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Abstract

Cholesterol have many essential functions as a component of cellular and subcellular membranes, metabol-
ic precursor of bile acids and steroid hormones, and obligatory part of the metabolic systems involved in
DNA synthesis and cell division. These essential funtions demand a continuous and appropriate supply of
cholesterol to the tissues. Body cholesterol pool is maintained by the balance of acquirement from diets, de
novo synthesis, and excretion either as bile acids or neutral steroids. In these metabolic process, cholesterol
biosynthesis is controlled by the change in the activity of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase. Under most physiological or nutritional situations, the activity of this enzyme is adroitly reg-
ulated to maintain tissue cholesterol balance. Excess cholesterol accumulation in the cells induces the de-
crease in the number of LDL-receptor, followed by the increase in the level of serum LDL-cholesterol. In-
crease in the level of serum cholesterol appears to be an important determinant for the incidence of the
coronary heart disease. Dietary intervention may be helpful in alleviating an increase in the level of serum
cholesterol or body cholesterol pool.
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Fig. 1. Schematic presentation of cholesterol metabolism. In
animals on cholesterol-free diets, cholesterol absorp-
tion entirely involves endogenous cholesterol from
the bile.
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Fig. 2. Pathway of cholesterol synthesis in mammalian cells.
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Table 1. Structural properties of HMG-CoA reductase in

Hamster*”

Properties Molecule

Endoplasmic reticulum (ER}
1 chain of 887 amino acids
1 N-linked chain (high mannose)

Cellular location

Protein structure

Carbohydrate structure

Protein mass 97,092 daltons

Carbohydrate mass ~2,000 daltons

Number of membrane- 7

spanning regions

Orientation in membrane NHa-terminus is inside lumen of
ER; COOH-terminus is in the
cytoplasm
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Fig. 3. Suppression of activity (A) and rate of synthesis (B) of
HMG-CoA reductase in UT-1 cells after incubation
with LDL for various times*’.
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hTruncated enzyme (60K)
Soluble

NH,

a Native enzyme (97K}

Msmbrane-bound
COOH

\mmunopreciptable 35 S—reductase
(% of control)

P ‘Additions During Chase
b @ No Sterols
O + Sterols
10 - t—
o or
SL_ 1 1 1 1 L f 1 L i L L
"2 3 4 & T2 3 4 5

Time of chase (h)

Fig. 5. Degradation of *S-labelled HMG-CoA reductase in
cells transfected with a plasmid encoding the native
enzyme (a) or a truncated fragment that contains on-
ly the C-terminal soluble (catalytic) domain and lacks
amino acids 10 to 341 (b)™.

AstAE g0l A4ERVE Boldle 9 rhrtel 2 S
s, a4 FeslE oA cytoplasmic protease
ol 93 £33 E X 7}EA o) 9] ),

HMG-CoA reductase®} LDL-receptor

A XA 873k Zo xS T FFYeR
WA (g 7 JAZ UDLE ARE 4 ot
AR RE FFE A gd), o8& 7%
e AL A E4} A 2] HMG-CoA reductased 5§
Aol A EsA "ot Y, FEHE $3te
ZHAFout, A 52 B8 43t adrenal glandg} 22
A A3} LDL-receptord £3 LDL Jelj2 &

[+]
242



A ZH 2683 3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase 585

Hael &g 5P S 24P o2 Yy HaF &
A8t LDLS) oF 60 % o] AL 7+ LDL-receptorg £
gt AAHT &S 4 4 U AL lysosome
o o3& ¥l LDL 29 Ed 28 &L HMG-
CoA reductase gene?| HALE A&y, AL S
2% o volrl QXY FAb gy Z2bE
LDL-receptor®] A ALE o 4 gr}eo HMG-CoA re-
ductase ¢} LDL-receptor= 2 8] o] 2] 5}e] 2+ ubg}
2.2 g4 z4e| o]Fizc). o] HMG-CoA re-
ductase®} LDL-receptor gene2] 5'-flanking regionel|
26|89 ok ulel mRNAS] HAl&x & 43l
sterol regulatory element g} AR A Q) g 7|wjd S 2+
3L Q7] o Fo]r)rere,

AAMED HH BHAHE

A B FA A Er e B o7t

A AFHA Y2 AE WS T8 FA ot Al
3 S ARdAL FH AL v 2 Fol o]
£ H3eHA sk qlokh Aatel A8 ¥y ZH2HE
FE Wzt 548 4§ Adsn FHolA ¢z,
< AF diEFH AN T2 g Eo od
Eol €3 ZH2HEFE %L FA s}
AL A2 ot ot F& AH st A RF
H2EE, Ao A, i, A FAoz g3
HaeEssel viAe 4% Fd€ wishiE S
A E37| 2 P} Table 2+= A AL & o8] A
FH2HESES} Fodte A7t ES debd Ao
w, o1 F A ¥ vizhFol #d€E £ o

ol ol omlorroox &%

f

Table 2. Possible hypolipidemic mechanisms in relation to
dietary factors

Inhibited (re-) absorption of cholesterol and bile acids
Increased output of fecal acidic and neutral steroids
Reduced rates of hepatic cholesterol biosynthesis

Reduced production of hepatic very low-density lipoprotein
Up regulation of apoB/E receptor activity

Adapted from references’?"1+1%*
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Table 3. Dietary intake, cholesterol absorption and blood cholesterol level in men™

PUFA (n=39) SFA (n=36)

Cholesterol intake Low High Low High
P/S of fat 1.90+0.90* 1.45+0.50* 0.32+0.19 0.271+0.15
Cholesterol
Intake (mg/d) 192+ 60* 820+102* 288 +64** 863 L1671+
Absorption (%) 61+13* 57 +14* 62+ 13** 54+ 13%
Absorbed (mg/d) 116+44* 469 +131* 176 X51* 464 1+-153*
Plasma cholesterol 218+49* 224+46 243+50 248+ 51

(mg/d))

Mean 5D

***Values in the same row with common superscripts are significantly different (p<0.01)
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ol W37} 913l ol Lwsl T 3l

L& ool W B FAlo] AFH e gton o
o S EHN AU EAFAAS RaE A gl
ol F-& n-3 A9 A Akl eicosapentaenoic acid &
docosahexaenoic acid®} 0.5% Az 9 FHAH &
FHh-8tar gloh ol Zhgel A VIDLE] A4t 3 £y
£ oAlsted, 53] ¥ A triacylglycerol A3 A 77}
ovjr}.

Az B2 {7t n-6 Ade] Awwo 7
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HMG-CoA reductase 84L& 714 A7l AxE 23
g el gith ¢4, Grundy®e 83 ZHAHERE 2
Yol glof oleic acide] A% A& 7zt 9o
1, Hayes §*& Zollx|ae] 6% olA} linoleic acid
A #H A 2 Ao B 31| HbAbe] A FH Ak
E5Ee A& Aol R}t S E HF T Q)
oh HZ AR 0L o7l o E WA F o] 43 A Y
oA E3tx|Hkl palm-fr EF5puke) o FH-2c}
A% FoliA HYFA2HEFEE A5G, S
& TolA AWe A olrt H9lS& Wi, A
o] xjutell o) gt FeAl e B Al FRA T o] EA
d& 23 vl old

43 AEA A7 Azjelr). oo
FATe FRAZAINLZAN FIYA L, TF
Al A2 A shAQl & o] 8-5le] gtel. EEAIGNA
of vlgte] M EAGHA ] Zo v EHIAEES T
H2dE 2 G54 Fo Mee} 2dHE wldFot}
2 A7 FEate] AP gale] Ay Aze 24
712l Zadk. A F Fo A&y i
LDL-receptor 9} F-#ll ~8| B FA & sHAA 2}, o]
of Fasted VIDLE #u]7F A 3lsl 7o) B o]
gith (Table 2)*2,

Sugano 57'-& WA off tlFdul A Red A HA FH
2l 2% 52 *3l2} HMG-CoA reductase 34 ¢} AF
s FFse], Aol AHE wjAd Sl o 24
Agog Fr1x] 719 (DL @ 442 S 285
o] o] 4"ty FF3ct eyt Hal Fe] wix]
E o] 43t Aol FEAIQIS dlFd Al d) 22
A reductase 84§ el vt A g B F
Aot ol A x Yo FelrelgplFod A A
reductase 849 F7}o} tEo] EHFH2NEFE
7} ZpashA] vk AR, W3 ol HMG-CoA re-
ductase M Ao FA R A HAYZTH 22557}
Zragtvhs A2, Sl A A o
g4 ZH2HEFEY Fhode FH2HEFAEA 6
w7l &o] T gk 9l-8-& Al AR}

Y, FHA|Qlo] A of vl ste] Aol H FL
28 & F5E dele st Ao slAle

2854 F A8l phosphopeptide= AF ol 4] &
449 QT (QAEFS A conjugate
FEA Aitete] G340 AFFE AAse A
ol slehe Szt FE4Le] AF5E Az &
o W E, Sirtori 5 nEUAHEHSE Aol
dHF A A B2 8y e e E A3lAny
E Bastw glovt, 19883 M EH vl § B
€ ol & AA3A ¢ Qe o we A3t 27
o] Rcpe.

S HRD

S 2dEHA Sl G dig AL 2317
Hholl thgh o -8-AFo 29 s ol ¥ RH P
Schreibman®} Ahrens”'+= 109 2} 7| Ze| &8 2
B}l XA RA B3 2L A RS, 7
o el HHEFH2HE Y A5S B
geod, d53tEe e 2 dE 4P E7
FHE A" 2dHE M-S Aot Raslyg
t}. Blum 592 498 42 & 40% A} o] 2| ¥} (P/S, 0.
QA 3 o X fdo] B3R 2 AR 5% 4] o] x]uh4
(F2 2x3A4hE Fslg S o, 83 FHAHE
FEE 5% Aol XA ATl deokvd ¥ wstgdch
A HETEY SHARS 29 LDL-F A
52 s 39l FAE o, HDL-E32H
EFEY e AR M GA=E . w3t
£ A dHFAN2AE TR vAe JAge
2 FFel et Gebich FEAYANA, dEFE A
g Ao AteHe] (FAbY ALt go
HAETE YA EFES) oAl 2
25 I A ZHAdE e Aste s

“peful, ol RAY WIS T EAs TR
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= ZEP ), R, e wE HEE B
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Table 4. Relationship between change in plasma cholesterol levels and sterol synthesis rates™

Compensators (n=52)

Noncompensators (n=23)

Cholesterol intake

Low High Low High
Plasma cholesterol 237 +45 234+41 214+58 240+63
(mg/ml)
% increase 0 12
MNL sterol synthesis 9.6+£27 7.1+21 9.1+£27 8.0+1.7
(pmol/h/10¢ cells)
% reduction -26 -12
Mean +SD
o L F 5 U AT EFEED H AP olZiza: Hzn ZYAHE
5§ A Q. Reiser S5 Aol 15%2] 4
FR2A o] F 75%% deloz Wy, HMG- 37Hd Y 26 & (53] IDL-ZAAHE) 5
CoA reductase &A1z} EHE FZ4 wfjde] A3 HAFAAsEY 93 APAARE UdeA 9le
F5e e, ot AN BE A Atate] 2

A4 Wb S oMo g2A, 3 2 RSF
#2829 turnover X § FrAIIch Ao ety
WA 2’ Aol e Eal2RE AR
] F 244k (53] propionic acid)& 7 reductase &
AL A ZIgE Bt oloh™. Ko f-9] EaA
st A o] A3t 5T FAo] glupereee gy,
-

£ oy ol

AL duA] AL A EAEFHAHE B2
E 7}4A1 714, 743 HMG-CoA reductase $43-2 4] o]
A ghell o8 232 FrFghch.

HMG-CoA reductase EMXsHAIE

AF7AA] ZA 282 HAZA AL GBS
g T A BV Aol 2’ Ao, B9
A g Rag 5o FAR, 2 Tede Aot} Ale
AEFoate] ZH28SFAANANE H Y3l A
TF7F A= o] gepere di AolEkd, A4S Ey
FH2HEFEE A4 7, HMG-CoA reductase
AL ZAAAAD™. vz S 252 Y
28 & FE 9 HMG-CoA reductase A& 714 A 7]
%, 72 (capsanoid)= Z8| 28 FHIA YT
A2HE FE 2 ASA A, BE]F tocotrienol A
& HMG-CoA reductase 84§ 7+ 4 X711, §H 2
A2b &g FETH. Bobek & vjAl9] ¥4
FH2dEA AL nasty gl 9, Fuely
F FrOL At golRe] 2559 YFHAHE A
g2 B ey glon, Hal £ AEde 2
B ZA2HEHAY HAEAE HFAso, o]q gt
AgAL AFE stz

< G dAF= HAFNA3} ) ut o] Hy
A2EEFE] Adet o] S718ln Qg8 v
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