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SUMMARY: Lipoamide dehydrogenase
was measued in cultivated skin fibro-
blasts from twelve patients with
Friedreich’s ataxia and nine normal con-
trols. No difference in specific activity,
subcellular distribution and Vmax or
Km was observed between patients and
controls.

RESUME: Nous avons mesuré I'activité
de la lipoamide déhydrogénase dans les
fibroblastes cultivés a partir de biopsies
cutanées de douze patients souffrant
d’Ataxie de Friedreich et neuf témoins
normaux. Nos résultats ne montrent au-
cune différence entre les deux groupes
pour ce qui est de I’ activité spécifique de
lenzyme, de sa distribution subcellulaire
et des Kim et Vmax.
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INTRODUCTION

Pyruvate dehydrogenase (EC
1.2.4.1) is a major regulatory en-
zyme located within the inner
mitochondrial membrane of the cell,
where it catalyses the conversion of
pyruvate into acetyl-CoA. This en-
zymatic reaction proceeds through a
series of steps operated by three
main components known as (Ei)
pyruvate decarboxylase, (E:2) lipoyl
reductase transacetylase and (E3) di-

-hydrolipoyl dehydrogenase (Reed

and Cox, 1966). This latter compo-
nent Es is an integral part of the
multienzyme ¢ -keto acid dehyd-
rogenase complexes (Linn et al.,
1969), where its function is to rege-
nate oxidized lipoic acid. The
natural substrate for Es is a reduced
lipoic acid moiety bound to a lysine
residue on the other component en-
zymes of the dehydrogenase com-
plexes. In vitro, Es activity is meas-
ured using an artificial substrate,
lipoamide, which has been con-
verted to its active dihydrolipoamide
form in a slightly alkaline solution of
dithiothreithol, thus the name
lipoamide dehydrogenase (LAD).
The determination of LAD activ-
ity in serum has recently been sug-
gested to reflect liver damage in hu-
mans as increased levels of LAD
correlated with hyperbilirubinemia
(Pelley et al. 1976). A genetic defect
in LAD has been postulated to un-
derlie the metabolic alterations ob-
served in some patients with
Friedreich’s ataxia (Blass et al.,
1976). Reduced activity of LAD was
documented in blood platelets from
one patient (Rodriguez-Budelli and
Kark, 1977) and in serum from eigh-
teen other patients with Friedreich’s
ataxia (Melangon et al., 1977). It was
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hoped that the present fibroblast
studies would confirm these previ-
ous investigations, suggesting that
LAD deficiency is the major genetic
defect underlying Friedreich’s
ataxia.

SUBJECTS AND METHODS

Cultured skin fibroblasts from 9
normal controls and 12 Friedreich’s
Ataxia (F.A.) patients were grown
according to previously described
methods (Melangon et al, 1972) and
harvested by scraping after they
reached confluency.

Lipoamide dehydrogenase activ-
ity was measured by recording the
absorbance of NADH at 340 nm as
in the serum assay (Pelley et al.,
1976), using a Unicam SP1800 ul-
traviolet spectrophotometer. The
complete reaction mixture (one ml)
contained 20-60 pg cell protein;
NAD, S5mM; DTT, 15mM;
lipoamide or lipoic acid, SmM;
glycylglycine buffer, 0.5M, pH 7.8
or Tris HCI buffer, 0.1M; at 30°C.
Specific activity of LAD was ex-
pressed in p mole of NAD reduced
per minute per mg of cell protein.
Differential centrifugation in 0.25N
sucrose was performed as previ-
ously described (Melangon and Na-
dler, 1973). Pyruvate dehydrogenase
was assayed according to Blass et al.
(1972) and citrate synthetase by the
method of Schulman and Blass
(1971).

RESULTS

The pH range for maximum LAD
activity was between 7.4 and 7.8 in
both normal and F.A. fibroblasts.
The apparent Km and Vmax did not
differ significantly between the two
groups (fig. 1 a & b). The observed
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TABLE I

LIPOAMIDE DEHYDROGENASE* IN FRIEDREICH'S
ATAXIA (F.A.) AND NORMAL CULTIVATED SKIN FIBROBLASTS

Km (mM) Vmax (umole/min/mg protein)
Normal F.A. Normal F.A.
0.72 0.96 57.5 128.2
0.96 0.62 108.7 45.6
0.44 1.45 96.7 126.6
mean 0.71 0.88 81.3 80.6

* Lipoamide as substrate
TABLE II

LIPOAMIDE (LAD) AND LIPOIC ACID (LOD) DEHYDROGENASE
ACTIVITY IN NORMAL AND FRIEDREICH'S ATAXIA FIBROBLASTS

ENZYME* SPECIFIC ACTIVITY IN uMOLE/MIN/MG PROTEIN

Normal Controls (6) Friedreich's Ataxia (6)

mean * S.D. mean * S.D.
LAD (Tris HC1) 26.1 + 6.8 35.4 £ 11.0
LAD (Glygly) 53.7 $15.4 75.0 £ 26.9
LOD (Tris HC1) 6.6 + 2.5 6.7 + 1.7
LOD (Glygly) 7.0 £ 1.2 8.3+ 2.2

* Activity measured using both Tris and glycylglycine buffers

TABLE III

LIPOAMIDE (LAD) AND LIPOIC ACID (LOD) DEHYDROGENASE,
PYRUVATE DEHYDROGENASE (PDH) AND CITRATE SYNTHETASE (CS)
ACTIVITIES IN FRIEDREICH'S ATAXIA FIBROBLASTS

ENZYMES STUDIED SPECIFIC ACTIVITY IN uMOLE/MIN/MG PROTEIN

Normal Controls (3) Friedreich's Ataxia (6)

LAD (Tris)* 59.9 58.5
(52-70.7) (45.7-85.3)
LAD (Glygly) 96.6 94.8
(85-106.8) (71.3-130.8)
LOD (Tris) 4.8 4.6
(3.4-5.6) (3.7-6.4)
LOD (Glygly) 6.0 4.9
(5-6.7) (3.6-6.4)
PDH 28.3 x 10°° 41.3 x 107°
(16.3-37.8) (21.0-75.6)
cs 1.05 x 107> 1.41 x 107°
(0.92-1.16) (1.10-1.61)

* LAD and LOD activities measured using both Tris and Glycylglycine buffers;
values represent mean and range
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values for Km and Vmax are given
in table 1. It was not possible to
study these latter parameters with
lipoic acid as substrate because of the
low rate of NAD reduction at low
substrate concentration. When LAD
activity of fibroblasts from 6 F.A.
patients previously found to have
low serum LAD values was com-
pared with fibroblasts from six low-
normal serum-LAD controls (table
1), no significant difference could be
found.

In a second group of 6 F.A. pa-
tients, 3 of whom had low serum
LAD activity, we measured the ac-
tivity of LAD in fibroblasts simul-
taneously with pyruvate dehyd-
rogenase and citrate synthetase
(table III). Once more, our results
disclosed comparable values.

The distribution of LAD activity
was further studied using subcellular
fractions of fibroblast ultrasonicates
from two normal controls, one F.A.
patient and one Duchenne muscular
dystrophy control (table 1V). Most
of the LAD activity (62-84%) was
recovered in the high speed super-
natant fraction. However, the
specific activity of LAD in the dif-
ferent fractions was equally compar-
able.

DISCUSSION

Our results of a normal LAD ac-
tivity in cultured skin fibroblasts
from F.A. patients with low serum
LAD values suggest that LAD defi-
ciency in F.A. might be (A) re-
stricted to specific tissues, (B) due
to the existence of isoenzymatic dif-
ferences between tissues, (C) appear
in serum and platelets as a
phenomenon secondary to other
metabolic alterations or (D) be re-
stricted to a sub-population of pa-
tients with F.A.

The evidence for a defect in LAD
being restricted to specific tissues is
far from being established. If it were
the case, one would expect F.A.
patients to demonstrate various clin-
ical symptoms and signs depending
on which organ is specifically af-
fected. This is not the case since
neither we nor Blass et al. (1976)
found different phenotypes as-
sociated with serum or platelet LAD
deficiency. The existence of differ-
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TABLE IV
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DISTRIBUTION OF LAD ACTIVITY IN SUBCELLULAR FRACTIONS OF CULTIVATED
SKIN FIBROBLASTS IN NORMAL CONTROLS (2), DUCHENNE MUSCULAR DYSTROPHY
(D.M.D.) AND FRIEDREICH'S ATAXIA

FRACTIONS NORMAL CONTROLS D.M.D CONTROL FRIEDREICH
WHOLE CELL LYSATE 85.3% 51.1 47.7 55.0
(100) t (100) (100) (100)
LESS NUCLEIL 86.0 49.5 47.2 57.0
(95.7) (96.8) (96.0) (99.0)
LESS MITOCHONDRIA 81.5 47.9 45.7 51.2
(91.8) (93.7) (89.4) (95.2)
LESS LYSOSOMES 68.7 48.8 50.6 58.2
(68.2) (93.0) (88.8) (86.7)
LESS MICROSOMES 88.3 43.1 53.5 54.4
(67.7) (84.3) (70.9) (62.2)

* Specific activity expressed in umoles/min/mg protein

+ per cent residual activity as compared to whole cell homogenate

ent enzymatic forms of LAD in dif-
ferent tissues is quite obvious.
Serum LAD activity as a function of
different concentrations of
lipoamide was shown by Pelley et al.
(1976) to follow a curve quite similar

umoles/min/mg prot.

to the one we observed using skin
fibroblasts lysates (fig. 1a). The Km
for lipoamide calculated from serum
LAD values would fall between
0.6-1.0 mM. We found Km values of
0.71 and 0.88 mM respectively in

(umoles/min/mg prof.)'I

normal and F.A. fibroblasts.
Platelets as studied by other inves-
tigators (Rodriguez-Budelli and
Kark, 1977) showed two apparent
Km values of 85.1 % 143 M and
26.0 £ 5.0 M in 6 normal controls
and 3 to 5 times larger figures in one
F.A. patient.

The elevated serum LAD levels in
acute liver damage and hyper-
bilirubinemia (Pelley et al., 1976)
would suggest that serum LAD
originates from liver mitochondria
and that liver, serum and fibroblasts
LAD is a unique enzyme. Platelet
LAD could then be a different form
of the enzyme found in liver, serum
and fibroblasts. We have no data as
to the nature of LAD in other body
tissues.

Recent experiments by one of us
(Barbeau A., personal communica-
tion) indicate that taurine, calcium
and pyridoxal phosphate have a reg-
ulatory effect on LAD in brain.
Since we have previously found a
renal conservation defect of taurine
in F.A. patients (Lemieux et al.,
1976), the occurrence of reduced
serum and platelets levels of LAD

Figure la—Lipoamide dehydrogenase (LAD) activities as a
function of lipoamide (S), in 3 fibroblast lines from patients
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fibroblast lines.

with Friedreich’s ataxia (P) and normal controls (C).
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Figure 1b—Lineweaver-Burk plot of LAD activity in the same
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may well be a secondary phenome-
non.

Finally, by analogy with the ob-
servation of Blass et al. (1977), who
within a group of 16 patients with
spinocerebellar degeneration found
reduced pyruvate dehydrogenase ac-
tivity in only 8, we recognize that
LAD deficiency may be restricted to
a sub-population of patients with
Friedreich’s ataxia.

In conclusion, we have been un-
able to confirm the presence of a
defect in lipoamide dehydrogenase
activity using skin fibroblasts from
12 patients with Friedreich’s ataxia,
9 of whom had low serum LAD
levels.

We believe that the low serum
LAD activity observed in our pa-
tients reflects the effect of other
primary and genetic derangements
within the cell or about the cell
membranes.
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