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The spontaneously hypertensive rat (stroke-prone) (SHRSP) experiences severe hypertension and cerebral hemor-
rhage. The serum cholesterol level in this rat is lower than that in the normotensive Wistar-Kyoto rat. Epidemiologic stud-

ies have indicated a negative association between serum cholesterol level and the incidence of cerebral hemorrhage in hu-

mans. Therefore the low level of serum cholesterol in SHRSP may cause cerebral strokes. The following investigation
demonstrated that the activity for the biosynthesis of cholesterol is decreased in SHRSP due to the reduced activity of
mevalonate pyrophosphate decarboxylase (MPD) . However, the mechanism underlying the reduced activity of this en-
zyme remains unclear. In this review, we indicate that the level of MPD in the brain and liver of SHRSP is reduced from

the age of 2 weeks.
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Fig. 1. The Pathway of Cholesterol Biosynthesis and the Reaction of MPD
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Fig. 2. Induction of MPD Activity in Rat Liver by
Cholestyramine and Pravastatin
Rats were fed powdered chow without (@) or with 5% cholestyramine
(M), or 5% cholestyramine and either 0.1% (A) or 0.5% (QO) pravastatin
for the indicated periods.
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Table 1. Purification of MPD from Rat Liver
. . Total protein  Total units Specific activity Purification Recovery
Purification steps (mg) (units) (units/mg) (fold) (%)
QAE 310 126 0.4 11.0
Blue sepharose 31.6 65 2.9 5.0 52
Hydroxyapatite A 1.13 9.0 8.0 20.0 7.1
Hydroxyapatite B 3.00 27.9 9.3 23.3 22.1
Hydroxyapatite C 5.46 25.1 4.6 11.5 19.9
Phenyl sepharose 0.81 9.89 12.4 31.0 7.8
2nd hydroxyapatite 0.17 1.26 7.4 18.5 1.0
MPD was purified from 15 livers (102 g) of rats fed on CP diet for 12 days.
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Fig. 3. Proteins at Each Purification Step Were Analyzed by SDS-PAGE

The active fractions at each step were subjected to SDS-PAGE, and then the proteins were visualized by Coomassie Blue staining. The relative positions of the
molecular weight standards are shown in the left margine. Phenyl sepharose (fraction C obtained on hydroxyapatite was applied) . 2nd hydroxyapatite (active peak

obtained on phenyl sepharose was applied) .
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Immunoblot Analysis of the MPDs

Immunoblot analysis of the purified 45 kDa (lane 1) and 37 kDa (lane
2) enzymes, the CP diet-treated crude extract (lane 3), and the non-treated
crude extract (lane 4).
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Immunoblot Analysis of MPD in Nonpermeabilized and Permeabilized Rat Hepatocytes

A: Rat hepatocytes were incubated in the presence (P) or absence (NP) of digitonin (40 ug/ml) for 5 min at 4°C, and the cells (C) and medium (M) were ana-
lyzed by immunoblotting. B: Signals of the band were quantified using a Gel-Pro analyzer. C: Rat hepatocytes were incubated in the presence of digitonin for vari-
ous times at 4°C, and the cells were analyzed by immunoblotting. Signals of the band were quantified using a Gel-Pro analyzer. The amount of MPD retained in the
nonpermeabilized cells was taken as 100% . Data are the means of three identical experiments and each varies within 5% .
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Fig. 6. Localization of MPD and Hexokinase in Rat Hepatocytes
The primary antibodies used were rabbit anti-rat MPD antibody and mouse anti-hexokinase.
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Crude extracts (10 nmol/min MPD activity) of rat liver dissolved in homogenate buffer were (A) added to increasing amounts of anti-rat MPD antibody-
Affigel 10 (0.1, 0.3, 0.5, or 1 ml of 0.5 mg of antibody/1 ml of packed gel) equilibrated with homogenate buffer or (B) added to increasing amounts of anti-rat
MPD antibody-Protein A (0.2 ml of 0, 0.5, 0.75, or 1 mg of antibody/0.2 ml of Protein A) equilibrated with homogenate buffer and rotated at 4°C for 2 h prior to
centrifugation at 3000 x g for 5 min. MPD activity in the supernatant was measured.
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Fig. 8. Dose-response Curve of Immunoblot Analysis for
MPD
Five to 180 ng of purified MPD from rat was subjected to SDS-PAGE
followed by immunoblotting. Signals of the band were quantified using a Gel-
Pro analyzer.
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Fig. 9. Immunoblot Analysis of Crude Extract in Rat Tissues
with Anti-Rat MPD Antibody
Slices of various rat tissues were homogenized in 3 volumes of
homogenate buffer and then centrifuged at 106000 x g for 1 h. The resultant
supernatant was used as crude extract of various tissues. Crude extracts in
various tissues were subjected to SDS-PAGE followed by immunoblot anal-
ysis.

Table 2. Amount of MPD in Various Rat Tissues

MPD in tissues

Tissue (ng/mg)
Brain 23+3.6
Heart 3+0.4
Lung 5+0.8
Liver 84+6
Spleen 34+8
Kidney 9+1.2
Testis 42+8

Data are the means of four identical experiments.
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Fig. 10. Induction of MPD Activity in Rat Liver of SHRSP
by Cholestyramine and Pravastatin
Rats were fed powdered chow without (@) or with 5% cholestyramine
(M), or 5% cholestyramine and either 0.1% (A) or 0.5% (Q) pravastatin,
10% cholestyramine and 0.5% pravastatin () for the indicated periods.
The data of WKY fed a CP diet (A).
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Table 3. Comparison of Characteristics of MPD in WKY and

45 SHRSP

kDa- WKY SHRSP

37 kDa MVAPP (Km ; um) 22.7+2.2 22.7+2.5
MVAPP
V. umol/min/me) 7.440.2 6.3+0.5
ATP (Km ; mm) 0.71+0.05 0.81+£0.02
ATP (V. ; umol/min/mg) 5.5+0.2 4.0+0.8

Affinity for Mg2+

a) a)
(Km ; mm) * 1.5+0.1 0.52+0.1

Optimum pH 7.0 7.0
pl 5.6 5.0
Fig. 11. S]?S—PAGE of the Purified MPDs from SHRSP Native M.W. (kDa) 90 90
MPD obtained from the second hydroxyapatite fraction A (lane 1: 45
kDa MPD), C (lane 3: 37 kDa MPD), or the purified 45 and 37 kDa from * The concentration at which half maximum activity was observed.
WKY (lane 2) were analyzed by SDS-PAGE. @ Significantly different : p<{0.0005 (n=3).
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Fig. 12. Comparison of Tissue Distribution of MPD between WKY and SHRSP

Slices of various tissues in WKY and SHRSP fed on normal chow were homogenized. The homogenates were centrifuged at 20000 x g for 30 min. The super-
natants were subjected to SDS-PAGE, followed by immunoblot analysis. Signals of the bands were measured by chromatoscanner. Each value represents the stand-
ard deviation of triplicate determinations. MPD in 1 g of tissues. WKY (M) and SHRSP ([0). Significantly different, p<{0.05 (*).
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Fig. 13. Quantification of the Activity and the Amount of
MPD in the Crude Extract

Crude extract was incubated with [*H] mevalonate pyrophosphate for
15 min. Isopentenyl pyrophosphate formed was measured according to the
method of Sawamura.!? Crude extracts of brain, liver or testis were subject-
ed to SDS-PAGE, followed by immunoblot analysis. Signals of the bands
were measured by chromatoscanner. WKY (M) and SHRSP ([0). Sig-
nificantly different, p<{0.05 (*); p<{0.001 (**); p<<0.01 (***). n=3.
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Table 4. Comparison of the Ratio of the Activity to the
Amount of MPD in Various Tissues between WKY and
SHRSP

WKY

Activity/tissue ~ Amount/tissue Activity/amount

(nmol/min/g) (ug/g) (nmol/min/mg)
Brain 0.43+0.03 15.6+3.60 28.0+4.302
Liver 3.74+0.36 54.2+5.70 69.1+4.90242
Testis  1.6240.02 38.5£1.90  43.0+1.50
SHRSP
Brain  0.27+0.05 8.1+1.57  33.4+0.099
Liver 1.78+0.27 24.241.95  73.9+5.30%9
Testis  1.53+0.08 37.5£1.50  43.1+1.359

Significantly different : p<{0.001 (@, ¢) ; p<0.05 (b, d). n=3.
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Fig. 14. Age-dependent Change in the Amount of MPD in
the Brain and Liver

Slices of brain or liver in WKY and SHRSP fed on normal chow were
homogenized. The homogenates were centrifuged at 20000 x g for 30 min.
Crude extracts of brain or liver were subjected to SDS-PAGE, followed by
immunoblot analysis. Signals of the bands were measured by chromatoscan-
ner. WKY (M) and SHRSP (0). Significantly different, p<<0.05(*); p<
0.01(**); p<0.001 (***). n=4.
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FRFGEAF - REAVIER R R F R, B
kL, ROHRE IR A AL R, Rl g =18
FIROTIREOD LIITONZbDTHY, FTES
DOZRE /2R BN E IR <ESEL £7.
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