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ABSTRCT
Telomeres are essential nucleoprotein structure at the ends of all eukaryotic chromosomes. Our previous work
demonstrated that mammalian telomeres were shown to end in a large t-loop structure in vitro and the formation of tloops was dependent on the presence of TRF2. In this work, the telomere DNA and its complex of TRF2 in HeLa cells
has been direct observed in the nanometer resolution regime by atomic force microscopy (AFM) and scanning near-field
optical microscopy (SNOM). AFM images showed that the looped structures exited in cell extract containing TRF2, but
it disappeared in the protein-deleted samples. When cells were pretreated by UV light plus psoralen, the looped structure
could be observed in the protein-deleted samples. SNOM images further demonstrated TRF2 and p53 proteins in cell
was bound at the loop junction. Above results suggest that the telomere t-loop structure by TRF2 play a important role in
cell-senescence, and might signals p53 protein directly through association with the t-loop junction in cells.
Keywords: Telomeres, scanning near-field optical microscopy, atomic force microscopy, telomere DNA, TRF2 protein,
p53 protein, looped structures, t-loop assembly, fluorescence, HeLa cell

1. Introduction
Telomeres are essential nucleoprotein structure at the ends of all eukaryotic chromosomes [1]. by acting as caps,
protecting chromosome ends from fusion and degradation [2,3]. The telomeric DNA usually consists of a simple
repeated sequence with one G-rich strand. This G-strand extends to the 3 end of the chromosome and protrudes to form
a single-stranded overhang. In vitro, single-stranded G-rich telomere DNA can form a variety of noncanonical structures
including G quartets, triple helices and G·G base pairing [1,4]Electron microscopy (EM) showed that mammalian
telomeres were shown to end in a large loop resembling a lasso, termed the telomeric t-loop [5]. Recent studies have
implicated several proteins required for DNA damage recognition and repair in telomere maintenance. The telomerespecific protein TRF2 plays a central role in concealing telomere ends from ds break recognition and repair factors,
suggesting that inhibition of TRF2 function at the telomeres signals p53 directly. It was demonstrated by EM the ability
of p53 to hind t-loop structures [6]. However, EM couldn’t quantitative the width and height of the telomeric DNA and
can not resolve details of structure. On other hand, telomere DNA used in these observations was from cells with UVpsoralen treatment.The structure of the telomeric t-loop and its interaction with protein in cells is still not known.
Atomic force microscopy (AFM) has its advantages not only in observing the real morphology with high resolution but
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also in the rapid sample preparation. AFM can images individual DNA or proteins under physiological conditions [7],
Scanning Near- field Optical Microscopy (SNOM) overcome the diffraction limit of light microscopic technique [8,9].
And the topographical image, light transmission (absorbency) and fluorescence images can be recorded simultaneously
by SNOM. [10]. It has become possible to observe single molecule events on the telomere structure and its interaction
with proteins using this technique.
Our previous work demonstrated by atomic force microscopy (AFM) that mammalian telomeres end in a large t-loop
structure in Hela cells with UV-psoralen treatment [11]. In this work, the telomere DNA and its complex of human TRF2
and p53 has been observed directly in the nanometer resolution regime by AFM and SNOM. Results showed that the
reversible control of the telomere t-loop structure by TRF2 protein play a important role in cell-senescence, and might
signals tumor suppressor protein p53 directly through association with the t-loop junction in cells.

2. MATERIALS AND METHODS
2.1 Materials
Human HeLa cells were obtained from Beijing Medical University (Beijing, China). The cells were maintained in RMPI
1640 medium, with 10% fetal bovine serum, 100 IU/ ml penicillin and 100 IU/ ml streptomycin, and in a humidified
atmosphere of 95% air and 5% CO2 at 37qC. TRF2 protein was a gift of Prof. Lange (Laboratory of Cell Biology and
Genetics, Rockefeller University). Human p53 protein was from Neomaker co Inc. mouse anti-human TRF2 protein was
from BD Co. Mouse anti-ribbit IgG, TRITC from Jingmei Biotech Co. Ltd..
2.2 Preparation of cell nuclei
All operations were carried out at 0-4 qC. Nuclei were isolated from 2-3 x108 HeLa cells by lysis in 40 mM Tris-Hcl, (pH
7.5), 2 mM DTT and 5 mM MgCl2, homogenized with 12 strokes in a glass homogenizer and centrifugation through a
glycerol cushion (25% glycerol, 10 mM Tris-Hcl, (pH 8.0), 1.5 mM MgCl2). Transmission electron microscopy was used
to assess the purity of the nuclear preparations and confirmed the absence of organellar contamination. Nuclei were
washed gently in a buffer containing 150 mM KCI, 5 mM MgCl2 and 25 mM Tris-Hcl (pH 7.5) Nuclei were washed
again and suspended in a buffer containing 50 mM Tris-Hcl (pH 8.0), 0.1 mM DTT and 0.1 mM EDTA For Chromatin
preparation or suspended in 3 ml of cross-linking buffer (15 mM Tris-Hcl, 15 mM NaCl, 60 mM KCl, 1mM EDTA,
0.1mM EGTA, and 0.25 M sucrose, pH7.4) for isolation and purification of Telomere DNA.
2.3 Preparation of chromatin
The preparation of chromatin from purified nuclei was carried out according to the method of Oudet et al. [12], in order
to prevent DNAase action and drastic shearing as much as possible. All homogenirations were done manually. Nuclei
from cells were lysed in 250 ml of a buffer containing 10 mM Tris-HCI (pH 7.9).80 mM NaCl, 20 mM EDTA and 0.01%
Triton X-100 using a Teflon glass homogenizer. After 10 min of centrifugation at 12000 g, the pellet was suspended in
40 ml of a buffer containing 10 mM Tris-HCl (pH 7.9). 150 mM NaCl,20 mM EDTA and 0.01% Triton X-100 and
homngenized. A 20 ml -aliquot of the suspension was then centrifuged for 3 h at 54 000 g through two layers of sucrose,
the upper one (10 ml) containing 15 mM TRIS-HCI (pH 7.9), 150 mM NaCl, 20 mM EDTA and 0.01% Triton X 100 and
1.65 M sucrose, whereas the lower one (25 ml) contained 15 mM Tris-HCI (pH 7.9).150 mM NaCl, 20 mM EDTA and
0.01% Triton X-100 and-1.7 tasucrose. The pellet was then homogenized in 50 ml of a buffer containing 10 mM Tris-
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HCI (pH 7.9), 15 mM NaCl and 20 mM EDTA and then centrifuged for 10 min at 12000 g. The purified chromatin Pellet
was finally suspended in 5 ml of 10 mM Tris-HCI (pH 7.9), 5 mM sodium bisulphite and 0.1 mM dithiothreitol and
stored at –20 oC.
The preparation of lysine-rich histone-depleted (HI-depleted) chrornatin was carried out according to the method of
Oudet et al. [12] and modified for AFM observation. Purified chromatin was diluted to 100 Pg DNA ml-1 in a buffer
containing 10 mM Tris-HCI (pH 8.0), 700 mM NaCl and 5 mM sodium bisulphite (buffer A). Chromatin solubilization.
which was accompanied by a marked increase in viscosity, was achieves in 2-3 h at 4 oC. A 1 ml align of the very
viscous solution was diluted in 19 ml of tridistilled water, homogenized. Kept at 4 oC for 1 h and then centrifuged for 20
mim at low speed. The supernatant containing lysine-rich histone-depleted (HI-depleted) chromatin was taken out for
AFM imaging.
24 Isolation and purification of telomere DNA [5,11]
Psoralen (10 mg/ml stock dissolved in DMSO) was added to above 3 ml of nucleus suspension, final concentration was
250 Pg/ml. The mixture was spread on a 100 mm plastic petri dish on ice and stirred for 30 min while exposed to a 365
nm UV light bulb at a distance of 2 cm. Then, nuclear suspensions were treated with proteinase K (20mg/ml) in the
presence of SDS (0.5%), and DNA was isolated by phenol/chloroform (1:1) extraction and ethanol precipitation (3
Volume). The deproteinized sample was suspended in 9 ml of 10 mM TE buffer (Tris-Hcl, 1 mM EDTA PH7.5) and
cleaved with Rsal (1250 units) and HinF1 (1250 units) in a buffer of 10 mM Tris ,10 mM MgCl2, 30 mM NaCl , 1 mM
DTT, and 100 Pg/ml of bovine serum albumin for 12 hr at 37 qC. During the final hour, RNase (Pharmacia) was added to
20 Pg/ml. The sample was then extracted one time with phenol : chloroform: isoamylalcohol = 50:49:1, precipitated with
ethanol, and suspended in 3 ml of TE. The sample was purified by a 2.5 x 20 cm Bio-gel P-2 column and eluted by water
at a flow rate of 0.2 ml/min. Fractions of 0.6 ml were taken and OD260 of each determined. First peak (fraction 5) are
identified to contain nearly all of the telomere species by 32P-labeled probes (TTAGGG)4 and fluorescent labeled probes
EB method [13].
2.5 AFM observation
A drop of the solution (5Pl), was distributed on freshly cleaved mica compressed nitrogen gas was applied to the
sample in such a way that the liquid spread out on the mica surface, and immediately dried under an infra-red lamp prior
to the AFM observation [14]. Tapping mode images were obtained on a nanoscope III with a multimedia AFM using
nanoprobe silicon tips. Microscopic analysis was carried out by using a commercial atomic force microscope (Digital
instruments. Santa Barbara, CA). All AFM images were obtained in air at room temperature by using contact mode with
a spring contact of 0.12nN nm-1. The cantilever was 200 PM in length. The lateral dimensions of biological structures in
AFM are overestimated because of the finite dimensions of the tops.
2.6 SNOM observation
The preparation of SNOM samples was carried out according to the method of Hausmann et al., [15], Spread samples
were fixed 10 min in 3.7% acid-free formaldehyde, 0.1 M sucrose, pH 9.2, followed by air-drying. The preparations
were extracted for 30 min with 0.2% Triton-X-1000/PBS, washed with PBS, incubated for 10 min in PBTG (PBS, 0.2%
BSA, 0.1% Tween 20, 0.1% Gelatine, followed by the incubation at 4 oC overnight with an antibody solution containing
mouse anti-human TRF2 or p53 antibodies [16,17]. And then incubated again for 30 min at 37 oC with mouse anti-ribbit
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IgG, TRITC and the reaction was stopped by washing off the substrate.. Before SNOM, specimens were dehydrated
through an ethanol series (70, 85, 95% for 5 min each) and air-dried.
The detection of fluorescent labelled samples were carried out with an advanced commercial SNOM

(Aurora,

ThermoMicroscopes, USA). A He-Ne laser beam with a wavelength of 543 nm was coupled into the SNOM probe via a
glass fibre. The topographic scan was controlled by measuring the interaction of the lateral shear-force oscillation of the
SNOM tip. The instrument was controlled by the NanoScope IIIa (Digital Instruments Vecco GmbH) controller. All
near-field images were recorded and visualised in three dimensional topographic false colour plots using the NanoScope
IIIa software (version 4.42r1) running under Windows on a PC.

3. RESULTS
3.1 Direct visualization of the loop structures in cells
The high resolution and cross sectioning measurement function of AFM make it convenient for us to observe telomere
morphology and further to analysis its fine structure in cells. Fig 1 showed that there exactly exists a looped with a tail
structures

(Fig.1-A, B) and a well-known linear bead structure. (Fig.1-A, C) in the lysine-rich histone-depleted

chromatin extract.
We have measured the contour lengths of the looped structures, the average length of the looped was 1 .1 + 0.3 PM (n =
40) , which is longer than what (2.5 ± 0.5 kb, about 0.85 PM length) have been measured for the protein-deleted samples
with UV-psoralen treatment [11]. Possible reason is that DNA was condensed after UV-psoralen treatment. The mean
height of the loop-tail junction was 4.1 + 1.5 nm (n = 40), suggesting a complex structure of DNA and proteins.
A 'beads-on-a-string' pattern fored by nucleosomal cores and linker DNA is a characteristic feature of lysine-rich
histone-depleted chromatin. This topical appearance of nucleosomal chains was descried previously by electron
microscopy [18]. The nucleosomes have an average diameter of |34 + 5 nm (n = 40) and a mean height of 4.1 + 1.1 nm
(n = 40). Nucleosomes in native chromatin from Tetrahymopna therrnophila is 31.2 r 4.9 nm [19]; micleosomes in native
chicken chromatin, 30 + 3 nm, nucleosome cores assembled in vitro into chromatin fibres, |30-40 nm, with the smallest
cores measuring 27 nm.
On the other hand, no any looped structures and a well-known linear bead structure was observed in the purified sample
of removed protein (Fig.1-D). However, in sample of removed protein from the psoralen photo-cross cells, the loops
were still observed duo to psoralen cross-linking T residues of opposite DNA strands randomly (Fig.3). It is suggests that
telomeric protein is necessary for the formation of the loops in cells.

Fig.1, A, the looped structures exited in crude cell extract. Scale bars: 1.0 Pm.B, a typical t-loop structure of telomeric DNA. Scale
bars: 200 nm. C, a typical linear bead structure.. Scale bars: 200 nm. D, the loops disappear in the purified sample without protein.
Scale bars: 1.0 Pm.
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3.2 Binding sites of proteins for looped structures in cells
In order to understand the binding proteins, TRF2 has been determined in the nanometer resolution regime by SNOM.
SNOM imaging also revealed a typical loop structure at the chromosome end that contained TRF2 protein (Fig. 2 A,C).
The fluoresecent labeled TRF2 protein was presented in the t-loop junction. The specialized telomere-binding protein,
TRF2 protein, binds at the junction of the loop (Fig. 2 B), which may play this role in stabilizing or allowing formation
of the loop. The exists of p53 at the junction of the loop were also observed (Fig. 2 D), which is similar to the results
obtained by EM in vitro [11].
These results provide direct evidence for the presence of p53 at TRF2-bound t-loop junctions. The location of p53
binding within the junction, either to the displaced strand or the Holliday junction-like structure have observed most of
p53 appeared in the tera-stranded junctions [20]. Our previous work evidenced the circular portion of loops was doublestrand structure, the triplex or tetraplex structure for the loop-tail junction [6].
It suggests that the proteins are capable of binding to the junction simultaneously. SNOM images also demonstrate that
the looped molecules must also contain TRF2 [23], p53 has a high affinity for the t-loop junction. All t-loop junctions
that are labeled with fluorescence therefore, are indicated to contain both p53 and TRF2.

Fig.2, SNOM Images of telomeres associated with TRF2 or p53 proteim. A and B, the topographic images reveal a t-loop structure. C
and D, C, TRF2 antibody labelling sites, as regions of high intensity of transmitted light at 543 nm (blue arrow); D, p53 antibody
labelling sites(white arrow).Image area 4.0 X 4.0 Pm.

3.3 Visualization of telomeric DNA loops isolated
Fig 3 is a typical AFM images of telomeric DNA isolated from the psoralen photo-cross cells. AFM showed that the
average value of loop circle portion height is about 0.426 + 0.172 nm. This value could illustrate that the loop circle
portion is duplex DNA. The average height of the tail-loop junction area is about 0.851 + 0.293 nm (Fig.3 A). Due to the
height of triplex is two times that of duplex, so we conclude that the structure of junction area is triplex [21,22]. The
height of some tail-loop junction is higher than above average height, it is 1.286 + 0.051 nm, suggesting tetra-stranded
structure may exist the tail-loop junction models of triplex or two kinds of tetra-stranded were proposed (Fig.3 B,C and
D), Generally speak, the height of DNA duplex is about 0.36~0.76 nm in AFM. In this work, the average height of
duplex DNA is 0.426 nm. The maximal is 0.768 nm, the minimal is 0.235 nm. There will appear different result of
measure under the different condition of measure, such as tip, humidity of environment and so on. The difference of the
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height of duplex loop may be the different humidity of air. So we should compare the height of different DNA loop in the
same images to eliminate these influence.

Fig.3. the typical t-loop structure of telomeric DNA and its corresponding height. A. the average value of loop circle portion height
and the tail-loop junction area (white arrow) is about 0.426 r 0.172 nm and 0.851 r 0.293 nm (n = 41), respectively. B and C the tailloop junction area (white arrow) is about 1.288 r 0.051 nm (n = 14). D. the tail-loop junction area (white arrow) is about 1.295 r
0.062 nm (n = 5).

Fig. 4 shows that SNOM imaging of a isolated telomeric DNA with EB label, which revealed a typical DNA t-loop.

Fig.4,

SNOM fluorescence images of telomere DNA looped structure with ethidium Bromide. A. the fluoresence images of DNA

looped structure, Scale bars:5.0 Pm. B. a typical t-loop structure of telomeric DNA, Scale bars: 1.0 Pm..

4. DISCUSSION
Telomeres are essential nucleoprotein structure at the ends of all eukaryotic chromosomes. Studies on interaction of
telomeres and proteins have received particular attention for its possible significance to aging and cancer [1]. In this
work, the telomere DNA and its complex of human TRF2 and p53 has been determined in the nanometer resolution
regime by atomic force microscopy (AFM) and Scanning near-field optical microscopy (SNOM).We have observed the
telomere looped DNA (it is unstable) and its complex of human TRF2 and p53 in chromosomeextract without any
treatment, such as deprotein, enzyme digest and purification.. AFM and SNOM images showed that t-Loops were
generated by interaction of the telomere DNA with TRF2. TRF2 proteins bound specially at the t-loop junction through
intramolecular interactions.
During the extraction of telomere, due to the possible isolation of protein and telomere DNA could result in the unstable
structure of telomere, such observed DNA structure might be formed during preparation. To overcome this difficult, we
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used chromosome containing proteins and used a photosensitive probe called psoralen, which could intercalate into a
duplex or triplex DNA and upon UVA irradiation preferentially cross-link T residues of opposite strands [11]. Maybe the
position of psoralen works is the same as TRF2 [5,11]. So psoralen cross-linking of the DNA strands is predicted to
preserve the t-loops after removal of protein. According to above same method, no any loop with a tail was observed in
the samples without treatment of psoralen-UVA (see Fig.1-D). Psoralen cross-linking could stabilize t-loops that might
exist in vivo before removing proteins from the DNA (see Fig.1-d).
Above results showed that both proteins are present in a complex at the t-loop Junction in cells. These results suggest a
more specific role for p53 in t-loop formation/stabilization [6].

There are important biological significant roles for

p53 localization to the t-loop junction. It reported that induction of apoptosis by telomere 3' overhang-specific DNA [24]
and that the tumor suppressor protein p53 is involved in the maintenance of telomeric tract length in mice [20]. Normally,
p53 translocates from the cytoplasm to the nucleus at the G1/S transition and is shuttled back to cytoplasm shortly
thereafter. The presence of p53 at the t-loop junction just prior to DNA replication may promote resolution of the
junction to facilitate telomere replication. It is also possible that p53 is sequestered at the t-loop junction to allow
immediate recognition of any loss of end protection by p53. Cell cycle arrest or apoptosis then can be triggered.
Additionally, other protein factors may be recruited to the chromosome end through interactions with other protein such
as p53. These factors may be essential for telomere structure and function. It demonstrated that by senescence in primary
cells is induced by altered telomere state, not telomere loss [25] or decreasing telomerase activity [26]The changes of the
telomere structure state (cap or uncap) may signals p53 directly through association with the t-loop junction, then then to
trigger apoptosis through the p53/ATM-dependent DNA damage checkpoint pathway [27].

ACKNOWLEDGEMENTS
The authors gratefully acknowledge professor Chunli Bai for Instrumental support; professor was a gift of Prof. de Lange,
T. (Laboratory of Cell Biology and Genetics, Rockefeller University) for TRF2 protein. The authors thank Dr. Qin Li,
for technical assistance. This work was supported by a grand (90206041,30170246) from National Science Foundation
of China.

REFERENCE
1. W. Klapper, R. Parwaresch, G. Krupp, Telomere biology in human aging and aging syndromes, Mechanisms of aging
and Development, 122,695-712, 2001
2. E.H. Blackburn, Switching and signaling at the telomere. Cell 106,661–673 , 2001
3. T. De Lange, Protection of mammalian telomeres. Oncogene 21,532–540, 2002
4. Xiao-Yan Zhang , En-Hua Cao , Yan Zhang, Chunqing Zhou Chunli Bai , K+ and Na+ -Induced Self-Assembly of
Telomeric Oligonucleotide d(TTAGGG)n, J. Biomol. Struct. Dynamics.20(5), 697-702 2003.
5. J. D Griffith, L. Comeau, S. Rosenfield, R. M Stansel, A. Bianchi, H Moss, Titia de Lange. Mammalian telomeres
end in a large duplex loop, Cell. 97:503-514, 1999
6. R. M. Stansel, D.,Subramanian and J.D Griffith, p53 binds telomeric single strand overhangs and t-loop junctions in
vitro, J Biol. Chen. 277, 11625-7539, 2002
7. D. J.Muller, H.Janovijk, T Lehto,, L.Kuerschner , K. Anderson,, Observing structure, function and assembly of single
proteins by AFM, Progress in Biophsics & Molecular Biology, 79,1-43, 2002
8. F. De Lange,, A.Cambi, R Huijbens,. B.de Bakker,, W. Rensen, M. Garcia- Parajo,, N.van Hulst, , C.G.Figdor,,. Cell

252

Proc. of SPIE Vol. 5635

Downloaded from SPIE Digital Library on 14 Dec 2009 to 159.226.100.197. Terms of Use: http://spiedl.org/terms

biology beyond the diffraction limit: near-field scanning optical microscopy. J. Cell Sci.114, 4153–4160,. 2001
9. P Zhang,, R.Kopelman, W. Tan, Subwavelength optical microscopy and spectroscopy using near-field optics. Crit.
Rev. Sol.State Mater. Sci. 25, 87–162, 2000
10. R. Winkler, B.Perner, A.Rapp, M. Durm,., C.Cremer, K.O. Greulich, M.Hausmann, Labelling quality and
chromosome morphology after low temperature FISH analysed by scanning far-field and scanning near-field optical
microscopy. J. Microsc. 209, 23–33, 2003
11. Ai Chen

En-Hua Cao

Xue-Guang Sun Jing-Fen QinD. Liu, C. Wang, C. L.Bai, Direct Visualization of

Telomeric DNA loops in cells by AFM Surface and Interface Analysis, 32 (1)

32-37, 2001

12. P. Oudet, M.Grross-Bellard, P.Chambon, Electron microscopic and biochemical evidence that chromatin structure
is a repeating unit.cell, 4,281-286, 1975
13. Xue-Guang Sun, En-Hua Cao, Yu-Jian He, Jing-Fen Qin,Spectroscopic Comparison

of

Different DNA

Structures Formed by Oligonucleotides Journal of Biomolecular Structure and Dynamics 16, 863-872, 1999
14. Zhigang Wang, Chen Wang, Zhongqing Wei,Chunqing Zhou, Dage Liu, atomic force microscopy, reveals the local
ordering characteristics of nucleosomal chain from cell. Surface and Interface Analysis, 32 , (8)

38-42, 2001

15. M. Hausmanna,, B. Liebeb, B. Pernera, M. Jerratschc, KO. Greulicha, H. Scherthanb, Imaging of human meiotic
chromosomes by scanning near-field optical microscopy (SNOM) Micron, 34 (8), 441-7, 2003,
16. B.Van Steensel,

T.de Lange, Control of telomere length by the human telomeric protein TRF1. Nature 385, 740–

743,1997
17. B. Van Steensel, A. Smogorzewska, T. de Lange, TRF2 protects human telomeres from end-to-end fusions. Cell 92,
401–413, 1998
18. H.Zentgrat, U. Multer, ,W.W Franke., Reversible in vitro packing of nucleosomal filaments into globular
supranucleosomal units in chromatin of whole chick erythrocyte nuclei., Eur J. Cell Biol. 23 171-188,1980
19. L.D.Martin, J.P.Vesenka, Eric Henderson, D.L Dobbs.,Biochemisty, 34. 4610-4615,1995
20. S.Lee, ,L. Cavallo and J.Griffith, Human p53 binds Holliday junctions strongly and facilitates their cleavage.
J.Biol. Chem.272,7532-7539, 1997
21. H. G. Hansma, I. Revenko, K. Kim, D. E. Laney. Atomic force microscopy of long and short double-stranded,
single-stranded and triple-stranded nucleic acids. Nucleic Acids Res. 24(4): 713-720, 1996
22. T. C. Marsh, J.Vesenkaj, Eric Henderson. A new DNA nanostructure, the G-wire, imaged by scanning probe
microscopy, Nucleic Acids Res. 23(4): 696-700, 1995.
23. R. M.Stansel,, T.de Lange, and J. D.Griffith, T-loop assembly in vitro involves binding of TRF2 near the 3'
telomeric overhang, EMBO J., 20, 5532-5540, 2001
24. M.S.Eller, N. Puri, I..M.Hadshiew, S.S Venna,. B.A.Gilchrest, Induction of apoptosis by telomere 3' overhangspecific DNA. Exp. cell Res. 276, 185-193, 2002.
25. J.Kariseder,

A.Smogorzewska, T. De Lange, . Senescence in primary cells is induced by altered telomere state,

not telomere loss. Science 295, 2446-2449, 2002
26. Yan Zhang, En-Hua Cao, Xiao-Qiu liang, Jing-Fen Qin, Increasing Sensitivity to Arsenic Trioxide-Induced
Apoptosis by altered telomere state, Euro J. of Pharmacology 448 11 – 18, 2003

27. K.Polyak, Y.Xia, J.L Zweier,, K.W.Kinzler and B.Vogelstein, A model for p53-induced apoptosis, Nature, 389,300305, 1996

Proc. of SPIE Vol. 5635

Downloaded from SPIE Digital Library on 14 Dec 2009 to 159.226.100.197. Terms of Use: http://spiedl.org/terms

253

