8 2E9 ZAellyA7t o vha Wiee o] wet
o} &AW NPCIL1 NTD$} Z#2HE AT x4+ FB W3 S 2ge 1l
T 2vl A% 9 =4 Yeld FB W FE2H FHoRE AR A%
5-9] ¢hell Et=rE Eof7F M ERB =7 FHAE)o] u$ HFde HAARE &
A7l olel e AT %k NPCILI NTDE RB W& =7 SHAEZS o]y
el 2 |59 AT e Al FAPE FAS w(Table 1), RB

3 =7 HAES}L 50 71E40.6%)
=

il

1ot NPCl NTDe RB W& =4
HAEE 238 728%%2 #astdul. gla 500782 F+x FolA 7 ekg et

HAHAG TR AFoluA e k= NPCIL1 NTD( - 13.44 kcal/mol,

-
PN
rO

N

141.1 pM)¥ NPC1 NTD(-14.75 kcal/mol, 153 pM)& “telA] Rigid receptor =
Aol wa) g ez Ak 5, NPCILL NTDO| 97 2715l Fa4s &
A3 NPCIL1 NTDe| HHAg =] AgeluAet =3 AMET /fdsgle
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o 1w

t, NPC1 NTD+= 371 718 Fa4S TS w AQAFgx9 a4
j

Aol YA, K, RB 3 =7 HAEZS wesdte] NPC1 NTD= 3709 779

FARE & EHoRE dojxl AFFxE HAAF T X (Figure bA, Aol A]

=

- 1365 keal/moD)Z A g3, NPC1L1 NTDE 9 719 #7)d §d8E & =7

(¢)

iin
H
e
2
™
iin
%
-
BN
]
B
X
iin

2 (Figure 5B, Z23ollH Al -13.74 kcal/mol)

[Table 1. Flexible receptor docking results of NPC1 NTD and NPC1L1
NTD and Cholesterol]

reference-like

B B w e

flexible (RB) cluster docked

protein  average average percent1 free Energy K;
o no. of . 7. no. of o o R
binding E runs binding E runs (%) of binding (inhibition
(kcal/mol) (kcal/mol) (kcal/mol)  constant)

N —14.75 364 -11.80 135 728 —14.75 15.3 pM

Wi —11.71 203 -10.20 119 406 —13.44 141.1 pM

" RB docked percent = (number of reference-like binding)/500.
2 Flexible residue = Asnd1, GIn79, Leu89

3 Flexible residue = Glu38, Leu52, Ser53, Asn54, Ser56, Ser102, Thr107, Phel120, Leu213

4.1.2. NPC1 NTD¢} NPCIL1 NTD9 25-HC &% 2}
NPC1 NTD, NPC1L1 NTD¢} 25-HC9 #HZAZAE 7%+ Figure 63 72k}
25-HC<9} NPCIL1 NTDY =7 Ay % Zy2HE3 o] 9719 775 Ho

RIS

o
& Rolge W =7 e AdHAw, o 44 F2E G

o,

(Figure 6A). T3 NPC1 NTD¢} 25-HCe =7 A3t 2719 @7jEdd a4
S Fods o AFUAzE g el o hdd 725 e A tH(Figure
6B). NPCIL1 NTDe] ZAgFFEo|A 25-HCY A& %7] =9 fAETh
25-HC%= Zd2dH 3 npz7kx 2 NPC1 NTDDt: 0.7 A, RMSD: 1.2 A)®th
NPCIL1 NTD®] AgH-9 welA o zFo] Afste] 7] #it=9e A=

1.8 ARMSD; 21 A& vegwoy ZH 2682 23720t 44 A, RMSD: 4.1
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ArRores gk

[Figure 6] Best model of protein in complex with 25-HC from molecular

docking study.

[A] NPC1 NTD and 25-HC (RMSD: 1.2 A) complex in Rigid receptor condition, [B] NPC1L1
NTD and 25-HC (RMSD: 2.1 A) complex in flexible receptor condition. Docked ligand is
shown in dark blue stick and reference ligand of 3GKJ is shown in green line. NPC1 NTD
is shown in light blue ribbon and NPC1L1 NTD is shown in orange ribbon. Nitrogen and
oxygen atoms are shown in blue and red, respectively.

—

RB W& 9lol&= 25-HCE| 3B-FA717F A9l A4 &5 Fobe FARd
721 WEH(FB) 94 #F H o N (Figure S4), RB Wk ZFej2gd nls] Aol
} E% uiekth &, NPC1 NTD<F NPCIL1 NTD 25 25-HCe} 2

e W FBoll 3] RB %3 Sd 287 o] $ASA, 2% o FgHATH
Rigid receptor Z7 |42 NPCl NTD, NPCIL1 NTD¢} 25-HCe| ZAgHit2
(RB "3 or FB W3&F), Ao, &7 HAE, K, 5 Table S3, S49} -t}

Hi
=
(T

28 s AT+ de Al i8S FAS w(Table 2), NPCIL1
NTD¢} 25-HCe RB #& =% HAMEE 7.8%°A 40.0%= /NA= At kA5t
NPC1 NTD¢ 25-HCe® RB %3 =% #AEE 938%4 74%= "ot
sk, NPCILI NTD$} 25-HCe RB %3 Fx¢ Hd Ao Yx+= Flexible
receptor =704 ¢ F& Agodx -11.86 kcal/molE YWEMH Rigid receptor
Z7(-761 kcal/moDell Hlal = <tAstE A HAAGT Y AFliAE -
9.89 kcal/molol Al -14.66 kcal/mol®, K% 56.3 pM°] 181 pM=Z t©l <43
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25 HYr} A NPC1 NTDe| RB W3 HAdtolyA= 2zt S7hE Atk
(+0.11 kcal/mol). ©hvt H A Ag+2= NPC1 NTDS 7%, -13.8 kecal/mololl A
-1479 kcal/mol®, K, 77.0 pMellA 144 pM& Holx ¢ <HA3 A4S
g Zd2dHE =7 Ady 22 4FS Bdvh NPC1 NTD¢F 25-HCe| #H 4

kcal/mol®} K; 144 pM< 4YEY NPC1 NTD9
FH2HE9 HAZAFJFxY Aol YA (-14.75 kcal/mol)et K,(15.3 pM)H.th

B Wa =7 HAIEE 18 3ste] NPC1 NTD+= 2702 #H7] e
FANS = A dojd 2T E HAFZFEFE(Figure bA, 2o A -
i, NPCIL1 NTD+= 9 749 7)o e & =2
2 dojx AgHxE A A +E(Figure 5B, AU A] -14.66 kcal/mol) =

—
e~
]
O
=
Q
2
~
=
=R
i
rx
>~1
29:‘

[Table 2. Flexible receptor docking results of NPC1 NTD and NPCI1L1
NTD with 25-HC]

reference-like flipped bind

bind RB best model
flexible (RB) cluster (FB) cluster docked
protein  average average percen‘c1 free Energy K;
binding E “r?l'n‘;f binding E “r?inzf (%)  of binding (inhibition
(kcal/mol) (kcal/mol) (kcal/mol)  constant)
E;C)lz ~13.26 370 —12.28 130 74.0  —14.79 14.4 pM
N;%l)%l ~11.86 200 -9.94 106 40.0 -14.66 18.1 pM

" RB docked percent = (number of reference-like binding)/500.
> Flexible residue = Asn41, GIn79
> Flexible residue = Glu38, Leu52, Ser53, Asn54, Ser56, Ser102, Thr107, Phe120, Leu213

4.1.3. NPC1 NTD¢} NPCIL1 NTD®] B-SITO =% A=}

Rigid receptor Z71°l4 2] NPCl1 NTD, NPCI1L1 NTD¢ B-SITO9 =7 Z
I 5 AT E B A9 <t grt=rk eiA e, NPC1 NTDel H
&) NPCIL1 NTDelA #7t=e] A7 ¢ ko= ofFsf Sl th(Figure S5).
AW B-SITO¢ NPC1L1 NTD¢ %% Z ¥ X% Rigid receptor A4 =A%
A = AMETE dASHA "DolA olF A8y As) 979 AVEel FAA
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S F-oJ3kit). Flexible receptor 27914 =7 < wl NPCILI NTD9 =7
HAEZF AR, o kA F2E YJER A (Figure 7B). @, NPCl1
NTD$ B-SITO® =% A= 2709 Arlsd #d4ds o185 9 Rigid
receptor =7 Bt} ¢ kA F+ 25 YEM L (Figure 7A) olul %=7] 3t=9}
o] AYE 12 A= e eSS nlE ok doF o) Ed ).

o5 AT xENA B-SITOY AA7F 7] 2FF=(BGKIS FHl=H =)
ALSE $1A]el] AjtElod et o & B t=E H]5:A NPCILL NTDelA 2 B
-SITO $1A7} NPC1 NTDell #laf ZgHi-9 i-= zl<so] AdHoudar =
71 gzr=ske] Ak 33 Ao ® 25-HC(1.8 A)oll nla] 2t =3 B-SITO9)

A7 = g2 SHESC vl& § ®el A gHE Bt

o

[Figure 7] Best model of protein in complex with B-SITO from molecular

docking study.

[A] NPC1 NTD and B-SITO complex in Rigid receptor condition, [B] NPC1L1T NTD and B
-SITO complex in Flexible receptor condition. Docked ligand is shown in dark blue stick
and reference ligand of 3GKI is shown in cyan line. NPC1 NTD is shown in light blue
ribbon and NPCI1L1 NTD is shown in orange ribbon. Nitrogen and oxygen atoms are
shown in blue and red, respectively.

B-SITOC AS B-FAt7le] ApH-9 A5 = FB W +x27}
g 7r=o] vl Agidoz wol #AE ¢ o1} (Figure S6), RB Wak e 2~F
H el E Aoy x e =11 WE%: =% &gt = NPCl NTD$ NPCIL1

NTD =% B-SITO¢ ZA3%st u FBol vl&] RB Wk =7 FH2EH7F o 54



NPC1 NTD, NPCIL1 NTD¢} B-SITOC Z32(RB W& or FB), 2%y
A, =7 HAE K, 5 Table S5 S67 #th. NPC1 NTDY NPCIL1 NTD<}
B-SITO® RB W3 =¢2H Hd AdeldA= -13.39 kcal/mol¥ -6.76
kcal/mol® 25-HC %7 study(-13.37 kcal/mol¥} -7.61 Kkcal/mol)o] H]3a|
NPCIL1 NTD® RB %& Fej2¥ Hi A7k k3t =ebxal NPCILI
NTD= =Fol7F gt sFx 4k NPCIL1 NTD¢F B-SITOC RB W3 =7
E= 22%% NPC1 NTD(89.6%)°l ®la] @A A otal, ve gites(=ds
Bl &, 8.2%; 25-HC, 7.8%)°l Bl = 7Fd vt oAt

Y 9] AT F e 2 XS FAS wW(Table 3), NPCIL1
NTD¢} B-SITOS RB W& =7 HAEE 22%° 4 268%= 7l4d% At} 1A
9k NPC1 NTD¢} B-SITO9 RB Wa =3 HAEE 89.6%°l4 67.2%= Eof
Atk g\, NPCIL1I NTD®F B-SITOS RB W& Sy Hd Ao yA &=
Flexible receptor Z7o|A © & Ao A -12.0 kcal/molE YENY Rigid
receptor Z71(-6.76 kcal/mol)ell nvl&l = <¢tAsE A HA AT TZ Aoy
A% -9.3 kcal/mololl Al - 14.44 kcal/mol=, K,%= 1534 nMo] 259 pM=Z t] <t

=

v=)

gt 725 HAth skAIRF NPC1 NTD®] RB W& Fddsdyx+ ozt &
7 A TH(+0.06  kcal/mol). ©h¥F HA A2+ NPC1I NTDe 45, -13.94
kcal/molol A -14.79 kcal/molZ, K,%= 60.1 pMolAl 106 pM=Z EojA ©f <A
g A%s el uE git=s(2dsdE, 25-HO Y 22 A4S Btk
NPC1 NTD¢} B-SITOC HA A2+ Aol A -14.97 kcal/mole}t K, 10.6
pME uYEY NPC1 NTDeF Zd E(-14.75 kcal/mol)e]vt 25-HC(-14.79
kcal/mo) H.t}= wro} ojm =7 AHFS FEo sty or M A 7=
= YErATH

AgdeldA], K, RB %3 =7 HAMEE et NPC1 NTD+= 2709 7]

P
g

of §dAA<E& + Flexible receptor 7 A3} dojxl AL %E HAAZTx
(Figure 7A, ZgoUA -14.97 kcal/mo) = A4 33 NPCIL1I NTD+= 9 719

el FAde + flexible =7 Adz doxl AgTrxE HAHZAIT=E
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(Figure 7B, Agtoll A -14.44 kcal/mol) & 4174 3t}

[Table 3. Flexible receptor docking results of NPC1 NTD and NPCIL1
NTD with B-SITO]

reference-like flipped bind

bind RB best model
flexible  (RB) cluster (FB) cluster 4 " d
protein  average average percent'  free Energy K,
binding E " °C pinding & " °F (o) of binding (inhibition
(kcal/ mol) runs (kcal/ 1’1’101) ns (kcal/ rnol) Constant)
NPC1
! 1343 33 -12.01 158  98.8 ~14.97 10.6 pM
Nﬁ%%l ~12.00 134 -9.76 106 20.8  —14.44 259 pM

' RB docked percent = (number of reference-like binding)/500..
2 Flexible residue = Asn41, GIn79

3 Flexible residue = Glu38, Leu52, Ser53, Asn54, Ser56, Ser102, Thr107, Phel120, Leu213

AA A BAEAAY AxES EF3ai R, NPC1 NTDS NPC1L1 NTD= 24
St zo] EAoA thE 4AS Hol NPC1 NTDd| H|3] NPCIL1 NTDE 7]

o fegel wol RoldFE w7 WHES ARAGTEY AFAUAT} F

2
o
b
=
r
)
rlr
o,
o
o
fz
&
ui
]

w3l gziedz A EE NPCl NTDe H A
A¥x= B-SITO, 25-HC, ZelzdHE¥e] AdgeludA Aozt wmgla,
NPCI1L1 NTDY HA ATz 25-HC, B-SITO®| Hl&] ZF#H "= A

x
of AFNUAZL o 1 keal/mol 3= ok FriE Aol hgyol ofzt Wol

fES 1T =2

A= RAow Yetyrth E7 HAEE NPCILI NTD(~64.4%)°] H]s] NPC1
NTD(~100%)o A =o} ¢ 2 AgyE= ZAgS W o NPCl NTD9 #it=

9 A¥drxe 2ddvAaod K,

o
e

Wol = NPCIL1 NTDe| Ag+=
ol Hls) o T FxE dEdldth AdHox NPClI NTDu NPCILL
NTDe} 2jt=sate d9x7F ve

NPCIL1 NTDXEt+= NPC1 NTD®| Ao 27 oA er HAH3 Aow e
gk Mad gAe RAEPAGAN BBE F oawge AgTE Aol ¥
49l FRAAE AAsuA R4S RguPS A,
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4.2.1. NPC1 NTD¢} NPCIL1 NTD¢?]

B

el

B

o
i)
Zo

s

=L o A

Al

skch. MD simulatione 579
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A& ste,
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g Ags
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[Figure 8] The backbone RMSD of NTD-ligand complex with respect to

unbound structure (3GKH or 3QNT) as a function of simulation time.
[A]~[C] NPC1 NTD complex, [D]~[F] NPC1L1 NTD complex. A and D are with cholesterol, B
and E are with 25-HC, C and F are with B-SITO.

NPC1 NTDelA ZFd 2" &y 25-HCell Hl&l B-SITOSHe] A2+ 50

ns AZHE QA FREEES FAFE do 2EQYW RoE GEbA MD

simulation 2%& B AA 33 Fol Aot AFTEE vashs Ao
Bt e Jlom FAHA AR el AdgdAd v o] de] MD simulation
Tl oHPernE AU FRMUIE A 40 ns o] FHFE T2EA
AbEetiTh =&, NPCIL1 NTDE (233 2 AgrEzsdis A3 7=
& Fofst7lel 50 nsehi= AIZEE FEF AREe] of
A= 10 ns ol FHEHE HluH FREX7E 34 NPCl NTDSH NPCIL1

NTD® Z%+=xE5 vlud = U3t

4.2.2. NPC1 NTD$} NPCIL1 NTD®] 2329 w2z 1218l RMSD
Fzhel wjzt=ste] Agtpzrt A8 £XE UEbW AR HE S0ns7hA] AF
TR WAg TR 7 1008 e Adste] b aigls kel RMSDE Al4tstar
RMSD®] Hvtgto s Hehflth(Table 4, 5).
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ZE TAME TEAHLRE L6 Xyt #FEY, €
Ree) FR we thE agEx AXWssb th2 A e ti(Table 4). Z
2HE AFTx9 L5 L6, L8 t& t=olA Hls) 7bg 2 AWsE B
AL 25-HC ATz A= L67 Leel fxWslrt B-SITO A reh Zo
W, B-SITO A%z ot& git=ol vls) L6} L8] 7Hd $1A¥strt #sk
ok agle] A7t F45 FHolvw AFge] BE Ao ogE o] Zh7te] RMSD
Gighs e FASE 719 MR ol R gy, 3719 sl gl
o] @A AWM} Vel 3ol A relative RMSDE ZAA Uehts 23S

wojow, L29F L49] A5 agfe] Zel7k 37 1rj& gdge®= vuz 2 9
¥ 3} (relative RMSD 0.1 Az} 02 A)E 3 Aoz vehyr

g, NPCIL1 NTD¢} 2jzt=5e] AgFo] A (Table 5) L1, L2, L5, L8 % 4
el oA gEAer & fAWsE B =dE L3 L6, L7olA
A2 9 A WMEtE YeEh NPCL NTD(Table 4)ol Hl&] 91217} W3 g ¢
7b @k, 2 W= Zth NPCIL1 NTDe} Zd2HE AdZolA L1z L2
= g=E AFAFe] ZA A 7F WetEoe] NPCl NTD A= 7t &
BTt

[e3

2

Aol &

i
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[Table 4. RMSD between loops of unbound and bound conformations for
NPC1 NTD and cholesterol, 25-HC and B-SITO]

RMSD (A)! between loops
of unbound and bound conformations
(Relative RMSD?)

Reference-like Binding

Flipped Binding

Loop
cholesterol  25-HC B-SITO  cholesterol 25-HC B-SITO
L1 0.5 0.5 0.5 0.4 0.5 0.5
(0.06) (0.06) (0.06) (0.04) (0.06) (0.06)
Lo 0.3 0.3 0.3 0.3 0.3 1.4°
(0.1) (0.1) (0.1) (0.1) (0.1) (0.47)
L3 0.4 0.4 0.3 0.4 0.9 0.4
(0.08) (0.08) (0.06) (0.08) (0.18) (0.08)
L4 0.6 0.5 0.4 0.5 1.3 1.2
(0.2) (0.16) (0.13) (0.16) (0.43) (0.4)
L5 1.1 0.8 0.9 1.0 1.0 0.9
(0.1) (0.07) (0.08) (0.09) (0.08) (0.08)
L6 1.2 1.2 1.1 1.0 1.2 1.2
(0.12) (0.12) (0.11) (0.1) (0.12) (0.12)
L7 0.7 0.6 0.6 0.6 0.6 0.6
(0.08) (0.08) (0.09) (0.08) (0.08) (0.08)
L8 1.6 1.1 0.7 1.7 0.8 0.7
(0.32) (0.22) (0.14) (0.34) (0.16) (0.14)

w

* K X X X X X %

L1
L2 :
L3
L4 :
L5 :
L6 -
L7 :
L8 :

Thy35~Asp37, 3 amino acids (B1/B2)
Asp131~Asn135, 5 amino acids (B5/Bé)
Gly69~Val71, 3 amino acids (a1/p4)
Cys227~Pro237, 11 amino acids (~C terminus)
Asp162~Lys171, 10 amino acids (a6/a7)
Leu176~GIn185, 8 amino acids (a7/a8)
Ser210~Glu218, 5 amino acids (B7~)
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- Average RMSD between loops of Bound and Unbound (100 conformations respectively).

- Relative RMSD = (average RMSD)/(number of residue).

- Bold letter represents average RMSD greater than 1.0 A.
: Asn195~Phe203, 9 amino acids (a8/B7)



[Table 5. RMSD between loops of unbound and bound conformations for
NPC1L1 NTD and cholesterol, 25-HC and B-SITO]

RMSD (A)! between loops
of unbound and bound conformations
(Relative RMSD?)

Reference Binding Flipped Binding
Loop

cholesterol  25-HC B-SITO  cholesterol 25-HC B-SITO

L1 1.1 1.2 1.1 1.0 1.5 1.4
(0.11) (0.12) (0.11) (0.1) (0.15) (0.14)

B 2.6 2.6 2.6 2.3 2.2 2.2
(0.22) (0.22) (0.22) (0.19) (0.18) (0.18)

L3 0.6 1.0 1.2 0.9 0.9 0.8
(0.08) (0.14) (0.17) (0.13) (0.13) (0.11)

L4 0.6 0.6 0.7 0.7 0.6 0.6
(0.12) (0.12) (0.14) (0.14) (0.12) (0.12)

L5 1.3 1.6 1.8 1.8 1.9 1.7
(0.1) (0.12) (0.14) (0.14) (0.15) (0.13)

L6 1.2 0.5 0.8 0.6 0.5 0.8
(0.09) (0.04) (0.06) (0.05) (0.04) (0.06)

L7 0.9 1.3 0.7 1.3 0.8 0.7
(0.13) (0.14) (0.11) (0.14) (0.12) (0.11)

L3 1.5 1.1 1.6 1.2 1.6 1.6
(0.3) (0.22) (0.32) (0.24) (0.32) (0.32)

- Average RMSD between loops of Bound and Unbound (100 conformations respectively).
% Relative RMSD = (average RMSD)/(number of residue).

- Bold letter represents average RMSD greater than 1.0 A
L1 : Gly207~Leu216, 10 amino acids (a8/B7)

L2 : Asn42~Ser53, 12 amino acids (B1/B2)

L3 : GIn144~Leu150, 7 amino acids (a5/Bb)

L4 : Leu81~Pro85, 5 amino acids (a1/B4)

L5 : Cys243~Ser255, 13 amino acids (~C terminus)

L6 : Ser173~Leu183, 11 amino acids (aé/a7)

L7 : Gly190~Leu196, 7 amino acids (a7/a8)

L8 : Ala228~Gly232, 5 amino acids (a9~)

w

* K X X X X * *
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T3 NPCIL1 NTD Z#2~8HE ZAFTZoA L67 L8 th& git=te] 2
Frzel vs) 7 2 9A¥EE 2 a B-SITO, 25-HCS Af+E Fo=
AxWMer st @H, 159 L8 B-SITO ZAjttzolA el 9xasts)
7HE ok aele] AolEs meste Zt mElEe] $AWstE s EoktiY,
RMSD #kel 2| L83 L2l 7Hd & 1A W87t vekyt

=, NPCIL1 NTD A %< o2l ngsodA 2 AXHsE vehdo] 23
F9l A9 L1, L2y & ngEdA® fxWsrE Al gllsl NPC1 NTD
e b2 232 B, ogd ;g ¢xWM3}t xto]7} NPC1 NTD} NPCIL1
NTDe] Agzol Aol7b oS AlAbetaL AT

)

4.23. NPC1 NTD<} NPCIL1 NTD<] arg]o] £k zt7]zke] 9] 3}
Table 49} 504 Alxbe arele] §AAL 7F Fxo n3ke] AgE H At
o]Z UehB R MDe] Yo Z71FZe] diste Alzte] g upet 27 &0
AolE= RMSDe #¥XAE T W3lA % (fluctuation) 9 #o] ®]aLsh

&
g 3ltk. MD simulation %2719 X 9F Alztol] ule} WHEE ZF zrjEe

—

rlr
Y

o

ol

o] 914
£ RMSFZ A4t a8z Yepd ol th(Figure 9). NPC1 NTD H] A3 %
= L4, L6, L8 LoollA Z=7]F+xel Hla o] 2 %3, NPCIL1 NTD H| A%

TZ= N-I L2, L8AA Z7] -z Hls] Eo] &2tk L4 NPC1 NTD
o} B-SITO AgT2E A3 BE FxoA A71E59 &2 (flexibility)o] %
i, L6 BE s Aol A9l A L8 Lse ZFHUsHE
ATz A e = ATz b8 el A, L2, L3, L1& BE
T A G Aok gth g, NPCIL19] ¢ wZAg +xo Hls) =

TE Az wAdde] A er AU AerF gekom (L2, L7, L1, LY),
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Loop (no)

L2 L4 L3 L6 L7 L1 L8 L5
5 1 | 1 1
A Unbound
— Cholesterol bound
— 25-HC bound
4} — B-SITO bound i

|
200
L1 L8 L5

5 1 1 I 1

RMSF for starting conformation (A)
o
=
&
&
r
~

1 1
0 50 100 150 200 250
Residue (no)

[Figure 9] The RMSF of each residue between ligand bound and
unbound conformations for NPC1 NTD and NPCIL1 with

cholesterol, 25-HC and B-SITO.

[A] NPC1 NTD complex, [B] NPC1L1T NTD complex. Unbound structure is shown in
yellow bold line, cholesterol bound structure is shown in green line, 25-HC and B
-SITO bound structures is shown in blue and purple lines.
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B-SITOS A xoA+= AddFo g ¢ Hﬂﬁ‘rﬂ dHo® HAaPAY
slo1Ath. RMSD(Table 44 543 27|(12 A)E Yedd =g 27
25-HC #Agrtx9] L6 RMSF(Figure 94 =2 ¢1 W& (Figure 11)°] & 74
TS YERa, Lo e 2HE dFxoAnt A 4 Atk (Figure 12).

[A] NPC1 NTD+cholesterol [B] NPC1 NTD+25-HC [C] NPC1 NTD+B-SITO

RB

[Figure 10] The loop regions of NPC1 NTD which shows noticeable

structural change after ligand binding for cholesterol, 25-HC and B-SITO.

[A], [B], [C] are MD results of NPC1 NTD and cholesterol, 25-HC and B-SITO.

All proteins is shown in light blue(bound) and yellow (unbound) ribbons. The loop which
RMSD is greater than 1 A, is shown in red (bound) and blue (unbound). Docked ligands
are cholesterol (green), 25-HC (dark blue), B-SITO (purple) from 50 ns conformations.
Oxygen atoms of ligands are shown in red. Conformations only from simulation time at 40
ns, 425 ns, 45 ns, 475 ns, 50 ns are used for current drawing purpose. All pictures are
drawn by VMD.
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[A] NPC1 NTD+cholesterol [B] NPC1 NTD+25-HC [C] NPC1 NTD+B-SITO
7
- q /’

[Figure 11] Movement of L6 in complex of NPC1 NTD.

[A], [B], [C] are zoom in L6 region of RB structures in Figure 10.

All proteins are shown in light blue (bound) and yellow (unbound) ribbons. The L6 is
shown in red (bound) and blue (unbound). Blue arrows represent direction of Lé change
after cholesterol binding.

[A] NPC1 NTD+cholesterol [B] NPC1 NTD+25-HC [C] NPC1 NTD+B-SITO

[Figure 12] Movement of L5 in complex of NPC1 NTD.

[A], [B], [C] are zoom in L5 region of RB structures in Figure 10.

All proteins are shown in light blue (bound) and yellow (unbound) ribbons. The L5 is
shown in red (bound) and blue (unbound). Blue arrows represent direction of L5 change
after cholesterol binding.

AAWEE e Aot 2

Figure 13& NPCIL1 NTDe¢ Z3a A3 =
ol ol o] 17 1.29 AW}

el D=t ATl v A%

O
o
ri
[
i)
ot
o
2
e,
-
iy

A T Ak AE AAEIE 59, L19] 24 Y

A9 mpgfow ded Egolal L2 Llo] wxl A HIdhe 2
52 HAt. 53] L2 RMSD(Table 5)olA #d3 =726 At HS=3
RMSF(Figure 9)& e wbd 2" &3} B-SITO AdTFFAME ok 9
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A7b @k, 25-HC AFFEAAE L2 LIZoR 423
woded gede o de 2ee e dckFigure 14). B8 2%
bRl L5sh L8l A% e7te AgTadlA ARH O xustsh vt
u, 18¢] 79 SelsE @3 B-SITOS) AgFxoAe] gxMas FAA,
el Qe %ol AT L6 BeliHF AFTERANT PiHow
;_(]

&2
K
=
m
IR
o

i
40
B

L

o

v e

w49 B, B-SITO, 25-HC A= o= XWstrt 7Hastko] (Figure
15) L6 94 gt=d olE BT dAAHor ZyzeHZoly B-SITOL Z
Frze L29F 169 91X W7 v zglar, 25-HC Aol AE g9 91X
walzh o2 WweF e U2 4ES e

[A] NPC1L1 NTD+cholesterol [B] NPC1L1 NTD+25-HC [C] NPC1L1 NTD+B-SITO

[Figure 13] The loop regions of NPCIL1 NTD which shows noticeable

structural change after ligand binding for cholesterol, 25-HC and B-SITO.

[A] MD results of NPC1L1 NTD and cholesterol, [B] MD results of NPC1L1 NTD and 25-HC,
[C] MD results of NPC1L1 NTD and B-SITO.

All proteins are shown in light orange (bound) and yellow (unbound) ribbons. The loop
which RMSD is greater than 1 A, is shown in red (bound) and blue (unbound). Docked
ligands are cholesterol (green), 25-HC (dark blue), B-SITO (purple) from 50 ns
conformations. Oxygen atoms of ligands are shown in red ball. Conformations only from
simulation time at 40 ns, 425 ns, 45 ns, 475 ns, 50 ns are used for current drawing
purpose.
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[A] NPC1 NTD+cholesterol [B] NPC1 NTD+25-HC [C] NPC1 NTD+B-SITO

[Figure 14] Movement of L2 in complex of NPC1L1 NTD.

[A], [B], [C] are zoom in L2 part of RB complexes in Figure 13.

All proteins are shown in light orange (bound) and yellow (unbound) ribbons. The L2 is
shown in red (bound) and blue (unbound). Blue arrows represent direction of L2 change
after cholesterol binding.

[A] NPC1 NTD+cholesterol [B] NPC1 NTD+25-HC [C] NPC1 NTD+B-SITO
Jo 5

[Figure 15] Movement of L6 in complex of NPC1L1 NTD.

[A], [B], [C] are zoom in Lé part of RB complexes in Figure 13.

All proteins are shown in light orange (bound) and yellow (unbound) ribbons. The Lé is
shown in red (bound) and blue (unbound). Blue arrows represent direction of L6 change
after cholesterol binding.

4.25. NPC1 NTD¢} NPCIL1 NTD<9| zte AgHd$ Ha 7+ ¥s)

MD simulation®.® AdE x5 JFol et FF+x2E Axlsto] 180
2 Yepg A th(Figure 16). NPC1 NTD9] t= A3 d Fxv APdA B
¥ FZ(PDB ID: 3GKH)®l H]38] a2} a3 % a8l AFH-9] St oz ol &
FTe B 2 A #FPd 871 159 9
Atk FU2HE ¢ H=EAd T 2SS T E
of g2 AXE YERNY ST, al, a2, a3, a8 T°] A wpguo
94 AxE #FFAC B-SITOZ 23 ¢ 159 YW

_50_



[Figure 16] The average structures of NPC1 NTD and NPC1L1 NTD

obtained from MD simulation.

[A] Average structures of NPC1 NTD, [B] Average structures of NPC1L1 NTD. Unbound
conformation is shown in light grey ribbon and average structures of bound conformations
are shown in green (cholesterol bound), blue (25-HC bound) and purple (B-SITO bound)
ribbon, respectively. 3GKH and 3QNT are aligned with average structures and shown in
cyan and yellow ribbon, respectively. All ligands in bound conformations are deleted.

NPCIL1 NTD®] ®l AT 25 ZAIH9 2A49 a29 a3 % a8o] AP B
IE FZ(PDB ID: 3QNT)$F Hl==3k 91A1& dUetlidar, & A3delA #23d
g7l e 5] YAE BT 3QNTe A&t Fd~vHE 5 A=A d+
ZEAME FEHSE LI, L2, L5, LedlA vl Atz o2 A5 YERUA
om al, a2, a3, ag8°] A9 vpAWg oz Wt A% FFFATE B-SITO

S AFF 2A a2 a3¢] HE AA v Ego R Uy
ZY 2 Zo] 283 9= NPCl NTDSH= w2 o8o] AR ng&ow
AA o]F3tath L1 25-HCY B-SITOZF A3dAS uf 12202 yelga, =

g Ee] 23RS e 279 gl dor® ot L2v ZH2HE

} ARE 3
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ojif B-SITOZ} A= wl L1 77kel= A7k ®s] dq5-AE 2= dH
& YERATh 25-HC7F 23 W L2 AFF9Es @4 Xeha L3ggon
e koA AR upgZ o o] 5d Ao dAHA
AAA o2 NPC1 NTDeoll H]3] NPCILI NTDlA 2zt= A3 A5 1g&
o] W37t = A YEY Table 49+ 5¢] RMSD H] i} Figure 103} 139 1L
2] A Wskel dAsh= AyE BT

4.2.6. NPC1 NTDré¢t NPCILL NTD®] £&<=24 AgHEelolA e 7] 912 ¥ s}

Figure S8~S132 MD simulation®] 50 ns A]&el4 NPC1 NTD4 NPCIL1
NTD®] HZAGF=x ZF 2t Adr oA A9 A s 45 7]
=9 AWEE YERA Bttt o]Z2 MD simulationo| Al g+ &=1kell
TZE v Ao ¢k Ao H ek ofke] Aolrt 3l& & Ak NPCl
NTD¢t Zd e Zo] 4338 w(Figure S8) =9} AHI &, 53 4%
91 4 2AY r|Eo] EF upgwakow of
25-HC(Figure S9)4 B-SITO(Figure S10)7F A g3
24-ethyl 7] & 23r=9] e zlole we} FE2EE AF T oA #Ed
ey o~y 91A R oyl 7)o Wk 254 g2 YEETh

NPCIL1 NTD¢ ZelxdEe] 248 e o 2959 4+ A9 7150]
Zursko 2 o]lFsle] JFE Y AS B 5 A (Figure S11). 53] Leu213(L1)
¥ GIn206(a8) HI AT = A9 A7 &5 e A AR,
gt=el Agtow Lixt L29] 9X7F miywA 7| 9ix = HAHAY. A
Ser102¢} Ile105(a3)¥ Leub2(L2)= AFTxE FA T Fol b= 7H7kolol A
LA & e 2y Y=o w@aag] ZAdA AgN-9E FA v
Stk NPC1L1 NTD%: 25-HC(Figure S12)v} B-SITO(Figure S13)7} A &3S
= 2r=e] e zholo] wet AFrxe] 7Eke] vEAl yEetgow, o
L AT I B R R e g it e e
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43. 4 2 EE

B AFME 2y 93 =3 BxFEs mdgs T A4, 54
ol #2544 ¥aE Fa NPCI NTD9 NPCILI NTD9 ZAg=ol gojA
AP Apol s #EEEA Y EA = A3, NPCIL1 NTDe Fel~eHEe] 4
g2 += NPC1 NTDY & Zzt= Atz nls] Jdldl A9 dA4d=
7b vrkth, EAEs st woldy Ay NPCIL1 NTD7F ZH2vHEy Atz
£ FAPS v 2& 351, L2, L5, L6, L) xust7t #EE o)
NPC1 NTDo|A+= L5 L6, LA F3igh x¥srh ##H k. MD
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o] X1 Ajgke] Folxitid 1
ok SAIRE 927 #ES a a
AOlAel FHelnz AFRAHA EFAel A& FoR ARHH olE EdE
NPClolu} NPCIL1¢] NTDolA ¢ Fx¥arh g mueld nxles 93de >
Asteith. Kwon %(2009)& NPCI NTD¢ +%2 wustdA zt= 23 A5
°] RMSD ztel7t ZelxelE&3 2 49 1.8 A, 25-HCe 23 49 16
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-9l 99 F%(Phe205, Leu213)¥ Wi-o] 2+7]1E(1105, His124, Metl88, GIn206)
o] YxWst= Zth Zhang 5(2011)2 o33 L19] U 756 EdAWol S
L3S uf NPCILI NTD¢F Fdl=dH =9 AdAN7F #&FE AL Bkl
53] Leu2l6(LDolM e Edwiols ZzelE AFAsd nx= Jgo] 7H%
714 NPCIL1 NTD®] LlelA 9] ARistE FH~vE 5 =9 Aol &
e dgS vA Aoz odstsith. NPCIL1I NTD9F NPCl1 NTDe| ZAF+=
7b Hl5=@ Aolgtal o EFdd Kwon 5(201D)% 7 @9dL AFHES o+ <
A (a3, a7, L1)®] ofm|ieik wjdo] e} o] Riteox Ao ztol7t S F
At A5, = vE o] FEAA P we AWsE #Eesih
ZH e =3 43 o NPC2ol| wi$- o]&4 (Infante ‘&, 2008¢)?] NPC1 NTD
obi= &2 NPCIL1 NTD+ NPC2¢ 43288 3h# olDixit &, 2007) ]
g 7 oamEe git= Aol el Zpol7k NPCILL NTD Agk7-FolA #
ZE L1 129 1A Risgtet dad 7ts48s 28 5 2
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+ NPCIL1 NTDel| 2%3% o Zdl2eE3 Ao 213 Zhang 5(2011)
& NPCIL1# flotillinE 9] 45 2-go NTD7}F dR3h#] &% NTDe| Zux
HEo] 2% Agsls slo] NFC-microdomain Ao 4o, 25-HC &
SA2HES ZE2d"HE°] NTDA Z2%st= A& Walstel NFC-microdomain
g/gdolvt NPCIL1 NTDe WAsE Haidcta a3tk ol H|Fo®Hd
NPCIL1 NTD®9] o= F& (= FEE5)o] WA shrjo] AHA 0w Hofst=
A gotates AL ol WANE ZAGAY olsidt=d AR AR dAE AT
=t §8 AFedA NPCIL1 NTD9 L2%} LeolA #&d Fx2wstrt biz o]
qde HEE F At As HEdH olEo] vk Fel2HE o]y NPCILL

of WAstE 7MAets Az EA AFEE 5 e Aoldkes As A5 5 Utk

)«

169 A3z veElre g NFC-microdomain® A< 7RAlsE NPCIL1
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ABSTRACT

Niemann-Pick type Cl1 like 1(NPCIL1) is a membrane protein that is
expressed in brush border membrane of small intestine and canalicular
membrane of liver. It mediates dietary cholesterol absorption and biliary
cholesterol re-absorption. As a Niemann-Pick type C(NPC) family protein, it
has sequence homology and conformational similarity with Niemann-Pick type
CI(NPC1). Like NPC1, NPCIL1 has N-terminal domain(NTD) including
hydrophobic binding pocket which directly binds with cholesterol. Due to their
conformational similarities in NTD hydrophobic pockets, it is believed that
both  NPC1L1 NTD and NPC1 NTD have similar binding mode with
cholesterol. Unlike NPC1 NTD the experimental structure of NPC1L1 NTD in
complex with cholesterol is not available.

In this study, the structure of NPC1 NTD and NPCIL1 NTD in complex
with cholesterol and its derivatives are compared using computational
modeling, i.e, molecular docking and molecular dynamics(MD) simulation. We
have employed AutoDock ver. 4.2 to obtain the binding structures. For
cholesterol, 25-HC, and B-SITO, the resulting complex structures show stable
binding modes in the hydrophobic pocket of both NPC1 NTD and NPCIL1
NTD. And all ligands have the same orientation as observed in crystal
structure of NPC1 NTD cholesterol complex. However, there are subtle
differences in binding modes between these complexes, especially between
NPC1 NTD complexes and NPCIL1 NTD complexes due to the difference in
detailed sequence and ligand structure. It is also observed that the binding
free energy with NPC1 NTD is more stable than that of NPC1L1 NTD for
all three ligands. To further understand their structural differences as a

collection of dynamical ensemble structures rather than static structure, we

_62_



have performed the molecular dynamics (MD) simulations with GROMACS
ver. 4.6.5. The MD simulations are started from both bound and unbound
structures for each of NPC1 NTD and NPCIL1 NTD with three ligands,
resulting in six independent MD simulations. Analysis of the 50 ns MD
trajectories indicates there is difference in loop region L6 after binding with li
gand for NPC1 NTD. Meanwhile for NPC1L1 NTD, loop L1, L2, L5, and L3g,
especially L1 and L2, show structural change after ligand binding. And L2
and L6 shows noticeable structural change after only cholesterol binding for
NPCI1L1 NTD.

The current study indicates that for cholesterol between NPC1 NTD and
NPC1L1 NTD, there is difference not only in detailed binding modes but also
the loop structure after binding. The structural change after binding with
ligand could play as a signal for a series of subsequent events. Very recently,
the whole structure of NPC1 is reported and its luminal domains are in close
contact. Therefore, this modeling study suggest that there could be difference
in cholesterol internalization pathway between NPC1 and NPCIL1, especially
the initiation step right after cholesterol binding to NTD. We believe the
current study can improve our understanding of cholesterol transportation in
NPC1L1 and NPC1 from structural perspective. For example, the loop region
L2 and L6 we have identified here for NPC1L1 NTD could serve as a target
sequences for further mutagenesis study in internalization of cholesterol and

its derivatives.
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HZ 1. Supplementary Data

[Table S1. Molecular docking results of NPC1 NTD with cholesterol]

best model of docked

flexible reference-like flipped binding total RB onformations
residues of receptor binding cluster cluster ota entropy N . a .
try diti docked  docked for thi (lowest binding E)
o condition ( b ¢ average ¢ average ¢ percent  percent chi)g terilr? free Energy Ki
Fl nkl)llm er '(Ci) ) binding E "% ° binding E "% ° (%) (%) g of binding (inhibition
exible Tesiaues (kcal/mol) TS (ccal/mol) rans (kcal/mol) constant)
rigid - —-13.44 499 -11.79 1 100.0 99.8 0.0 —-13.65 99.15 pM
receptor
Asn41/GIn79
2 ) —13.43 376 —-11.85 124 100.0 75.2 0.1 —14.53 2217 pM
Asn41/GIn79/Leu89
. —-14.75 364 —-11.80 135 99.8 72.8 0.11 —-14.75 15.30 pM
flexible (3)
receptor
Glu30/Asp37/Lys38/
Asn41/GIn79/Thr82/
4 Asn86/Leu87/Leu89 —-12.02 62 —-11.01 56 23.6 12.4 0.48 —-14.23 36.80 pM

(9)

* total docked percent = (number of RB and FB)/500.
* RB docked percent = (number of reference-like binding)/500.

_77_



[Table S2. Molecular docking results of NPC1L1 NTD with cholesterol]

best model of docked

flexible reference-like flipped binding conformations
try - residues of receptor binding cluster cluster df)?:i{aeld dolzged entropy (lowest binding E)
condition for this )
No (number of average = . average = . percent  percent clustering free Energy Ki
Flexibl dues) binding E ) binding E ) (%) (%) of binding  (inhibition
exible residues (kcal/mol) ™™ (kcal/mol) "™° (kcal/mol) constant)
rigid - ~786 41 -6.92 94 270 82  0.39 ~8.89  303.5 nM
receptor
2 G'“3?é)ser56 ~10.39 110 -713 94 408 220 0.4 ~1218 1.8 nM
5 G'“38/Sf§§’3/ser56 ~1012 91 -7.38 71 324 182  0.42 ~11.96  1.71 nM
flexible Glu38/Leub2/Serb3/
receptor  Agn54/Ser56/Ser102
4 /Thr107/Phel20 —-11.71 203 -10.29 119 64.4 40.6 0.36 —-13.44 141.1 pM
/Leu213

(9)

* total docked percent = (number of RB and FB)/500.
* RB docked percent = (number of reference-like binding)/500.
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[Table S3. Molecular docking results of NPC1 NTD with 25-HC]

best model of docked

flexible reference-like flipped binding total RB conformations
try N residues of receptor binding cluster cluster do(;kaed docked entropy (lowest binding E)
No condition average average percent  percent lfor th}5 free Energy Ki
[0} [0} t
- (r.llflmber.gf ) binding E no. of s ding B PO o (%) (%) TSR hinding  (inhibition
exible residues (kcal/mol) ™™ (kcal/mol) ™1™ (kcal/mol) constant)
rigid
- —13.37 469 —-12.08 31 100.0 93.8 0.02 —-13.80 76.95 pM
receptor
Asn41/GIn79
2 ) —-13.26 370 —-12.28 130 100.0 74.0 0.04 —-14.79 14.38 pM
Asn41/GIn79/Leu89
3 —-13.00 334 -12.17 165 99.8 66.8 0.1 —-14.65 18.32 pM
flexible (3)
receptor G|y30/Asp37/Lys38/
Asn41/GIn79/Thr82/
4 —-11.97 85 —-11.65 78 32.6 17.0 0.48 —13.96 58.97 pM

Asn86/Leu87/Leu89

(9)

* total docked percent = (number of RB and FB)/500.

* RB docked percent = (number of reference-like binding)/500.
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[Table S4. Molecular docking results of NPC1L1 NTD with 25-HC]

best model of docked

flexible reference-like flipped binding conformations
try - residues of receptor binding cluster cluster df)?:i{aeld dolzged entropy (lowest binding E)
No condition average average percent  percent for th-ls free Energy Ki
- ;?&mberigf ,  binding E " of  inding E " °F (%) (0p) ~ clustering "5 ding  (inhibition
exible residues (keal/mol)  TUms (kcal/mol)  THU0S (kcal/mol) constant)
rigid - -7.61 39  -563 33 144 7.8  0.40 -9.89  56.27 nM
receptor
) Glusf/Serod ~8.44 49  -689 60 218 98 042  -11.33  4.95nM
5 ClUSHSOIOIBEro0  _g90 50 -6.59 64 228 100 042 1086 11.03 M
flexible Glu38/Leub2/Ser53/
receptor  Asn54/Ser56/Ser102
4 /Thr107/Phe120 -11.86 200 -9.94 106 61.2 40.0 0.33 —-14.66 18.05 pM

/Leu213
(9)

* total docked percent = (number of RB and FB)/500.
* RB docked percent = (number of reference-like binding)/500.
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[Table S5. Molecular docking results of NPC1 NTD with B-SITO]

best model of docked
conformations
(lowest binding E)

free Energy

Ki
(inhibition
constant)

60.11 pM

10.63 pM

11.07 pM

flexible reference-like flipped binding
try residues of receptor binding cluster cluster
N condition
© (number of average - o, of
Flexible residues) binding £ runs
(kcal/mol)
rigid - —12.23 52
receptor
Asn41/GIn79
2 —-12.01 158
(2)
Asn41/GIn79/Leu89
3 -11.94 184
flexible (3)
receptor G|y30/Asp37/Lys38/
Asn41/GIn79/Thr82/
4 -11.79 31
Asn86/Leu87/Leu89
(9)

25.18 pM

* total docked percent = (number of RB and FB)/500.
* RB docked percent = (number of reference-like binding)/500.
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[Table S6. Molecular docking results of NPC1L1 NTD with B-SITO]

best model of docked

flexible reference-like flipped binding | RE conformations
try N residues of receptor binding cluster cluster df)?:i{aed docked entropy (lowest binding E)
o condition rverage rverage percent  percent for this frec Encray K
o o lusteri
- ;?&mberigf ,  binding E "7 Of pinding £ 1% °0  (%8) o) Tt binding  (nhibition
exible Tesiaues (kcal/mol) "™ (kcal/mol) "' (kcal/mol) constant)
rigid — —6.76 11 =5.41 35 9.2 2.2 0.30 —9.30 153.4 nM
receptor
) Glusf/Serod 623 7 -579 50 114 14 034 ~7.94  15uM
3 G'”38/Sf£§33/ser56 79 28  -583 53 162 56  0.36 ~10.97 9.0 nM
flexible  C1U38/Leub2/Ser53/
receptor - Agn54/Ser56/Ser102
4 /Thr107/Phe120 —-12.00 134 -9.76 106 48.0 26.8 0.41 —14.44 25.9 pM

/Leu213
(9)

* total docked percent = (number of RB and FB)/500.
* RB docked percent = (number of reference-like binding)/500.
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[Table S7. RMSD between loops in unbound and bound conformations for
NPC1 NTD and cholesterol, 25-HC and B-SITO]

RMSD (A)! between loops
of bound and unbound conformations
(Relative RMSD?)

Reference-like Binding

Flipped Binding

Loop

cholesterol  25-HC B-SITO  cholesterol 25-HC B-SITO

L1 0.5 0.5 0.5 0.5 0.5 0.4
(0.06) (0.06) (0.06) (0.06) (0.06) (0.04)

Lo 0.3 0.3 0.3 0.3 0.5 0.3
(0.1) (0.1) (0.1) (0.1) (0.16) (0.1)

L3 0.4 0.4 0.4 0.4 0.4 0.3
(0.08) (0.08) (0.08) (0.08) (0.08) (0.06)

L4 0.6 0.6 0.7 0.5 0.5 0.7
(0.2) (0.2) (0.23) (0.16) (0.16) (0.23)

L5 1.08 1.0 1.3 0.9 0.9 0.9
(0.09) (0.09) (0.12) (0.08) (0.08) (0.08)

L6 1.1 1.2 2.0 1.9 1.2 1.1
(0.11) (0.12) 0.2) (0.19) (0.12) (0.11)

L7 0.6 0.6 0.7 0.6 0.8 0.6
(0.08) (0.08) (0.09) (0.08) 0.1) (0.08)

L8 0.8 0.7 0.7 0.7 0.9 0.7
(0.16) (0.14) (0.14) (0.14) (0.18) (0.14)

w

* K X X X X X %

L1:
L2 :
L3
L4 :
L5 :
L6 -
L7 :
L8 :

- Relative RMSD =

Thy35~Asp37, 3 amino acids (B1/B2)
Asp131~Asn135, 5 amino acids (B5/Bé)
Gly69~Val71, 3 amino acids (a1/p4)
Cys227~Pro237, 11 amino acids (~C terminus)
Asp162~Lys171, 10 amino acids (a6/a7)
Leu176~GIn185, 8 amino acids (a7/a8)
Ser210~Glu218, 5 amino acids (B7~)
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- Average RMSD between loops of Bound and Unbound (100 conformations respectively).
(average RMSD)/(number of residue).

- Bold letter represents average RMSD greater than 1.0 A
: Asn195~Phe203, 9 amino acids (a8/B7)



[Table S8. The loop RMSD between ligand bound and unbound average
conformation for NPC1 NTD and NPC1L1 NTD]

ligand bound and unbound average conformation

loop RMSD (A)! between

NPC1 NTD NPC1L1 NTD
koo cholesterol 25-HC B-SITO cholesterol 25-HC B-SITO
L1 0.2 0.2 0.2 0.9 1.0? 0.9
L2 0.1 0.1 0.1 2.3 2.3 2.2
L3 0.1 0.1 0.0 0.1 0.6 1.0
L4 0.4 0.2 0.1 0.2 0.1 0.3
L5 0.5 0.4 0.2 1.1 1.4 1.6
L6 0.8 0.7 0.7 1.1 0.2 0.7
L7 0.4 0.2 0.2 0.7 1.1 0.3
L8 1.3 0.8 0.2 1.3 0.5 1.3
[ 1.1 1.2 1.6 1.8 2.0

N —

¥ X K X K X X K X X X X ¥ X ¥ *

- Average RMSD between loops of Bound and Unbound (100 conformations respectively).

L1 for NPC1
L2 for NPC1
L3 for NPC1
L4 for NPC1
L5 for NPC1
L6 for NPC1
L7 for NPC1
L8 for NPC1
L1 for NPC1
L2 for NPC1
L3 for NPC1
L4 for NPC1
L5 for NPC1
L6 for NPC1
L7 for NPC1
L8 for NPC1

NTD :

NTD
NTD

NTD :
NTD :

NTD

NTD :
NTD :

L1
L1
L1
L1
L1
L1
L1
L1

NTD :
NTD

NTD :
NTD :
NTD :
NTD :
NTD :

NTD

“ Bold letter represents average RMSD greater than 1.0 A.

Asn195~Phe203, 9 amino acids (a8/B7)

: Thy35~Asp37, 3 amino acids (B1/2)
: Asp131~Asn135, 5 amino acids (B5/Bé)

Gly69~Val71, 3 amino acids (a1/p4)
Cys227~Pro237, 11 amino acids (~C terminus)

: Asp162~Lys171, 10 amino acids (aé/a7)

Leu176~GIn185, 8 amino acids (a7/a8)
Ser210~Glu218, 5 amino acids (B7~)

Gly207~Leu216, 10 amino acids (a8/p7)
: Asn42~Ser53, 12 amino acids (B1/2)

GIn144~Leu150, 7 amino acids (a5/B5)
Leu81~Pro85, 5 amino acids (a1/p4)
Cys243~Ser255, 13 amino acids (~C terminus)
Ser173~Leu183, 11 amino acids (aé/a7)
Gly190~Leu196, 7 amino acids (a7/a8)

: Ala228~Gly232, 5 amino acids (a9~)
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[Figure S1] Best binding mode of protein in complex with cholesterol in

RB orientation from Rigid receptor condition docking.

[A] NPC1 NTD and cholesterol (RMSD: 1.0 A) complex, [B] NPC1L1 NTD and cholesterol
(RMSD: 3.8 A) complex. Docked ligand is shown in green stick and reference ligand of
3GKI is shown in cyan line. NPC1 NTD is shown in light blue ribbon and NPC1L1 NTD is
shown in orange ribbon. Red dotted lines represent H-bond between cholesterol and
nearby residues. Nitrogen and oxygen atoms are shown in blue and red, respectively. All
pictures are drawn by PyMOL.

[Figure S2] Best binding mode of protein in complex with cholesterol in
FB orientation from Rigid receptor condition docking.

[A] NPC1 NTD and cholesterol (RMSD: 9.1 A) complex, [B] NPCIL1T NTD and cholesterol
(RMSD: 9.1 A) complex. Docked ligand is shown in green stick and reference ligand from
3GKI is shown in cyan line. NPC1 NTD is shown in light blue ribbon and NPC1L1 NTD is
shown in orange ribbon. Oxygen atoms are shown in red.
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[Figure S3] Best binding mode of protein in complex with 25-HC in RB
orientation from Rigid receptor condition docking.

[A] NPC1 NTD and 25-HC (RMSD: 1.0 A), complex, [B] NPC1L1 NTD and 25-HC (RMSD: 2.2
A) complex. Docked ligand is shown in dark blue stick and reference ligand of 3GKJ
shown in green line. NPC1 NTD is shown in light blue ribbon and NPC1L1 NTD shown in
orange ribbon. Oxygen atoms are shown in red.

[Figure S4] Best binding mode of protein in complex with 25-HC in FB

orientation from Rigid receptor condition docking.
[.,A] NPC1 NTD and 25-HC (RMSD: 9.3 A) complex, [B] NPC1L1 NTD and 25-HC (RMSD: 9.6
A) complex. Docked ligand shown in dark blue stick and reference ligand from 3GKJ is

shown in green line. NPC1 NTD shown in light blue ribbon and NPC1L1 NTD is shown in
orange ribbon. Oxygen atoms are shown in red.
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[Figure S5] Best binding mode of protein in complex with B-SITO in RB

orientation from Rigid receptor condition docking.

[A] NPC1 NTD and B-SITO complex, [B] NPC1L1T NTD and B-SITO complex. Docked ligand
is shown in purple stick and reference ligand of 3GKI is shown in cyan line. NPC1 NTD
is shown in light blue ribbon and NPC1L1 NTD is shown in orange ribbon. Oxygen atoms
are shown in red.

[Figure S6] Best binding mode of protein in complex with B-SITO in FB

orientation from Rigid receptor condition docking.

[A] NPC1 NTD and B-SITO complex, [B] NPCT1L1T NTD and B-SITO complex. Docked ligand
shown in purple stick and reference ligand from 3GKI is shown in cyan line. NPC1 NTD
shown in light blue ribbon and NPCI1L1 NTD is shown in orange ribbon. Oxygen atoms are
shown in red.
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[Figure S8] Moving residues of complex of NPC1

NTD with cholesterol at 50 ns simulation time.

Docked ligand (cholesterol) is shown in green sphere. Bound and unbound
conformations of NPC1 NTD are shown in light blue and grey ribbon.
The residues of conformation are shown in light blue (bound) and
yellow (unbound). Blue arrows represent direction of residue
movement. The secondary structure of protein is labeled by grey bold
letter.

/ /,’_;,:_?-_.

[Figure S9] Moving residues of complex of NPC1

NTD with 25-HC at 50 ns simulation time.

Docked ligand (25-HC) is shown in blue sphere. Bound and unbound
conformations of NPC1 NTD are shown in light blue and grey ribbon.
The residues of conformation are shown in light blue (bound) and
yellow (unbound). Blue arrows represent direction of residue
movement. The secondary structure of protein is labeled by grey bold
letter.
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[Figure S10] Moving residues of complex of NPC1

NTD with B-SITO at 50ns simulation time.

Docked ligand (B-SITO) is shown in purple sphere. Bound and unbound
conformations of NPC1 NTD are shown in light blue and grey ribbon.
The residues of conformation are shown in light blue (bound) and
yellow (unbound). Blue arrows represent direction of residue
movement. The secondary structure of protein is labeled by grey bold
letter.

f ﬁ = ol T
[Figure S11] Moving residues of complex of NPC1L1

NTD with cholesterol at 50 ns simulation time.
Docked ligand (cholesterol) is shown in green sphere. Bound and unbound
conformation of NPCIL1T NTD are shown in light orange and grey ribbon.
The residues of conformation are shown in orange (bound) and yellow
(unbound). Blue arrows represent direction of residue movement. The
secondary structure of protein is labeled by grey bold letter.
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[Figure S12] Moving residues of complex of NPC1L1

NTD with 25-HC at 50ns simulation time.

Docked ligand (25-HC) is shown in blue sphere. Bound and unbound
conformation of NPC1L1 NTD are shown in light orange and grey ribbon.
The residues of conformation are shown in orange (bound) and yellow
(unbound). Blue arrows represent direction of residue movement. The
secondary structure of protein is labeled by grey bold letter.

=

[Figure S13] Moving residues of complex of NPC1L1

NTD with B-SITO at 50ns simulation time.

Docked ligand (B-SITO) is shown in purple sphere. Bound and unbound
conformation of NPCIL1T NTD are shown in light orange and grey ribbon.
The residues of conformation are shown in orange (bound) and yellow
(unbound). Blue arrows represent direction of residue movement. The
secondary structure of protein is labeled by grey bold letter.
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g 2. “AEY2HE Yol FFY FHZHE STAMNAA 7 E
3 sEdednge uE A AN BANA 2rxES
o F4 2 At WAL 3P

1z

2

1. M2

AA NN S 2HES] v 2HE LA Ho] FHzdHE F5, telAe 29
2HE AA, 23VAE B8 FEd A vlE 2 AT ¢ A A AR
FYdel 98 o] Fo W thDietschye} Wilson, 1970). Fd|2H &2 A¥ute] TR
o® AEGe Aoy AHRolE FEZO] AFAR AdA F Aqgs o
7] el Aol <fs g Fo~HEY SAZHE 22 drIEES FU2H
2 gt #AE 82ES dANGA(Bdward 5, 2000)%-E 2Aste] AXE Ule 2~
HE w27t e A"t <A vk Aol dez sk U 2HEe dol
Hlgte] 2ol AFA7E 5T woll= A Aol SAdstH o R FH2HES BT
et 23p7IAR EHEAY FEde AFsE wEA dojuA o wolE Aol A
a7 ZULHES] RO Ayt Aol FeiEHEe] AW HFAUME =Y

ZZ(end-product feedback regulation)S Z38 7hollAel Ze|~vHlE AFgA o] Aalw L

Al Aol Hofate A4F E4EC] PR AdEH AW SFHzEE ol A
A "k of7)o] A FHUAHES 952 s g5de] s A= 2814
= 0 2rlE, ZasdEe Es S8 HEg de ESYaHE J9e @
A AEE kS FA3HA B H(Siperstein®t Fagan, 1966; Dietschy$} Siperstein, 1967).

ST nFe2EE AolE FHIE FRAWS FATE Aol A s
s

rr

ol

ox,

o

R

2 3 1A Ve RE ARE F jle Adsol % UehrIE Sk odkd 71

ol thgd WHe T HHEY dAgAS s FdsHEY] SAS ued | A

FH2HEY FH Y2 o] FY2HE(Lammertet Wang, 2005) S5-2ol s H

o MR A e Z71He 28740 9 Ao dgea, o]F SHelsh] S8 Al
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FAPE FASATE oW AFAE AR nFke FHsHES FHHA ZFHx
HE FrAsAQl 71EAb 7| EAEeads Aeste] Ao] aesHEe] Fae Al

wol ARl w2

il
b

S
i)
il
1o
o
o
oX,
o
XN,
N
N
o
rir
of
ot
o
1o
ro
ol
ol
=
nj

2. AAL

) My Y 2EHE

Axete] ZEl2HE R AE W AA AFde vk A A e, 4709 w4 ae
7F Uedis A9 g2 ot Az el ARAQ dde 7, Axe] dH
A, Aot 2 ok (osmotic fragility) 5 AFE 7)5Fxdo] Fo3F IS g} oA
of ZH2EE Fre ALY AP AFEY] EEAl GFE WA AHor Axd
o] A4 §9 Tl WstE Fo] ke v wAe] s 9 2 kst S
] HtHLee, 2011). A& E9], Na', K-ATPase’} A& al= X2 Awbal A&o] Zo]
= SZU2HE ol we gk, A da Y 2HES 23 wet Ca-ATPase &
AEE Wskeitta B th(Lee, 2004).

2) ARl ZdzHE 3

oX,
do

A

AANA ZezdlE AL FuUlzHE AL, 2] Aol Fu2H)
aEal FEA Aea B o uidel o) FAEH 1T o] FHIHES i
°of F¥ FHzHE TEUESE AUYddA see FHZEIEY 0%E TEdth
(Alfin-Slater®} Aftergood, 1980). 2] ZFd|~HE2 HlA Ao Wdez FulE
wHaoll o8 frstEol mAs dAgsta £7HdAE (brush border) AR &9
& A7AE(enterocyte) HE-Z S5 Al P tHGoldstein®} Brown, 1990). &A= A%
M) EA ¥ (apical membrane)®] Niemann-Pick type Cl-like 1(NPCIL1)o] $lojA]
(Davis &, 2004) w]Alel| f3ste o] FH=HEY AF Agsta o Asts Ed vt
o] F &S NPCIL1Z 7 WA 3Hinternalization) Al 1 THAltman ‘5, 2004). A3 W]
2 9% NPCIL12 Avje] Fe2=HE S7go] wat W32 A&E 58)(endosomic recyclic

compartment; ERC)Z} A|XZEHS #3slHA ZY2HE S5 993t AlX yolA 2

it

of
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g 2H o] F-=shH ERCO NPCIL1e] S¥2HE 55 A7) Sl Axgor &
ol7}al A el Fe2HEo] ol NPCIL1S ERCAlA ] o] HE2A4 HrHGe
T, 2008). @ ol FY A HEL APATAREY FAW] 9= ATP-ATA A
G4 GH/G(ABCGY/GY)l 98] thAl 2o = wEHrh NPCIL1Y ABCGH/89 Z
82 2h) ol A e] dale] FezEE P fAlol 8BS A S Othman

(

0

5, 2013). ZE2HE AR ATPE 40|8t acetyl CoAZFH oF 20719 a47F &
ofgte PAAFORE ofd Hofsts BHE FHAAES 2HE ZAJA-Z T A (sterol
regulatory element-binding protein; SREBPs)ell ¢]a] AAlE]= A Eut H2F ALl Abt
of ¢Ja =HATHWang Song, 2012). 7+ Asp7|Al= AA FH2EHE AR THY
N%E AAeHH 15 A ZElaEE A THe 5%E 7MY mrhal oA 9l

(Dietschy ¢} Siperstein, 1967). 2o]& Fw¥s FHU2EE9 Fo] 2 oW HoA e 29
~HE AP G599 AFT7F FA9T oF U%e] HEdol AelA AFTFH

A4S Fo AeHes AA Per HEolew, dagd HEHS S AHE(venous

i)

sinus)e &3t FHNEE OgIFE S5H2 YA gF5o® A0 E th(Portincasa}

Wang, 2012).

) AE UM e Zd~EE 339 A

U ZEES FHA 200] A8 BT gojsts HEA A2E Sl EROA A4
o 45 AxE AEE A (ow-density lipoprotein; LDL)2] <=&A|-m7] Al Z )
o] (receptor-mediated endocytosis)S E3 <A F2HES Wl tiBrowndt
Goldstein, 1986). LDL-Z ¢8| &(LDL-C)°] LDL-Z# 28 E 84 (LDL-R)el °]af Al
¥ W(%7] H¥E; early endosome)Z FHEH 7] WE/BEadFoz ity o 2ag 2t
d A HHEE) & (Iysosomal acidic lipase; LAL) 2l&] Ed2HE o 2~H 27} F82H|
22 Agdh FY2HES NPC29F NPClo| JE Aoz Axda wiEso] oy &
71#E(Ge. PL, ER, ERC, &4 % 544 7]¥(Iysosomal storage organelles; LSOs)) = #
¥t (Chang¥ Chang, 2008). Al WeAe] Zy2vHE S Fd2HE AFAHY
LDL &5 digh w™ el Z4(feedback regulation)el ¢Jal 4%, ER|A LDL-C:&=

-Ageh A Aasal sl hilE(SREBP cleavage activating protein;

2

Scap)/QlEHF- =7 A2 @94 (Insulin-induced gene protein; Insig)/Z~HEFZ &
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-A e A (sterol regulatory element-binding protein; SREBP) A ~€lS- E3f
Ze2EE0 A B G s AAA, AFA R FY2HE ARA
% AFIAZITHGoldstein 5, 2006). %38+ LDL-C+= 3-hydroxy-3-methylglutaryl-CoA(HMG-CoA)
reductase] FalE ZZA17]1L, acyl-CoA; =8| ~HE acyl”] dE & A (acyl-CoA;cholesterol
acyltransferase; ACAT)E A3 A FY2HES FHAHE oAHEZ Ay E

slo] A 2r 3 (chylomicron) &2 3% ZY2HE dAHE2s Hx2 ajE&¥ciDeBose-Boyd,

2008; Nguyen &, 2012).

4) 7| EAL} 71| EALE

l

7] EAH chitosan)< A}
oA GolAdslste] thE

E
T Al S A of=A ARl 718 (chitin)e AaE] =
Eo]

A A F3A o] tH Arvanitoyamis 5, 1998). 7] EARS %]

WEASe] ik AR Afol val Dsetel FRAYNA 2N AYERE
Foln @% TAxUE 2L Aot 5 RITAANERZTOMaczak 5, 1993

Hossain %, 2007 237} dckar & A
7| EANS B a1E2 71EALY] EajitEolH, 802 J|EA HlE] A 5 A

dlA FFErtHYuan 5, 2009). 71E4HEEad(1 kDa<MW<3 kDa)2 A A4 289
AoIA F1EAH1,000 kDa)ZF A &3HNam¥}F Shon, 2009; Ausar 5, 2003)5 YERY
Aom, 125 &b A 0](1568% fat+1.25% Ze=HE)9} 7B RS Y Y-S Foldt

apoB-/- micedl N FNEAEE Y Egel neste] feldow BY FrHSI TG
2 4204 BU4s BAERE Yehits B3(Yu 5, 019)% otk 8, 125 St
PR e nEe Fold ARKim 5, 2009004% Y L

ded BHE ek @4 C-HE =g Fievt SUteda A B-AETE deH e

D Test 1 @ 2FA2HE0.25%) % FFAAI(1%, 7B B 7AYo B
= 23 4
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AHsE2 4799 Sprague-Dawley & T3 F F 21vtgd 1PAEE wolste] &

¥ 9 (randomized complete block design)®.% 7}

ofolojntetA o] 2| (wire bottomed cage)ol Al 718 Al-&kQich 12 2~H)|

Ze2H = hC), 1= 2HE 2olet 71 EAL B 7| EAS-¢

7¥ele] g 7| EARE B wH(hCo)et 71EA TH(hCo) o2 relon, g ae)e %
g2 Table 13+ 23t Ab5Ae] 25 25 HO 12413 712 dASHA A

AN 7184k 71842l 1S 71 E4HES] & 4 (Bacillus pumilas BN-262 @) & ©]

&3 GaA Tkl o) AAE AT 71 EARY] EAkEE 150,000~200,000 Dao. 2 &

opAR St 95% AL 71 EAbE T o] Ak 1,000~20,000 Daclw EolAldste 89%

F7|Eefo] ZRAY Aol AT 45 Fof 2dd AAN dPTES

Al A e FY2EHE AR MEE Sstux B4 A ot 37e

12A3F AAAIZ15L Y A] 459 24A3E AAANZD & 7PEA] dEH 2R w3 AIA 4

A sty dds=e] dFF o ALFE 2 A VA AEEA 2He

Akt

Table 1. Composition of experimental diets (%, wt/wt)

)
@]
i

£

of

¢

F1

Ingredients hC? hCo” hCc?
Corn starch 69.65 68.65 68.65
Casein 20.0 20.0 20.0
L-Methionine 0.3 0.3 0.3
Corn oil 5.0 5.0 5.0
Vitamin Mix" 1.0 1.0 1.0
Choline chloride 0.2 0.2 0.2
Mineral Mix? 3.5 3.5 35
Cholesterol 0.25 0.25 0.25
Cholic acid 0.1 0.1 0.1
Oligo-Chitosan” - 1.0 -
Chitosan - - 1.0

DAIN93 Vitamin Mixture.

2AIN93 Mineral Mixture.

Joligo-chitosan (oC) 1%.

“high cholesterol positive control diet (hC) cholesterol 0.25%.
Shigh cholesterol diet (hC) + oligo-chitosan (o) 1.0%.

®high cholesterol diet (hC) + chitosan (c) 1.0%.

2) Test 2 1 AZUXEE(05%)3 FFAHAG%, 7|EASH)e] Be 23 71

ol
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R

ot

2F (A 0], -C)FF nZ2HE hZ27(05% cholesterol; HC), i=d|2~H]
= Aolet TEAS 1Y £2E 5.0%E HUbete] wold 2ea 7|EAF H(HCO) o=
UEQATE A o)o] A4S Table 29F 29k AbHA0 Ly WUFT]E= test 19 &
A3 frAlEth BE APARE test 19 U3 AR AMEUTE w9 475 =4
Aell 12A17F AAA 7] 30 2= 24A3F AAAA o H 22 vp gk & Aex] s
Ak AFEE A A test-17 T FES £

Table 2. Composition of experimental diets (%, wt/wt)

Ingredients -CcY HC” HCOY
Corn starch 70.2 69.3 64.3
Casein 20.0 20.0 20.0
L-Methionine 0.3 0.3 0.3
Corn oil 5.0 5.0 5.0
Vitamin Mix" 1.0 1.0 1.0
Choline chloride - 0.2 0.2
Mineral Mix? 35 35 35
Cholesterol - 0.5 0.5
Cholic acid - 0.2 0.2
Oligo—Chitosan® - - 5.0

DAIN93 Vitamin Mixture.

2AIN93 Mineral Mixture.

0ligo-Chitosan (0) 5.0%

“cholesterol free negative control diet (-C)

YHigh cholesterol positive control diet (HC) cholesterol 0.5%
®High cholesterol diet (HC) + Oligo-chitosan (0) 5.0%

) AF L AR HAY 57
AFe AQ2 0 Fol 2481, AAE As BAFS 1Y Z43ke] Choi(198D))

W © 2 AFE & & (feeding efficiency rate : FER(%) = WG/FI x 100)& AAFs}S T

4T 3000 rpmell Al 20+&7F
FAA 240 A A



7HA -20C W& Lol
2 AFEAL o7

) e A AL

T
Al
$ oz I
ST
offt
>
N
M
1%
o
>
ofo
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e
X
X
-
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offt
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4
g
32
o

5) @A % 1 A9 FHzHE FF 54

g3 Fo| & Zd2ul=(serum total cholesterol; sTC), HDL-Z#2~H = (high density
lipoprotein—cholesterol; sHDL-C) % &A% (triglyceride; sTG)S EAh o2 zhzto] 7]

E(oRA, 3= ARgste] SA43em, sTCol Wat sHDL-Ce] W&= rHDL-CE

Arkskder. 3, b 22 T AdS FE8] S8 We Basd 1 ge A2l
7.

of

A dlsske] 100 mM CIAEEEA(pH 74, KCl 1.17% &) 10 mE #H7istan #27]
(homogeniger) = +4J3F & Bligh®} Dyer(1959)2] W] wel S22 & ek 5(2:1:8,
vv)EuE AAE FEIGT FE2E AL 7o) 7 E(oRHAS =) E AFE-S)]

gayeor F FU2HE(1TOH SAALITG) &S SAsA

ZHA|3E0] WAoot IAPE doju= ¢ E3 52 glutamyl oxaloacetic transaminase(GOT)
9} glutamyl pyruvic transaminase(GPT) &/Jo] ul$- =olA|Z 2 (Takeda &, 1964) &7
A olF Exd F& tol b 22 o] EMAEE dofstaat gl el
= GOT, GPTe &4 %= =45 93 GOT+ L-aspartic acid®} a-ketoglutaric acidZ,
GPT= L-alanine? a-ketoglutaric acids& 7|24 = AR&stith. @4% 4L 37TColA
714ds F7kstel 307 vhEAIA w APEE 9FBEARS JIstE J|E(obA o, g
)5 AR&stel S5

of

7

it
B\

BE 4 A3 IBM SPSS Statistics 2422135 AREste] W9} REHAE
Aksta, A 7o) Fo]47474E 93 Duncan W& o &3 AASAHS HAAste] Bt

A o] frele AZFATH(p<005)
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A4F70 AFSEE Ad BB A AZE(initial BW)Y H &A% (final BW)S Table 33 #
th 0.25% FEAHE g9l 05% ZU2HE Foldto MAAFe] =3ket, o=

025% Bel2EE FolAWE 479 8 AT Fwe T b AP FYHAL 05%

HESIAIZl Fof] A& AR wEolth AN F 7HA] ZeEzEHE Foldd Y] 4F
T HAFATE vszalAaL, 22 A HelAe 71EAREE 1Y BF(hCo, HCO)Ol whet
HEAT 7oA (p<.05) o2 srobxth 453 AbSeE Fo dd FAES B4R
g Bl wet o4 (p<0.05) o2 woba FHxEHE wE7F 05%Y we ATt
Aozt o 2k

Table 3. Effects of oligo—chitosan or chitosan on initial body weight

(initial BW) and final body weight (final BW) by fasting time in rats fed
with high-cholesterol diets.

Items initial BW(g) final BW(g)
hCV 93.8+12.3 301.5+18.1°
hCo? 93.7+14.4 248.5+42.9°
hCc? 93.8+115 291.2+35.4%
-c¥ 126.9%5.2 300.3+7.3
HCY 126.6%3.6 300.8+18.4°
HCOY 126.6+4.5 226.1+33.4°

* The value was mean%SD, ®° was significant differences by Duncan.(p<0.05)
Yhigh cholesterol positive control diet (hC) cholesterol 0.25%.

Zhigh cholesterol diet (hC) + oligo-chitosan (o) 1.0%.

Jhigh cholesterol diet (hC) + chitosan (c) 1.0%.

“cholesterol free negative control diet (-C)

SHigh cholesterol positive control diet (HC) cholesterol 0.5%

®High cholesterol diet (HC) + Oligo-chitosan (0) 5.0%

_98_



T8 PTS 346%3THTable 4). 025% FUZEHE FAAPNA 1% |EALT 1S

= woddoM e JEASE 1Y Folo wet dd MoAdHAE 4 FAY AEEE
BT Ho03(p<0.05) 02 AAS ol = 7EASE 1Y Fol(hCo ¥ HCO)E ¢
A Aol HATE A dY FALEY AREES FAH <000 R FAAH L o

W 9= 05% EUl2HE Fol Al 8 AR E3 -Coll Hlass ) 05%¢] 22

ol

=, 05%9 ZHzHE FojHU= 025%9] ZHl2HE Jo7t ATl o 4%
FEFS vHeH, 7EAEGE BRI BEwolM AAREE] AR A
HEH A

Sumiyoshi®} Kimura(2006)= ZA|W2]o]5 Folsk C57BL/6] miceoll 4 46 kDa 7] EA4F

S o] ATEY(oral intubation) S 17~20F Abole] AFF7HE 9% (p<0.05) 0. &
HarPTar Bastglar, & AFE olg HizetA 1% R 5% 7|t HEow
dd HolHdH It dd FA T 7oA (p<0.05) AAE HEHA.
Table 4. Effect of oligo—chitosan or chitosan on average daily feed

intake (ADFI), average daily weight gain (ADWG) and feed efficiency
(FE) in rats fed with high—cholesterol diets.

Items ADFI (g/day) ADWG (g/day) FE (%)
hCV 19.3+1.3 8.0+0.4% 41 4+2.42
hCo? 16.4+2.3° 59+1.1° 35.8+3.5"
hCc” 19.0+1.1% 76+1.0° 40.0+4.7%
-cY 19.2+1.0° 6.4+0.2° 33.5+1.9%
HC 19.1+0.8° 6.5+0.6" 33.7+2.4
HCOY 14.5+1.3" 3.7+1.3" 25.0+6.7°

* The value was mean+SD, ®° was significant differences by Duncan.(p<0.05)
Yhigh cholesterol positive control diet (hC) cholesterol 0.25%.

Zhigh cholesterol diet (hC) + oligo-chitosan (o) 1.0%.

Jhigh cholesterol diet (hC) + chitosan (c) 1.0%.

“cholesterol free negative control diet (-C)
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SHigh cholesterol positive control diet (HC) cholesterol 0.5%
®High cholesterol diet (HC) + Oligo-chitosan (0) 5.0%

3) EAT, A R ARSI A FA R A FANE

Table 5914 0.25% F#H~EHE o] 59 AT Table 39 HATA T v 8t
hColl Hlell hCowoll A #ojAowm vigku, Itap A FAR =4S 22 43S
e ATE 05% FH2HE woladA s o0& o5 s HCOw oA #2] 4 (p<0.05)
o8 EAFIH A WAV wRa, 3+ FAE HCel HlE] - C, HCOwoll A 914
(p<0.05) &2 SHA Heht 7 FA Blgo] -Gkl 2] H (p<0.05) 22 ST

AN Bl mel RE ToA RAF, 00 A% RAY daske 43 B

8
&

]

53] 1+ FAZE T3 (p<0.00) 8.2 E}H hC, hCeatell A AAAZE F7hel] whe} {94
(p<0.05) .= It F-A H]&o] ol 025% FHl2EHE wolat 1ke] Aozt §lojxieh 4l
& Al W& hCetoll ARt A2 el whel 7214 (p<0.05)! #a7F B2 v 05%
Zel2HE g5 1 FA HES HC, HCOw ol A 12417F A Aol u]a 24417t A 2]
Al o4 (p<0.0b) o & A, 53] HCOw S b 74 v|&9 AR - Catdt Bl

Fos et

=, 025% ZH2HE FoAddolMe F FA Hleol & ke Afo|rh Holx] ekgko
t, 05% S =HE Fo] Al 3P FA Hl&o] HC, HCOOl Hlsl - Catol A 74 shol &
dadE HJolol dFol Tl w3 F FAZ 7oA (p<O.05) o =UdE L5 (hC
hCc, HO)ell A AAAIZE S7tell whel #94 (p<0.05) 0.2 It A H&o A7 vekst
o 71EAE ey J|EAke] B 3 FA Moy A FA Bl FElE

= T4 Falh

Gallaher 5(2000)2 0.125% ZF# ~EHE3 10%9] 71EARS BEg wister & F oA Al
T3 3 FA AAE Bagoy, s8] Ao J|EA ] o7 AFoluyt I FA A
3= UEEA F3th o= Gallahere] Aol el -2 AFolA BF3 7R
Fol 1/10 &= Jrell HA] o} o] gk 71EAke) AT g7t Yehrld= #5334
Aoz Atzdh

Jjm

r‘
j;
(e

O

?
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Table 5. Effects of oligo—chitosan or chitosan on slaughter weight (SW), liver weight (LW), liver weight (LW) rate,
kidney weight (KW) and kidney weight (KW) rate by fasting time in rats fed with high—cholesterol diets.

It SW(g) LW(g) LW rate KWi(g) KW rate
cms

£ & (LW/SW, %) £ (KW/SW, %)
Fi‘fggg 12hr 24hr 12hr 24hr 12hr 24hr 12hr 24hr 12hr 24hr

hCY  302.1+19.9° 2784+56™ 151+2.4* 115+04™ 50+0.74  4.1+02°  27+0.0* 24+0.1* 091+0.0" 0.84+0.0"
hCo? 231.6+39.7° 2365+44.7° 10.8+3.1" 9.7+2.6° 46+05°  4.0+04> 21+02° 21+04> 091+0.1®* 0.88+0.0*

hCc”  256.8+43.4™ 2932464 13513 11.7+05 5308  4.0+02° 24204 23+01" 094+0.0"  0.80+0.0°

-CY  289.7+9.3"  2859+6.3* 10.3+05° 10.3+06°  3.5+0.1° 3.6£0.2°  24+02* 22+02"  0.83+0.0 0.75+0.1
HCY  292.3+259* 279.4+151% 13.7+1.1* 115+0.7° 4.7+02*  4.1£0.1"> 23+0.1" 2100 0.8£0.1 0.75+0.0

HCOY 22974284 1888+30.4° 10.3+2.6"° 6.0+1.7° 44+06™  31+04° 1.8+0.3° 15027  0.740.2 0.82+0.2

* The value was mean%SD, ®* was significant differences by Duncan.(p<0.05)
Yhigh cholesterol positive control diet (hC) cholesterol 0.25%.

Jhigh cholesterol diet (hC) + oligo-chitosan (o) 1.0%.

Jhigh cholesterol diet (hC) + chitosan (c) 1.0%.

“cholesterol free negative control diet (-C)

SHigh cholesterol positive control diet (HC) cholesterol 0.5%

®High cholesterol diet (HC) + Oligo-chitosan (0) 5.0%
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4) BHe] F Z¥~EHE, HDL-Fe2HE, HDL-Fd2HE v& 2 F S48 5=

g3 TC sxx 05% ZHzHE F9° wat F94 (<052 S/
0.25% Ze 28 Foliolre g4 TCE -Cohtks 238 v 43S nyr 8
d TGE hCitHEt= hCowtoll A, HCeF HCOw R b= -CaolAl oA (p<0.05) o2 =
*th 025% FH & Foad e, @4 TC, HDL-C, HDL-C H]&-2 * Ztol| zo]7}
AL, 05% ZezdHE FoldgdA 4 TC HDL-C, TG BF wHE o2 43S
UeEtiolth 5, 5% 71EASe s Bl wel HDL-C %7F 743l 05% e
HE g9 ng} TCx F71eta TG A dth

AAANZE F7hE 025% ZHlzdHE wolares] 3 TCS HDL-Col= d&s m| A4
283, hCorollA B TGFEE 940622 AAANAL 05% Ze~HE F
o] Al HCOw oA 83 TCEEF 794 (p<0.05)0]a SAISHAl FAE AL, whH) A2 A
ko] 7S E dH TGE 194 (p<0.05) o2 F7H= e

2o] F 3% EE 45% WME) oyt 46 kDa 71 EAMEE 1Y B35S I TG
FIFS MAA gron, dF TC wmwte] Aolo] Agetako] F7hgtel whel #2o]4 o
2 Z74a, 46 kDa 7|EANSEaY B wEl fojdow fragvia RuFEa
(Sumiyoshi$} Kimura, 2006), Yu 5(2015)% 2AH20](15.8% fat+1.25% =& 28 2)<
F13F apoE-/- micel X 7|EARSE 1131 kDa; 250 mg/kg/day$} 1000 mg/kg/day) H.
S ek F999 (<006 B p<o0DeE A TCH TG7F Aty Hugch

SHARE 92 Ao e 1B S HFo] AlTolut b A el dFE = A

of v &% TCU HDL-C el 94&S nx# Xgor A TGe L3]8 S7Hdrh
Yang 5(2011)<& rate] %4 TC tj¥-#& HDL-CE &3 98] witol &4 TCo
AATEe] wlg =3, FesHE 4 e 1 FAALIS fdo] oHY 01% F
d2HEZd 10% =g 47 ¢ wolg 7IYgadas €49 TC, LDL-C, TG, A%
Abe] FwTb fro)H o Frhlon FAdAe dFe] flda, wE FHel 1F TG
AsHAl F7ker Wi, 7Y F el A= dade] itk ®agk vp oivh 8 Agel= A
=2 A5 A7 "ol miceE AHES Yu $(2015)9 Aol W& dH TCH
G 79 Weprh g2/ yehd Aoz Alsdh

oy
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Table 6. Effects of oligo—chitosan or chitosan on serum total cholesterol (sTC), serum HDL-cholesterol (srHDL-C)
rate, serum LDL-cholesterol (sLDL-C) and serum triglyceride (sTG) by fasting time in rats fed with high-cholesterol

diets.

It TC(mg/db) HDL-C(mg/d) SHDL-C rate TG(mg/dl)
cms S m S - m S m

& & (sHDL-C/sTC, %) &

Fi‘fnt;gg 12hr 24hr 12hr 24hr 12hr 24hr 12hr 24hr
hCY  101.1420.2 95.0+8.8 50.142.9 56.9+46.2 511117  60.1+7.6™ 62.0+13.4° 57.5+15.1°
hCo? 836436 97.1+19.6 38.4+14 58.1+21.4 459+1.3° 6244257  88.4+14.9" 56.2+17.1°
hCe?  102.1+11.6  80.9+143 48.0+6.2 56.9+10.3 47 3+7.0° 70.4+4.3° 711165  50.0+10.4
“CY 11714735 104.9+5.0° 40.4+2.2° 449445 346307 427423 66.7+24.8" 85.1+7.7°

HC”  207.0+94.4™  132.7+20.0" 42.2+3.6" 43.6+16.8" 27.2+21.0  34.0+16.8"° 36.9£6.5" 65.4+14.7°

HCO®Y  239.5+74.2° 58.0+26.4° 24.2+51P 31.6+11.2% 11.0£4.0° 61.2+34.2% 41.3+7.1° 32.6+11.7°

* The value was mean%SD, ®* was significant differences by Duncan.(p<0.05)
Yhigh cholesterol positive control diet (hC) cholesterol 0.25%.

Zhigh cholesterol diet (hC) + oligo-chitosan (o) 1.0%.

Jhigh cholesterol diet (hC) + chitosan (c) 1.0%.

“cholesterol free negative control diet (-C)

SHigh cholesterol positive control diet (HC) cholesterol 0.5%

®High cholesterol diet (HC) + Oligo-chitosan (0) 5.0%

- 103 -



) 3re] & ZelzHE 2
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FTCo TGE FdlzHE FoFse] Eobded wet F7hdch 025% e 2HE +
o] Al 7Fe] TC9F TG e ot 7+o] Apol7t gllom, 05% Fell2HE wold gl
ITCE HCO, HC, -Ci+ =22 #23(p<0.0h) 2 #4aFa, TGE HC, HCO, -Ci+ &
o2 FH (<0G E FaFT 53] 05% FU2HSE Fold HClA Y TGEE
S7PF AA 5 vlE Atk sk, AAARE bl wE ke Ak Wil
025% Ze|2~HE T ol Myk #E o] AT 24X 7o 2 F7hgol wak hCow ol
A TC7F F2) 4 (p<0.0p) 2.2 57134

Table 7. Effects of oligo—chitosan or chitosan on liver total cholesterol
(ITC) and liver triglyceride (ITG) by fasting time in rats fed with
high-cholesterol diets.

Hems ITC(mg/g) ITG(mg/g)
12hr 24hr 12hr 24hr
hCV 16.9+0.1% 18.0+1.2 33.4+3.6 39.5+7.8
hCo? 16.8+0.4° 18.2+0.3 36.4+2.2 42.045.7
hCc” 17.6+0.6™ 18.1+0.4° 43.0+2.8 41.3+7.9
-cY 47+0.2° 5.0+1.6° 19.241.3¢ 17.244.2°
HC? 40.4£1.0° 37.9+5.3" 112.1+6.5 113.9+8.8
HCOY 45.0+1.9° 447419 82.6+13.2° 77.849.7°

* The value was mean%SD, ®* was significant differences by Duncan.(p<0.05)
Yhigh cholesterol positive control diet (hC) cholesterol 0.25%.

Zhigh cholesterol diet (hC) + oligo-chitosan (o) 1.0%.

Jhigh cholesterol diet (hC) + chitosan (c) 1.0%.

“cholesterol free negative control diet (-C)

SHigh cholesterol positive control diet (HC) cholesterol 0.5%

®High cholesterol diet (HC) + Oligo-chitosan (0) 5.0%

il

LeHoux$t Grondin(1993) 353t 1% Ze|2ElE 2ol 75%% HFsE 70 kDadl
71EARS FHollA EH I o] TC FF5 47 M%% 64%= 3T} HMG-CoA
reductase®] &44& A AaAZ T Bt spARE B Ao AR 7] B4R
13 HEFF(1%s 5%) 919 A 1] FH2HE AradE GASHA YR
7lol= F=Rgke] Qo] ®elar, Aelof wigtele] JEAEY LTS HEAY B Adde

22 Sumiyoshi®} Kimura(2006)= HE= 7| EARS g 8RS ATES] g9} F+

il
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~87)0l Wla] ALS7ITke] 4T WSk, URE 200~250 ¢ AFBW AE AgTE
ol Wl Ao o7l F(U~55%, 80~130 g BW)E ARgSt] Al 2dEE 2
dElE tatel ol ot mEe B3k sl ofelgol Utk Anandan
5(2013)°] old e} 52 FolAl 71EANY Festa s gl Ajlelx 120~150 g
BW(2~3¥%) FddlA+= 350~400 g BW(20~25€5) FA #ZEJA 2% 7|EA B
Fol we @4 TC, HDL-C, LDL-C 5=@sv} Bas 4 gk,

6) GOT, GPT €4 =

rel GOT+= 025% Zuz=HE Fofd@elA hC, hCerel Hlg} hCotoll A o4
(<O o= =Skou, GPT= o 7] Abol7} glQdHh 05% Zdl2HE FolddolM =
GOT, GPT R o 3] #2ol4<Ql Zol7} IStk A4 Aol W& GOT, GPT 2749
s vehub sk,
Table 8. Effects of oligo—chitosan or chitosan on serum glutamate—oxaloacetate

transaminase (GOT) and glutamate—pyruvate transaminase (GPT) level by
fasting time in rats fed with high—cholesterol diets.

Htems GOT(IU/ ¢) GPT(IU/¢)
12hr 24hr 12hr 24hr
hCV 65.2+4.0° 69.1£11.7° 19.3+3.4 18.6%3.0
hCo? 96.9+33.5° 97.1+17.4% 21.4%7.0 21.2+24
hCc? 64.0+6.9° 77.8+5.1% 19.6+2.7 175+1.7
-c? 80.3+8.2 87.1+8.1 251425 27.8+1.7
HC” 86.610.3 86.2+11.2 175445 18.4+0.9
HCOY 99.9+21.9 113.4+36.0 22.1+4.3 34.1+31.0

* The value was mean%SD, ®* was significant differences by Duncan.(p<0.05)
Yhigh cholesterol positive control diet (hC) cholesterol 0.25%.

Zhigh cholesterol diet (hC) + oligo-chitosan (o) 1.0%.

Jhigh cholesterol diet (hC) + chitosan (c) 1.0%.

“cholesterol free negative control diet (-C)

SHigh cholesterol positive control diet (HC) cholesterol 0.5%

®High cholesterol diet (HC) + Oligo-chitosan (0) 5.0%
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FFANLAE UENAD, 7R HFAHA e thE el o) 20299 Fel
g 448592 YEIAHGallaher 5, 2000). E in vitrodl N F1EAE A 4v)
hgel A4S FHADT F dkn LA ol Guba 5, 2006) 7R el E

Aol glo] welth B APAE A
et Sl Hold AR JEASYLTL Aolg} ReaN FFE Alie BT
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A

13S BEFS v 3 HDL-Co %7l 484 oz ol dcle] & 4= Qi) &
3 A zaoA ZY2HE Zd3d A= NPCILIY 34 71EARL 2 1Y e ) 8l= o
A Z93t ERC AFole] NPCIL19] o]F5& A AA7|al o] wjiEol] Tt Ao FyAeHE A

A WAL ARl A ENSnge] nEoR s WsE A FdsUE B4}
7} AAARE F7hel wheh 1 WSl
AIE9L C57BL6 miced] 2FoAE 24X Eet TS AAE)ES o NPCILI
mRNASH NPCILLY] #dlo] fo402 7adthn vudth vz =& g %5
= AgAon 24 49AEe] NPCILL Bdo] dFe ol @

ans
Ho
Ao
=
)

Zo|t}. Malhotra 5(2013)2 CaCo-2

Prl
HT
1o

71tk Hask tH(Gylling 5, 2004)3L, Ravid %5-(2008) Y2 CaCo2 Al
¥4 NPCIL1 2&S F7kA17]an, SR-Bl @A el <3} HMG-CoA reductase®] 24
T AaAZETAL Baskdth 5% e 2HE 657 woluh 48X A Ao net FHd
A 7he] Y ~EE AL AAsH gtk stck(Dietschy @ Siperstein, 1967). &
ARoAME 025% Zel=elE Folatel e 05% Zel2HE FolaollA At uf
& SYzHE AR A 7EE em B g vk & A AAAZE ST
el oA F FA BE dolA faste A BoH, 53] 0.25% FH2HE
wolok 1% 71E4e B3k hCe ol #+94(p<0.05)%] #aE Hol 22 59 =¥
ZHE Fola TolA A b FAZ 7P =9 hCewtol A Aol mh& 1+ 77
b o FEgA Btk 24XRPe R AAARE St whE 7Rl A Wk |l
Ao, Ao TCE 5% 7|EAMEE 1Y HSa(HCOT) oA 12417 Aol w8 1/44
T8 gaste] g z2at(-Cah)H vsg FEs UEslth oE A AR 242 8l
o] BT F= gA S8 AFNME 05% Ze~HEe wole 7IEAbsT e A

FHoll wpet Aol A o] FezHE ARl of AE AsEAaL, 24X Aol et
S EEg T2 QI3 FUzHE AR AsrE ZhEEo] Al 3 FAe 94

TCS FA3 A7 olojA Aoz Z==Ht} old H|F 05% ZoAHET A&EHo7
HolH A HColu AAolE Hogld - Catol M= AAARE S7t me g3
TC #2337t Fo4 o yeh] ot o2 F2& sieis)si ik

Yyl AR, A7 e = FEe] Ao ZY2HE e X 91 Adty 2y
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EA T Alzete] F¥2EES 23 v d ¥ (sphingomyeline; SM)# ZAgsto] A4
gl wHls FAgstar, o]H g AAHE Ll AEA S #ejgttal Fek(Simons
9} Tkonen, 1997). Das 5 (2014)o] w24 Axzdtel= 7MAAd 59, SM-48] 59, AlxE
7b Aokl # oW Afe® WEk e 5 39, F A FEsHE 390 3l
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