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The study of Tetrahymena thermophila, the
simple ciliate of introductory biology labora-
tory exercises, has led to a remarkable series
of discoveries in biology, many of which have
found important applications in biotechnol-
ogy. These range from the identification of
ribozymes and telomerase to the first exam-
ple of a noncanonical nuclear genetic code
and the role of histone acetyltransferase A in
gene activation1–4. Now this remarkable cili-
ate has made the leap from mere model
organism in basic biology to a new role as a
potentially useful expression system in
biotechnology. As Tetrahymena is nonpatho-
genic, has a very short generation time, and
can be grown to high cell density in inexpen-
sive media, it is an ideal candidate system for
production of pharmaceuticals and vaccines.

When transformation of an expression
system with a foreign gene does not produce
a selectable phenotype, identification of
transformed cells and the maintenance of the
transformed state can be tricky, if not impos-
sible. In this issue, Gaertig et al. describe the
engineering of a Tetrahymena expression sys-
tem that gets around this problem by exploit-
ing the drug sensitivity of a particular mutant
strain5. A mutation in either one of the two
Tetrahymena b-tubulin genes—a substitu-
tion of Lys350 by methionine—produces
sensitivity to the microtubule drug, paclitax-
el7, and knocking out the mutant b-tubulin
gene restores resistance (see Fig. 1). Thus, if a
foreign gene is targeted to the mutant b-
tubulin gene by homologous recombination,
transformed cells can be selected by their
resistance to paclitaxel and the foreign gene is
expressed under the control of the b-tubulin
promoter. In one fell swoop, an introduced
foreign gene is expressed and produces a
selectable phenotype. This approach is not
unique to Tetrahymena and should be applic-
able to other systems.

This system has been used to express a
surface immobilization antigen (i-antigen)
from the parasitic cousin of Tetrahymena, the
ciliate Ichthyophthirius multifiliis, which
causes “Ich” or “white spot” disease in eco-
nomically important freshwater fish6. The i-
antigen of I. multifiliis is apparently responsi-
ble for protective immunity and is thus a
prime candidate for vaccine development8.
Unfortunately, however, I. multifiliis can only
be grown in association with its host, making

it difficult to obtain sufficient quantities of i-
antigen protein9. Moreover, like most ciliates,
I. multifiliis employs a noncanonical nuclear
genetic code, in which codons UAA and UAG
specify glutamine rather than chain termina-
tion10. This means that any attempt to trans-
late I. multifiliis genes in a conventional
expression system employing a canonical
nuclear genetic code will generally produce
premature termination and result in non-
functional truncated proteins. Tetrahymena
conveniently shares the same noncanonical
nuclear genetic code used by I. multifiliis,
allowing accurate translation of the parasite’s
proteins in Tetrahymena. Of course, the non-
canonical system used by Tetrahymena may
create problems when it is used to translate
genes from organisms using the canonical
nuclear genetic code that terminates with a
UAA or UAG codon. That said, among mam-
malian genes found in GenBank, UGA
appears more frequently than UAA and UAG
termination codons combined11. When a for-
eign gene terminating with either UAA or
UAG is translated in Tetrahymena, the result-
ing protein is extended at the C terminus by a
polypeptide corresponding to the sequence
between the normal termination codon and
the next in-frame UGA. These additional C-
terminal amino acids are unlikely to interfere
with the function of the protein, however.
Thus, not only is the Tetrahymena system
capable of translating foreign genes using the

noncanonical nuclear genetic code, it should
also produce active proteins from many for-
eign genes using the canonical nuclear genet-
ic code.

Importantly, the i-antigen is expressed in
Tetrahymena at the cell surface. Probing
Tetrahymena with a fluorescently labeled
antiserum directed against the i-antigen
reveals strong labeling of both oral and
somatic cilia in a pattern very similar to that
observed in I. multifiliis. Moreover, anti-
serum directed against I. multifiliis i-antigen
causes immediate immobilization of trans-
formed Tetrahymena (by cross-linking cilia).
The surface localization of the i-antigen sug-
gests that its signal peptide is functioning
appropriately in Tetrahymena. It remains to
be seen, however, whether proteins from
more distantly related organisms will also be
appropriately localized when expressed in
Tetrahymena.

The expression of I. multifiliis i-antigen in
Tetrahymena makes possible the large-scale
production of this protein as a potential vac-
cine against I. multifiliis. The high cell densi-
ty to which Tetrahymena can be grown sug-
gests that the i-antigen may be produced on
the order of milligrams per liter.
Furthermore, its display on the cell mem-
brane opens the possibility that transformed
Tetrahymena organisms could be used as a
live vaccine against I. multifiliis. Since
Tetrahymena are normally present in fresh-
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Figure 1. Tetrahymena expressing a mutant copy of the b-tubulin gene (btu1-1K350M) are
paclitaxel sensitive. When transformed with an Ichthyophthirius multifiliis i-antigen flanked by
the 5´ and 3´ regions of the b-tubulin gene, the mutant gene is disrupted, the cells are paclitaxel
resistant, and the i-antigen is expressed and displayed on the cell surface.
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that do not confer a selectable phenotype has
real merit and is not for ciliates only.
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water ecosystems, the introduction of quan-
tities of transformed cells displaying the I.
multifiliis i-antigen in their cell membranes
may immunize fish against the parasitic I.
Multifiliis. Whether or not the use of
Tetrahymena as a living vaccine against
“white spot” disease becomes a reality, the
innovative system described by Gaertig et al.
for the identification and maintenance of
transformed cells expressing foreign proteins

Spying on the hidden lives of proteins
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Fluorescence microscopy studies of protein
localization in the cell have contributed enor-
mously to our understanding of biological
processes. Since the introduction of
immunofluorescence techniques more than
50 years ago, however, most fluorescence
microscopy procedures have changed very
little. Rapid advances in technology have led
to the development of many new imaging
modalities, but most of these have found lit-
tle general use in biomedical research and
languish in the labs of the developers. In the
March 26 issue of Science, Ng and colleagues1

show us how a combination of two advanced
imaging methods, fluorescence resonance
energy transfer (FRET) and fluorescence life-
time imaging microscopy (FLIM), may revo-
lutionize the way immunofluorescence is
performed. In their study, the authors use
these fluorescence microscopy techniques to
acquire a spatial map of the distribution of
the activated form of the enzyme, protein
kinase C a (PKCa) in intact cells.

The spatial map of a cell acquired by con-
ventional fluorescence microscopy is limited
to about 0.2 µm (200 nm), the resolution of
the optical imaging system. A substantial
improvement in the spatial resolution of the
microscope can be achieved by detecting
FRET, a quantum mechanical process by
which excited-state energy is transferred from
a donor fluorophore to an acceptor molecule
in close proximity (Fig. 1). Because the effi-
ciency of FRET decreases rapidly as the dis-
tance between the two fluorophores increases,
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energy transfer occurs only when the two are
within about 5 nm of each other, roughly the
size scale of a 35 kDa spherical protein. The
detection of FRET would thus seem to be an
ideal way to spy on intracellular events such as
protein–protein interactions.

In practice, however, the use of FRET
microscopy is limited by problems of labeling
specificity, probe concentration, and photo-
bleaching2. These latter two limitations can
be overcome by detecting FRET through its
effect on the fluorescence lifetime of the
donor fluorophore using FLIM. The average
excited-state lifetime of a fluorescent mole-

cule is fleetingly short, typically less than 10
ns, and is critically dependent on the local
environment surrounding the probe3,4. The
FLIM technique detects a spatial lifetime
map of these nanosecond decay kinetics, and
therefore can reveal localized variations in
the probe environment, in addition to a sim-
ple picture of fluorophore localization4,5.
Since FRET occurs during the excited-state
lifetime of the donor molecule, it significant-
ly affects the donor fluorescence lifetime. The
change in lifetime due to the presence of an
acceptor fluorophore in the donor’s local
environment can be detected by FLIM (Fig.

Figure 1. Detection of fluorescence resonance energy transfer (FRET) by fluorescence lifetime
imaging microscopy (FLIM). (A) Activated form of a protein labeled with an antibody
conjugated to a donor fluorophore. On absorbing light, the fluorophore changes from ground
state (S) to the excited state (S*), as illustrated in the simplified Jablonski energy-level diagram
(A, middle). This is followed by emission of a photon (fluorescence) during the next few
nanoseconds. The exponential decay of fluorescence emission intensity determines the donor
fluorescence lifetime (A, right, f). (B) The protein labeled with both donor and acceptor
fluorophores, illustrating the effect of energy transfer on donor fluorescence lifetime. As the
Jablonski diagram (B, middle) shows, deactivation from the donor excited state can occur by
fluorescence or through the radiationless transfer of energy to the acceptor by FRET. The
occurrence of FRET is detectable by a decrease in the donor fluorescence lifetime (B, right, ’f).
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