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Table 1. Characterized enzymes of isoprenoid biosynthesis

in higher plants and animals.

Characterized

enzymes  Higher plants Animals

AcAcCoA thiolase sweet potato root(47) rat liver (20,22)

HMG-CoA synthetase sweet potato root(47) rat liver (20,23,24)

HMG-CoA reductase sweet potato root rat liver (25,26)
(93,94)
" Pisum sativum (95)
MVA kinase pumpkin seedling(53) pig(49,50) and
rubber latex (54) rabbit (51) livers
French bean (56-58) rat ovary(52)

Agave americana (45)

PhosphoMVA kinase rubber latex(63,64) rat(65) and pig (66,
67) livers

MVA-PP rubber latex (64) pig liver (68,69)
decarboxylase sweet potato root (96)

Isopentenyl-PP pumpkin fruit (75) pig liver (71-74)
isomerase caster bean(97)

Prenyl transferase pumpkin fruit(75,80) pig liver(73,77)
Equinocystis
macrocarpa (81)
caster bean(97)

Squalene carrot root (87) rat (83) ,pig(84,85)
synthetase ' ' and beef (86) livers

Figures in parentheses represent reference numbers.
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Table 1. Effects of pyridine nucleotides on mitochondrial or microsomal HMG-CoA reductase

activity
Mevalonate formed
(nmole/30min/mg)
Mt fractions from Ms fractions from
Deletions Additions Hg-treated tissue Diseased tissue Hg-treated tissue Diseased tissue
None (complete)? None 0.271 0.135 0.221 2.54
(100) (100) (100) (100)
NADP None 0 _—
(0)
NADPH regenerating None 0.104 0.045 0 —_—
system (38.4) (33.3) ( 0)
NADPH regenerating 8mM NADP 0.041 0.047 0.001 —_—
system (15.1) (34.8) (0.5)
NADPH regenerating 8mM NADH 0.066 0.024 0.001 0.005
system (24.9) (17.8) (0.5) (0.2)
NADPH regenerating 8mM NAD 0.042 0.051 0.008 —_—
system (15.5) (37.8) (3.6)
NADPH regenerating 8mM NADH 0.034 0.020 0.006 _
system 8mM NADP (12.5) (14.8) (2.7)
- 0.5mM ATP o

a, standard assay conditions.

Mitochondrial and microsomal fractions were prepared in the presence of 1%(w/v) BSA from Hg-

treated and diseased tissues, respectively. Figures in parentheses represent relative activities.

I
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Fig. 1. Effect of substrate concentration on HMG-CoA reductase
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(a) and (b) show the effect of different concentrations (S) of
S—-HMG-CoA on enzyme activity (v) and the corresponding

Lineweaver-Burk plot, respectively.
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NADPH regenerating system, respectively. The other ingredients
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for various periods were used for the assay of HMG-CoA
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for determination of terpenes in diseased and cut tissues,
respectively. At zero time, fresh tissue was used. (0Q),
activity of HMG-CoA reductase; (®), contents of terpenes.

and ----, diseased and cut tissues, respectively.
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Table 1. Effect of 1% (w/v) BSA on activities of HMG-CoA

reductase and other membrane-bound enzymes

+BsA? -BSA
ME M= ME . Ms
Cyt. ¢ oxidaseP 3.58 4 1.25 4.98 0.83
0.71)94  (1.51)
NADH cyt. c reductase®  1.24 1.10 2.02 0.70

Anti. insens.
NADH cyt. ¢ reductase

(0.61)  (1.10)

0.36 0.99 0.38 0.40
(0.95) (2.48)

NADPH 0.36 0.37 0.38 0.41

cyt. c reductase

b (0.95)  (0.90)

HMG-CoA reductase® 1.59 2.76 0.76 1.29

(2.09)  (2.14)

a,

b,

C,

d,

Mt and Ms fractions were prepared from diseased tissue in
the presence of 1% (w/v) BSA during the preparations.
change in absorbance at 550 nm per min per g fresh weight.
amount (nmole) of mevalonate formed in 30 min per g fresh
weight.

ratio of activity in the presence of BSA to that in its

absence.

"antimycin A insensitive" is expressed as anti. insens.



A

FFA contents
(nmoles/mg protein)

FFAs A (B) | vlélT%TLEL x 100(s)
PA 98. 3 36.3 63.1
sA 15.8 8.6 45.3
oA 8.2 3.5 56.6
LA 35.2 20.4 42.0
LNA 4.9 3.1 45.3

PA: palmitic acid, SA: stearic acid, OA: oleic acid, LA:
linoleic acid, LNA: linolenic acid. (A) and (B), FFA contents
of BSA-not treated and BSA-treated Ms fractions, respectively.
Ms pellets were prepared from diseased tissue in the presence
and absence of 1% (w/v) BSA during the preparations, and then
washed one time with suspension medium (0.05 M potassium
phosphate buffer, pH 7.5, containing 0.5 M sucrose, 1 mM EDTA
and 1 mM DTT). Final Ms fractiéns are called "BSA-treated Ms"
and "BSA-not treated Ms", respectively.



Table 3. Compositions of the endogenous FFAs of BSA-not

treated and BSA-treated Ms fractions.

Ms fractions
BSA-not treated BSA-treated

FFAs (% of total FFA)

LAA 3.8 9.8
MA 2.9 4.4
PA 54.5 43.9
POA 4.5 5.4
SA 5.8 6.8
oA 3.1 29
LA 21.3 22.0
LNA 1.8 2.4

LAA: lauric acid, MA: myristic acid, PA: palmitic acid,
POA: palmitoleic acid, SA: stearic acid, OA: oleic acid,

LA: linoleic acid, LNA: linolenic acid.

ys
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Fig. 1. Inactivation of HMG-CoA reductase during preincubation
and its prevention by BSA. BSA-not treated Ms fraction was
preincubated for the indicated times in the presence (0O) or
absence (@) of 1% (w/v) BSA, then the activity was assayed

as described in Experimental Methods. Each point represents

the average of two experimental data.
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Fig. 2. Arrhenius plot for inactivation of HMG-CoA reductase
during preincubation. BSA-not treated Ms fraction was
preincubated at indicated temperatures for 30 min and the
activity was assayed as described in Experimental Methods,

then the Arrhenius plot was drawn.
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activity
o

Relative

0 .O
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Fig. 3. BSA activation of HMG-CoA reductase as a function of
BSA concentration. Ms fraction was prepared from diseased
tissue. BSA was not present during the preparation. HMG-CoA
reductase activity was assayed in the presence of the indicated
concentrations of BSA. Relative activity: ratio of activity

in the presence of BSA to that in its absence.
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Fig. 4. Effect of BSA on inactivation of HMG-CoA reductase
'during preincubation. BSA-not treated Ms fraction was
preincubated in the absence of BSA (®). At the arrow, 1%
(w/v) BSA (final conc.) was added to the mixture and further
preincubation was continued for the indicated times (O).

Assay conditions were the same as described in Experimental

Methods.
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Fig. 5. Effects of NADPH and HMG-CoA on inactivation of
HMG-CoA reductase during preincubation. BSA-not treated Ms
(1.2 mg/ml) fraction was preincubated for the indicated

times in the presence of both NADPH (8 mM) and HMG-CoA

(0.7 mM) (0) and a 50 pl portion of the mixture was used

for the assay of HMG-CoA reductase, using l4C—HMG—CoA.

BSA-not treated Ms fraction was preincubated for the indicated

times in the presence of NADPH (8 mM,® ) or 14C—HMG-CoA

(0.7 mM, A) and the reaction was started by adding l‘]'C—HMG—CoA

or NADP (to complete NADPH regenerating system).
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Fig. 6. Effects of exogenous FFAs and SDS on HMG-CoA reductase
activity. BSA-treated Ms fraction was preincubated for 30 min

in the presence of palmiticracid (PA,0O ), linoleic acid

(LA, ®) or SDS (A) to give the indicated concentration.

Ten pl of ethanol solution containing indicated concentrations

of PA or LA was added to each reaction mixture.
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Fig. 7. Relationship between formation of fatty acids in BSA-
not treated Ms fraction and inactivation of HMG-CoA reductase
during preincubation. BSA-not treated Ms (3.04 mg/ml) fraction
was incubated at 30°C for the indicated times and FFAs were

estimated as described in Experimental Methods.
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Fig. 8. Effect of BSA on inactivation of NADH cytochrome c
reductase (antimycin A insensitive) and NADPH cytochrome ¢
reductase during preincubation. BSA-not treated Ms fraction
was preincubated for the indicated times in the absence or
presence of 1% (w/v) BSA. O and @ , antimycin A insensitive
NADH cyt. c reductase activity in the absence and presence

of BSA, respectively. & and A , WADPH cyt. ¢ reductase

activity in the absence and presence of BSA, respectively.
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Fig. 9. Effects of phospholipids plus BSA (@) and BSA alone
(()) on activity of HMG-CoA reductase of BSA-treated Ms
fraction in comparison with that of the control (without

any addition,@@). Each tube contained 0.25 mg of Ms protein
with 1.41 mg of phospholipids from BSA-treated Ms fraction

and 0.1% (w/v) BSA or BSA alone.
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Table 1. Percent solubilization of HMG-CoA reductase and

microsomal protein from microsomal fraction by various

treatments.

. Percent solubilization

Ms
Treatments . protein (mg/ml) . = Activity . Protein
KC1l
2.0M 1.83 8.9 6.6
4.50 . 29.4 7.0
3.0M 1.83 24.1 11.6
4.50 30.0 11.1
Sonic oscillation® .
40sec. 2.25 18.3 20.3
80sec. 1.83 17.7 22.9
2.25 28.8 21.5
120sec. 1.83 27.6 17.2
2.25 39.0 31.2
Sonic oscillation
+ KC1l
80sec. + 2.0M 2.87 27.6 20.5
80sec. + 3.0M 2.87 28.3 18.1
Sonic oscillation
+ Triton X-100
80sec. + 0.5%(v/v) 1.80 49.2 40.5
80sec. + 1.0%(v/v) 1.80 61.7 52.5
Freezing and thawingb
1l times 2.54 11.0
2 times 2.54 . 8.8
3 times 2.54

8.9

a, sonic oscillations were performed at 20 kHz for 20 sec.-

intervals.

b, Ms pellets were frozen in a dry ice-alcohol bath and then

thawed at 4°C. This treatment was repeated indicated times.



Table 2. Effect of sucrose and glycerol on solubilization of

HMG-CoA reductase from microsomal fraction by 1% (v/v)

Total activity(nmole/30min)

in

Additions Supernatant Pellet .. . Percent solubilization
No 1.63 0.89 64.7

208 (w/v)

sucrose 3.95 0.79 83.5

208 (w/v) 4.92 1.18 80.7

glycerol




Table 3. Summary of partial purification of HMG-CoA reductase

Total protein Total activity Recovery Specific activity Purification

Purification step (mg) (nmole/30min) (%) (nmole/30min/mg) (-fold)

Ms suspension® 25.5 5.6 100 0.22 1
Triton X-100

solubilization® 17.4 17.6 314 1.01 4.6
Affinity c.d

chromatography ' 0.7 2.6 46 3.71 16.9

a, b and ¢, assays were performed in the absence (a) and presence (final concentrations;

0.4% (b), 0.04% (c)) of Triton X-100, respectively.

d, fractions were collected from 29 to 33 in fraction number in Fig. 6 (total volume, 10 ml).

Jol



Table 4. Comparison of Km values for S-HMG-CoA and NADPH between

microsomal and partially purified HMG-CoA reductase.

Microsomal H%S;goA reductase partially purified

BSA-not treated Ms BSA-treated Ms HMG-CoA reductase

Km for
S-HMG-CoA (M) 6.5, 21° 11 171

NADPH (mM) —_— 0.44 4.6

a (BSA-not treated Ms enzyme), cited from the data shown in Fig. 1.
of Chapter I.
The BSA-treated Ms enzyme and partially purified enzyme were the

same as shown in the legend to Fig. 10.

Zal



Percent solubilization

0] 1.0 20
Triton X-100 conc.(%.v/V)

Fig. 1. Percent solubilization of HMG-CoA reductase and
microsomal protein from microsomal (2.47 mg protein) fraction
by various concentrations of Triton X-100. Points at the

left end of graph are control values (no detergent) .

O ——0 , solubilized HMG-CoA reductase; @ ——©@ ,

solubilized microsomal protein.
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solubilization

Percent

0 Q 1 1 ]
0 (o]] 02 03 04 05
DOC conc. (%. w/v)

Fig. 2. Percent solubilization of HMG-CoA reductase and
microsomal protein from microsomal (1.80 mg protein) fraction
by various concentrations of deoxycholate. Points at the left
end of graph are control values (no detergent). O——O ,
solubilized HMG-CoA reductase; @ —— @ , solubilized

microsomal protein.
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Fig. 3. Percent solubilization of HMG-CoA reductase from
microsomal fraction by various detergents with different
HLB values. Experimental conditions are as described in
Experimental Methods. Detergents used were Emulgen 108,
Triton X-100, Lubrol Px, Emulgen 220 and Tween 80, for
which HLB values are 12.4, 13.5, 13.8, 14.2 and 15.0,

respectively. Concentration of each detergent was 1% (v/v).
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Fig. 4. Percent solubilization of HMG-CoA reductase and

microsomal protein from microsomal fraction at various

microsomal protein concentrations by 1% (v/v) Triton X-100.
O———0 , solubilized HMG-CoA reductase; @ ——@ ,

solubilized microsomal protein.
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Fig. 5. Elution profile of HMG-CoA reductase solubilized by
Triton X-100 on DE-52 cellulose column. Solubilized HMG-CoA
reductase was applied to a 2.5 x. 12 cm column (20 ml of gel)

of DE-52 cellulose at 4°C. The column was previously
equilibrated with 0.05 M potassium phosphate buffer, pH 7.5,
containing 1 mM EDTA, 1 mM DTT, 0.1% (v/v) Triton X-100 and

20% (w/v) glycerol. Nonadsorbed protein was washed from the
column with the same buffer. The enzyme was eluted with that
buffer containing 0.5 M KCl. The rate of elution was 2.0 ml/min.
Two-milliter fractions were collected. 0 —— 0O , activity of
HMG-CoA reductase (nmole mevalonate formed per 30 min per tube);

0;44—-. + absorbance at 280 nm.
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Fig. 6. Elution profile of HMG-CoA reductase solubilized by
Triton X-100 on HMG-hexane-Sepharose 4B column. Solubilized
reductase was applied to 1.5 x 5 cm column (5 ml of gel) of
HMG-hexane-Sepharose 4B at 4°C. The column was previously
equilibrated with 0.05 M potassium phosphate buffer, pH 7.5,
containing 1 mM EDTA, 1 mM DTT, 0.1% (v/v) Triton X-100 and
20% (w/v) glycerol. Nonadsorbed protein was washed from the
column with the same buffef. The enzyme was eluted with that
buffer containing 2.0 M KCl. The rate of elution was 1.2 ml/min.
Two-milliter fractions were collected. 0 —— O , activity of
HMG-CoA reductase (nmole mevalonate formed per 30 min per

tube); @ —— @ , absorbance at 280 nm.
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Fig. 7. Protein elution pattern of HMG-hexane-Sepharose 4B

affinity chromatography assayed by UV monitor (at 280 nm).
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Activity (nmole/30min/mg) -

d [ 1 1 ] 1
0 2 4 6 8 10.
Phospholipids (mg/mg protein)

" Fig. 8. Effects of phospholipids on the activity of partially
purified HMG-CoA reductase. Indicated amounts of phosphatidyl
choline (PC) or phosphatidyl ethanolamine (PE) were added to
reaction mixtures containing HMG-hexane-Sepharose 4B-purified
HMG-CoA reductase (0.05 mg/250 pl). After 30 min at 0°C,
enzyme assays were performed as described in Experimental

Methods.
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Fig. 9. Arrhenius plot of microsomal HMG-CoA reducﬁase from
diseased tissue. BSA-treated Ms were used as enzyme source

of membrane-bound HMG-CoA reductase. BSA-treated Ms were
prepared in the presence of 1% (w/v) BSA, as shown in Chapter II
(Table 2). The number beside the line shows the activation

energy in Kcal/mole calculated from the slop of the line.
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Relative activity (%)
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Fig. 10. Effect of preincubation at 30°C on activities of
microsomal (@ ) and partially purified (Q ) HMG-CoA reductase.
The microsomal enzyme from BSA-treated Ms and partially
purified enzyme were prepared according to Experimental

Methods shown in Chapter II (Table 2) and III, respectively.
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- Fig. 11. Effect of BSA on activities of microsomsl (@) and
partially purified (0O ) HMG-CoA reductase. The enzyme sources

were the same as shown in the legend to Fig. 10.
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Fig. 12. Lineweaver-Burk plots of microsomal (@) and
partially purified (0O ) HMG-CoA reductase as a function of
the concentration of S-HMG-CoA. The enzyme sources were the

same as shown in the legend to Fig. 10.
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Fig. 13. Lineweaver-Burk plots of microsomal (@ ) and
partially purified (0 ) HMG-CoA reductase as a function of
the concentration of NADPH. The enzyme sources were the same

as shown in the legend to Fig. 10.
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