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The mitochondrial trifunctional protein (TFP) is a multien-
zyme complex of the �-oxidation cycle. Human TFP is an
octamer composed of four �-subunits harboring long-chain
enoyl-CoA hydratase and long-chain L-3-hydroxyacyl-CoA de-
hydrogenase and four �-subunits encoding long-chain 3-keto-
acyl-CoA thiolase. Mutations in either subunit may result in
general TFP deficiency with reduced activity of all three en-
zymes. We report five new patients with �-subunit mutations and
compare general TFP deficiency caused by �-subunit mutations
(n � 15) to that caused by �-subunit mutations (n � 13) with
regard to clinical features, enzyme activity, mutations, thiolase
expression, and thiolase protein turnover. Among patients with
�-subunit mutations, the same three heterogeneous phenotypes
reported in patients with �-subunit mutations were observed: a
lethal form with predominating cardiomyopathy; an infancy-
onset, hepatic presentation; and a milder, later-onset, neuromyo-
pathic form. Maternal HELLP syndrome (hemolysis, elevated
liver enzymes, low platelets) occurred with an incidence of 15 to
20%, as in families with �-subunit mutations. Enzyme assays in
fibroblasts revealed an identical biochemical pattern in both
groups. �-Subunit mutational analysis demonstrated molecular
heterogeneity, with 53% (9 of 17) truncating mutations. In

contrast, patients with �-subunit mutations had predominantly
missense mutations. Thiolase expression in fibroblasts was as
markedly reduced in �-subunit patients as in the �-subunit group
with similarly increased thiolase degradation, presumably sec-
ondary to TFP complex instability. TFP deficiency as a result of
either �- or �-subunit mutations presents with similar, heteroge-
neous phenotypes. Both �- and �-subunit mutations result in TFP
complex instability, demonstrating that the mechanism of disease
is the same in �- or �-mutation–derived disease and explaining
the biochemical and clinical similarities. (Pediatr Res 55: 190–
196, 2004)

Abbreviations
TFP, trifunctional protein
FAO, fatty acid oxidation
LCHAD, long-chain 3-hydroxy acyl-CoA dehydrogenase
LKAT, long-chain 3-ketoacyl-CoA thiolase
LCHADD, LCHAD deficiency
mMDH, mitochondrial malate dehydrogenase
AFLP, acute fatty liver of pregnancy
HELLP, hemolysis, elevated liver enzymes, low platelets
VLCAD, very long-chain acyl-CoA dehydrogenase

Mitochondrial trifunctional protein (TFP) deficiency is a rare
genetic disorder of the fatty acid �-oxidation (FAO) cycle. The

human trifunctional protein is an octamer composed of four
�-subunits and four �-subunits (1, 2). The �-subunit contains
the 2,3-long-chain enoyl CoA hydratase and the long-chain
3-hydroxy-acyl CoA dehydrogenase (LCHAD) domains; the
�-subunit harbors the long-chain 3-keto acyl CoA thiolase
(LKAT) domain. These enzymes catalyze the last three steps of
the �-oxidation spiral of long-chain fatty acids. General TFP
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deficiency is defined by reduced activity of all three TFP enzymes.
Mutations resulting in TFP deficiency lie in either the �- or the
�-subunit, but the mechanisms by which mutations in one subunit
reduce activities of all three enzymes have not been studied
extensively. The TFP subunits are encoded by separate nuclear
genes located in the same region of chromosome 2p23 (3).

The most common defect of the TFP complex is isolated
LCHAD deficiency (LCHADD), which is defined biochemi-
cally by reduced LCHAD activity with substantial preservation
of the other two TFP enzymatic activities. E474Q in the
�-subunit is the common mutation for this disorder and is
located within the catalytic region of the LCHAD domain (4).
It is present on 60% (5) to 86% (6) of abnormal alleles in
LCHADD, and more than 60 patients with isolated LCHADD
and this mutation have been reported (5–7). Despite the occur-
rence of a common mutation, LCHADD presents with heter-
ogeneous phenotypes (6).

General TFP deficiency has been reported much less fre-
quently, most often with infantile mortality secondary to severe
cardiomyopathy. However, more recently, TFP deficiency as a
result of �-subunit mutations has been characterized as a
phenotypically and molecularly heterogeneous disorder, with a
predominance of mild manifestations (8). Three different types
of presentations have been apparent in general TFP deficiency
with �-subunit mutations, termed the lethal phenotype, the
hepatic phenotype, and the neuromyopathic phenotype (8). The
lethal phenotype is characterized by severe dilated cardiomy-
opathy, lactic acidosis, a Reye syndrome–like picture of hy-
poketotic hypoglycemia, and neonatal death. The hepatic phe-
notype is defined as a less severe presentation with onset in the
first months of life characterized by episodes of hypoketotic
hypoglycemia and lethargy usually triggered by illness or
fasting. The main features of the neuromyopathic form with
later onset are progressive peripheral neuropathy and episodic,
often exercise-induced myoglobinuria (8).

General TFP deficiency as a result of �-subunit mutations
has been reported in 10 families (1, 5, 9–15). Six presented
with the lethal phenotype (1, 5, 12–15); neuromyopathic forms
have been reported in four (9–11). Because of the clinical
similarities among patients with TFP deficiency caused by
either �- or �-subunit mutations, we postulated that similar
pathogenic mechanisms exist in both groups. We have col-
lected five more patients with general TFP deficiency and
�-subunit mutations and characterize the overall total group of
15 individuals with �-mutation–derived disease, including the
10 already reported (1, 5, 9–15), with regard to clinical fea-
tures, mutations, enzyme activities, thiolase expression in fi-
broblasts, and TFP complex stability.

METHODS

We report five new patients with TFP deficiency and �-sub-
unit mutations. Patients’ clinical and family histories were
obtained from the referring physicians. Because all patients’
TFP deficiency was diagnosed and evaluated in different met-
abolic centers, there were no common diagnostic and treatment
protocols. Diagnosis was confirmed by enzyme and/or molec-
ular analysis.

To investigate the mechanism of disease in patients with �-
and �-subunit mutations, we analyzed TFP subunit expression
by immunoblot of patient-derived fibroblast protein extracts
and quantified LKAT stability using pulse-chase studies in
these cells. All studies were performed with the approval of the
Vanderbilt University Medical Center or Washington Univer-
sity Institutional Review Boards. The studies were conducted
with informed consent from the parents.

Cell lines. Fibroblast cell lines were maintained in Dulbec-
co’s modified Eagle’s medium (GIBCO Invitrogen Corpora-
tion, www.invitrogen.com) with 10% fetal bovine serum, 20
mM of glutamine, antibiotics, and nonessential amino acids.

Enzyme analysis. General TFP deficiency is defined by
reduced activities of all three enzymes to demarcate it from
isolated LCHADD. LKAT is encoded on the �-subunit and
LCHAD on the �-subunit, and deficiency of both activities is
always associated with a lack of activity of 2,3-long-chain
enoyl CoA hydratase (1, 16).

Fibroblasts for LCHAD and LKAT enzyme assays were
available in four of the five patients’ newly diagnosed TFP
deficiency. Enzyme activities were measured according to
previously reported techniques (7). Healthy individuals served
as control subjects.

PCR amplification and sequencing analysis. DNA was
isolated from whole blood or fibroblasts by standard techniques
(17). All 20 �-subunit and all 16 �-subunit exons of patients’
genomic DNA were amplified in the presence of (32P)-dCTP
by PCR under standard conditions (15). Details about the
amplification of �-subunit exons, including oligonucleotide
sequences of the primer pairs, have previously been reported
(15). For the amplification of �-subunit exons, we designed 23-
to 27-bp-long intronic primer pairs, based on our own and
previously reported genomic thiolase DNA sequences (18). We
directly sequenced exonic DNA of all �- and �-subunit exons
using the reported intronic primer pairs.

Immunoblot analysis. Western blot analysis was performed
after 4 to 20% SDS-PAGE (19) using rabbit polyclonal anti-
bodies raised against recombinant �-subunit TFP (thiolase) or
mitochondrial malate dehydrogenase (mMDH), a tricarboxylic
acid cycle enzyme. Because mMDH expression is constant, the
ratio between thiolase and mMDH antigen allows comparison
of protein loading. Extracts from fibroblasts cultured from a
healthy individual served as the control.

Pulse-chase analysis and immunoprecipitation. Fibroblasts
were labeled with 2 mL of 0.1 mCi/mL [35S] methionine per 1
� 107 cells for 1 h as previously described (20, 21). After this
pulse, the medium was changed to fresh Dulbecco’s modified
Eagle’s medium with antibiotics and fetal bovine serum and
incubated for 2, 4, 8, 24, and 48 h, respectively, the “chase”
period as previously described (1). Thiolase and mMDH were
immunoprecipitated by standard techniques (22). As an inter-
nal control, extracts from the healthy individual’s fibroblasts
were treated with preimmune serum to determine nonspecifi-
cally precipitated proteins. The labeled products were subject
to SDS-PAGE and fluorography to quantify radiolabeled
�-subunit and mMDH expression.

With the computer program Scion image (www.scioncorp-
.com), the area and the density of scanned pulse-chase images
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were quantified to determine the amount of thiolase protein
antigen present at the different time points. The data were
plotted against the time to determine thiolase decay in all
available fibroblast lines from TFP-deficient patients, one
LCHAD-deficient patient, and one healthy individual. Protein
half-life was calculated from the exponential trend line that
was laid through the measured time points. The half-life was
t1/2 � ln(0.5):k.

RESULTS

Phenotypes of TFP-deficient patients with �-subunit mu-
tations. Among the five patients with �-subunit mutations not
previously reported, two died in the neonatal period with
severe cardiomyopathy, one presented with the hepatic pheno-
type, and one presented with the neuromyopathic phenotype.
The mother of patient 5 developed acute fatty liver of preg-
nancy (AFLP) in the 36th week that led to the diagnosis in the
newborn. This patient was born with an arterial cord pH of 7.06
and was artificially ventilated immediately after birth. He
recovered quickly and over 4 y has not developed any clinical
TFP-associated symptoms while being treated with preventive
measures, including avoidance of fasting and a reduced long-
chain fat diet. Autopsy in one patient with the lethal form
revealed severe lipid accumulation in many organs, including
the myocardium, the renal tubules, and the liver. Severe car-
diomyopathy with pericardial and pleural effusions was ob-
served in this patient. The hepatic presentation in one patient
was characterized by episodes of hypoketotic hypoglycemia
with onset at 4.5 mo of age, accompanied by seizures. The
patient with the myopathic presentation developed severe mus-
cular hypotonia and respiratory failure at 9 mo of age precip-
itated by an infection. Shortness of breath, intermittent oxygen
dependence, and hypoventilation during metabolic decompen-
sation have been observed before in patients with TFP defi-
ciency and �-subunit mutations, suggesting weakness of the
diaphragm (8).

Six of the 10 previously reported patients with �-subunit
mutations presented with the lethal, cardiac phenotype and died in
the neonatal period (1, 5, 12–15). The other four became symp-
tomatic with later-onset myopathy (9–11). Three had proven
peripheral neuropathy. In one individual peripheral neuropathy
was not observed up to the age of 12 y (10); however, retinitis
pigmentosa was apparent in this patient at age 3.

Maternal liver diseases such as HELLP (hemolysis, elevated
liver enzymes, low platelets) syndrome and AFLP were ob-
served in three of these overall 15 families (20%). Onset of
symptoms in this cumulative total of 15 patients with �-subunit
mutations ranged from the first day of life to 11 years of age.
The age at diagnosis was between the first week of life and
13 y. In comparison, among the 13 reported TFP-deficient
patients with �-subunit mutations, disease onset was between
the first day of life and 6 y of age, and the age at diagnosis
ranged from the first week of life to 18 y of age (8).

Thus, the clinical manifestations of general TFP deficiency
as a result of �-subunit mutations are very similar to TFP
deficiency with �-subunit mutations (8). However, the distri-
bution of phenotypes differs in both groups. A total of 53% of

patients with �-subunit mutations presented with the lethal
phenotype, whereas 70% of patients with �-subunit mutations
had milder phenotypes (8).

LCHAD and LKAT activities in fibroblasts. LCHAD activ-
ities in our four �-subunit patients (patients 4, 6, 9, and 11; Fig.
1) ranged from 21 to 34% of normal (mean, 27.6%; SD,
�4.9%; median, 27.9%), LKAT activities were 6 to 36% of
normal (mean, 22.9%; SD, �12.3%; median, 24.9%). Residual
activities are relatively high in some patients and might be due
to other enzymes with overlapping substrate specificity in our
in vitro assay system. Different levels of activity of these other
enzymes may account for the variable residual activities be-
tween patients in our in vitro assays.

In 11 of the total of 15 reported patients with TFP deficiency
and �-subunit mutations, enzyme results are available (Fig. 1).
A comparison between residual activities in patients with �-
and �-subunit mutations is shown in Figure 2, demonstrating
that both groups are biochemically similar.

Patient 1 of the �-subunit group (Fig. 1) presented with an
exceptionally high LCHAD activity of 50%. However, no
thiolase activity was measurable in this patient (Fig. 3), clearly
demonstrating the effect of the homozygous �-subunit muta-
tions (IVS6 �2A�G) on �-subunit expression.

Molecular genetic analysis. The diagnosis was confirmed
by �-subunit molecular genetic analysis in all five new pa-
tients. Four different missense mutations (E474Q, V563M,
D665G, and V376L), one premature termination mutation
(Y-13ter), and two different splice site mutations (IVS18
�1G�A and IVS4 �2A�T) were delineated (Table 1). Two
patients were homozygous for the mutations found, and the
other three were compound heterozygotes. The E474Q muta-
tion was present in two unrelated patients on one allele.

Among the cumulative total of 15 patients with �-subunit
mutations and general TFP deficiency, four presented with the
E474Q mutation on one allele (9, 10, our patients). The
mutations on the other allele were IVS18 �1G�A, R524ter,
and D665G. In one patient (8), the second mutation was not

Figure 1. Patients 1 to 5 present with the lethal phenotype, patient 6 with the
hepatic form, and patients 7 through 10 with the neuromyopathic phenotype.
Patient 11 remained asymptomatic during follow-up until 4 y of age. Patients
4, 6, 9, and 11 are reported for the first time. LCHAD and LKAT activities
were determined in fibroblast cells. Patients were collected over a number of
years, and assays in patients and batch normals were performed at different
times. Each patient was compared with five batch normals that were examined
at the same time. Activities are given in percentage of the normal. Patient 1 did
not present with any measurable LKAT activity. Patients 8, 9, and 11 carry the
E474Q mutation on one allele.
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found and might be in intronic regions not contained within our
amplified PCR products.

The mutational spectrum of all reported patients with �- and
�-subunit mutations is summarized in Table 1. The molecular
results show that null mutations (9 of 17) are more common in
the �-subunit group, and this correlates with the more common
occurrence of lethal and early-onset hepatic phenotypes among
these patients. In contrast, missense mutations predominate in
the �-subunit group (12 of 16), consistent with the higher
proportion of individuals with the mild, myopathic phenotype
in this group. The molecular data demonstrate both that heter-
ogeneous �- and �-subunit mutations result in general TFP
deficiency and that missense mutations in either subunit can
result in biochemical deficiency of all three �- and �-subunit
enzymes.

Thiolase protein expression in fibroblasts. To investigate
the pathogenetic mechanism by which mutations in either TFP
subunit cause general TFP deficiency, we investigated LKAT,
the enzyme encoded by the �-subunit, both by immunoblot to
quantify steady-state expression of protein and by pulse-chase
analyses to quantify the rate of subunit degradation. Because
both subunits are required for stable expression of the TFP
octamer (1), these experiments are a measure of TFP complex
stability.

Thiolase expression was assessed by Western blot using
protein extracts from fibroblast cell lines derived from patients
with lethal and mild TFP deficiency as a result of �-or �-sub-
unit mutations (Fig. 3). Patients with mild TFP deficiency
represent individuals with the neuromyopathic phenotype. All
patients with general TFP deficiency presented with reduced or
undetectable cellular thiolase levels in comparison with the
control cell line. The patient with isolated LCHADD had
normal cellular thiolase protein, whereas in both TFP-deficient
patients exhibiting the lethal phenotype, thiolase protein was
either absent or barely detectable; reduction in thiolase protein
in cells from patients with the mild phenotype was also severe
but less than in lethal phenotypes. Thus, correlation of level of
thiolase antigen expression with phenotype was apparent in
both groups of TFP deficiency. These data demonstrate that

mutations in either TFP subunit affect �-subunit thiolase ex-
pression to a similar extent.

Thiolase stability and degradation. Thiolase degradation
rates were determined in the same fibroblast cell lines using
radiolabeling of proteins and pulse-chase methods. mMDH
again served as an internal control. On fluorography, the
thiolase and mMDH bands are clearly identified because their
molecular weights are 35 and 51 kD, respectively (Fig. 4). The
third band that was apparent on SDS-PAGE is nonspecific,
because it is also present in the sample incubated only with
preimmune serum (Fig. 4). The amount of thiolase protein was
plotted against the time to determine thiolase decay (Fig. 5).
According to our calculations from the exponential trend lines
through the data points, thiolase half-life was 43 h in a healthy
individual and 55 h in an LCHAD-deficient patient. In patients
with TFP deficiency, thiolase half-life was significantly re-
duced to 8.8 h in mild �-subunit mutated TFP deficiency and
5.6 h in mild �-subunit mutated TFP deficiency. The severe
forms presented with half-lives of 1.3 h (�-subunit mutated)
and 2.2 h (�-subunit mutated), respectively (Fig. 5). Thus,
thiolase degradation is much more rapid in all TFP-deficient
patients in comparison with a healthy individual or the
LCHAD-deficient patient. Mutations in the �- or �-subunit can
affect �-subunit breakdown to similar extents. The degree of
change in thiolase degradation rates correlates nicely with the
severity of phenotype, with very rapid loss in cells from
patients with lethal, early-onset disease and intermediate rates
of degradation in milder cases with the neuropathic phenotype.

DISCUSSION

This study demonstrates that mutations in the TFP �-subunit
reduce expression and increase breakdown of the �-subunit
protein, the LKAT, that is part of the octameric TFP. �-Subunit
mutations have similar effects on expression and degradation.
That mutations in either subunit equally alter TFP complex
stability is consistent with our observations that TFP deficiency
as a result of �- or �-subunit mutations is clinically and
biochemically similar.

In general TFP deficiency as a result of �-subunit mutations,
three forms of disease manifestation have become apparent,
just as we described in TFP deficiency as a result of �-subunit
mutations (8), and phenotype profiles in both groups are sim-
ilar in regard to symptoms and disease onset. All patients with
�- or �-subunit mutations and the early-onset phenotype died
in the neonatal period despite intensive care treatment. This
observation contrasts to very long-chain acyl-CoA dehydroge-
nase (VLCAD) deficiency, another long-chain FAO defect,
that also presents with three phenotypes of differing severities
(23). However, the early-onset, cardiac phenotype in VLCAD
deficiency is not always lethal. In fact, life-threatening cardio-
myopathy and pericardial effusion in VLCAD deficiency are
completely reversible within weeks after implementation of
treatment measures (24–26).

Fifty-three percent of patients with TFP deficiency and
�-subunit mutations presented with this lethal phenotype.
However, 57% of the total of 28 known patients with general
TFP deficiency survived long-term, and their disease was well

Figure 2. LCHAD and LKAT activities in patients with �- or �-subunit
mutations are given as median and are subdivided according to phenotype
subgroups. These data demonstrate similar biochemical effects as a result of �-
or �-subunit mutations. Mild TFP deficiency includes patients with the hepatic
and the neuromyopathic phenotypes.
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controlled after implementation of preventive measures such as
avoidance of fasting and a reduced long-chain fat intake.
Therefore, the widespread impression that general TFP defi-
ciency is a fatal disease is incorrect. A previous survey re-
vealed that among 107 patients with FAO defects, 53% sur-
vived, suggesting a similar distribution of mild and severe
phenotypes (27). General TFP deficiency as a result of �-sub-
unit mutations is therefore clinically as heterogeneous as TFP
deficiency secondary to �-subunit mutations and as other FAO
defects.

Two clinical features are unique to disorders that affect the
TFP complex. First, the occurrence of peripheral neuropathy
has not been observed in other FAO defects but is common
among survivors with general TFP and isolated LCHAD defi-

ciencies (6). Retinitis pigmentosa has previously been reported
only in isolated LCHADD (27, 28) but is a long-term compli-
cation in TFP deficiency as well, as one of the patients from
our study demonstrated (10). Second, maternal liver diseases,
such as HELLP syndrome and AFLP, are complications in 15
to 20% of pregnancies with TFP-deficient fetuses, whether the
mutation site is in either the �- or �-subunit. Maternal liver
disease is relatively common with an incidence of 19% (6) to
79% (5, 29) in isolated LCHADD families with the common
E474Q mutation, but HELLP and AFLP are very rare in
pregnancies of fetuses with other FAO defects, such as medi-
um-chain acyl-CoA dehydrogenase deficiency.

Figure 4. After a 1-h pulse with [35S] methionine, cell lines from each patient
were incubated with nonlabeled medium for various times. With immunopre-
cipitation, thiolase and mMDH were selected and are identified on fluoro-
graphy by their molecular weights. Thiolase (–) represents the upper band;
mMDH represents the lower band. The intermediate band is nonspecific,
because it is also present in a control incubated with preimmune serum. With
the computer program Scion image, the signal intensity of each band was
calculated to determine degradation rates (Fig. 5).

Table 1. Spectrum of �- and �-subunit mutations resulting in
TFP deficiency

�-Subunit
Allele

no. �-Subunit
Allele

no.

IVS3 �1G�A 1 198frameshift 1
IVS3 �3A�G 2* R196ter 1
IVS4 �2A>T 1 R170ter 1
IVS6 �2A�G 2 S143ter 1
IVS18 �1G>A 1 G26D 1
Y-13ter 2 R28C 3 (2*)
R255ter 1 R28H 2*
R524ter 1 R84G 1
R593ter 2 L88P 1
L94P 2 T100P 1
V246D 2 D209G 1
V269N 1 R214H 2*
V376L 2 G247D 1
E474Q 4* P261R 2*
V563M 1 P261L 1
R640C 2 G268S 1
D665G 1

All reported �- and �-subunit mutations are shown to compare the types of
mutations in both groups. Mutations are designated by the nucleotide number
from the start codon and the amino acid number from the mature N-terminus.
The horizontal line divides null mutations such as splice site, premature
termination, or frameshift mutations from missense mutations. The mutations
delineated in our five new patients are shown in bold letters.

* In unrelated patients.

Figure 3. Immunoblot analysis of thiolase in comparison with mMDH is demonstrated in six different cell lines as further described in the text. The subunit
that carries the mutations is indicated. The patients with milder TFP deficiency have at least one missense mutation. �-Subunit missense mutations at the R-28
residue are considered severe because of its location in the dimerization domain of the thiolase protein (8). The mutation on the other allele was not delineated
in this patient.
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The distribution of phenotypes in patients with �- or �-sub-
unit mutations is reflected well by the molecular data, with a
predominance of null mutations in �-subunit patients and a
predominance of missense mutations in �-subunit patients (8)
(Table 1). Both groups are characterized by molecular hetero-
geneity, and only a few mutations are shared among unrelated
patients (6 of 33 mutations). In four unrelated patients of the
�-subunit group, the E474Q mutation that usually results in
isolated LCHADD was present on one allele. In three of these
patients, fibroblasts for enzyme studies were available and
revealed clearly reduced LKAT activities of 17 to 33% of
normal. LCHAD activities ranged from 21 to 28% (Table 1).
Clinically, three of these four patients presented with a neuro-
myopathic phenotype, and one patient received the diagnosis
as a result of maternal AFLP and was asymptomatic at the age
of 4 y. We speculate that in TFP-deficient patients with a
heterozygous E474Q mutation, the second mutation has a
significant dominant-negative effect on protein structure and
stability because patients homozygous for the E474Q mutation
exhibit a normal thiolase half-life. Because this common
LCHAD mutation may occur in the heterozygous state in
patients with general TFP deficiency, our current practice of
defining TFP and LCHAD deficiencies enzymatically allows a
more correct disease classification than molecular data alone.
Enzyme assays in lymphocytes quickly provide results and
may be the suitable first-line investigation in cases of acylcar-
nitine profiles suggestive of TFP deficiency.

By enzyme data, patient 1 (Fig. 1) might be more correctly
defined as having isolated thiolase deficiency that has not been

previously reported. It is interesting that this patient is homozy-
gous for a splice site mutation in the �-subunit (IVS6
�2A�G), and the lack of the �-subunit likely causes loss of
the �-subunit. Thiolase expression was severely reduced on
immunoblot in this patient as a result of an increased thiolase
degradation rate (Figs. 3 to 5, example for severe �-TFP). The
high residual LCHAD activities in this patient may be due to
other enzymes with overlapping substrate specificity, espe-
cially short-chain 3-hydoxy-acyl-CoA dehydrogenase in our
assays.

All �- and �-subunit mutations found in patients with
general TFP deficiency, even though 60% are missense muta-
tions, alter TFP complex sufficiently to severely reduce activ-
ities of both �- and �-subunit enzymes. Patients with �-subunit
mutations associated with rapidly degraded �-subunit protein
in fibroblasts demonstrate the significant effect of the �-subunit
mutations on the whole octameric TFP complex. Therefore,
either �- or �-subunit mutations can cause accelerated thiolase
degradation rates. In contrast, isolated LCHAD deficiency as a
result of homozygous E474Q mutations is associated with
normal thiolase stability and expression. The mutation site is
within the LCHAD catalytic domain and does not have a major
effect on LCHAD structure.

CONCLUSION

In conclusion, TFP �- and �-subunit mutations have com-
parable effects on TFP complex expression and thiolase deg-
radation. Thus, intact �- and �-subunits are equally essential

Figure 5. The amount of thiolase antigen detected on fluorography (Fig. 4) was plotted against the time to determine thiolase decay in all available fibroblast
lines from TFP-deficient patients, one LCHAD-deficient patient with the homozygous E474Q mutation, and a healthy individual. Protein half-life was calculated
from the exponential trend line that was laid through the measured time points. Thiolase stability is affected in all TFP-deficient patients in comparison with the
control, and the degradation rates correlate with the phenotype in both groups.
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for stabilizing the TFP complex (1, 2). Thiolase expression
levels and the different rates of thiolase degradation as a result
of either �- or �-subunit mutations correlate well with the
severity of clinical manifestations. Because the mechanism of
disease is the same in TFP deficiency as a result of �- or
�-subunit mutations, the biochemical and clinical phenotype is
similar in both groups.
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