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ABSTRACT

The use of complementary RNA or DNA sequences to
selectively interfere with the utilization of mMRNA of a
target gene is an attractive therapeutic strategy. Two
well-studied targets for oligonucleotide therapy are the
c-myc and c-myb proto-oncogenes. It has been
reported that sequences which contain four contiguous
Gs can elicit a non-antisense response, due to the
formation of a homotetrameric G quartet structure.
Therefore, it was of interest to determine whether
anti-c- myc and anti-c- myb phosphorothioate DNAs
including tetraguanylate form higher order structures
under physiologically relevant salt conditions and
temperature. First, the identity of the higher order
structure was established and was found to be a
tetraplex. Employing intracellular (high K *), extracellu-
lar (low K *) and normal saline (no K *) salt mixtures,
native gel electrophoresis revealed no tetraplex forma-
tion at 37 °C, the physiologically relevant temperature.
On the other hand, tetraplex structure formation was
observed at 4 and 23 °C. Hence, the potential for these
sequences to form tetraplex structures at lower tem-
peratures may not be relevant for their activity in cells
and animals at physiological temperature.

INTRODUCTION

inhibited arterial restenosis by smooth muscle cells in a porcine
model (6). In parallel studies, tumorigenesis by human leukemia
cells (7) and human melanoma cells in SCID mice (8) was
inhibited by targeting the b proto-oncogene with comple-
mentary DNA phosphorothioates. Recently, this laboratory found
that targeting murine im¥ycwith complementary DNA phospho-
rothioates in the fEmyc mouse lymphoma model led to a
prophylactic effect against lymphoma development (9).

The antisense oligonucleotide sequences used in the experi-
ments above (Table 1) contained contiguous tetraguanosine
tracts, which have been found capable of sequence-independent
antiproliferative effects on cultured human epithelial ¢aily.
Similarly, it was observed that high concentrations (3N
of antisense phosphorothioate DNAs directed agaimstozand
c-myb showed non-antisense activity in primary cultures of
smooth muscle cellm vitro and in arteriegx vivo(11). The
antiproliferative effects were ascribed to the contiguous tetra-
guanylates present in those antisense sequences. Rows of
guanosines are necessary for telomere function and are known to
form a G quadruplex or tetraplex struct(t@). Formé&on and
dissociation rates of G tetraplex structures are deceptively slow
and vary widely depending upon thebd 3flanking sequences
(13-15). For example, full reassdma of d-TGGGT phospho-
diester single strands in 1 M KCI, 0.1 mM EDTA, 10 mM
KoHPOy, pH 7, at OC, required 20 §13). For dTIGGGGTT
phosphorothioate single strands in phosphate-buffered saline
(PBS) at 37C, the fourth order association rate constant was 6

The potential of oligonucleotides to achieve inhibition of gend0¥M3 s (15).

expression selectively is being studied intensiy&]®). To be Thus it was suggested that since timeycand cmybantisense
active as an antisense agent, an oligonucleotide has to enter a@guences contain G4 tracts, they could form tetraplex structures,
travel within a cell to reach RNA in the cytoplasm or nucleus andterfering with base pairing with the target mRNA, exclusively
form a specific duplex with the target mMRNA. In early experiimparting their therapeutic effect through a non-antisense mech-
ments, this laboratory reported that targeting the hunmapcc- anism (11). On the other hand, it has not been demonstrated that
proto-oncogene with complementary DNA phosphodiestetfiese sequences act via a non-antisense, G quartet mechanism ¢
inhibited proliferation of PMA-stimulated human peripheralthe low concentrations (0.1-) used in many other systems
blood lymphocyte$3) and human promyelgtic leukemia cells where these sequences were found to be effe¢8v8).

(4). The same sequence, as a DNA methylphosphonate, inhibiteatthermore, it has been found that tetraguanylates do not always
MYC protein levels in peripheral and splenic lymphocytes of agive rise to a non-antisense eff¢t6). Therefore, it was of
Ep-myc transgenic mouse model for Burkitt's lymphoma (5).interest to explore the formation of higher order structures by the
Similarly, the anti-anycsequence, as a DNA phosphorothioategc-mycand cmybphosphorothioate DNA antisense sequeirces
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vitro under intracellular and extracellular salt conditions at are-incubated in solution A and analyzed<at displayed linear
variety of temperatures, especially at the physiologically relevadensitometry results with a correlation coefficient of 0.964. Gels
37°C, by native gel electrophoresis. At the onset the identity afith [5'-33P]oligonucleotides were quantitated with a Phosphor-
the tetraplex band was unambiguously established. Althoudfmager 445 Sl (Molecular Dynamics, Palo Alto, CA).

these tetraguanylate-containing sequences form tetraplexes and

another structure with the mobility of a duplex in certain salts &ative gel electrophoresis

4 and 23C, the tetraplex structures were not observed 4t 37

under physiologically relevant conditions. Samples were incubated in three different salt mixtures: intra-
cellular salt, 150 mM KCI, 10 mM NHPQ,;, 1 mM EDTA,
pH 7.0 (solution A); extracellular salt, 150 mM NaCl, 10 mM
MATERIALS AND METHODS K,HPQ,, 1 mM EDTA, pH 7.0 (solution B); control lithium,
Oligodeoxynucleotide synthesis and purification 150 mM LiCl, 10 mM LpHPQy, 1 mM EDTA, pH 7.0 (solution

L); normal saline, 137 mM NacCl, 1.5 mMKPQy and 8 mM
Sequences synthesized (Table 1) included human (HMYC) (Rle;HPO, pH 7.0 (solution S). In each case, the 1 nmol samples
and mouse (MMYC) (9) eyc antisense oligonucleotides (2.0 ul at 0.5 mM, tightly sealed to prevent evaporation) were
against codons 1-5, reversed (MREV) and scrambled (MSCRgnatured at 9@ for 4 min, then incubated in the given salt
(9) mouse antisensensycsequences, a humamybantisense  solution for 24 h, unless otherwise specified, at 4, 23 8€37
oligonucleotidg8) against odons 3—7 (HMYB) and a sequence Formation of higher order structures was studied by non-denatur-
(QG14) with two tetraguanylate tracts previously shown to forrhg electrophoresis on 20% polyacrylamide gels, 88 0.1 cm,
a tetraplex structure (17), used as atjvescontrol sequence. A in TBE in a Protean Il electrophoresis chamber (BioRad,
sequence complementary to the MSCR sequence was sWercules, CA). In this apparatus, the glass plates containing the
thesized to allow formation of a duplex control. Also, MYC10, ael are immersed on both sides in running buffer, which serves as
3 decamer fragment of MMYC, was synthesized for heteraa heat sink to dissipate the heat generated by electrophoresis anc

geneous tetraplex formation with MMYC. equilibrate the temperature of the gel with that of the buffer.
Electrophoretic analyses were carried out in a cold rootGat 4
Table 1.Oligodeoxynuclectide sequences for 12 h or on a laboratory bench af23for 8 h or in a warm
room at 37C for 5 h, because oligonucleotide mobility increases
Description Label  Sequence with temperature. Native gels were also electrophoresed@t 50
Mouse cmyc(antisense)  MMYC _5-dCACGTTGAGGGGCAT in awater bath for 3 h after incubating the sample¥atar 48 h.

The gels and the running buffers were pre-run and pre-equili-

Mouse cmyc(reverse) MREV  5dTACGGGGAGTTGCAC brated at the corresponding temperature for at least 4 h, until
Mouse cmyc(scrambled) MSCR 'sdCTGCTGAGAGTCGAG current, voltage and temperature were equilibrated, before the
Human cmyc(antisense) HMYC  BdAACGTTGAGGGGCAT samples were loaded onto the gels. All gels were run with samples

at a constant electric field of 6 V/cm, at a current of 20 mA,
dissipating power of 1.0 W (0.24 cal/s) for an 8 cm gel. At this
Decamer anyc(antisense) ~ MYC10 'sdTGAGGGGCAT heating rate, the 800 ml of upper and lower reservoir buffer would
Decamer anyc(scrambled) SCR10 'SICTGCTGAGAG be Fér/ehdICteld to m::rsabse h'” tempergtture by hOﬂDQS or

) 1.1°C/h, unless cooled by the surrounding air. The temperatures
Tetraplex contrd! QG14 5-dTGGGGAGCTGGEET of the electrophoresis buffers, which are presumed to be in

8Phosphodiester sequence, from Sen and Gilbert (17). All other sequencesg%umbnum with the immersed gels, were monitored during

phosphorothioates. The tetraguanylate portions in the sequences are underliﬁJ&CtrOphoret'C analyses and were never _found_ to vary 4§ >1
from the 4, 23 or 37TC temperatures of their environments.

Human cmyb (antisense) HMYB 5dGTGCGEGGGGTCTTCG

OIigode_oxynucI(_aotides were synthesized by st_andard pho‘Fétra lex formation by the anti-c-mve sequence
phoramidite coupling to produce normal phosphodiegt8jsor P y ycseq

phosphorothioate€l9). When desired, ligonucleotides were To demonstrate tetraplex formation by the antiyephosphoro-
5-radiolabeled with \F33PJATP (2000 Ci/mmol; no.  thioate pentadecamer, MMYC was mixed in 1:1 molar ratio with
NEG-602H; DuPont/New England Nuclear, Boston, MA) usingy decamer, MYC10, lacking the fivé Eesidues, then heat
T4 polynucleotide kinase (no. M410A; Promega, Madison, Wiienatured at 9@ for 4 min and annealed &t@ for 48 h in the
(4). Full-length oligonucleotides were purified from failurepresence of 150 mM KCI, 10 mM pHPOs, 1 mM EDTA, pH

sequences by electrophoresis on denaturing 20% polyacrylamiglg (solution A). The mixture was analyzed by electrophoresis on
gels in 89 mM Tris—borate, pH 8.3, 1 mM EDTA (TBE) plUSa 20% po|yacry|amide native ge| a

7.0 M urea, then extracted by crushing and soaking. The purified
DNAs were desalted using £Sep-Pak cartridges (no. 51910
Waters, Milford, MA). Oligonucleotides were quantitated b
absorbance at 260 nm as described (2@)oQucleotide purities
were re-analyzed, following purification and desalting, by 20%Alzet micro-osmotic pumps (no. 2002; Alza, Palo Alto, CA) are
polyacrylamide—7 M urea denaturing gel electrophoresis. Oligatilized in this laboratory as a controlled slow release device for
nucleotide bands were visualized with Stains-All (no. 1917%he delivery of oligonucleotides in transgenic mice (9). The
BioRad, Richmond, CA) following the standard protocol suppumps were removed from subjects under anesthesia 2 weeks
plied by the manufacturer. A calibration experiment for linearitgfter s.c. implantation. Immediately after removal, the pumps
of tetraplex staining with 0.1, 0.3, 0.5, 0.7 and 0.9 nmol MMYGvere placed in a 3T room. Residual oligonucleotides were

;Tetraplex formation by anti-c-myc phosphorothioate DNA
Yeollected from micro-osmotic pumps
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Figure 2. Tetraplex formation by tetraguanylate sequences, incubated for 24 h
at 4°C in solution A, then analyzed by non-denaturing gel electrophoresis at
4°C, as in Figure 1. Lane 1, MMYC (Tx and SS); lane 2, HMYC (Tx and SS);
lane 3, MSCR duplex (Dx); lane 4, MSCR (SS); lane 5, HMYB (Tx and SS);
lane 6, QG14 (Tx); lane 7, MREV (Tx and SS).

Figure 1. TAO’\IAG\?gla;itytocfi Eigf;er Ortf_ier Sﬁcﬂactgr% formaltion by '31%010 gel electrophoresis at@ (Fig. 1). This result is consistent with the
sequence , leste y Tormation or nyoria complexes wi . . o

Samples (0.5 mM) were incubated for 24 h°& # intracellular salt, 150 mM model that the Slowes.t mo"'”g band formed by the anye
KC, 10 mM NaHPQ,, 1 mM EDTA, pH 7.0 (solution A), then analyzed by pentadecamer MMYC is indeed due to a tetraplex structure.

non-denaturing gel electrophoresis @€ 4nd visualized with Stains-All. Lane

1, MSCR (SS1); lane 2, MMYC, (Tx and SS1); lane 3, MMYC (Tx and SS1) Effects of salt on higher order structure formation
and SCR10 (SS2); lane 4, MMYC and MYC10; lane 5, SCR10 (SS); lane 6,

m\%& (('\; ¢ c f(;;d 3\7&4 Y(I:_)a?& . élO)ShOV\(I:/l M\S(ié) (tmgslyo) (Mg/r%c) Formation of higher order structures, such as tetraplexes, is often
3 1, (MWIYL)2 2 4 1 s studied using high salt conditi , which may not be relevant
(MYC10); and SS1, implying tetraplex formation. to salt condigon%q viva. One t:t(?fp)lex hypothgsis holds that ion
fluctuations (especially ¥ play a role in the control of nucleic
taken out of the pumps and the concentrations measured by @¥ld-dependent physiological functions via their effect on the
absorption. The concentration of oligonucleotides remainingfructure of G-rich sequences (22). Therefore, iplogically
inside the pumps after 2 weeks varied from 4.5 to 5.0 mMelevant salt conditions were employed in order to determine
Samples were analyzed on native polyacrylamide gels’@. 37 whether these particular DNA sequences form higher order
Aliquots of the collected samples were also incubatetiafe¥  structures under salt conditions encounteiredvivo. The

24 h and analyzed on native polyacrylamide gelS@t 4 sequences may exist in three forms: tetraplex structure (Tx),
which migrates on a native gel similarly to a tetraplex formed by
Tetraplex formation in serum QG14 (17); an intermediate structure (Dx), which migrates

. . . _ . similarly to a control 15 bp duplex of the MSCR scrambled
Aliquots of oligonucleotides collected from micro-0SMotiCeonirol and a complement of that sequence; a single strand (SS),
pumps were incubated in 50% heat-inactivated fetal bovinghich migrates similarly to MSCR, which has not displayed any
serum, 50% PBS for 1, 4 or 24 h at@7The samples were then pigher order structures under any of the temperature and salt
analyzed by electrophoresis under native conditions &€.37 ongitions used. We found that the tetraguanylate sequences
These samples were also incubated & 4or 24. h, then QG14, MMYC, MREV, HMYC and HMYB all formed higher
incubated for 1, 4 and 24 h at & and subjected 0 qger structures (Tx) after 24 h incubation %€ 4inder solution
electrophoresis at 3C. conditions mimicking intracellular salt composition (solution A)

. , and native gel electrophoresis atC4 (Fig. 2). The same
Temperature-dependent transitions of higher order structures  tetraplexes were also observed in extracellular salt (solution B)
Oligonucleotides were incubated in the three salt mixtures (A, @0t shown) and normal saline (solution S) (not shown) after 24 h
and S) at 4C for 7 days to maximize higher order structurdncubation at 4C. These results establish that these sequences
formation and then analyzed by electrophoresis at 4, 23, 37 e the ability to form tetraplex structures, as would be expected

50°C, to observe any transition of structure from the complexé@om their sequences. Next, the incubation and electrophoretic
formed after 7 days incubation. temperatures were varied to examine the role of temperature in

higher order structure formation.
RESULTS

Tetraplex formation by anti-c-myc sequence Higher order structure formation is very dependent on

To confirm that the anti-mycsequence MMYC forms a tetraplex temperature

structure, MMYC was mixed with MYC10, which lacks the firstAfter incubation of the candidate sequences in solution A&t 37
five 5 nucleotides of MMYC but includes the tetraguanylate tracfpr 24 h, native gel electrophoresis af G7revealed only the

and incubated for 48 h at@ in solution A, mimicking intracellular intermediate structure (Dx) and single strand (SS) (Fig. 3). The
salt. The interstrand tetraplex structures if formed would yield fiveame pattern was observed after incubatior’& Bivextracellular
different combinations, (MMYQ@G) (MMYC)3(MYC10),, salt (solution B) (not shown) and normal saline (solution S) (not
(MMYC)2(MYC10);, (MMYC)3(MYC10)3 and (MYC10), shown). To extend the dynamic range of detection below that
resulting in five distinct bands. Similar patterns have been observedssible with Stains-All detection, the °& incubation in
before with other tetraguanylate sequences, such as(@%G24).  solution A was repeated with {&3PJMMYC and [3-33P]QG14.

The five bands predicted for a tetraplex were observed upon natimeeach case, labeled oligonucleotide was added to unlabeled
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Figure 5. Tetraplex formation by tetraguanylate sequences, incubated for 24 h
Figure 3. Lack of stable tetraplex structures in tetraguanylate sequences,at 23 C in solution A, then analyzed by non-denaturing gel electrophoresis at
incubated for 24 h at 3T in solution A, then analyzed by non-denaturing gel 23°C, as in Figure 1. Lane 1, MSCR duplex (Dx and SS); lane 2, MSCR (SS);
electrophoresis at 3T, as in Figure 1. Lane 1, MMYC (Dx and SS); lane 2, lane 3, HMYC (Tx, Dx and SS); lane 4, MMYC (Tx, Dx and SS); lane 5,
HMYC (Dx and SS); lane 3, MREV (Dx and SS); lane 4, MSCR (SS); lane 5, MMYC, denatured at 9 just before loading (SS); lane 6, MREV (Tx, Dx and

HMYB (Dx and SS); lane 6, MSCR duplex (Dx and minor SS). SS); lane 7, HMYB (Tx, Dx and SS).
1 2 : ] 4 i1 ]
Tx
Dx -
S5
Dx
sSs . ‘- Figure 6. Lack of stable tetraplex structures in tetraguanylate sequences,
incubated for 24 h at>€ in solution A, then analyzed by non-denaturing gel
- electrophoresis at 3T, as in Figure 1. Lane 1, MMYC, denatured &®fust

before loading (SS); lane 2, MMYC (Dx and SS); lane 3, HMYC (Dx and SS);
lane 4, MSCR (SS); lane 5, HMYB (Dx and SS); lane 6, MREV (Dx and SS).

24 h, native gel electrophoresis at°@3displayed all three
figgfﬁ'ﬁ%ﬂ?x fol”?ati": k_)yt[53 3P”]tf”a9“|f‘”y'atel sequences, i.’“f“b.""teld structural forms (Fig. 5). This pattern was repeated after 24 h
r n on Intr r r on | l . . . .
L?CI), then analyzzg “b; nonfdenﬁﬁrﬁ]g 5; )eloecfr?);hgresiép“&]‘):l,sagso?nca incubation at 23C in extracellular salt (solution B) (not shown)
Figure 1, but visualized by Phosphorimager analysis. Lane 1, MMYC (solutior@nd normal saline (solution S) (not shown).
L, SS); lane 2, MMYC (solution A, Dx and SS); lane 3, QG14 (solution L, SS);  When tetraplex formation was favored as much as possible by
lane 4, QG14 (solution A, Tx and SS). incubating at 4C for 48 h in solution A, but the samples were
then analyzed by electrophoresis at@G/7the non-permissive
temperature, only the Dx and SS forms were detected (Fig. 6).
oligonucleotide in order to maintain an incubation concentrationhis result suggests that the tetraplex structure is not stable at
of 0.5 mM. Parallel incubations were carried out in 0.15 M LiCphysiological temperature and quickly redistributes to the
(solution L), because tidisfavors tetraplex formatiqi2). intermediate structure Dx and single strand. The presence of two
Native gel electrophoresis at 37, followed by Phosphor- distinct bands and the absence of a visible smear implies rapid
Imager analysis (Fig. 4) revealed 56% of total label as tetraplefissociation of Tx in the sample well before the bands entered the
and higher order structures for the tetraplex-forming sequengel. However, these experiments were done after only 48 h
QG14 (17) in slution A (0.15 M KCI) at 37C, compared with  incubation at the relevant temperature, which may not necessarily
2.5% of total labeled QG14 in solution L (0.15 M LiCl). Forbe long enough to achieve equilibrium for a tetraplex structure.
labeled MMYC, no higher order structures were detectable by eY#is result, following a relatively short period of incubation on
in solution A or solution L. By Phosphorlmager analysis, the ratithe tetraplex time scale, raises the question of what may happen
of background density in the tetraplex mobility region to thefter prolonged incubation under physiological temperature and
single-stranded MMYC band in solution L (lane 1) was 0.00084alt conditions in a therapeutic situation.
In solution A (lane 2), the ratio of background density in the
tetraplex mobility region to the single-stranded MMYC band wa: ; ; ;
0.00175. Subtraction of the solution L ratio from the solution %esti?g l,ii(z;?r&?nugg by oligonucleotides after 14 days
ratio yielded an upper limit of 0.00091 possible tetraplex fraction
in 0.5 MM MMYC in solution A after 24 h at 3C. Alzet micro-osmotic pumps are utilized in this laboratory for
Thus, although the antifoycand anti-onybsequences have long-term delivery of oligonucleotides tguEnyc transgenic
the potential to form tetraplexes at lower temperatures, they wardéce (9). These micropumps are implanted s.c. and are designed
not detected at 3T, the physiologically relevant temperature, into deliver oligonucleotides at a steady rate for 14 days. After the
physiologically relevant salt concentrations. However, afteend of one such experimental period the micropumps were
incubation of the candidate sequences in solution A& &  removed from anesthetized mice, immediately put into°&€ 37
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temperature. Oligonucleotides were first incubated in high K

intracellular salt (solution A) af& for >48 h to allow substantial

tetraplex formation. This incubation was followed by a second

incubation at 4C in 10% fetal bovine serum in RPMI medium.

The samples were then analyzed by electrophoresis at either 4 or

37°C. Again, the results were similar to those in the absence of

serum (Figs 2 and 6). The samples analyzed® @t showed

almost complete tetraplex formation, but those analyzed &t 37

did not show any tetraplex, implying that serum proteins under

the conditions employed did not stabilize tetraplex formation at

Figure 7. Lack of stable tetraplex structures in tetraguanylate sequences3 re.

recovered from micro-osmotic pumps after 14 days implantation in mice, then

analyzed by non-denaturing gel electrophoresis a€3%s in Figure 1. Lanes  The higher order structure with faster mobility (Dx) is

1,2and 5, MSCR recovered from three different mice (SS); lane 6, pure MSCRtgple even at 50C

standard (SS); lanes 3, 4 and 7, MMYC recovered from three different mice (Dx

and SS); lane 8, MSCR duplex (Dx and SS). In order to determine the stability of the intermediate structure

with the mobility of a pentadecamer duplex formed by all the
traguanylate-containing sequences, the native gels were also
alyzed at 50C, after preforming the tetraplex structure by

Dx -
SS =

warm room and residual oligonucleotides were collected

syringe. In this case, the micropumps mimicked the situation AT .
iri/cubgating the oIigonucIeotidespat"Iel??for 14 days in PBS at ncubatingin high K salt (solution A) for 48 h at'C. We found

5mM concentration. Aliquots of the oligonucleotides weréhat even at 5UC the tetraplex structure redistributed to the

analyzed on a 20% polyacrylamide—7 M urea denaturing gel am%ermediate structure, so that both the single—strand_ed and the
found to be essentially intact. These samples, when analyzed dﬂ rmediate structure co-existed at Gwith a predominance
native gel at 37C, did not show any evidence of tetraplex0 € latter (data not shown).

formation (Fig. 7). The results were identical to the situation where

the samples were incubated and analyzed’&.3fowever, when DISCUSSION

samples of these collected oligonucleotides were incubate@ at 4 ) _ )

for 24 h and the gel run at@, there was evidence of substantialShort complementary oligonucleotide sequences targefmgc- -
tetraplex formation (data not shown). This result demonstrates ti#d cmybmRNA have been employed as gene-specific inhibi-
although the MMYC anti-cayc sequence has a propensity fortory agents both in cell culture and in animal experim@).
tetraplex formation at lower temperatures, tetraplexes were ngte sequences used for this purpose contain four guanylates in a
observed at 37C, even after 2 weeks in micropumps in mice. Thigow, which have the potential to form tetraplex or higher order
result is significant because the antigesequence may be free structures (12). In this work we intiggted tetraplex formation

to act as an antisense agent if it is not involved in tetraplex structup¥ these sequences and control sequences containing tetraguany
but is primarily single stranded. Thésevitro situations may not lates at physiologically relevant temperatures and salt concentra-
always be comparable with vivo conditions, because proteins tions. MOSt of the'prewous studies of tetraplex formation were
and other factors present in serum may facilitate higher orddpne with telomeric repeat sequences f@xytrichato human

structure formation, as it is known that proteins often mediate t@3,24). Bidence exists that tetraplex formation by a tetraguany-
formation of structures by nucleic acids. late-containing phosphorothioate sequence, selected by a combi-

natorial approach, is a potent inhibitor of HIV envelope-mediated
cell fusion (25).

Factors that influence the equilibrium of formation of G
tetraplex structures are different ions, DNA and ion concentra-
In mammalian cell culture d@n vivo the temperature is usually tions, length of the G-rich strand, Watson—Crick complementarity
near 37C and the oligonucleotides are exposed to a mixture @ind sequence differences (14,22). Tihdifigs from telomeric
proteins that might mediate or stabilize a preformed higher ordepeat sequences cannot necessarily be applied to the sequence
structure. It would be difficult to test this hypotheésisivo as  we investigated, as the antisense oligomers have only one
extraction of the structured oligonucleotides from whole cells detraguanylate in a heterogeneous sequence context and sequenc
tissues without denaturation, i.e. disruption of the higher ordgtays a major role in tetraplex structure formatid4,22). In
structure(s), may not be possible. Hence, to mimic a similgarticular, tetraguanylates at theehd of octadecamers were
condition, we incubated the oligonucleotides in the presence i@ported to favor higher order structures, while tetraguanylates at
serum. The oligonucleotides collected from the micropumpthe 3-end disfavored higher order structuf®$).
were incubated in 50% fetal bovine serum, 50% solution S atThe tetraplex structures in our system are presumed to be
37°C for different time periods and then analyzed on nativeormed by four separate strands, thereby forming an interstrand
polyacrylamide gels at 3T. Again, no tetraplex formation was G quartet structure, as all the sequences tested contain only one
detected (data not shown). Identical bands were observed withtetraguanylate tract. To test the molecularity of the complex, two
without incubation in serum. Therefore, the serum did natligonucleotide sequences of different lengths, the amfrea-
facilitate tetraplex formation. However, in this case the oligopentadecamer MMYC and the homologous decamer MYCL10,
nucleotides were not initially in tetraplex form; it was alsaboth containing the essential tetraguanylate tract, were incubated
necessary to examine the case where the tetraplex structure veggther at 4C then analyzed by electrophoresis &€ 4Five
preformed and then incubated with serum at physiologicéands were observed, as predicted, due to all the combinations

Serum incubation does not facilitate tetraplex
formation
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possible for interstrand tetraplex formation. Such a strategy hakigonucleotides are administered for genetic therapy or gene-

been utilized previously to establish the identity of a tetraplespecific inhibition experiments.

band (17,21). The structures present at physiological and higher temperatures
In the present study, native gel electrophoresis revealed thatiailude both the intermediate Dx and the single strand. Since the

the tetraguanylate-containing sequences studied above &¥e structure is quite stable, even at higher temperatures, the

capable of forming tetraplex structures, depending on ttgossibility exists for non-antisense effects by the Dx fraction, in

temperature. The intracellular (high)Kextracellular (low K) addition to antisense or non-antisense effects by the single strand

and normal saline (absent)Kconditions used for the experi- fraction. The exact nature of the structure Dx needs to be elucidated

ments all permitted tetraplex formation when the oligonucledn further detail, in order to help elucidate non-antisense effects

tides (0.5 mM) were incubated &t@for 24 h and the gels were Observed with these sequences at high concentrations.

run at £C. When the same experiments were carried ouf 1,23

three structures were observed: the tetraplex, the intermediale Kk NOWLEDGEMENTS
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