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Summary: Lipoamidase (not yet given an EC number) activity was measured in various rat tissues using two
different Substrates, one natural, lipoyllysine (8-N-(D,L-lipoyI)-Z,-lysine) and one artificial, lipoyl-/7-aminobenzoic
acid (N-AL-lipoyl-/?-aminobenzoic acid). Biotinidase, EC 3.5.1.12, was measured in the same tissue with the
artificial Substrate, biotinyl-/^aminobenzoic acid (N-Z)-biotinyl-/?-aminobenzoic acid). Lipoamidase measured äs
lipoyl-j^-aminobenzoic acid hydrolase activity had two pH optima, at pH 6.0 and pH 9.5, in liver homogenate, but
only one pH Optimum at pH 6.0 in rat plasma. Lipoamidase measured äs lipoyllysine hydrolase activity had a pH
Optimum at pH 5.5 both in liver homogenate and plasma. Similarly, biotinidase shows a single pH Optimum at pH
6.0 in liver homogenate and plasma. The properties of lipoyllysine hydrolase and biotinidase were similar with
respect to thermostability, pH stability and Inhibition pattern, and their properties differed from those of lipoyl-p-
aminobenzoic acid hydrolase.

Lipoyllysine hydrolase and biotinidase activities were highest in kidney, liver and blood plasma, whereas lipoyl-p
aminobenzoic acid hydrolase activities were highest in liver, brain and kidney. Lipoyllysine hydrolase and biotinid-
ase activities were found mainly in the liver microsomal fraction, and lipoyl-p-aminobenzoic acid hydrolase was
recovered from the microsomal fraction and to a small extent from the mitochondrial fraction. These results indicate
that liver lipoyl-/7-aminobenzoic acid hydrolase is an enzyme protein which differs from lipoyllysine hydrolase, and
the data also indicate that liver lipoyllysine hydrolase and biotinidase are the same enzyme protein.

Introduction acid is named lipoyl-/?-aminobenzoic acid hydrolase.
T . - j 9v , , „ - ,-, j ^ Biotinidase2), which in analogy with lipoamidase, splitsLipoamidase2) cleaves the lipoyllysine liberated after - . . „ . ,u. . ,. . , . . ,_r . . / " , " . " ^ 5 . J J f J -N-biotmyllysme (biocytin, III) to biotm and lysme (7,proteolytic degradation of 2-pxöacid dehydrpgenase
(l —2). In early studies, lipoamidase activity was mea-
sured with lipoyllysine (I) äs the natural Substrate (flg. o COOH
1). Later, the presence of the enzyme in human serum j^N—< —c—N—(CHA-CH—NH»
and milk (3—6) was reported, using lipoyl^-aminoben- "
ZO1C acid (II) äs ätl artificial Substrate. The enzyme (I) Lipoyllysine ( ) Lipoyl-p-aminobenzoic acid
which splits lipoyllysine is here named lipoyllysine hy- 0 0
drolase and the one which splits lipoyl-/?-arninobenzoic JL·^ J^

COOH | | o

l ^=zs
') Founding orgamsations: ' H H

The Swedish Medical Research Council
Thyra & thure Stenemark and Ruth Trossbecks Foundation ( ) Biocytin (IV) Bioünyl-p-aminobenzoic acid
The Swedish Society of Mediöine
2) Enzymes: Fig. l Structural formula of natural and synthetic Substrates used
Biotinidase (EC 3.5.1.12) for lipoyllysine hydrolase, lipoyl-p-aminobenzoic acid hydrolase
Lipoamidase (Not yet given an EC number) and biotinidase assay.
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8), also cleaves the synthetic Substrate, biotinyl-/?-ami-
nobenzoic acid (IV), frequently used äs a Substrate in
assay methods for biotinidase (9).

When measured by their hydrolysis of both natural and
artificial Substrates, lipoamidase and biotinidase could
not be separated from each other, despite 20000-fold
purification from serum. This suggests that there is one
main enzyme protein which has both lipoamidase and
biotinidase activities (10). This agrees with the finding
of very low lipoamidase activity in the serum of a pa-
tient with biotinidase deficiency (11). However a "resid-
ual" activity was observed when lipoyl-/?-aminobenzoic
acid was used äs a Substrate (11), indicating the presence
of a small amount of an isoenzyme of lipoamidase (li-
poyl-X hydrolase).

In contrast to the enzyme found in human serum (3),
lipoamidase identified in human milk with the artificial
Substrate lipoyl-/?-aminobenzoic acid failed to split li-
poyllysine. Furthermore, the enzyme in breast milk
showed an Inhibition pattern with sulphydryl reagents,
which was different from that found for the enzyme in
serum, indicating that two different enzymes might be
measured with lipoyllysine and lipoyl-/?-aminobenzoic
acid äs Substrates (3). Using lipoyl-/?-aminobenzoic acid
äs Substrate, lipoamidase has also been measured in
guinea pig liver and pig brain (12, 13), and it was
claimed to be a serine protease localized in the micro-
somal fraction (12). Oizumi & Hayakawa (12) reported
that biotinidase and lipoamidase purified from guinea
pig liver could be separated from each other.

As mentioned above, there are indications that lipoami-
dase and biotinidase in serum constitute one and the
same enzyme, but Separation of guinea pig liver lipo-
amidase from biotinidase (12), and the presence in milk
(3) of a lipoamidase with properties different from that
in serum suggest the presence of a second lipoamidase.
The aim of the present study was to investigate the tissue
distribution and intracellular localizations, and to deter-
mine the properties of biotinidase and lipoamidase in
liver homogenates, the latter enzyme being measured
with both natural and artificial Substrates.

Materials and Methods
Chemicals and reagents

-Lipoic acid, p-aminobenzoic acid and cysteine hydrochloride
were obtained from E. Merck (Darmstadt, Germany). Cysteamine
hydrochloride and iodoacetamide were from Fluka AG (Buchs,
Switzerland) and 2-glycerophosphate, ^-chloromercuribenzoic
acid, phenylmethanesulphonyl fluoride and acetyl-Z-leucykMeu-
cyl-L-arginal (leupeptin) were from Serva (Heidelberg, Germany).
D-Glucose-6-phosphate (dipotassium salt: hydrate), N-ethylmalei-'
mide, 3,4-dichloroisocoumarin, L-/ra/?,y-epoxysuccinyl-i-leucyl-
amido(4-guanidino)butane (E-64), l-chloro-3-tosylamido-7-amino-

L-2-heptanone (TLCK) and l-chloro-3-tosylamido-4rphenyl-2-bu-
tanone (TPCK) were from Sigma (St. Louis, MO, USA).

Two commercial lots of diisopropylfluorophosphate from Serva
were used. One lot, rated äs "pure" (preparation A), contained
about 90% of diisopropylfluorophosphate, whereas the other (prep-
aration B), contained 6% of diisopropylfluorophosphate adsorbed
to Kieselguhr, from which it was eluted by dimethylsulphoxide
(final concentration 20 minol/l) according to instructions from the
rnanufacturer. The concentratiori of diisopropylfluorophosphate in
the eluate was assayed by erazyme Inhibition pf acetylcholine ester-
ase (14) using an enzyme preparation from bovine erythrocytes
obtained from Serva.

Lipoyllysine was prepared according to Nawa et al. (15). Lipqyl-
jp-ammobenzoic acid and biotinyl-p-aminobenzoic acid were syn-
thesized by a procedure similar to that used by Knappe et al. (16).

Specimens

Female Wistar rats (200^300 g) were obtained from ALAB Labor-
atorietjänst AB (Sollentuna, Sweden). Pairs of animals were
housed in cages and had free access to chow and water. The aöi-
mals were killed after being starved for 20-^-24 h.

Preparation of tissue homogenates

The rats were anaesthetized with ether, and orgän aiid ti$sues were
qüickly removed, chilled on ice and rinsed with 154 mmol/1 NaCl.
The tissues were weighed, rninced and homogenized in cold
(+4 °C) 154 mmol/1 NaCl to give homogenates containing a tissue
fraction of 0.1. Potter^Elvehjem homogenizers fitted with Teflon
pestles were used. The tubes, kept on ice, were raised up and down
6 times during l min (2000 min"1)· Muscle tissue and tissues from
the gastrointestinal tract were homogenized äs before, but the pro-
cedure was repeated 4 tirnes. Biood was collected by heart puncture
into Vacutainer® tubes (Bectpn Dickinson, Rutherford, NJ, USA)
containing heparin.

Subcellular fractionation

The liyer was rapidly removed, chilled on ice and rinsed with cold
154 mmol/1 NaCl. Liver tissue (4 g) was minced and homogenized
in a Poüer-Elvehjem homogemzer with 20ml cold 0.25 mol/1
sucrose solution containing l mmol/l EDTA. Subcellular fraction-
ation of the homogenates was performed according to Bouma et

Protein determination

Protein was determined by the method of Lowry et al. (18), with
bovine serum albumin äs calibrätor.

Assay of enzyrne activity

Enzyme activities were expressed in Ünits defmed äs the amount
of enzyme which forms l of product per min. All enzyme
assays were perforrned in duplicate at 37 °C.

Lipoyllysine hydrolase activity

Lipoyllysine hydrolase activity was determined äs reported in de-
tail previously (3, 10). In short, 0.5 ml of'hompgenate was added
to l ml of a 50 mmol/1 aeetate buffer pH 4.86 to give the intended
pH of 5.5 after addition of Substrate. The reaction was started by
addition of lipoyllysine (final concentration l inrnol/1), After incu^
bation for l hour the reaction was stopped by the addition of sul·
phuric acid. Liberated lipoic acid was then extracted and quantified
by the Ellman reaction (19). The sensitivity of this method =calcu-
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lated s twice the absorbanee of a blank sample was 0.13 mUnits.
The Km of lipoyllysine hydrolysis in crude liver homogenate was
l .3 mmol/1.

Lipoyl-p-aminobenzoic acid hydrolase activity

Lipoyl-jp-aminobenzoic acid hydrolase activity was determined
with lipoyl-/?-aminobenzoic acid s Substrate (3, 10). Briefly, 25-
100 μΐ of homogenate was mixed with l ml of 50 mmol/1 phos-
phate buffer pH 5.68 to give a final pH of 6.0 after addition of
Substrate. The reaction was started by addition of lipoyl-/?-amino-
benzoic acid (final concentration 0.75 mmol/1), and after 30 min
the reaction was terminated by the addition of trichloroacetic acid.
The amount of liberated p-aminobenzoic acid was determined by
the diazo-coupling method (20). The difference of absorbanee (ΔΑ)
at 546 nm was linear up to 1.2, corresponding to 120 nmol p-
aminobenzoic acid. The sensitivity of this method was 0.13 mUn-
its. The corresponding Km values with the Substrate lipoyl-/?-ami-
nobenzoic acid measured at pH 6.0 and 9.5 in crude liver homoge-
nate were l .3 and 0.69 mmol/1, respectively.

In some experiments the lipoyl-p-aminobenzoic acid hydrolase ac-
tivity was measured at pH 9.5, by changing the buffer to 50 mmol/1
carbonate, pH 9.4, which gave a final pH of 9.5 after addition
of Substrate.

Biotinidase activity

Biotinidase was determined according to Wolftf. al. (9). The reac-
tion tube contained 0.5 ml homogenate and 1.0 ml of 50 mmol/I
phosphate buffer, pH 5.68 to give an iritended pH of 6.0 after addi-
tion of Substrate. The enzyme reaction was started by addition of
biotinyl-p-aminobenzoic acid (final concentration 0.15 mmol/1).
After 30 min, trichloroacetic acid was added and liberated /?-ami-
nobenzoic acid was assayed s described for lipoyl-p-aminoben-
zoic acid hydrolase. The sensitivity of this method was 0.11 mUn-
its. The Km value with the Substrate biotinyl-/?-aminobenzoic acid
was 15 μηιοΐ/ΐ when crude liver homogenate was used.

Biotinidase activity can be measured by using the natural Substrate
biotinyllysine, either by determination of liberated biotin or lysine,
but these methods are cumbersome. Analysis of biotin requires
available HPLC-equipment. Lysine can be determined fluorimet-
rically after derivatization with l^diacetylbenzene, but this
method requires that endogenous lysine is removed by dialysis
prior to assay. In an earlier paper (10) biotinidase was measured in
serum fractions by use pf bqth natural (biotinyllysine) and artificial
(biotinyl-/?-aminobenzoic acid), and good agreement was found
with the two methods. In the presept paper therefore, only biotinyl-
p-aminobenzoic acid was used.

Subcellular markers

Acid phosphatase and glucose-6-phosphatase were used s markers
for subcellular particles. The activity of the lysosomal enzyme acid
phosphatase was determined aecording to fronet (21), and the ac-
tivity of the microsomal enzyme glucose-6-phos'phatase was mea-
sured according to Appelmans et al. (22).

Effects of Inhibitors, thiol compounds and EDTA

For investigation pf the susceptibility of the enzymes to inhibitors,
1.5-ml liquots of rat liver homogenate (tissue fraction 0.1) were
incubated at 37 °C for 10 min with 15 μΐ of various compounds or
with 20 μΐ of /?-chloK>mercuribenzoic acid. The enzyme activity
was then rneasured s in the Standard assay, except that the assay
buffer contained approprjate concentrations of inhibitors, so that
the final inhibitor concentration was the sarne s in the preincuba-
tion mixture.

pH stability

Solutions of 154 mmol/1 NaCl were prepared containing various
arnounts of HCl or NaOH to give pH values between 2 and 10
when l ml of each solution was added to l ml liquots of liver
homogenate (tissue fraction 0.2). After incubation for l h an aliquot
was taken for lipoyllysine hydrolase, Hpoyl-/7-aminobenzoic acid
hydrolase and biotinidase analysis. The assay buffer was chosen to
give the same final pH s in the Standard assay for lipoyllysine
hydrolase, lipoyl-/?-aminobenzoic acid hydrolase and biotinidase,
respectively. The pH was checked at the end of each incubation to
confirm that it had not changed.

Thermostabili ty

Four tubes containing fireshly prepared liver homogenate (tissue
fraction 0.1) were incubated in a water-bath at 37, 50, 60 and
70 °C. From these mixtures appropriate portions were taken at vari-
ous times for assay of enzyme activity.

Results

In preliminary experiments the highest lipoamidase ac-
tivity was found in liver homogenates. The enzyme as-

3 4 5 6 7 8 9 1 0 1 1

300

4 5 6 7 8 9 10 11

20

3 4 5
l Acetate

7
PH

8 9 10 11
l Carbonate l

ι Phosphate l

Fig. 2 pH Optimum of lipoyllysine hydrolase, lipoyl-jD-aminoben^
zoic acid hydrolase and biotinidase in (a, b) rat liver homogenate
and (c) rat pl sma.
Reaction conditions were those of the Standard assay for lipoyllys-
ine hydrolase (·-·), lipoyl-p-aminobenzoic acid hydrolase
(·-·) and biotinidase (A-A) except for pH. Buffer Solutions, 50
mmol/l are indicated in the figure. Values given are the mean from
two experiments.
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says vvere therefore optimized with rat liver äs the en-
zyme source.

pH Opt imum

Lipoyllysine hydrolase in liver homogenate could be
measured within a broad pH ränge with an Optimum at
pH 5.5 (fig. 2a). A similar profile was obtained with rat
plasma (fig. 2c). As illustrated in figure 2b, lipoyl-p-
aminobenzoic acid hydrolase from liver homogenate had
two pH optima. The measuring ränge for serum lipoyl-
/?-aminobenzoic acid hydrolase was also broad with an
Optimum at pH 5.5 (fig. 2b). In coritrast to lipoyl-/?-ami-
nobenzoic acid hydrolase in liver, lipoyl-p-aminpben-
zoic acid hydrolase in serum was nearly inactive at pH
9.5, äs shown in figure 2c. Biotinidase in liver homoge-
nate and serum had a broad pH ränge (fig. 2a and 2c).

Dependence on enzyme amounts and reaction
t ime > \

The hydrolysis of lipoyllysine by liver homogenate was
zero order for at least 90 min and the amount of lipoate
released per unit of time was linearly related to the
amount of liver homogenate at least up to 0.6 ml of
liver homogenate (volume fraction 0.1) in the assay. The
Splitting (hydrolysis) of lipoyl-p-aminobenzoic acid (at
pH 6.0) and of biotinyl-/?-aminobenzoic acid was lin-
early related to the incubation time for at least 60 min.
The amounts of liberatedp-aminobenzoic acid were lin-
early related to the quantity of homogenate, at least up
to 0.15 ml and 0.6 ml of liver homogenate (tissue frac-
tion 0.1) in the respective assays. When lipoyl-p-amino-

Fig. 3 pH stability test.
Equal volumes of homogenate (tissue fraction 0.2) and HC1 or
NaOH Solutions containing 154 mmol/1 NaCl were mixed to give
the appropriate pH and incubated for one hour. The remaining en-
zyme activities are given äs fraction of initial value.
Reaction conditions were those of the Standard assays for lipoyllys-
ine hydrolase (o-·), lipoyl-/7-aminobenzoic acid hydrolase, pH
6.0 (D-D), lipoyl-/?-aminobenzoic acid hydrolase, pH 9.5 (D-D)
and biotinidase (A-A). Values are the mean from two experiments.

benzoic acid hydrolase was measured at pH 9.5 the reac-
tion was zero order up to 30 min; the curve then devi-
ated from linearity, probably because of deviation from
the Lambert Beer's law. The amount of p-aminobenzoic
acid formed was linearly related to the quantity of ho-
mogenate, up to at least 40 of liver homogenate (vol-
ume fraction 0.1) in the assay.

pH stability

Figure 3 shows the pH stability of lipoamidase and bio-
tinidase. The pH stability of lipoyllysine hydrolase and
biotinidase were similar but differed markedly from that
of lipoyl-praminobenzoic acid hydrolase measured both
at pH 6.0 and pH 9.5.

10 20 30 4

10 20 30
Incubation time [min]

40

Fig. 4 Therrmostability test.
Aliquots of liver homogenates were preinciibated at different tem-
peratures for various times äs indicated in the figure. Other reaction
conditions were äs in the Standard assay. The enzyme activities are
relative to initial values. (a) lipoyllysine hydrolase, (b) lipoyl-p-
aminobenzoic acid hydrolase assayed at pH 6.0, (c) lipoyl-p-ämi-
nobenzoic acid hydrolase assayed at pH 9.5, and (d) biotinidase.
Values given are the means from two experiments.
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Thermostabili ty test

Figure 4 shows the thermostability of lipoyllysine hy-
drolase, lipoyl-/?-aminobenzoic acid hydrolase and bio-
tinidase frorn liver. The lipoyllysine hydrolase and bio-
tinidase thermostability curves were similar and the
activities were stabile during incubation at temperatures
up to 60 °C. With incubation at 70 °C the activities
descreased to about 20-50% of initial values after 10
min, and at 60 °C the enzymes were stable for 30 min.
Lipoyl-p-aminobenzoic acid hydrolase was rapidly inac-
tivated at 60 °C when measured at pH 6.0 or pH 9.5.

Effects of protease inhibitors are summarizied in table
2. The serine protease inhibitors, diisopropylfluorophos-
phate, phenylmethanesulphonyl fluoride and dichloro-
isocoumarin inhibited the enzymes, but the degree of
Inhibition varied, and the two diisopropylfluorophos-
phate preparations gave somewhat different results.
Phenylmethanesulphonyl fluoride at concentrations
higher than 0. l mmol/1 strongly inhibited lipoyl-jo-ami-
nobenzoic acid hydrolase, but this was not the case with
lipoyllysine hydrolase and biotinidase. The same ten-
dency was observed with dichloroisocoumarin, a re-
cently described serine protease inhibitor (22).

Effects of thiol compounds,
su lphydryl reagents and EDTA

No significant Stimulation of lipoyllysine hydrolase, li-
poyl-/?-aminobenzoic acid hydrolase and biotinidase
from liver homogenate was observed by the thiol com-
pounds tested (tab. 1). In general, sulphydryl reagents at
high concentrations (l mmol/1) were strong inhibitors of
lipoyllysine hydrolase, lipoyl-/?-aminobenzoic acid hy-
drolase and biotinidase. Particulary Cu2+, Hg+ and p-
chloromercuribenzoic acid strongly inactivated lipoyl-p-
aminobenzoic acid hydrolase when measured at pH 9.5.

Enzyme activities in rat tissues

As shown in table 3, the rat tissue distributions of lipoyl-
lysine hydrolase and lipoyl-/?-aminobenzoic acid hy-
drolase were quite different. Generally, the lipoyllysine
hydrolase and biotinidase activities were lower than li-
poyl-p-aminobenzoic acid hydrolase activity. The lipoyl-
lysine hydrolase activity was highest in kidney, followed
by liver and plasma. When lipoamidase was assayed äs
lipoyl-/7-aminobenzoic acid hydrolase a rather different
enzyme pattern was observed. The highest enzyme ac-
tivity was obtained when the assay was performed at pH

Tab. l Effect of thiol compounds, sulphydryl reagents and EDTA on lipoamidase and biotinidase
activity in rat liver homogenate

Compound

Cysteine
Glutathione
Cysteamine
EDTA
NäCl
CuSO4
CuSO4
CuSO4
CuS04
Hg2Cl2
Hg2CJ2
Hg2Cl2
Hg2Cl2
lodoacetaraide
lodoacetamide
lodoacetamide
NJEthyJmaleimide
N-Ethylmaleimide
N-Ethylmaleimide
p-Chloromercuribenzoate
p-Chloromercuribenzoate
p-Chloromercuribenzoate
/?-ChIoromerciiribenzoate

Concentration
(mmol/1)

1.0
1.0
1.0
1.0

10,0
1.0
0.1
0.01
0.001
1.0
0.1
0.01
0.001
1.0
0.1
0.01
1.0
0.1
0.01
1.0
0.1
0.01
0.001

Enzyme activity*

Lipoyllysine
hydrolase

98
109
i 02
100
101

5
82
94

n.d.**
4

93
97

n.d.**
6

54
94
5
7

91
0
7

45
88

Lipoyl-jp-
aminobenzoic
acid hydrolase
(pH 6.0)

102
96
96

108
101

1
1

66
86
2
4

58
92
81
89
95
21
59
85
0
0

75
99

Lipoyl-/?-
aminobenzoic
acid hydrolase
(pH 9.5)

104
100
54

103
88
0
0
9

57
0
0
7

61
3

26
59

1
15
58
0
2

62
100

Biotinidase

107
115
101
104
102

9
92
99

n.d.**
14
41

102
n.d.**

11
34

102
15
94

n.d.**
16
18
32
85

* Enzyme activities are given äs % of control. Values are the mean from two experiments.
** Not determined.
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Tab. 2 Effect of protease Inhibitors

Compound

Diisopropylfluorophosphate**
Diisopropylfluorophosphate* *
Diisopropylfluorophosphate* *
Diisopropylfluorophosphate* **
Diisopropylfluorophosphate***
Phenylmethanesulphonyl fluoride
Phenylmethanesulphonyl fluoride
Phenylmethanesulphonyl fluoride
Phenylmethanesulphonyl fluoride
Dichloroisocoumarin
Dichlorosiocoumarin
Dichloroisocoumarin
1 -Chloro-3-tosylamido-7-amino-

,-2-hepanone
l-Chloro-3-tosylamido-7-amino-

,-2-hepanone
1 -Chloro-3-tosylamido-7-amino-

,-2-hepaiaöne
1 -Chloro-3-tosylamido-4-phenyl-

2-butanone
1 -Chloro-3-tosylamido-4-phenyl-

2-butanone
1 -Chloro-3-tosylamido-4-phenyl-

2-butanone
Z,-rra/zs-Epoxysuccinyl-Z,-leucyl-

amido(4-guanidino)butane
Leupeptin

on lipoamidase and biotinidase activities in

Concentration
(mmol/1)

1.0
0.1
0.01
1.0
0.1
1.0
0.1
0.01
0.001
1.0
0.1
0.01
1.0

0.1

0.01

1.0

0.1

0.01

0.1

0.1

Enzyme activity*

Lipoyllysine
hydrolase

6
40
82
96

104
51
90
98

n.d.****
16
93

n.d.****
4

8

60

9

5

42

107

98

rat liver homogenate

Lipoyl-/?-
aminobenzoic
acid hydrolase
(pH 6.0)

2
3

57
65

104
3
5

22
84
7

38
64
78

80

n,d.****

28

59

99

102

101

Lipoyl^/7-
aminobenzoic
acid hydrolase
(pHi.5)

0
0
7

27
80
2

12
33

n.d.****
1
9

58
72

80

n.d.****

1

5

105

83

82

Biotinidase

0
11
69

1 6
106
62
99

105
n. d.****
23
85
94
15

23

81

17

41

101

97

98

* Enzyme activities are given äs % of control. Values are the mean from two experiments.
** Diisoproylfluorophosphate preparation rated äs pure (see Material and Methods).

*** Diisoproylfluorophosphate preparation from KieseJguhr (see Material and Methods).
**** Not determined.

Tab. 3 Lipoamidase and biotinidase activities in rat tissues

Tissue

Kidney
Liver
Plasma
Spleen
Stomach
Heart
Lung
Pancreas
Small intestine
Brain
Large intestine
Diaphragm
Thigh muscle

Enzyme activity*

Lipoyllysine
hydrolase

27 (24-27)
16(16-18)
11(11-12)
8 (8-11)
7 (5-11)
8 (7- 8)
9 (4- 9)
6 (5-10)
7 (2-12)
7 (5- 7)
6 (4- 7)
4 (4- 5)
1 d- 2)

Lipoyl-^-aminobenzoic
acid hydrolase (pH 6.0)

27 (27- 33)
335 (237-383)

19 (14- 20)
15 (12- 18)
13 (7- 14)
16 (13- 16)
17 (16- 22)
15 (15- 17)
22 (17- 29)
38. (34- 39)
11 (7- 13)
11 (4- 12)

1 (1- 2)

Lipoyl-/?^aminobenzoic
acid hydrolase (pH 9.5)

40 (22- 43)
1190(797-1499)

1 (1- 3)
19 (12- 20)
5 (3- 12)
3 (3~ 6)

13 (11- 22)
4 (4- 10)
5 (2- 8)

108 (87- 114)
4 (4- 5)

19 (4- 26)
2 (1- 3)

Biotinidase

22 (19-24)
18(15-18)
13(13-14)
9 (8-10)
8 (8- 8)
4 (4- 5)

· . 8 (7- '8)
5 (4- 5)
9 (7- 9)
3 (2- 3)
6 (6- 7)
3 (3- 4)
1 (1- 2)

* Enzyme activity was expressed äs münits/g of fresh tissue. The results are given äs median values
from three experiments with ranges given within brackets.

9.5, with the highest activity being found in liver and
brain, followed by kidney. Activities measured at pH 9.5

were higher than those measured at pH 6.0; lipoyl-p-
amimobenzoic acid hydrolase^ activity was up to 4-fold
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higher in liver and up to 3-fold higher in brain. The
distribution of biotinidase activities was, however, sim-
ilar to that of lipoyllysine hydrolase activities.

Enzyme activity in subcellular fractions

Intracellular distribution of lipoyllysine hydrolase activ-
ity was similar to that of biotinidase (tab. 4), and the
speciflc activities of both enzymes were high in the
microsome and lysosome fractions. The lipoyl-p-amino-
benzoic acid hydrolase, assayed at pH 6.0 and pH 9.5,
was mainly distributed in mitochondria and microsomes.

Discussion

In the present study, experiments at various temper-
atures, pHs and with different inhibitors indicate that rat
liver lipoyllysine hydrolase (lipoamidase) and biotini-
dase are due to the same enzyme protein, whereas li-
poyl-/?-aminobenzoic acid hydrolase is a different en-
zyme.

Hayakawa & Oizumi (12) purified lipoamidase and bio-
tinidase from guinea pig liver. They found that purified
lipoamidase failed to split biotinyl-/?-aminobenzoic acid,
and purified biotinidase failed to split lipoyl-/?-amino-
benzoic acid, indicating that these enzymes are different
in guinea pig liver. However, it was not considered
whether lipoyllysine could be hydrolysed by purified li-
poamidase or biotinidase from guinea pig liver.

Hayakawa & Oizumi (5, 6) determined lipoamidase ac-
tivity in human serum and breast milk by using lipoyl-
p-aminobenzoic acid äs Substrate. We recently found
that the enzyme from human breast milk splits lipoyl-p-
amiriobenzoic acid but not lipoyllysine at pH 6.5 even
without activators in the assay (3).

Recently we purified lipoamidase and biotinidase
20 000-fold from human serum, taking advantage of two
Substrates for both lipoamidase arid biotinidase (10). The
purified product had high activity with lipoyllysine, li-
poyl-p-aminobenzoic acid, biotinyllysine and biotinyl-/?-
aminobenzoic acid, indicating that most of the lipoajni-
dase and biotinidase activity in human serum is due to
the same enzyme protein (10). It is therefore ternpting
to suggest that the lypoyllysine hydrolase and biotini-
dase from liver are one and the same enzyme.

The tissue and intracellular distribution of lipoyllysine
hydrolase and biotinidase were similar (tab. 3 and 4).
The highest lipQyl-/7-aminobenzoic acid hydrolase activ-
ity (at pH 9.5) was found in liver and was about 4-fold
higher than lipoyl-jp-aminobenzoic acid hydrolase (at pH
6.0), whereas the enzyme activity in serum was practi-
cally inactive at pH 9.5. This indicates <that lipoyl-/?-
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aminobenzoic acid hydrolase exists äs two isoenzymes
in the liver and that lipoyl-/?-aminobenzoic acid hy-
drolase with a pH Optimum at pH 6.0 is probably the
same lipoyl-p-aminobenzoic acid hydrolase äs found in
plasma.

TThe highest specific activities of lipoyllysine hydrolase
and biotinidase were found in the microsomal fractions
and lysosomes and not in the mitochondrial fraction.
The specific activities of lipoyl-/?-aminobenzoic acid hy-
drolase were similar in the mitochondrial fraction and in
lysosomes. The lysosomal fraction was however con-
taminated with microsomes, äs shown by electron mi-
croscopic examination (not shown). In agreement with
other investigators (12, 24), we suggest that lipoyllysine
hydrolase and biotinidase are mostly localizied in the
microsomal fraction, whereas lipoyl-/?-aminobenzoic
acid hydrolase is distributed in both microsomes and
mitochondria.

From the, results obtained we suggest that lipoyllysine
hydrolase and biotinidase activity in rat liver are due to
the same enzyme, whereas lipoyl-p-aminobenzoic acid
hydrolase is another enzyme. Consequently, lipoyllysine
hydrolase and lipoyl-p-aminobenzoic acid hydrolase
activities in rat liver are not due to one genuine "lipoa-

midase". Thus the term "lipoatnidase" should not be
used for the enzyme which hydrolyses the artificial sub-
strate lipoyl-p-aminobenzoic acid. Because we do not
yet know the biological function of this enzyme, we pre-
fer the names lipoyl-p-aminobenzoic acid hydrolase and
lipoyl-X hydrolase, the latter· being first suggested by
Reed (1). Recently Hui et al. (26) reported that human
milk lipoamidase is identical to chojesterol esterase, and
Oizumi & Hayakawa (13) reported the amino acid com-
position of purified lipoamidase frorn pig brain, which
is similar to that of the acetylcholine receptor from Elec-
trophorus electricus. Such findings may give fise to in-
teresting speculations, but to clarify the biological func-
tion of lipoyl-p-ammobenzoic acid hydrolase and its re-
lation to the above mentioned enzyme and receptor, the
lipoyl-X hydrolase has to be purified and characterized.
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