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The mitochondrial outer membrane enzyme carnitine palmitoyltransferase 1
(CPT1) is a main site of regulation of intracellular long-chain fatty acid transport. At
least two isoforms of CPT1 are expressed in the body: L-CPT1 (the “liver-type” isoform)
and M-CPT1 (the “muscle-type” isoform).1 Skin fibroblasts from healthy humans are
known to contain only one isoform of CPT1: the liver-type, which is encoded by the
gene CPT1A. Skin fibroblasts from patients with a liver-type CPT1 deficiency do not
express either of the two known CPT1 isoforms (neither liver- nor muscle-type), and
therefore could provide an excellent background to study CPT1 by means of molecular
complementation.

In this chapter, we describe the first experiments we carried out with a gene fusion
of a complementary DNA of the human gene for muscle-type carnitine palmitoyltrans-
ferase (CPT1B)2 and a gene encoding an “enhanced” green fluorescent protein (GFP).3

We wished to express the human CPT1B gene in human skin fibroblasts, taking the
following facts into consideration:
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(1) CPT1B is normally not expressed in skin fibroblasts, therefore the CPT1B pro-
moter itself would not be suitable for efficient expression of a CPT1B trans-
gene in these cells. A constitutive or skin fibroblast-specific promoter is needed
to express CPT1B, for that reason we use the human cytomegalovirus imme-
diate early (CMV-IE) promoter, a broadly used strong promoter for transgene
expression in mammalian cells.

(2) Human skin fibroblasts are generally regarded as recalcitrant to transfection.
Various transformation procedures have been applied by different groups,4,5,6,7

each claiming different levels of relative and absolute success. We wished to
transiently express CPT1-GFP in order to get an impression of what would be
possible with regard to transfection efficiencies, in our hands. If promising effi-
ciencies could be obtained, an optimised protocol may allow functional studies.

(3) As human skin fibroblasts are recalcitrant to transfection, we wished to include
an easily traceable marker, which can either be used as an in-frame fusion
protein, or as a separately expressed protein. The widely applicable green flu-
orescent protein (GFP) reporter system, originally isolated from the jellyfish
Aequorea victoria, and adapted for efficient expression in human cells and for,
elevated levels of fluorescence,3,8 provides these properties. The GFP system has
been used for example, to study protein trafficking to the mitochondrial matrix9

and the mitochondrial outer membrane.10 Therefore, by using confocal laser
scanning imaging we may get an impression of the intracellular localization of
a CPT1-GFP fusion protein after transient or stable transfection.

(4) Since we aim to study CPT1 deficiencies in a conditional knockout mouse
model (see elsewhere in this volume), the application of a fused marker protein
in gene alteration approaches would serve a long-term goal. Applications like
the monitoring of gene expression before (knock-in) and after a conditionally
mediated knockout event would provide important tools in gene function
analyses. Using the human gene for M-CPT1, experiments with fusions to GFP
may provide important data to be applied in gene-targeting of the murine
CPT1 genes.

(5) Once the localisation of mitochondrial enzymes in a two- or three-dimensional
perspective is studied, it is important to realise what may be expected. In text-
books, schematic representations of the three-dimensional shape of mitochon-
dria are often globular structures which resemble flattened balls rather than
flexible tubes (see e.g. reference,11 page 487). It should be stressed however, that
in real life mitochondria may “line up” or may be tubular shaped and have a
thread-like, sometimes branched, appearance, as shown in reference,11 on page
483 and 485.

A nearly full length coding region for human muscle-type CPT1, based on a com-
plementary DNA sequence of the CPT1B gene2 was fused to enhanced GFP in the mam-
malian expression vector pEGFP-N2 (Clontech, Palo Alto, CA, USA). Since the CPT1
C-terminal part is expected to be a much larger domain than its N-terminal counterpart
relative to the transmembrane domains,1,12 we chose to fuse GFP to the C-terminus of
CPT1 as we aimed to achieve optimal freedom of the GFP domain to reach its fluores-
cent state. In the resulting construct the CMV-IE promoter drives the expression of the
fused genes, and the transcript encodes CPT1 as the N-terminal domain, with GFP at
the C-terminus. The plasmid provides a neo gene, driven by two promoters for selection
in bacteria and mammalian cells.
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We used two protocols for skin fibroblast transfection: one commercially available
preparation (Lipofectamine, Life Technologies, Paisley, Scotland) was applied according
to the manufacturers instructions, and the other protocol was according to the
calcium precipitation method,13 with slight adaptations.14 The former protocol is used in
our laboratories for transient expression in hamster lung fibroblasts, and the latter for
stable transfection of hamster lung fibroblasts and both transient- and stable transfec-
tion of the human cervix epithelial carcinoma cell line HeLa. The selective dose of
G418 (Geneticin, Life Technologies) for human skin fibroblasts was determined in a pilot
experiment. Geneticin selection was applied at 250 µg/ml after calcium phosphate
transfection. In the Lipofectamine transfection experiments the cells were split into one
half of the population at which G418 selection was applied, and one half which was
allowed to attach to coverslips for transient expression assessment without G418
selection.

Images were taken with a confocal laser scanning microscope (True Confocal
Scanner 4D, Leica, Heidelberg, Germany) equipped with an argon-krypton laser and
coupled to a Leitz DM IRB inverted microscope (Leica).15 Excitation was at 488 nm, and
emission was band-pass filtered at 515nm.

An assessment of the transfection efficiency of human skin fibroblasts, compared
to transfection of hamster lung fibroblasts and Human HeLa cells, indicated that the
protocols we used are not suitable to obtain stable transfected skin fibroblasts. We con-
cluded this from the fact that no stable transfected colonies of human skin fibroblasts
were obtained, regardless of being CPT1-defective or being from a patient with a disor-
der unrelated to -oxidation. Only transient expression with the Lipofectamine method
was successful. We found an efficiency of 0.0-0.2 % of the cells which survived trans-
fection without selection. However, compared to the efficiencies of transfection in
hamster lung fibroblasts (5-10% in a parallel experiment), this still was low. Therefore,
for long-term applications it is clear that different procedures should be used than the
ones we applied here.

The low transfection efficiencies are, however, compensated for by the confocal laser
scanning images we obtained of the few cells transiently expressing CPT1-GFP. As illus-
trated, these cells showed a promising result with respect to intracellular localisation of
green fluorescent signal (Fig. 1). Punctuated and thread-like structures are clearly more
fluorescent than the background level in the cytosol, and the nucleus remains clear of
green fluorescent signal. These images are comparable to the microscopical data known
from a variety of cells with mitochondrion specific stains like Rhodamine 123,11 or GFP
fusions targeted to the mitochondrial matrix.9 Moreover, in human skin fibroblasts, the
compound 2-(4-(dimethylamino)styryl)-l-methylpyridinium iodide has been successfully
used to image mitochondria, showing comparable signal distribution patterns,16 albeit
that we sometimes could observe more distally localized fluorescent signals, putatively
from mitochondria situated near the sites where the cells were attached to the coverslip
glass. The low number of cells we have observed does not allow firm conclusions with
respect to intracellular distribution of CPT1-GFP in relation to cytoskeletal compounds
near these attachment sites.17

Control experiments with non-fused enhanced GFP resulted in homogeneously
distributed green fluorescent signal, not only in the cytosol, but also in the nucleus.
This uniform distribution of non-fused GFP was expected from previous reports.3,8 Taken
these facts together, our results with transient expression of CPT1-GFP in human
skin fibroblasts are highly suggestive for targeting of the fusion protein to mitochondria.
To investigate the targeting and topology of the CPT1-GFP fusion in more detail
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we recently have obtained stable transfected HeLa cells. These cells are currently sub-
jected to more detailed microscopical and functional analyses (van der Leij et al., in
preparation).

We conclude that for long-term expression studies in human skin fibroblasts, the
transfection methods we applied in this study are not appropriate. This may be improved
when other transfection methods are applied. In that respect, a combination of a recep-
tor-targeted transfection method and an immortalization strategy7 seems attractive, since
this would overcome the limited number of cell cycles of skin fibroblasts. High resolu-
tion imaging of the few cells we obtained made this study a valuable exercise, however.
Much could be learned already from the few transfected cells we observed. The intra-
cellular heterogenous distribution of CPT1-GFP points to mitochondrial targeting of
this fusion protein, and these results are an encouraging basis for ongoing and future
experiments.
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