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FISSION YEAST TELOMERIC DNA BINDING PROTEIN POT1 HAS THE

ABILITY TO UNFOLD TETRAPLEX STRUCTURE OF TELOMERIC DNA

Hidetaka Torigoe � Department of Applied Chemistry, Faculty of Science, Tokyo
University of Science, Tokyo, Japan

� To understand the regulation mechanism of fission yeast telomeric DNA, we analyzed the struc-
tural properties of 4Gn: d(GnTTAC)4 (n = 3, 4) and their interaction with the single-stranded
telomeric DNA binding domain of telomere-binding protein Pot1 (Pot1DBD). 4G4 adopted only
an antiparallel tetraplex in spite of a mixture of parallel and antiparallel tetraplexes of 4G3. The
antiparallel tetraplex of 4G4 became unfolded upon the interaction with Pot1DBD. Considering
that the antiparallel tetraplex inhibits telomerase-mediated telomere elongation, we conclude that
the ability of Pot1 to unfold the antiparallel tetraplex is required for telomerase-mediated telomere
regulation.
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INTRODUCTION

The telomere is the nucleoprotein complex located at the ends of lin-
ear eukaryotic chromosomes.[1] It is essential for maintaining chromoso-
mal stability to inhibit DNA degradation, and achieving complete repli-
cation of the chromosomal ends.[1] In most eukaryotes, telomeric DNA
consists of tandemly repeated sequences, one strand being rich in gua-
nines. The G-rich strand terminates with a single-stranded 3′ overhang.
The G-cluster telomeric DNA sequences have the ability to form defined
tetraplex structures.[2] The fundamental structural unit of the tetraplex
structure, G-quartet, is composed of four guanine residues aligned with
each other in a square planar configuration.[2−4] Each guanine interacts
with each of two adjacent guanines through two non-Watson-Crick base pair
hydrogen bonds.[2−4] Successive layers of the G-quartets stack on each other
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to form the tetraplex structure, which is stabilized by cations such as Na+ or
K+.[5] Although the tetraplex structures of the perfectly repetitive telomeric
DNA sequences from Tetrahymena,[6] Oxytricha,[7] and vertebrates[8] have
been well-characterized, few studies have been reported on the tetraplex
formation by the irregularly repetitive telomeric DNA sequences from
budding[9] and fission yeasts.[10]

Tetraplex DNA binding proteins have been identified in several or-
ganisms, and some DNA-binding proteins have the ability to unfold the
tetraplex structure. No fission yeast proteins have been reported to bind
with or unfold the tetraplex structure. Fission yeast Pot1 is a single-
stranded telomeric DNA-binding protein.[11] The N-terminal region of
the fission yeast Pot1 is a single-stranded telomeric DNA-binding domain
(Pot1DBD).[12] Previous studies revealed that overexpression of fission yeast
Pot1 led to modest but significant telomere lengthening in vivo.[13] On
the other hand, tetraplex formation is known to inhibit the telomerase-
mediated telomere elongation.[14] We hypothesize that Pot1DBD may pro-
mote telomerase-mediated telomere elongation by unfolding the tetraplex,
if the fission yeast telomeric DNA forms the tetraplex. In the present study,
we analyzed the structural properties of fission yeast telomeric DNA se-
quences, and their interaction with Pot1DBD.

RESULTS AND DISCUSSION

To reveal the structural properties of fission yeast telomeric DNA se-
quences, 4Gn: d(GnTTAC)4 (n = 3 and 4), and control nontelomeric DNA
sequences, Tn: dTn (n = 28 and 32), we measured CD spectra at 25◦C and
pH 7.5 in 20 mM Tris-HCl, 150 mM NaCl, and 1 mM DTT (Figure 1). The
CD spectra of both T32 and T28 exhibit a positive peak at 276 nm and a

FIGURE 1 CD spectra of 4Gn: d(GnTTAC)4 (n = 3, 4) and Tn: dTn (n = 28, 32) at 25◦C and pH 7.5 in
20 mM Tris-HCl, 150 mM NaCl and 1 mM DTT. The DNA concentration was 3 µM.
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negative one at 250 nm, which is typical of unstructured single-stranded
DNA. This result shows that neither T32 nor T28 forms any higher-order
structure under the present experimental conditions. On the other hand,
the CD spectrum of 4G4 exhibits a positive peak at 295 nm and a neg-
ative one at 264 nm. This type of spectrum is typical of an antiparallel
tetraplex DNA consisting of an intramolecular antiparallel four-stranded
structure,[15] indicating that 4G4 forms intramolecular antiparallel tetraplex
DNA under the present experimental conditions with 150 mM sodium
cation. In the CD spectrum of 4G3, a small positive peak around 260 nm
and a negative one at 240 nm appear in addition to a large positive peak
near 290 nm corresponding to an antiparallel tetraplex DNA.[15] The pos-
itive peak around 260 nm and the negative one at 240 nm are ascribed to
a parallel tetraplex DNA consisting of a parallel four-stranded tetrameric
structure.[15] Thus, the conformation of 4G3 is a mixture of parallel and
antiparallel tetraplex DNA under the present experimental conditions with
150 mM sodium cation.

To examine the properties of the interaction between Pot1DBD and the
antiparallel tetraplex of 4G4, the CD spectral change of 4G4 upon the addi-
tion of Pot1DBD was measured at 25◦C and pH 7.5 in 20 mM Tris-HCl, 150
mM NaCl, and 1 mM DTT (Figure 2a). The ellipticity of the positive peak
at 295 nm was decreased upon the addition of Pot1DBD in a concentration-
dependent manner. The decrease in the ellipticity at 295 nm corresponds
to the decrease in the amount of the antiparallel tetraplex on the interac-
tion with Pot1DBD. This result indicates that Pot1DBD has the ability to de-
crease the amount of the antiparallel tetraplex of 4G4. On the other hand,
the addition of Pot1DBD did not induce any significant change in the CD
spectrum of T32 (Figure 2b). This result shows that Pot1DBD did not have
any effect on the structure of the single-stranded DNA, which does not bind
with Pot1DBD.

To reveal why the addition of Pot1DBD reduced the amount of the an-
tiparallel tetraplex DNA (Figure 2a), the structural change of 4G4 upon
the addition of Pot1DBD was examined by fluorescence resonance energy
transfer (FRET) analysis[16] at 25◦C and pH 7.5 in 20 mM Tris-HCl, 150 mM
NaCl, and 1 mM DTT (Figure 3a). The fluorophore, 6-carboxyfluorescein
(Fam), and the quencher, dabcyl, were attached to the 5′ and 3′ termini of
4G4, respectively, to give the dual-labeled F4G4D. Because the intramolec-
ular folding of the antiparallel tetraplex structure of F4G4D in the pres-
ence of the sodium cation should bring the fluorophore and the quencher
into close enough proximity for energy transfer, FRET-mediated quench-
ing between the fluorophore and the quencher was observed. Thus, F4G4D
showed low fluorescence due to FRET-mediated quenching (Figure 3a).
The addition of Pot1DBD enhanced the intensity of Fam emission at 520
nm in a concentration-dependent manner (Figure 3a). The increase in the
fluorescence intensity corresponds to the increase in the distance between
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FIGURE 2 CD spectral changes upon the interaction with Pot1DBD. 3 µM 4G4 (a) or 3 µM T32 (b) at
pH 7.5 in 20 mM Tris-HCl, 150 mm NaCl and 1 mm DTT was incubated in the indicated molar ratio with
Pot1DBD in the same buffer at 25◦C for 60 minutes before the CD measurements.

the fluorophore and the quencher, indicating unfolding of the antiparallel
tetraplex structure of F4G4D. This result is consistent with the decrease in
the amount of the antiparallel tetraplex of 4G4, observed as the CD spec-
tral change upon the addition of Pot1DBD (Figure 2a). Furthermore, dual-
labeled FT32D was also prepared by attaching the fluorophore, Fam, and
the quencher, dabcyl, to the 5′ and 3′ termini of T32, respectively. The addi-
tion of Pot1DBD did not induce any significant change in the fluorescence
emission spectra of FT32D (Figure 3b). This result shows that Pot1DBD did
not cause any significant structural change of FT32D, which does not bind
with Pot1DBD. Combining these results, we conclude that Pot1DBD has the
ability to unfold the antiparallel tetraplex DNA.

Considering that the antiparallel tetraplex is known to inhibit
telomerase-mediated telomere elongation, we conclude that the ability of
fission yeast Pot1 to unfold the antiparallel tetraplex of the telomeric DNA
is required for regulation of telomerase-mediated telomere elongation.
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FIGURE 3 FRET analyses of the interaction with Pot1DBD. 100 nM F4G4D (a) or 100 nM FT32D (b)
at pH 7.5 in 20 mM Tris-HCl, 150 mM NaCl and 1 mM DTT was incubated in the indicated molar ratio
with Pot1DBD in the same buffer at 25◦C for 60 minutes before the fluorescence measurements. The
excitation wavelength was 495 nm.
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