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The activated sludge is widely utilized for the processing of waste water but the studies on
the microorganisms which play a central role in the activated sludge treatment have not been
fully performed vet. In this report, based on the study of the melabolism of poly(3-
hydroxybutyrate) (PHB) in the bacteria isolated from the activated sludge, we investigated the
following three items:

1. Mechanism of PHB degradation by the extracellular PHB depolymerizing enzymes.

A strain of Alcaligenes faecalis, A. Faecalis T\, which was isclated from the activated sludge,
excreted extracellular n(—)-3-hyvdroxybutyrate oligomer hydrolase and PHB depolymerase. It
was found that the purified oligomer hydrolase hydrolyzed only water-soluble b(—)-3-
hydroxybutyrate oligomers but not water-insoluble PHB. Analysis of hydrolysates of the
oligomer esters with {3-""C} p(—)-3-hydroxybutyrate at the hydroxyl terminus suggested that the
enzyme hydrolyzed these substrates from the carboxy terminus, releasing o{—)-3-hydroxybu-
{yrate units one by one.

The PHB depolymerase was purified with a high yield by chromatography on butyl-
Toyopearl. The purified depolymerase hydrolyzed not only hydrophobic PHB but also water-
soluble p{-)-3-hydroxybutyrate oligomers larger than trimer, regardless of their solubilities in
water. Kinetic analyses and modification experiments of PHB depolymerase with various
reagents such as Triton X-100, dithiothreitol and trypsin suggested the presence of hydrophobic
site, which interacts with PHB, in addition to the substrate cleaving site which is common to both
PHB and the water-soluble oligomers.

For determination of the primary structure of the depolymerase, the cloning of PHB de-
polymerase of A. faecalis was undertaken. The enzyme expressed in E. coli by inserting pUC 8
containing the cloned PHB depolymerase gene of A. faecalis was not distinguished from that of
A. faecalis in the various properties examined.

2. Physiological role of acetoacetyl-CoA synthetase in animals.

Based on the known properties of acetoacetyl-CoA synthetase in Zoogloea ramigera 1-16-M,
which was demonstrared to be involved in the metabolism of PHB, acetoacetyl-CoA synthetase
was purified from rat liver to electrophoretic homogeneity. The purified enzyme was active only
on acetoacetate and to a lesser extent on L{-+}-3-hydroxybutyrate. Using the antibody raised
against the purified acetoacetyl-CoA synthetase in rabbit, the enzyme concentration in various
rat tissues was examined. The enzyme concentration in rat liver cytosol was increased several
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fold by feeding rats diet containing hypocholesterolemic agents and decreased by fasting the
animals or by feeding them a diet containing cholesterol. Among the various rat tissues
examined, the concentrations of immunologically crossreactive enzyme were higher in lipogenic
tissues, such as brain, adipose tissues and liver, than in other tissues, such as lung, spleen, heart
and kidney.

3. Development of new enzymatic clinical assay for p(—)-3-hydroxybutyrate and aceto-
acetate.

Using several enzymes which are involved in PHB metabolism, the new enzymatic assays for
n{—)-3-hydroxybutyrate and acetoacetate were developed to overcome the defect of Williamson's
methods which have been used as standard assay methods. Acetoacetyl-CoA synthetase from 2.
ramigera 1-16-M was used to make the equilibrium of the reaction of p{—)-3-hydroxybutyrate
dehydrogenase favorable for the assay of p(—)-3-hydroxybutyrate by converting acetoacetate
formed to acetoacetyl-CoA, In the assay of acetoacetate, acetoacetyl-CoA synthetase which has
a very sirict substrate specificity was also used to convert acetoacetate to acetoacetyl-CoA which
was then reduced to i{-+)-3-hydroxybutyryl-CoA by the action of 3-hydroxvacyl-CoA dehy-
drogenase. Both metheds had a good correlation to the Williamson’s methods in determination
of p{—)-3-hydroxybutyrate and acetoacetate in the blood from control, starved or diabetic rats.
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Table 1. Km values of oligomer hydrolase and PHB depolymerase with various oligomer esters and PHB

Km (M)
p(—)-3-Hydroxybutyrate Solubility in water
oligomer M. (mM) Oligomer PHB
hydrolase depolymerase
Dimer 190 100 ‘ 33 —
Trimer 276 100 5.2 6,900
Tetramer 362 100 11 1,900
Pentamer 448 100 4.0 240
Octamer 706 1.17 1.5 170
Dodecamer 1,056 0.13 1.3 260
Partially hydrolyzed*
PHB (methanol fraction) I, 700%* ] — 180
PHB (ethyl acetate fraction) 6,870%* 0 —_ 110
PHB (chloroform fracticn) 32,500%% ¢ — 21

* PHB was partially hydrolyzed with 0.4 N NaCH and successively extracted with each solvent indicated
in parenthesis.

** Number average molecular weight.
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Table 2. Purification of PHB depolymerase

Protein  PHB depolymerase  Specific activity Oligomer hydrolase Yield .
(mg) {units} {units/mg) (units) (%)
Culture medium 498 5,980 120 302 100
(NH,):50, (0-50%) 120 4,520 37.7 179 76
TEAE-Celiulose 80 4,020 50.3 147 67
Butyl-Toyopeari 44 3,620 80.0 0 59
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Fig. 2. Effect of Triton X-100 on PHB depoly-
merase.
{A) Triton X-100 ({final 0-0.5%) was added
to the assay mixture, and PHB (®) and pop-
trimer (O) hydrolyzing activities were as-
sayed. (B) Double reciprocal plots. Triton
X-100 (final 093 (O), 0.002% (@), 0.004% {4A))
was added to the assay mixture and PHB
hydrolyzing activity was assayed spectro-
photometrically.
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Fig. 3. Effect of trypsin treatment on PHB
depolymerase.
The reaction mixture (50 uf) contained 200
ug of PHB depolymerase, 10ug of TPCK-
treated trypsin, 0.5 gmol of CaCl; and 2.5
gmol of Tris—HCI (pH 7.5). At intervals, the
reaction mixture was asaved for PHB- {(O)
and trimer- {@) hydrolyzing activities, and
proteins were analyzed by SDS-poly-
acrylamide gel electrophoresis.
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Fig. 4. Sucrose density gradient of PHB de-
polymerase.
Trypsin-treated and untreated FHB depoly-
merase were mixed with PHB and subjected
to linecar sucrose gradient (1.0-2.5 M) cen-
trifugation at 64,000 X gfor4 h. Each frac-
tion was assayed for trimer hydrolase activ-
ity and the amount of PHB. Upper, PHB
depolymerase only; middle, PHB depoly-
merase + PHB; bottom, trypsin-treated PHB
depolymerase + PHB. (O, PHB depoly-
merase; @, PHB (mg/ml).
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Fig. 5. Speculative active center of PHB de-
polymerase.
p indicates p{—)-3-hydroxybutyrate.
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Table 3. Localization of PHB depolymerase in E. coli carrying pDP14

PHB depclymerase

Alkaline phosphatase  Alcohol dehydrogenase

(%)
Culture supernatant 9.5 10.1
Shocked fiuid 59.4 58.1 4
Cytosol 24.6 20.3 96
Membrane 6.5 11.5 0

PHB depolymerase was measured by the quantitative dot-immunosorbent assay.
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Fig. 7. Expression and excretion of PHB de-

polymerase from E coli containing pDP 14
and its derivatives.
Both expression and excretion of PHBE de-
polymerase were detected on M9 medium
containing PHB (0.15%). With pDP 14 (A}
and its derivatives {(B~D) corresponding to
A-D in Fig. 6, respectively, E. coli JM103
were transformed and streaked on PHB
plates,
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Table 4. Specific activity and concentration of acetoacetyl-CoA synthetase in liver supernatant fractions

of rats under various dietary conditions

Groups of six female rats of the Sprage-Dawley strain were fed the various diets or fasted as
described in the text. The livers were homogenized, and the supernatant fractions were dialyzed
overnight and then assayed for the enzyme activity by two different methods. Enzyme concen-
trations (g immunoreactive protein/mg protein) were estimated by the enzyme-linked im-
munosorbent assay as described in the text. *P<0.01 compared to control data.

Specific activity Concentration Ratio

NADH formation Acetyl-CoA (g immunoreac- . (m”“’ts‘/“%
{munits/mg protein) formation tive protein/mg) lmmunorc?actwe

: protein)

A. Control 0.96=0.082 0.86+0.089 0.66x0.040 1.3 £0.081
B. 2% Cholestyramine 3.8 £0.20 2.7 £0.049 1.6 £0.058 1.7 *=0.067%
C. 5% Cholestyramine 4,2 £0.35 3.3 £0.20 1.8 £0.083 1.8 £0.10*
D. 0.2% ML-236B 1.7 +0.53 1.3 +0.26 1.2 +0.28 1.2 +0.034

E. b% Cholestyramine

+0.2% ML-236B 8.9 £0.41 6.5 £0.30 4.5 +£0.20 1.4 +0.062

F. 5% Cholesterol 0.73£0.12 0.61%0.11 0.48+0.041 1.2 +0.13
G. Fasted 0.37+0.057 0.30+0.021 0.37+0.028 (.86=0.004%

Tahle 5. Acetoacetyl-CoA synthetase specific activity and concentration in cytosol fractions of rat

{issues

Tissues from six female rats were combined, homogenized and centrifuged, and then the super-
natant fractions were dialyzed and assayed as to the enzyme activity and concentration. Data
represent the mean of four determinations * 8. E. *The enzyme specific activities and enzyme
concentrations were correlated with »=0.980.

Concentration Ratio {munits/ug

Specific activity

Tissue (munits/mg protein) ug immu.noreactive immunon?active
protein/mg) protein)
Liver (.82 +=0.034* 0.81%0.037* i.0
Brain 0.42 £0.005% 0.33+0.013* 1.3
Adipose tissue 1.6 £0.048% 1.1 £0.057* 1.4
Lung 0.16 *£0.003* 0.19£0.011* 0.84
Spleen 0.14 £0.007* 0.250.034% 0.56
Heart 0.089%0.007* 0.16:+0.019% 0.56
Kidney <0.05 0.16%=0.023 <0.3
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Fig. 8. Principle of assay of ketone body ((A); p{—)-3-hydroxybutyrate, (B): acetoacetate).
{1) p-3-hydroxybutyrate dehydrogenase, (2) acetoacetyl-CoA synthetase, (3} 3-ketothiolase, (4)
pyrophosphatase, {(5) 3-hydroxyacyl-CoA dehydrogenase.
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Fig. 9. Comparison of the time courses of two
different assay methods for p-3-hydroxy-
butyrate.

The time courses of the new method (~—--)
and hydrazine-based method ( ) were
compared with the same amount of p-3-
hydroxybutyrate dehydrogenase {0.32 unit).
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