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The human telomeric protein POT1 is known to bind
single-stranded telomeric DNA in vitro and to partici-
pate in the regulation of telomere maintenance by te-
lomerase in vivo. We examined the in vitro DNA binding
features of POT1. We report that deleting the oligosac-
charide/oligonucleotide-binding fold of POT1 abrogates
its DNA binding activity. The minimal binding site
(MBS) for POT1 was found to be the telomeric nonamer
5�-TAGGGTTAG-3�, and the optimal substrate is
[TTAGGG]n (n > 2). POT1 displays exceptional sequence
specificity when binding to MBS, tolerating changes
only at position 7 (T7A). Whereas POT1 binding to MBS
or [TTAGGG]2 was enhanced by the proximity of a 3�
end, POT1 was able to bind to a [TTAGGG]5 array when
positioned internally. These data indicate that POT1 has
a strong sequence preference for the human telomeric
repeat tract and predict that POT1 can bind both the 3�
telomeric overhang and the displaced TTAGGG repeats
at the base of the t-loop.

Human telomeres are composed of 6–10 kbp of double-
stranded TTAGGG repeats that end in a single-stranded over-
hang of several hundred nucleotides. The 3� end of the telo-
meric overhang is the substrate of telomerase, the cellular
reverse transcriptase that synthesizes telomeric repeats. The
telomere can adopt a “t-loop” configuration, in which the 3�
overhang strand-invades the duplex (1). The strand invasion
results in a displacement loop (D-loop) of single-stranded
TTAGGG repeats; these single-stranded repeats are not at a 3�
end. The actual 3� end of the chromosome is predicted to be
base-paired to the C-strand and therefore inaccessible to telom-
erase when telomeres are in the t-loop configuration.

Proteins that bind to the double-stranded portion of human
telomeres have been studied extensively (reviewed in Ref. 4). In
particular, TRF1 binds as a dimer through a MYB-type helix-
loop-helix domain. The MYB domains of TRF1 dimers bind to
two double-stranded 5�-YTAGGGTTR-3� half-sites independ-
ent of spacing or orientation (2, 3). Other proteins such as

tankyrase 1 and 2, Tin2, PINX1, and POT1 are recruited to
telomeres by TRF1 (4). The TRF1 complex is involved in the
regulation of telomere length by cis-inhibition of telomerase. In
telomerase-positive cells, the overexpression of TRF1 leads to
telomere shortening, and the expression of a dominant nega-
tive form leads to telomere elongation (5). The relationship
between TRF1 and telomerase regulation at the 3� telomere
terminus is poorly understood.

The human single-stranded telomeric DNA-binding protein
POT1 was identified based on its sequence similarity to the
Oxytricha nova TEBP�, known to be associated to the 16-base
single-stranded telomeric extension in this organism (6). Or-
thologs in Schizosaccharomyces pombe, Arabidopsis, mouse,
human, and other eukaryotes have been identified by homology
to the N-terminal OB1 (oligosaccharide/oligonucleotide-bind-
ing) fold, a structural domain involved in DNA binding (7). The
crystal structure of TEBP� revealed three OB folds, two in-
volved in DNA binding and the third one necessary for a pro-
tein interaction with TEBP� (8). TEBP�, -�, and the DNA form
a ternary complex in which the �/� dimer forms a cage around
the DNA, which itself is folded into a hairpin structure (8). No
ortholog of TEBP� has been found in mammals.

In S. pombe, Pot1 (spPot1) is essential for the protection of
chromosome ends (6). Deletion of the pot1� gene leads to rapid
telomere degradation. Survivors of this telomere loss have cir-
cularized chromosomes that lack all telomeric DNA. Binding
studies have determined that spPot1 binds to a sequence rep-
resenting fission yeast telomeric DNA (repeats of GGTTACA)
but not to the human telomeric sequence (TTAGGG). The min-
imal binding site for the isolated DNA binding domain consists
of six nucleotides, GGTTAC, with a binding constant of 83 nM

(9). Cooperative binding occurs on oligonucleotides containing
multimeric sites, and spPot1 displays a preference for se-
quences close to a 3� end. Taken together these data are con-
sistent with a model in which the protein initially binds the
very 3� end of chromosomes and subsequently coats the entire
telomeric overhang.

Human POT1 has two important domains required for its
function: an N-terminal OB fold, predicted to be necessary for
DNA binding, and a protein interaction domain, mediating
association with the TRF1 complex (10). Thus, POT1 is a good
candidate for providing the link between TRF1 on the duplex
telomeric portion and the 3� overhang where telomerase acts. It
is still unclear whether DNA binding is a primary event in
POT1 targeting to telomeres or if it occurs after recruitment by
TRF1.

POT1 can be detected by immunofluorescence at telomeres,
and can associate with telomeres through its interaction with
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the TRF1 complex (10). The exact role of the DNA binding
activity of POT1 is unknown, but the expression of a mutant
form of POT1 missing the OB fold (POT1�OB) leads to extensive

telomere elongation in telomerase-positive cells (10). The sim-
plest model is that POT1 lies downstream of the TRF1 complex
in the telomere length regulation pathway. POT1 is proposed to

FIG. 1. The OB fold of POT1 is nec-
essary for DNA binding. A, purification
of Bac-His6-POT1 from Sf21 cells (left)
and GST-POT1 (middle) and GST-
POT1�OB (right) from E. coli. The elution
(E), input (IN), and flow-through (FT)
fractions were separated by SDS-PAGE
and stained with Coomassie Blue. B, di-
rect binding of Bac-His6-POT1 to an oli-
gonucleotide probe with three single-
stranded telomeric repeats without
random sequence. Here and below, each
TTAGGG repeat is represented by an ar-
rowhead. C and D, deletion of the N-ter-
minal OB fold abrogates binding. The
POT1�OB truncation removes 126 amino
acids from the N terminus. The probes in
C and D contained 2 or 5 copies of
TTAGGG at the 3� end of a 50-mer (tel-2
and tel-5, respectively; see Table I).
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inhibit telomerase in cis at chromosome ends in response to the
length of the duplex portion and as such could play a role in the
counting mechanism performed by the TRF1 complex. POT1
has also been implicated as a positive factor for telomere length
control. In some settings, overexpression of full-length POT1
(with short N-terminal and C-terminal extensions) was found
to lead to telomere elongation (11). It is possible that POT1
has a dual mode of function at telomeres; one would be
inhibitory to telomerase, and the other promoting telomere
elongation. Such a dual role in telomere length regulation
has been proposed for the distantly related protein Cdc13p in
Saccharomyces cerevisiae (12).

The main form of POT1 detected by Western blotting is the
full-length protein (10). However, POT1 transcripts are subject
to alternative splicing, possibly leading to the expression of
C-terminal truncations in certain cell types (7). In vitro, one of
the variants (variant 2), corresponding to the N-terminal 38
kDa of the protein, displays an 8-fold higher binding affinity
than full-length POT1. It is not known whether the alterna-
tively spliced transcripts yield stable proteins or what the role
of these variants in telomere biology might be.

Human POT1 binds to single-stranded human telomeric
TTAGGG repeats but not to double-stranded telomeric DNA
nor to the C-rich telomeric repeat strand (6). POT1 only binds
efficiently to the human telomeric sequence and not to the
S. pombe telomeric DNA nor to the O. nova TTTTGGGG se-
quence (6). To date, the minimal binding site, sequence speci-
ficity, and 3� end dependence of POT1 have not been studied in
detail. Here, we address these and other aspects of the DNA
binding features of POT1.

EXPERIMENTAL PROCEDURES

Purification of Escherichia coli or Baculovirus-expressed POT1—The
cloning of the POT1 and POT1�OB cDNAs was described previously (10).
The full-length POT1 cDNA was cloned as a BamHI-XhoI fragment in
FastBac HTb (Clontech), adding a His6 tag to the N terminus and the
transfections, and virus amplifications and protein production were
performed as described in the manufacturer’s protocols. The protein
was purified out of 100 ml of Sf21 cells 48 h after infection (m.o.i. � 5).
For protein purification from E. coli, the POT1 and POT1�OB cDNAs
were cloned in the BamHI and XhoI sites of pGEX-4T2 (Amersham
Biosciences), resulting in N-terminal GST fusions. GST fusion proteins
were purified on glutathione beads as directed by the manufacturer.
After purification, the protein was dialyzed against 20 mM Hepes, pH
7.9, 500 mM KCl (150 mM for GST fusions), and 20% glycerol, flash-
frozen in liquid nitrogen, and stored in aliquots at �80 °C. The binding
affinity of POT1 declined 3–5-fold over a period of 2 weeks and was
stable afterward.

Oligonucleotides and Probe Labeling—All oligonucleotides were ob-
tained from Genelink as gel-purified 50-mers with indicated random
and telomeric sequences (see Table I). Oligonucleotides were labeled at
the 5� end with T4 polynucleotide kinase (New England Biolabs) and
[�-32P]ATP (3000 Ci/mmol, PerkinElmer Life Sciences) and purified
through a Sephadex G50 column in 10 mM Tris-Hcl, pH 7.5, 100 mM

NaCl, 1 mM EDTA, 0.1% SDS. The labeled oligos were extracted with
phenol/chloroform/isoamyl alcohol, precipitated with 0.2 M NaAc, pH
5.5, and 2 volumes of EtOH (�20 °C overnight) and dissolved in 10 mM

Tris, pH 8.0.
Band Shift Assays—The binding reactions were performed in 20 �l of

the following buffer: 20 mM glycine-NaOH, pH 9.0, 0.1 mM dithiothre-
itol, 2% glycerol, 50 ng of �-casein, 0.5 �g of sonicated and denatured
E. coli DNA (mean size �400 nt), and 0.25 nM probe. The protein was
added last, and the binding reaction was incubated for 30 min at room
temperature. For direct binding, a range of 0.1–5 �g of protein was
used. For competition assays, 0.5–1 �g of protein was added to the
reactions containing up to 100-fold molar excess of unlabeled competi-
tor oligonucleotide. Electrophoresis was performed in 0.6% agarose gels
run in 0.1� Tris borate EDTA. The gels were run for 40 min at 160 V,
dried on Whatman DE81 paper at 80 °C and exposed on phosphorim-
aging screens. Quantitation was performed using the ImageQuant
software.

RESULTS

Purification of POT1 and Band Shift Assay Conditions—
POT1 was expressed in insect cells (His-tagged) or in E. coli
(GST-tagged) and purified on affinity matrix (Fig. 1, A and B).
Band shift assays were performed with end-labeled single-
stranded DNA probes (Table I). All binding substrates were
kept at a constant length of 50 nt by changing the length of the
random sequence at the 5� end of the probes to compensate for
variations in the length of the telomeric sequences. POT1 did
not bind to any of the random subsequences (see below). Vari-
ous conditions for POT1 binding to TTAGGG repeat probes
were tested, and optimal binding occurred at pH 9.0 in the
presence of casein and 0.5 �g of single-stranded sheared E. coli
DNA competitor (data not shown). Reactions were incubated
for 30 min at room temperature and fractionated on 0.6%
agarose gels in 0.1� Tris borate EDTA (see “Experimental
Procedures”).

Purified Bac-POT1 or GST-POT1 (Fig. 1A) was able to shift
a probe containing two, three, or five TTAGGG repeats equally
well (Figs. 1, B and C, and 2A). For most preparations of
protein, the Kapp was as low as 20 nM as determined from the
concentration of protein required to bind 50% of the probe. To
determine whether the N-terminal OB fold was required for the
in vitro DNA binding activity of POT1, we tested a truncated
protein (POT1�OB) lacking the first 126 amino acids of the
POT1 open reading frame, including the amino acids that make
up the putative OB fold. This deletion mutant had no detecta-
ble DNA binding activity under our assay conditions (Fig. 1, C
and D). From protein titration experiments, we estimated that
POT1�OB was at least 30-fold less active than the full-length
POT1 protein (Fig. 1D and data not shown), indicating that the
N terminus of POT1 is essential for DNA binding in vitro. No
binding was detected with POT1�OB on probes presenting two
(Fig. 1C) or five (Fig. 1D) TTAGGG repeats.

POT1 Binds [TTAGGG]n � 2 but Not a Single TTAGGG Site
at a 3� End—In initial experiments, we found that POT1 bound
probes with two or five TTAGGG repeats at a 3� end (tel-2 or

TABLE I
Sequences of POT1 binding substrates

Name Sequence (5� to 3�)a

tel-1 A-B-C-D-E-F-(TTAGGG)
tel-2 A-B-C-D-E-(TTAGGG)2
tel-3 A-B-C-D-(TTAGGG)3
tel-4 A-B-C-(TTAGGG)4
tel-5 A-B-(TTAGGG)5
int-5 A-(TTAGGG)5-B
int-2 A-K-(TTAGGG)2-L-B
int-MBS A-H-(TAGGGTTAG)-J-B
5�-5 (TTAGGG)5-A-B
MBS A-B-C-D-E-G-TAGGGTTAG
MBS�1 A-B-C-D-E-CCTTAGGGTTAG
Permut1 A-B-C-D-E-G-AGGGTTAGG
Permut2 A-B-C-D-E-G-GGGTTAGGG
Permut3 A-B-C-D-E-G-GGTTAGGGT
Permut4 A-B-C-D-E-G-GTTAGGGTT
Permut5 A-B-C-D-E-G-TTAGGGTTA
MBS-T1A A-B-C-D-E-G-CAGGGTTAG
MBS-A2T A-B-C-D-E-G-TTGGGTTAG
MBS-G3C A-B-C-D-E-G-TACGGTTAG
MBS-G4C A-B-C-D-E-G-TAGCGTTAG
MBS-G5C A-B-C-D-E-G-TAGGCTTAG
MBS-T6A A-B-C-D-E-G-TAGGGATAG
MBS-T7A A-B-C-D-E-G-TAGGGTAAG
MBS-A8T A-B-C-D-E-G-TAGGGTTTG
MBS-G9C A-B-C-D-E-G-TAGGGTTAC
MBS-G9A A-B-C-D-E-G-TAGGGTTAA

a Non-telomeric portions of the oligonucleotides are: A, GCAAGCT-
TTA; B, CCGATACAGC; C, CGCTCA; D, GACTGA; E, CTCGAA; F,
GAACTC; G, CAC; H, GAACTCGATCC; J, CACTGCAACT; K, GAAC-
TCGAC; L, CACTGCAAC.
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tel-5) equally well, whereas a probe with only one 3�-terminal
TTAGGG sequence (tel-1) was not bound (Fig. 2). This result
was obtained both by direct binding assays and by monitoring
the competition of various DNAs for the binding of POT1 to
tel-2 (Fig. 2, A and B; Table II). Thus, the minimal binding site
for POT1 is longer than 6 nt (one repeat) and shorter than or
equal to 12 nt (two repeats).

Annealing the tel-2 probe to its complementary oligonucleo-
tide, thereby rendering the telomeric part double-stranded,
abolished POT1 binding (Fig. 2C). In contrast, a probe having
only the nontelomeric portion in double-stranded form bound
as well as the purely single-stranded probe (Fig. 2C). These
findings are consistent with previously published results (6),
indicating that POT1 binds only to single-stranded telomeric
sequences.

We subsequently used competition for POT1 binding to tel-2

to determine the ability of POT1 to interact with various sub-
strates. We placed the telomeric repeats internally in the oli-
gonucleotide flanked by random sequences (see Table I). An
oligonucleotide with five repeats placed internally (int-5) com-
peted efficiently for POT1 binding to tel-2 (Fig. 2B). The com-
petition efficiency, as measured by the molar excess of the
competitor required for 50% reduction in POT1 binding to the
labeled tel-2 probe, was similar when the five telomeric repeats
were placed at the 3� end of the binding substrate (tel-5) or
internally (int-5) (Table II, 1.2- versus 1.7-fold).

However, with substrates containing only two repeats, there
was a significant difference when the telomeric sequence was
placed internally; int-2, containing two internal TTAGGG re-
peats, did not compete for POT1 binding to the tel-2 probe (Fig.
2D), whereas tel-2 itself (carrying the TTAGGG repeats at the
3� end) showed the expected competition (50% reduction in

FIG. 2. Binding of POT1 to TTAGGG sequences of various lengths. A, direct binding of POT1 to five (tel-5), two (tel-2), or one (tel-1)
TTAGGG repeats placed at the 3� end. Protein amounts in each binding reaction are indicated above the lanes. B, competition of int-5 or tel-1 for
binding of POT1 to labeled tel-2. Molar excess of competitor DNAs, 1-, 3-, 6-, and 9-fold, is shown. C, direct binding of POT1 to two TTAGGG repeats
present at the 3� end of a single-stranded oligonucleotide (middle), to a probe with double-stranded random sequence (left), and to a fully
double-stranded probe (right). D, competition of tel-2 or int-2 for binding of POT1 to labeled tel-2. Molar excess of cold competitor DNAs, 1-, 3-, 6-,
and 9-fold, is shown. For all panels, the structure of the probes is indicated below the gels, and the structure of the competitor DNAs is shown above.
The positions of the POT1 complex and the probes are indicated. The asterisk indicates a nonspecific binding activity.
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binding upon addition of 1.5-fold molar excess of cold probe)
(Table II). This result was the first indication that, on short
substrates, POT1 displays a preference for binding sites pres-
ent at a free 3� end (more than a 100-fold for substrates with
two TTAGGG repeats) (Table II). Because no preference for the
3� end was detected with substrates containing five TTAGGG
repeats (Table II; Fig. 2, A and B), we concluded that a free 3�
end is not strictly required for POT1 binding, but the binding to
short sites is facilitated when they are present at a 3� end.
Placing the TTAGGG repeats at the 5� end did not significantly
affect the binding either, as a substrate with five TTAGGG
repeats placed at the 5� end (5�-5) competed well for binding to
the tel-2 probe (molar excess � 2.9) (Table II).

The Minimal POT1 Binding Site—A nonamer binding site
for POT1 was identified by testing oligonucleotides with per-
mutations of one and a half TTAGGG repeats positioned at a
free 3� end (Table III). Of all possible permutations, only one
(the sequence 5�-TAGGGTTAG-3�) was capable of competing
efficiently for POT1 (Fig. 3, A–C; Table III). The molar excess
required for 50% competition was about 2-fold more than for
tel-2 itself (Tables II and III). Direct binding assays confirmed
the binding of POT1 to the TAGGGTTAG sequence and the
lack of binding to other permutations (Fig. 3B). Omitting the
first T of the TAGGGTTAG site reduced its ability to compete
for tel-2 by more than 50-fold (see Table III). In contrast, the
addition of one T residue 5� (resulting in TTAGGGTTAG) did
not improve binding significantly as observed by direct binding
(data not shown). These data indicated that the sequence
TAGGGTTAG represented the minimal binding site (MBS)
sequence for POT1. By direct binding, there was no significant
difference in affinity between tel-2 and MBS (Fig. 3C).

To determine whether POT1 needed a 3� end to bind to MBS,
we placed this sequence internally in a 50-nt probe flanked 5�
and 3� by random sequences. As was the case for the probe with
two internal TTAGGG repeats, POT1 did not bind to the inter-
nally placed MBS either by direct binding or by competition
assay (Fig. 3D). Thus, the lack of binding to short sequences
(�12 nt) at internal sites is not due to the particular permuta-
tion used. We concluded that the sequence TAGGGTTAG rep-
resents the minimal binding for POT1 when present at the 3�
end of the DNA.

POT1 Binds with High Sequence Specificity—The minimal
binding site provided a simplified context for the analysis of the
sequence specificity of POT1. A-T, T-A, G-C, or C-G transver-
sions were introduced at each of the nine positions in MBS, and
the resulting MBS variants were tested by competition for

POT1 binding to tel-2 (Fig. 4A, Table IV). High affinity POT1
binding occurred with only one MBS variant, the sequence
5�-TAGGGTAAG-3�, a change of T to A at position 7 (referred to
as MBS-T7A) (Fig. 4B, Table IV). Based on competition assays,
POT1 bound to MBS-T7A with an affinity about 2-fold lower
than to MBS (molar excess of 4 for MBS-T7A compared with
2.7 for MBS, Table IV). By direct binding, POT1 also bound to
MBS and MBS-T7A (Fig. 4B). The sequence TAGGCTTAG
(MBS-G5C), containing a G to C change at position 5 (in
bold), was also tolerated but with a significant loss of affinity
compared with MBS (Table IV). All of the other changes
greatly reduced the binding of POT1 to MBS (Fig. 4A and
Table IV).

As a test for the relevance of the sequence specificity dis-
played by POT1 when binding to MBS, we tested the binding
of POT1 to repeats of the sequence GGTTAC, a change that
should abolish binding based on the lack of binding of POT1
to MBS-G3C and MBS-G9C (TACGGTTAG and TAGGGT-
TAC, respectively) (Table IV). Consistent with the results of
the MBS studies, the substrate containing five tandem GGT-
TAC repeats could not compete effectively with tel-2 for POT1
binding (Fig. 4C). However, a DNA substrate with the same
G-C change only in the 3�-terminal repeat (resulting in
[GGTTAG]4GGTTAC-3�) was an effective competitor (Fig.
4C). This result exemplifies the internal binding activity of
POT1 and shows that changes in the telomeric repeat must
occur at multiple binding sites to significantly affect binding
activity. We conclude that POT1 displays high sequence spec-
ificity in the context of the minimal binding site.

DISCUSSION

The characterization of the DNA binding properties of POT1
is important for understanding its function at telomeres. In
this study, we have defined the minimal binding site for human
POT1 and determined the nucleotides important for binding to
this sequence. The sequence 5�-TAGGGTTAG-3� constitutes
the only nonamer permutation that bound POT1 with compa-
rable affinity to longer telomeric repeat arrays. The same se-
quence placed internally lost its affinity for POT1, suggesting a
preference for 3� end binding on short sites. However, human
and mouse telomeres have been shown to contain long tandem
arrays of TTAGGG repeats, which can contain 20–30 overlap-
ping MBS sequences. According to our analysis, POT1 binds
very well to such long TTAGGG repeat arrays even when they
are not directly at a 3� terminus. This predicts that much of the
3� overhang and most of the telomeric D-loop could be coated by
POT1.

The POT1 site is at least 9 nt in length, which is long

TABLE III
POT1 binds to a single permutation of a telomeric nonamer

a Random sequences are represented by open boxes and telomeric
repeats by arrowheads.

b Direct binding was tested with 0.1–5 �g of POT1 protein.
c Competition experiments were done with tel-2 as a probe. The

values are derived from 2–3 experiments. n.d., not determined.

TABLE II
Preference of POT1 for 3�-terminal position of short but

not long repeal arrays

a Random sequences are represented by open boxes, telomeric repeats
by arrowheads.

b Direct binding was tested with 0.1–5 �g of POT1 protein.
c Competition experiments were done with tel-2 as a probe. The

values are derived from 2–3 experiments.
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considering that OB folds usually interact with short sites (2–5
nt). One possibility is that POT1 either binds as a dimer or
contains multiple OB folds each recognizing part of the MBS.
As OB folds lack strong primary sequence signatures, it is not
excluded that POT1 contains two or even three of these motifs.
Another possibility is that POT1 acts similarly to Cdc13, which
interacts with an 11-nt site using a single OB fold (13, 14). In
this case, the most 5� GTGT sequence constitutes a “hot spot” of
binding affinity. Additional weaker interactions, in part facili-
tated by a 30-amino acid loop, extend the preferred binding
substrate to 11 nt (14, 15). A final possibility is that human
POT1 recognizes the telomeric TAGGGTTAG site through both
protein DNA interactions and DNA-DNA interactions, a mode
of substrate recognition exemplified by the TEBP�/� complex
(8). The DNA-DNA interactions in the POT1-DNA complex
could involve stacking interactions and higher order folding of
the single-stranded DNA. Thus, the MBS sequence could be a

good POT1 substrate both because it provides the optimal base
and backbone contacts and has the ability to adopt the proper
configuration for POT1 binding. The resolution of the crystal
structure of human POT1 bound to the DNA will shed light on
these issues. Similarly, the role of the 3� terminus in the for-
mation of the POT1-DNA complex could involve protein-DNA
contacts, as in the TEBP�/� complex, and/or DNA-DNA con-
tacts, which could explain the preference of POT1 for its min-
imal binding site at a 3� end.

We have shown previously that an N-terminal deletion
mutant, POT1�OB, which lacks the DNA binding domain, can
still localize to telomeres (10). This indicates that the DNA
binding function is not necessary for targeting POT1 to te-
lomeres per se. If POT1 is primarily recruited to telomeres by
protein interaction through the TRF1 complex, it could asso-
ciate with its cognate DNA binding site as a secondary event.
Therefore, the specific positioning of POT1 at chromosome

FIG. 3. Identification of the minimal binding site. A, competition of different permutations of telomeric nonamers for binding of POT1 to
tel-2. Probes and competitor DNAs are indicated below and above the gel. Competitor to probe ratios were 1-, 3-, 6-, and 9-fold. B, direct binding
assay with three nonamer permutations. C, comparison of direct binding of POT1 to MBS, tel2, and tel-5. D, direct binding of POT1 to probes with
the MBS internally (int-MBS) or five TTAGGG repeats internally (int-5). In panels B, C, and D, the lanes with 1–2 �g of POT1 show smearing of
the probe upward in the gel because of a slight salt effect.
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ends would rely on two highly specific events, its interaction
with the TRF1 complex and its ability to engage TAGGGT-
TAG sites. In this context, recognition of the 3� terminus,
which is a third hallmark of the telomere, may not be an
important factor.

POT1 discriminates effectively between MBS and variant
sites that have single nucleotide changes. This ability of POT1
to distinguish between telomeric repeats and closely related

sequences could be highly relevant to its biological function in
vertebrates. Many vertebrates contain sequences closely re-
sembling telomeric DNA at chromosome internal sites (16). In
some cases, these sequences are highly repetitive, forming a
major class of mini-satellite DNA (17). The sequence specificity
of POT1 may be sufficient to prevent binding to these pseudo-
telomeric repeats. This distinction is especially important be-
cause the TRF1 complex can be loaded on the chromosome-

FIG. 4. Sequence specificity of POT1. A, competition of MBS variants for binding of POT1 to tel-2. Molar excess of competitor is 1-, 3-, 6-, and
9-fold. B, direct binding to MBS (left) and MBS with the T7 to A transversion (right). C, competition assay with MBS and two different substrates
with a mutated [GGTTAG]5 array at the 3� end. The probe is tel-2. Molar excess of competitor is 1-, 3-, and 9-fold.
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internal pseudo-telomeric repeats (18), potentially recruiting
POT1 to these sites. Thus, the high sequence specificity dis-
played by POT1 may not be important for actual targeting and
localization of the protein to telomeres but may be important
for preventing POT1 from binding to nontelomeric sites in the
genome during S-phase.

In this context, it would be interesting to compare the affin-
ities of POT1 and replication protein A (RPA), the single-
stranded DNA-binding protein involved in DNA replication
(19), to telomeric and nontelomeric probes. It is expected that
the affinity of RPA for the telomeric sequence is lower than that
of POT1, which would result in the exclusion of RPA by POT1
from the telomeric overhang. On the other hand, because
RPA does not display sequence specificity on single-stranded
DNA, it could effectively compete off POT1 from nontelomeric

sites, which may be important during DNA replication. In
addition, RPA would presumably have to displace POT1 from
telomeric DNA during the replication of telomeres. It is likely
that specific regulatory pathways function to facilitate this
exchange.
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TABLE IV
Sequence specificity of POT1 when binding to MBS

Name 3�-Terminal
sequence

Direct
bindinga

Molar excess at
50% competitionb

MBS TAGGGTTAG-3� � 2.7
MBS-T1C CAGGGTTAG-3� � �100
MBS-A2T TTGGGTTAG-3� � �100
MBS-G3C TACGGTTAG-3� � �100
MBS-G4C TAGCGTTAG-3� � �100
MBS-G5C TAGGCTTAG-3� �/� 7
MBS-T6A TAGGGATAG-3� � �100
MBS-T7A TAGGGTAAG-3� � 4
MBS-A8T TAGGGTTTG-3� � �100
MBS-G9C TAGGGTTAC-3� � �100
MBS-G9A TAGGGTTAA-3� � �100

a Direct binding was tested with 0.1–5 �g of POT1 protein.
b Competition experiments were done with tel-2 as a probe. The

values are derived rom 2–3 experiments.
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