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ABSTRACT: Many proteins that are destined to reside within the lumen of the peroxisome contain the
peroxisomal targeting signal-1 (PTS1), a C-terminal tripeptide approximating the consensus sequence
-Ser-Lys-Leu-COO-. The PTS1 is recognized by the tetratricopeptide repeat (TPR) domains of PEX5,
a cytosolic receptor that cycles between the cytoplasm and the peroxisome. To gain insight into the
energetics of PTS1 binding specificity and to correlate these with features from the recently determined
structure of a PEX5:PTS1 complex, we used a fluorescence-based binding assay that enables the quantitation
of the dissociation constants for PTS1-containing peptide complexes with the TPR region of human PEX5.
Through application of this assay to a collection of pentapeptides containing different C-terminal tripeptide
sequences, including both natural and unnatural amino acids, the thermodynamic effects of sequence
variation were examined. PTS1 variants that correspond to known functional targeting signals bind to the
PEX5 fragment with a change in the standard binding free energy within 1.8 kcal mol-1 of that
corresponding to the peptide ending with-Ser-Lys-Leu-COO-. The results suggest that a binding
energy threshold may determine the functionality of PTS1 sequences.

Peroxisomes are membrane-bound organelles that partici-
pate in a number of cellular metabolic processes, including
the â-oxidation of certain fatty acids and the biosynthesis
of cholesterol, bile acids, and plasmalogens (1). Failure to
properly assemble peroxisomes in humans leads to a group
of genetic disorders known as the peroxisome biogenesis
disorders (PBDs)1, which include the Zellweger spectrum-
Zellweger syndrome, neonatal adrenoleukodystrophy, and
infantile Refsum diseasesand rhizomelic chondrodysplasia
punctata (2, 3). These PBDs result from mutations in any
one of a group of genes that encode peroxins, proteins specif-
ically involved in peroxisomal protein targeting and import.

Proteins that reside within the lumen, or matrix, of the
peroxisome are first completely synthesized by ribosomes
in the cytosol. Most peroxisomal matrix proteins contain the
peroxisomal targeting signal-1 (PTS1), a C-terminal tripep-
tide sufficient to achieve correct subcellular localization (4).
The receptor for the PTS1, PEX5, cycles between the cytosol
and the peroxisome, where import into the organelle occurs
(5, 6). PEX5 recognizes the PTS1 using six tetratricopeptide
repeat motifs (TPRs) located within its C-terminal half (5,
7, 8). We have recently reported the crystal structure of a

fragment of human PEX5 containing the entire TPR array
(PEX5-C) complexed with a pentapeptide containing a
canonical PTS1 sequence (8). Backbone atoms from the
PTS1 are bound by a collection of asparagine residues from
within the receptor, while the side chain atoms and the
terminal carboxylate of the PTS1 are recognized by a series
of pockets that confer sequence specificity.

While the PTS1 is typically described by its consensus
sequence,-Ser-Lys-Leu-COO-, it has been demonstrated
that conservative substitutions within this tripeptide do yield
functional targeting signals. For example, in mammalian
cells, Ala and Cys are allowed at the -3 position, His and
Arg at the -2 position, and Met at the -1 position (4, 9).
Subsequent studies have attempted to further explore these
requirements. For example, Elgersma et al. used random
mutagenesis of the PTS1 fromSaccharomyces cereVisiae
malate dehydrogenase to generate a library of possible
C-terminal tripeptides (10). Functional assessment of these
tripeptides involved the comparison of a Western blot of the
organellar pellet versus the cytosolic supernatant. In addition,
Hartig and co-workers (11) used a yeast two-hybrid assay
in which human andS. cereVisiae PEX5 were screened
against a random peptide library, and the strength of the
interaction was measured usingâ-galactosidase reporter
expression. Additional experiments have been performed to
explore the PTS1 requirements for glycosomal import in
trypanosomes and glyoxysomal/peroxisomal import in plants
(12-14). The results from all these studies suggest that there
may be more variation allowed within the PTS1 than
originally anticipated and that there are species-specific
differences between the tripeptide sequence families recog-
nized by PEX5. However, the lack of precision of the assays
precludes a more detailed analysis.
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In our report of the crystal structure of the PEX5-C:PTS1
complex, we used a binding assay to confirm the functional
activity of the PEX5 fragment as well as test the activity of
a form of PEX5-C that carried a mutation known to cause
disease in humans (8). These experiments were based on
changes in fluorescence anisotropy of a lissamine-tagged
peptide upon addition of receptor protein. In the work
presented here, this assay is expanded to determine the
affinities of unlabeled peptides for PEX5-C by measuring
their ability to displace labeled ligand, facilitating examina-
tion of an extensive series of peptides.

EXPERIMENTAL PROCEDURES

Protein Expression and Purification.PEX5-C, a 41 kDa
fragment of human PEX5 comprised of amino acids 235-
602, was expressed and purified as previously described (8).

Peptide Synthesis.All peptides were synthesized by solid-
phase methods on a MilliGen/Biosearch 9050 Peptide
Synthesizer using 9-fluorenylmethoxycarbonyl (Fmoc) chem-
istry with O-(benzotriazol-1-yl)-N,N,N′,N′-tetramethyluro-
nium tetrafluoroborate (TBTU) and 1-hydroxybenzotriazole
(HOBt) activation. The unnatural amino acids homoserine
(Hse) and 6-hydroxynorleucine (Hnl) were purchased in a
side chain-protected form appropriate for solid-phase peptide
synthesis from Novabiochem and Advanced ChemTech,
respectively. The peptide amide, YQSKL-CONH2, was
synthesized on the NovaSyn TGR resin (Novabiochem). All
peptides contained a tyrosine residue at the -5 position to
enable quantitation by UV/vis spectrophotometry (ε274 )
1400 M-1 cm-1). Peptides that contained cysteine were
prepared in degassed water and stored in an anaerobic
environment to prevent side chain oxidation. Peptide identity
and purity was confirmed by MALDI/TOF mass spectrom-
etry. Labeled YQSKL was prepared by conjugation of the
rhodamine derivative lissamine to the N-terminus of the
peptide via a sulfonamide linkage (Figure 1A), as previously
described (8, 15).

Fluorescence Anisotropy Titrations.We have noted during
these experiments that both the fluorescent peptide and the
protein fragment have the propensity to adhere to cuvette
walls, yielding fluorescence intensity and anisotropy signals
inconsistent both within a given titration and from one
experiment to the next. Successful inhibition of these
processes was achieved by pretreatment of the cuvettes with
gelatin. A total of 40µL of a 20 mg mL-1 solution of 175
Bloom porcine gelatin (Sigma) was added to 2.5 mL of 100
mM NaCl and 10 mM HEPES (pH 7.5) in a 3.5 mL
Spectrosil Far UV Quartz window fluorescence cuvette
(Starna Cells, Inc.) equipped with a magnetic stirring bar.
The cuvette was maintained at 25°C with continuous stirring
for the next 12 h. Lissamine-YQSKL was then added to a
final concentration of 200 nM. Before introduction of any
additional reagents, the stability of the fluorescence sig-
nal was confirmed by measuring emission spectra over the
next 1-2 h. PEX5-C was then added to a final concentra-
tion of 500 nM. All fluorescence anisotropy measurements
were made on a Horiba Jobin Yvon Spex Fluorolog-3
fluorometer equipped with excitation and emission polarizers,
configured in the L-format. The excitation monochro-
mator was set to a wavelength of 568 nm with a slit
width of 2 nm, and the emission monochromator was set to

a wavelength of 588 nm with a slit width of 4 nm. Each
measurement was made with a 5 sintegration time. At each
titration point, measurements were obtained in triplicate with
at least 10 min between each reading to confirm signal
stability. In all experiments, the sample cell was maintained
at a constant temperature of 25°C using a Neslab RTE-111
bath circulator.

Data Analysis.Determination of the fraction of fluorophore
bound (fB) for a given anisotropy value (r) is computed with
the expression

given the anisotropy of the free (r free) and bound (rbound)
fluorophore. This expression must be modified if there are
changes in the fluorescence intensity during the binding
event. In this case, a correction factor,Q, representing the

FIGURE 1: Examples of fitted titration results using lissamine-
conjugated YQSKL. (A) Structure of the rhodamine derivative
lissamine covalently attached to the peptide N-terminus through a
sulfonamide linkage. Only the first residue of the peptide, Tyr (-5),
is shown. (B) Titration of PEX5-C into 200 nM lissamine-YQSKL.
(C) Competition titration of unlabeled YQSKL into 200 nM
lissamine-YQSKL and 500 nM PEX5-C.

fB )
r - rfree

rbound- rfree
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quantum yield ratio of the bound to the free form, must be
introduced

Typically, Q can be estimated by the ratio of the intensities
of the bound to the free species. Prior to all curve-fitting in
these experiments, this correction was applied since a
decrease in the fluorescence intensity was consistently
observed upon ligand binding (Q ) 0.64). For the simple
forward titrations of protein into lissamine-YQSKL, the data
were fit using Kaleidagraph (Synergy Software). For the
competition titrations, a curve-fitting algorithm in Math-
ematica (Wolfram Research) was applied to all data for each
experiment. This algorithm searches through a range of
dissociation constants for complex of the unlabeled peptide
for the receptor and finds the best fit to the observed data,
given estimates for the total amount of fluorescent ligand,
the total amount of protein, and the dissociation constant
for the complex of the labeled peptide.

RESULTS

Assay Design.Fluorescence anisotropy is a measure of
the difference in parallel versus perpendicular light emission
after excitation of a fluorophore with polarized light (16,
17). Essentially, it represents the tumbling rate of the
fluorophore: if the fluorophore is unbound, it will tumble
rapidly, and the anisotropy will be low; if large or bound by
a much larger molecule, the fluorophore will tumble slowly,
and the resulting anisotropy will be high. In the experiments
presented here, the fluorophore is a lissamine moiety
conjugated to the N-terminus of the pentapeptide YQSKL.
Measurement of affinity of a ligand for its receptor can be
achieved by titrating receptor into a cuvette containing
labeled ligand and detecting the concomitant increase in
fluorescence anisotropy (Figure 1B). This type of experiment
is simple to perform and generates data that are easily
analyzed. However, several disadvantages are present: the
experiment consumes considerable protein for each titration
and requires the syntheses of many different fluorescent
ligands. Furthermore, this design yields a dissociation
constant for the peptide with the fluorophore attached, which
may be disadvantageous if the dye moiety alters binding.

To overcome these drawbacks, we performed a series of
competition experiments in which the receptor protein is first
added to the labeled ligand at a level near saturation, then a
second unlabeled ligand is titrated, and the decay of signal
is observed. Such an experiment requires less protein,
necessitates the synthesis of only one fluorescent ligand, and
enables the measurement of the affinity of the unlabeled
ligand, thus eliminating any effects of the fluorophore.
Hence, this design is ideal for determining the affinities for
a group of competitor peptides. The only significant disad-
vantage of the competition assay is that more complex data
analysis methods are required.

An example of the competition experiment is shown in
Figure 1C, in which unlabeled YQSKL served as the
competitor. Optimal agreement between the observed and
the calculated binding curves was obtained with the use of
the following values:K1 ) 15 nM andK2 ) 190 nM, where

K1 andK2 are the dissociation constants for the lissamine-
YQSKL peptide and the unlabeled YQSKL peptide, respec-
tively. The decrease in binding affinity upon removal of the
lissamine modification at the N-terminus suggests that this
group significantly interacts with PEX5-C, consistent with
the fluorescence intensity change and substantial anisotropy
increase observed upon binding.

Affinities of Variant PTS1-Containing Peptides.To probe
the sequence requirements of the PTS1, a family of peptides
were synthesized, each carrying a single mutation within its
C-terminal three amino acids. Competition titrations of each
of the peptides with PEX5-C were performed, and the data
were analyzed to derive the best-fit dissociation constants.
The corresponding changes in standard binding free energy
(∆∆G°) relative to YQSKL are presented in Figure 2.

In the crystal structure of the PEX5-C:PTS1 complex, the
side chain of the leucine residue at position -1 lies in a
hydrophobic pocket defined by residues Val 374, Thr 377,
Lys 490, and Ala 493 (Figure 3A). To determine the
variability allowed at the -1 position of the PTS1, the
following peptides were used: YQSKM, YQSKF, YQSKI,
and YQSKA (Figure 3B). Methionine at the -1 position has
been previously observed as functional in humans (9). This
substitution resulted in a 11-fold loss in affinity. A phenyl-
alanine mutation at the -1 position, shown to render the PTS1
nonfunctional in humans (4) although still functional inS.
cereVisiae(10) and plants (13), yielded an 78-fold reduction
in binding. Similarly, mutation of the -1 position to isoleucine
has been shown to render the PTS1 nonfunctional in humans
(4). However, SKI appears to be functional in plants, as
determined by Mullen et al. (13). A pentapeptide carrying
this isoleucine mutation (YQSKI) behaved similarly to
YQSKF, with a 48-fold reduction in affinity relative to
YQSKL. Mutation of the -1 residue to alanine resulted in a
dramatic reduction in affinity of nearly 3 orders of magnitude.

The lysine side chain in position -2 lies in a relatively
large, negatively charged pocket with residues primarily from
TPR motifs 1-3 of PEX5 (Figure 3C). No direct contacts
with the ammonium group of the lysine side chain are ob-
served, but water mediated contacts are present. To test
variability at this position, the following peptides were
used: YQSRL, YQSHL, YQSNL, YQSEL, and YQSAL
(Figure 3D). Of these, arginine and histidine were pre-
viously determined to be functional, while a glutamate
substitution resulted in a nonfunctional signal (4). Arginine
at the -2 position yielded only a 1.7-fold loss in affinity,
suggesting that this residue is well-accommodated by the
negatively charged pocket in PEX5. Mutation at this position
to histidine resulted in a 8.5-fold decrease in binding. The
rank order of the relative affinities for these three variants
(Kd: SKL < SRL < SHL) corresponds well with the hier-
archy of targeting efficiencies of these sequences as deter-
mined by Swinkels et al. (9) Asparagine at the -2 position
yields a considerable reduction in binding (28-fold increase
in Kd), while mutation to alanine dramatically reduced the
affinity for PEX5-C by 150-fold. Binding of the pentapeptide
YQSEL to PEX5-C was undetectable, underscoring the
importance of the charge on the residue at this position. More
detailed analysis of the electrostatic contribution to this
binding specificity is presented below.

The serine residue in position -3 is buried relatively deeply
in a small pocket in PEX5 (Figure 3E). The serine hydroxyl

fB )
r - rfree

(rbound- r)Q + (r - rfree)
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group is hydrogen bonded to a water molecule that is likely
to be tightly bound by the protein, based on extensive
contacts with conserved structural features. Peptides contain-
ing variations at the -3 position tested using this assay
included YQCKL, YQAKL, and YQLKL. The titrations for
these peptides are shown in Figure 3F. The best-fit dissocia-
tion constants for these peptides indicate that small amino
acids at position -3 known to result in functional targeting
signals are tolerated well. Both YQAKL and YQCKL bind
to PEX5-C with an affinity within approximately 2-fold of
that of YQSKL. As with the functional variants at the -2
position, the rank order of the relative affinities for these
peptides (Kd: SKL < AKL < CKL) correlates well with
the functional hierarchy determined previously (9). Mutation
at this position to the much larger leucine residue, however,
results in a severe impairment of peptide recognition by
nearly 3 orders of magnitude worse than YQSKL, consistent
with the highly constrained binding pocket.

Use of Unnatural Amino Acids to Probe the PEX5:PTS1
Interaction.One of the advantages of the competition assay
is that it enables the affinity measurement for PEX5 of a
wide variety of molecules. For instance, nonpeptide small
molecules, cyclic peptides, and whole proteins can be tested
for their affinity to the PTS1 recognition site of PEX5
without the need for labeling. In addition, unnatural amino
acids can be incorporated into the competitor peptide,
allowing for the opportunity to probe the PEX5:PTS1
interaction in a highly directed fashion.

Two of the three side chain binding pockets have been
explored with unnatural amino acids. First, a peptide contain-
ing 6-hydroxynorleucine (Hnl) at position -2 was tested. This
side chain has the same structure as lysine, except the amino
group has been replaced by a hydroxyl group (Figure 4A).
Hence, it has similar overall features as lysine in terms of
hydrogen bonding and side chain geometry except the
positive charge has been removed. This peptide, YQS(Hnl)L,
binds to PEX5-C approximately 26-fold less tightly relative
to YQSKL, a net impact of nearly 2 kcal mol-1 on the

binding standard free energy because of charge removal
(Figures 2 and 4B).

Second, the serine binding pocket was probed in a similar
manner. As discussed above, the PEX5-C:PTS1 crystal
structure revealed that the Ser (-3) from the peptide ligand
contacts the receptor through a single intervening water
molecule (Figure 3E). The unnatural amino acid homoserine
has an additional methylene group, extending the side chain
so that its hydroxyl group might be expected to project
further into this pocket and perhaps displace the water
molecule normally bound to PEX5 with favorable entropic
consequences (Figure 5A). Competition titration of YQ(Hse)-
KL yielded a 1.5-fold loss in affinity as compared with the
parent YQSKL peptide (Figures 2 and 5B). While this
molecule did not bind to PEX5-C more tightly than the wild-
type peptide, it is encouraging that the side chain in the -3
position could be made larger without a significant loss of
affinity. In fact, this homoserine-containing peptide bound
PEX5-C more tightly than YQCKL, a known functional
PTS1 in vivo (4). This observation suggests, but does not
prove, that the proposed binding mode has been achieved.

Last, the terminal carboxylate binding pocket was also
studied using this approach. In the crystal structure, the
C-terminus of the PTS1 is recognized by both direct and
water-mediated contacts from Asn 378, Asn 489, Lys 490,
and Arg 520. This interaction was probed using a peptide
containing a neutral terminal amide, YQSKL-CONH2.
Titration of this peptide as competitor yielded no observable
binding (Figure 2), confirming the importance of the free
carboxylate within this pocket.

DISCUSSION

It has been well established that significant variability is
permitted within PTS1 sequences. What, then, determines
if a particular tripeptide will function as a targeting signal?
One possible mechanism suggests that there is a threshold
affinity of the peptide for the TPR domains of PEX5. If its

FIGURE 2: Effects of single point mutations on the binding of PTS1-containing pentapeptides to PEX5-C. Affinities are expressed as the
change in the free energy of the association reaction (∆∆G°), expressed in kcal mol-1, relative to the pentapeptide containing YQSKL. The
errors in these free energy values are estimated to be 0.2 kcal mol-1.
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affinity for the receptor is tighter than this threshold, a given
sequence will function as a peroxisomal targeting signal. To
define this possible threshold, the data generated from
varying the -1 position (Figure 3A) is particularly informa-
tive. These results cover a wide range of affinities for
sequences that have been studied within a common sequence
context in mammalian cells. Both leucine and methionine
(4, 9) are functional at the -1 position of the PTS1 in humans,
but phenylalanine and isoleucine are not (4). Hence, the
threshold affinity in humans appears to reside in the range
between those for YQSKI and YQSKM, corresponding to a

∆∆G° within 1.8 kcal mol-1 relative to YQSKL. The∆∆G°
values of the other peptides used in this study with C-terminal
sequences known to be functional in vivosYQAKL, YQCKL,
YQSRL, and YQSHLsare all consistent with this threshold.

Ascribing an absoluteKd value for this threshold is not
possible at present. This study uses short peptides to measure
binding affinity, in contrast to the full-length proteins that
serve as the naturally occurring ligands for PEX5. Further-
more, the assumption has been made that only the terminal
three residues serve to define the PTS1. However, previous
studies have suggested that residues upstream of the tripep-

FIGURE 3: Results of competition experiments. Titration points are shown for pentapeptides varying by single mutations at each of the
three positions of the PTS1. Curves were generated using the data fitting algorithm in Mathematica. Views of the binding pockets in panels
A, C, and E are from the PEX5-C:PTS1 crystal structure, with residues from the PTS1 peptide in white and those from the receptor in gray
(nitrogen and oxygen atoms are in black). The results for YQSKL in panels B, D, and F are shown in black. (A) Leu (-1) binding pocket.
(B) Titration results for -1 position mutants. (C) Lys (-2) binding pocket. (D) Titration results for -2 position mutants. (E) Ser (-3) binding
pocket. (F) Titration results for -3 position mutants. Molecular representations in panels A, C, and E were constructed using MOLSCRIPT
(24).
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tide targeting sequence may contribute to binding (11, 18,
19). It is possible that the identity of these upstream residues
may enable an otherwise nonfunctional signal to cross the
affinity threshold and allow peroxisomal import. Experiments
with additional peptides are underway to explore this issue.

The thermodynamic profiles at positions -1, -2, and -3 that
we have obtained are quite consistent with those anticipated
from the crystal structure of the PEX5-C:PTS1 complex. The
recognition pocket for position -1 is hydrophobic with
considerable shape specificity resulting in nearly 2 orders
of magnitude of discrimination between leucine and isoleu-
cine. The specificity in position -2 appears to be largely
determined by electrostatic effects. Peptides with both lysine
and arginine bind with high affinity. Examination of the
crystal structure reveals the distribution of fully charged side
chains of PEX5-C relative to the nitrogen atom of the lysine
side chain. Three glutamate residues, Glu 346, Glu 348, and
Glu 379, are less than 7 Å from this atom while one lysine,
Lys 520, which interacts primarily with the terminal car-
boxylate of the PTS1 peptide, is within 7 Å. Furthermore,
36 glutamate and aspartate residues are within 10-40 Å of
the nitrogen atom, while only 22 lysine and arginine residues
are in this range. Simple calculations, assuming a dielectric
constant of 80, reveal a net electrostatic interaction of-3.9
kcal mol-1 between PEX5-C and the positive charge of the
Lys (-2) side chain, with significant contributions from
groups within 7 Å (-1.4 kcal mol-1) and a net of-2.5 kcal
mol-1 from the more distant groups. The use of lower
dielectric constants would increase the magnitude of these
calculated values.

These observations have particular relevance for three of
the peptides studied. First, the peptide with 6-hydroxynor-

leucine in position -2 was used to directly probe these
electrostatic effects. The observed discrimination between
lysine and hydroxynorleucine is 1.9 kcal mol-1, a value less
than the calculated net electrostatic interaction between
PEX5-C and the side chain ammonium of Lys (-2) deter-
mined above. However, this difference is anticipated by the
energetic cost of partially desolvating this side chain, which
is certainly higher for the charged lysine side chain than it
is for 6-hydroxynorleucine. Second, the peptide with histidine
in position -2 bound approximately 10-fold less tightly than
YQSKL and more tightly than any peptide without a
positively charged side chain. This suggests that the peptide
binds with its imidazole ring protonated, and hence positively
charged, despite the fact that these experiments were
performed at pH 7.5 where the side chain is unlikely to be
protonated free in solution. The energetic cost of protonating
this side chain at pH 7.5, assuming a pKa value of 6.0, is

somewhat larger than the observed energy difference between
the lysine- and histidine-containing peptides. This may be
due to a difference in the true pKa value for this residue.
Alternatively, the histidine-containing peptide may be binding
in both the protonated and the deprotonated forms; that is,
the pKa value of the histidine in the bound peptide may be
close to 7.5.

Finally, the peptide with glutamate in position -2 binds
very poorly to PEX5-C. If this peptide were to bind in its
negatively charged form, the expected electrostatic penalty
would be 3.9 kcal mol-1, based on the analysis above. The
cost of desolvating the negatively charged side chain would

FIGURE 4: Replacement of lysine at position -2 with hydroxynorleucine (Hnl). (A) Comparison of the chemical structures of lysine (left)
with 6-hydroxynorleucine (right). (B) Competition titrations and fitted curves of YQSKL (black) vs YQS(Hnl)L (gray).

FIGURE 5: Replacement of serine at position -3 with homoserine (Hse). (A) Comparison of the chemical structures of serine bound to a
water molecule (left) with homoserine (right). (B) Competition titrations and fitted curves of YQSKL (black) vs YQ(Hse)KL (gray).

∆G°protonation) -RT ln(10(6.0-7.5)) ) 2.1 kcal mol-1
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be added to this value, yielding a calculated energy difference
between YQSKL and YQSEL consistent with the observed
value of>5 kcal mol-1. Alternatively, the glutamate residue
could be protonated, and hence, neutral at a cost of 4.8 kcal
mol-1, assuming a pKa value of 4.0. Given the relatively
modest binding of peptides with neutral side chains such as
6-hydroxynorleucine and asparagine, this protonation cost
would also place the predicted∆∆G° for the glutamic acid-
containing peptide within the observed range.

It is clear from previous studies that the PTS1 variability
profile is species-specific (10-14): sequences that do not
function as signals in humans may be functional in other
organisms. From an energetic standpoint, this observation
could be the result of one or both of the following: (1) the
receptors from different organisms are able to bind to these
variant sequences tighter than human PEX5, bringing the
affinities below threshold, or (2) the effective threshold
affinity in these other species is raised such that weaker
signals are now functional, a phenomenon that may be a
reflection of species-specific differences in other factors
within the import pathway. Further studies using this assay
with PEX5 orthologs from other organisms may provide
insight as to the nature of these differences. Of particular
interest would be the species-specific changes in affinity for
PEX5 from a group of parasites includingTrypanosoma
brucei (20), the causative organism for African sleeping
sickness, andLeishmania donoVani (21), the organism
responsible for leishmaniasis. These parasites package their
glycolytic enzymes in the glycosome (22), a relative of the
peroxisome that also uses the PEX5:PTS1 system for proper
protein targeting (23). Identification of sequences that would
interfere with binding to the parasitic PEX5 but do not cross
the functional threshold in humans would be valuable starting
points for antiparasitic drug design.
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