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Characterization of Squalene Synthase Inhibitor Isolated
from Curcuma longa
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An inhibitor of squalene synthase, a key enzyme in the cholesterol biosynthetic pathways and a target for
improved agents to lower plasma levels of low-density lipoprotein, was sequentially purified from Curcuma longa
by acetone extraction, silica gel column chromatography, and sephadex LH-20 column chromatography. Active
compound, YUF-01, was successfully purified and analyzed as C,H, O, by electron ionization mass spectrum.
Through ‘H-NMR and “C-NMR analyses, YUF-01 was identified as curcumin, which showed strong inhibition

of squalene synthase.
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Pig liver microsome2| £2|

A 7+ 100 gS BA Boix FE3] ORI 200 mLe] 9
(0.1 M potassium phosphate, pH 7.4/0.3M sucrose/5
mM DTT/10 mM MgCL/50 mM KCl& A713 o w2
33ttt 4,000x gl 1587 AAEEE T o AT
< Fskal oAl 15,000 gl 3087 AR E S
HAEEE Qo A5HES FH3l 105,000X g 1A17F 2
AAEHE 8t microsomes FAXAZTH AHEL 3] 50
mLe] 58S Frpste] FFSIAITIAL 105,000X goll A 305
7+ 294292 FAE microsomes E Ao FEAA
squalene synthase 954 213t §hgo= AMEIIHTHB),

Squalene synthase2| &M X

Wk $HEH(100 mM potassium phosphate, pH 7.4 /5 mM
MgCL/100mM KC1/10mM DTT/2mM NADPH) 100 uL
9} microsome(1.92 mg protein/mL) 50 uLE 3t 37°C]
Al 1087 WUXIA1Z1 F 71221 [*H]-farnesyl pyrophosphate:=
Foixl FEHZ 10uLE F7MA 37°CoIA 3027F HEEA]
Zrt. old, PHl-farnesyl pyrophosphate®] specific activity:>
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100 mCiMo.2 At AHE-att). ¥hg-8-91e 200 uLel
J7}8 ethanole F7H8] W& HAAIZI F n-hexane R
33] $23}o, hexane®# cocktail solution &3] scin-
tillation countinghe WHOZ FAHAGL ZH 3T,

Squalene synthase0l| CHEF Xfsf &4do| FH

Squalene synthase As1E&d A|EE wHgH] HU3E A
AHEH ANES EA &S gAY cpmit AolE A3}
o Z4849 AAF=E Tk A EE AIE 10pL
¢} k8- ¢1=(100 mM potassium phosphate, pH 7.4/5 mM
MgCl,/ 100 mM KC1/10mM DTT/2mM NADPH) 100 uL
9} microsome(1.92 mg protein/mL) 50 uLE &338ld 37°Cel]
A 1087 WX A7) 3 125 uM [3H]-farnesyl pyrophosphate
10uLy] 718S A7Ist 37°CelA Tl 3027 wHeAIF T
200 pLe} ¥7rst ethanole F713) W& BAANZ H -
hexane© 2 338] &3}, hexane®# 5mL cocktail solu-
tion2 E&3ta] scintillation countingdl= WHOZ A A
g SAAHE?

AREZ17]

994 242 93} liquid scintillation counter= Beckman
Ate] LS 65002 ARE-3FTE High performance liquid chro-
matography(HPLC):=  pump(Waters  510)%}  auto  sampler
(Waters 717 plus), UV detector(Waters™486)% fraction col-
lector(Waters fraction collector)E® A& TE UV-Vis spectro-
photometer(Beckman DU series 600 spectrophotometer)E o]
g3to] 190014 800 nm7HA] scanningsle] UERE UV-Vis &
& Ahes #FE39 T Mass spectrum  JeolARS]  IMS-
AXS505WA mass spectrometerS AME-3F13. NMR spectrum-
Varian UNIT 400MHzE ©]|8-3}d 'H-NMR spectrum->
399.65 MHzlA], BC-NMR<& 10040 MHzol A S5 h.
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£F(Curcuma longa) 200gS 2L acetonel 2 12A]7h
B¢t 33 9 &3 § AEEE A5AE q3g o
S AAEEIIAT. 5E5AE FTHTE BHSIY ethyl acetate
(EtOAC)E. &3 S ZAUEE3 silica gel column chro-
matographyS 3171 $1% A& ARSI Silica gel 400
mLE 4X30cm columndll -5 $1e] AEE loadingdted
n-hexane¥}t ethyl acetate®] FAJH]E 8:2, 6:4, 4:6 &

2R 4008 olgdll B 10mLe] 4402 sRHoE

&5t Coumng F#4F §5U2 UV. detector(254
mEZ UVEZFEE ZAH3}e] recorderd] 7|53l fraction
collector® ©] &3t E&33th ©] 7% n-hexane : ethyl
acetate®] F/d0] 4:69 &ufolA] squalene synthase #1314
S Z2e EZo] #EHY fEHe g #FY F U2
o2 tg AAFAH AFEE AFE3IHT. Silica gel column
chromatographyoll A &% SAEES TolA AAFSH3IL
2%9) methanolol] 2313} t}. Sephadex LH-20 gel column
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«— Acetone extraction(3 times)
— Centrifugation

]

Supernatant Precipitate

«- Evaporation in vacuum
< EtOAc Extraction(3 times)

—

Water layer

EtOAc layer

<« Dehydration
< Evaporation in vacuum

Silica gel column chromatography

< Elution with 20, 40, 60% EtOAc in Hexane

Sephadex LH-20 column chromatography
«— Elution with MeOH

Crystallization

YUF-01

Fig. 1. Purification procedure of the squalene synthase
inhibitor from Curcuma longa.
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Fig. 2. PC-NMR spectrum of YUF-01 isolated from Curcuma
longa.
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Fig. 3. '"H-NMR spectrum of YUF-01 isolated from Curcuma
longa.
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Fig. 4. EX-Mass spectrum of YUF-01 isolated from Curcuma
longa.
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AoH AGES YUFR-01°12 HHel$ithFig. 1). 4% YUF-
019] 55 #43817] st WatersAk2] C18 column(4.6X
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YUF-01¢| Wik 7% A48 98led BC NMR spectrum-S-
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catbone, 56.31 ppm Alololl A methyl”}®] carbonS E<ldh
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Table 1. Physico-chemical properties of YUF-01 isolated from
Curcuma longa

Properties YUF-01
Appearance Yellow powder
UV(MeOH) A, € 421,243
EI-MS 369
MP 187°C
Molecular fomula C,H,,0¢
Solubility
Soluble MeOH, EtOH, EtOAc, Me,CO

CHClL,
Insoluble Hexane
TLC (Rf)

Hexane-Ethyl Acetate (5 : 5) 0.38

HO H

HC—0 ¢ 0—CH,
H

Fig. 5. Structure of curcumin isolated from Curcuma longa.

proton®] #ZE 100 391 ppmell A= methyl”] 2], 2.87 ppm
oAl hydroxyl”’19] proton peak’t Z+zt EI=]|th(Fig. 3).
Electron ionization mass spectrum(EI-MS)©2. 2 ¥4t 23}
TEAFe] 3680lehe AL 4 ¢ JReH 177, 154, 136 5
oA main peakE 2l & F SUAThFig. 4). o] 717]
4] Aot 918183 42 (Table 1)°] 71E9] 1,7-bis@-
hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione(curcumin)
I XYL I 25 Fig 59 29Ut Curcuming =]
kA, A, ddEA T2 4EA A2 squalene
synthaseel] THE Ash &zt tisir = o}&7tA] B F o3
u} @\q_(zs,w).

Curcumin0ff 2|8} squalene synthase X2}

Squalene synthasesl] ThE curcumin®] AF Q) A axE
glst7] 9l curcuming F=EE A2 3IATE. Squalene
synthase curcumin®) ©J8 FEEHO T AFHES wgko
H curcumin® IC, #3100 uMO] At} Squalene synthase®]
718 e curcumin®] B AFE E1] s A
A FEE 0, 0.1, 0.5uME 7tetar 71A9e ¥EE gty
0.5, 1.0, 20, 50uM) 49 4L =43 T double-
reciprocal plotg 233t} AaFA S ZA%E A3 squalene
synthasell T3l non-competitive inhibitor2 Z-&3k= Ag &
T AUATHFig. 6).
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Fig. 6. Lineweaver-Burk plot of squalene synthase in the
presence of curcumin.
(: No inhibitor, @: Curcumin 0.1 uM, [J: Curcumin 0.5 uM.

o|g}etd EA3 AEIH 5SS AESIUT Squalene
synthase A &2 2 acetone exiraction, ethyl acetate extrac-
tion, silica gel column chromatography, sephadex LH-20
column chromatography, 233} 5& ©|&3to &g - ZA3t
o YUF01& a1tk 7171848 B3l F2E4Ee 9%
A3} YUF-01& BEAF 368, 414 C,H,02% #4=3
or 2433} 421 nm A UV-VIS §3S JepiIR BC
NMR spectrum®} 'H NMR spectrum® HE3GYS 9 aro-
matic ketone %21 curcuminoid A%< curcumin} Y=}
™. Squalene synthaseo} UI¥ curcumin®] IC, 7
100 pM©] 2.4, non-competitive inhibitor= 2H-§-3}31T}.
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