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Summary

Telomerase is known as a ribonucleoprotein enzyme essential for the repair of replication-induced
deletion of chromosome terminal in most eukaryotes. Although the regulatory mechanism of telomerase
inactivation and re-activation has not yet been clarified, there is a possibility that telomerase activity is
regulated by phosphorylation and dephosphorylation. DNA-dependent protein kinase (DNA-PK) is
considered to be a critical enzyme in DNA double-strand break repair and possibility of involvement of this
enzyme in the regulation of telomerase is expected. To examin correlation between telomerase and DNA-
PK, we purified DNA-PK from human leukaemic MOLT-4 cells by successive column chromatography.
Through the conventional process of purification, DNA-PK activity was accompanied by telomerase
activity. We used modified purification protcol in this study, and finaly, succeeded in purification of DNA-
PK separately from telomerase activity. This DNA-PK didn't show any effect on the telomerase activity, and
these results indicate that the telomerase may not be regulated via phosphorylation with DNA-PK.

INTRODUCTION

The faithful replication of eukaryotic chromosome requires the activity of several DNA-dependent DNA
polymerases, a DNA-dependent RNA polymerase (primase), and an RNA-dependent DNA polymerase that
is the telomerase. Replication by DNA-dependent DNA polymerase alone does not completely duplicate the
sequences at chromosome termini, resulting in a loss of telomeric sequence repeats with each cell division.
Conditions that affect the balance in number of telomeric simple sequence repeats also affect chromosome
stability, gene expression and likely additional cellular processes (1).

Telomerase, which is first detected in the cell free extracts of cilliates Tetrahymena by Greider and
Blackburn (2), is a highly specialized telomere terminal transferase. This is an RNA-containing enzyme and
adds telomeric repeats to the ends of chromosome using its own RNA as a template (3-6). Telomerase
activity has been detected in most of mammalian tumor cells and germ cells (7-16). Telomerase activation
was reported to be associated with cell transformation (17), and on the contrary differentiation of tumor cells
is reported to be associated with pronounced down regulation of telomerase activity (13). But, recently, the
mechanisms without innvolving telomerase have benn recognized to maintain telomere length by Bryan et
al. (15). The presence of lengthened or stabilized telomeres is necessary for immortalization, and this may be
achieved either by the reactivation of telomerase or by a novel and as yet unidentified mechanism(s).

Previously, we found a cell-cycle dependent telomerase activation using synchronized plasmodia of a true
slime mold Physarum polycephalum(18). This observation suggests a possibility that phosphorylation and
dephosphorylation may be a regulatory mechanism of telomerase activation and inactivation during cell
cycle. Recently, He Li et al. indicated that protein phosphorylation reversibly regulated the function of
telomerase and that protein phosphatase 2A (PP2A) might be one of telomerase inhibitory factors in the
nucleus of human breast cancer cells(19).

DNA-dependent protein kinase (DNA-PK) is a nuclear serine/ threonine kinase conposed of p470 catalytic
subunit (DN A-PKcs) and p85/ p70 heterodimer (Ku antigen) (20-24). DNA-PK binds to and requires DNA
ends to be activated and phosphorylates a number of nuclear proteins including p53 (20,21) and replication
protein A (25,26). DNA-PK is considered to be a critical enzyme in repairing double-starand breaks of DNA.
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From these charactors of DNA-PK, a possibility that this emzyme may regulate the telomerase activity via
phosphorylation/dephosphorylation is expected.

In this report, we purifeid DNA-PK separately from telomerase activity, and indicated that there is no
correlation between telomerase activity and phosphorylating activity of DNA-PK .

MATERIALS and METHODS

Cells and culture. Molt-4 cells were grown at 37°C in RPMI1640 medium supplemented with 10% fetal
bovine serum (FBS) in suspention culture. Cells were harvested at 5-12 X 10°cells per ml by
centrifugation(1,000rp, 10min) and washed twice with ice-cold phosphate-buffered saline (PBS) and were
stored at -80°C until use.

DNA-PK purification. Molt-4 cell nuclei were prepared from 2-5X10° cells as described by Digmam et
al. (27). And DNA-PK purification was performed essentially according to Matsumoto et al. (28) with some
modification.

Cells were suspended in hypotonic buffer (10mM HEPES-NaOH, 1.5mM MgCl, 10mM KCl) followed by
centrifugation at 1,800rpm for 10min. The pelet was nuclear fraction. Isolated nuclei were re-suspended in
extraction buffer (20mM HEPES-NaOH, pH 7.9, 400mM KCl, ImM EDTA, 1mM EGTA, 0.02% Tween 20,

- 10% glycerol, 1mM DTT, ImM PMSF, 1ug/ml each of leupeptin, pepstatin and antipain) and agitated for 30
min followed by centrifugation at 100,000 X g for 60min. The supernatant of nuclear extract (60ml) was
passed through the first DEAE Bio-Gel A column and flow-through fraction was dialyzed against buffer A
(20mM Tris-HC, pH 7.5, ImM EDTA, 10% glycerol, 50mM NaCl, ImM DTT, ImM PMSF, 1 ng/ml each of
leupeptin, pepstatin and antipain). Dialysate was applied to the second DEAE Bio-Gel A and eluted with
buffer A with increasing NaCl concentration linearly from 0.05M to 0.5M. DN A-PK activity was eluted at
0.15-0.27M NaCl. The combined DNA-PK fraction was dialyzed against buffer B ( 20mM HEPES-NaOH, pH
7.2, 1ImM MgCl,, 15% glycerol, 200mM NaCl, 1mM DTT, ImM PMSF, 1ug/ml each of leupeptin, pepstatin
and antipain) and loaded to a native DN A-cellurose column(Pharmacia). Absorbed protein was eluted into
12 fractions (1ml each) by stepwise increase of NaCl concentratin in buffer B. Fraction 5 and 6, 0.6M NaCl
elutes that contained DNA-PK activity, were dialyzed against buffer C containing 0.1M NaCl, and applied
to Heparin Sepharose column. Absorbed proteins were eluted into 10 fractions (1ml each) by stepwise
increase of NaCl concentration in buffer B. Fraction 3-6 (0.4-0.6M NaCl) were dialyzed against buffer B.
Dialysate was finaly loaded second native DN A-cellurose column. Absorbed proteins were eluted in the
same way, and fractions number 5 and 6 contained purifid DNA-PK.

Protein kinase assay. DNA-PK activity was assayed using @ -casein as a substrate. The reaction
mixture, final volume of 50ul, contained 20mM HEPES-NaOH, pH7.2,100mM NaCl, 5mM MgClL, 50uM [y
-#P] ATP, 50ug of @-casein, ImM DTT and 0.5mM each of NaF and B3 -sodium glycerophosphate, and 5pl of
enzyme fraction was added. The reaction mixture was incubated at 37°C for 10min and a 40ul aliquot was
spotted onto a square 3MM paper (Whatman), washed with 5% trichloroacetic acid solution supplemented
with 0.5% sodium pyrophosphate, and the radio activity retained was mesured with liquid sintilation
counter.

Telomerase assay. Telomerase activity was assayed essentially according to Kim et al. (10). Briefly,
enzyme fractions were incubated at 24°C for 20min in 50pl reaction buffer containing 20mM Tris-HCl, pH
8.3, 0.1pg of telomerase substrate (5'-AATCCGTCGAGCAGAGTT-3'), 50uM each deoxynucleotide
triphosphate, 1.5mM MgCl,, ImM EGTA, 63mM KCl, 0.005% Tween20, 1ug of T4 gene protein. To each
reaction was then added 2 units of Taqg DNA polymerase and 0.1ug of down stream primer CX (5'-
CCCTTACCCTTACCCTTACCCTTA-3), followed by 27-cycle polymerase chain reaction (94°C for 30s, 50T
for 30s, and 72°C for Imin). five pl of the polymerase chain reaction mixture was then analyzed for de novo

synthesized telomere by electrophoresis on 10% non-denaturing polyacrylamide gel followed by
visualization with SYBER Green I and analyzed by FLA-2000 (FUJIFILM).
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RESULTS and DISCUSSION

In order to know wheather telomerase activity is regulated by DNA-dependent protein kinase (DNA-PK),
we tried to get purified DNA-PK and to examine the effect of DNA-PK upon the telomerase activity. With
conventional purification procedures, telomerase activity was not separated with DNA-PK. Fig.1. shows a
2nd DEAE Bio-gel profile. Most of DNA-PK activity was eluted in fraction 16-27 (Fig.1A), though the
telomerase activity was detected through all eluates (Fig.1B). In thelst native DN A-cellurose column
chromatography, which is a final step of conventional DNA-PK purification, DNA-PK activity was eluted at
0.3 to 0.6M NaCl together with telomerase activity (deta not shown). After Heparin-Sepharose column
chromatography, fraction containing DNA-PK activity were applied to 2nd native DN A-cellurose column.
Fractions 5-6, the 0.6M NaCl eluate (Fig.2A lane 5-6) contained three major polypeptide bands of >170kDa,
85kDa and 70kDa, which were DNA-PK subunits. DNA-PK activity was eluted at 0.6M NaCl, fraction 5-6
(Fig-2B), and telomerase activity was eluted at 0.3M NaCl, fraction 2 (Fig.2C). Thus, DNA-PK was purified
separately from telomerase activity.
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Fig.1. Elution profile of 2nd DEAE Bio-gel A 5 fraction number

column chromatography. (A) Protein kinase
activity of 5-pl aliquot from each fraction was
determined using ®-casein as a substrate in the
presense (open circle) or absence (closed circle)
of 20ng/ pl of sonicated calf thymus DNA at 37
C for 10min. (B) Telomerase activity of a 2ul
aliquot from each fraction was determined
using TRAP assay (see MATERIALS and
METHODS).
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Using the purified enzyme, we examined the effect of DNA-PK on telomerase activity under the
phosphorylating conditions. But almost no effects were observed (deta not shown). DNA-PK might not
affect the regulation of telomerase activity.

To know the regulatory mechanisms of telomerase activity in the cell cycle, we are now studying the
involvement of some protein kinases other than DNA-PK. But very recently, a report was published that Ku
antigen might have some biological function at telomere region of chromosome (29), and the posibility of
the involvement of DNA-PK on telomerase reguration in a different way is still left. Our purification
method might be very useful to clarify this problem and other problems that DNA-PK related to.
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