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Triplex DNA in the nucleus: direct binding of triplex-specific antibodies and
their effect on transcription, replication and cell growth

Yehenew M. AGAZIE*, Gary D. BURKHOLDERY} and Jeremy S. LEE*}
Departments of *Biochemistry and TAnatomy, 107 Wiggins Road, University of Saskatchewan, Saskatoon, Canada S7N 5E5

Jel 318 and Jel 466 are triplex-specific monoclonal antibodies
which previously have been shown to bind to cell nuclei and
chromosomes by immunofluorescence. Their interaction was
further characterized by two methods. First, isolated intact
nuclei were encapsulated in agarose. Both antibodies showed
significant binding to the nuclei which could be inhibited by
adding competing triplex DNA but not by adding Escherichia
coli DNA to which the antibodies do not bind. Both triplex-
specific antibodies inhibited replication and transcription in the
nuclei by about 20 9%,. Secondly, the antibodies were introduced
into synchronized myeloma cells by osmotic shock of pynocytic
vesicles. Cell-cycle studies showed that the myeloma cells had an
S phase of about 10 h and a doubling time of about 20 h. The

cells were synchronized with thymidine and both cell growth and
cell death were monitored. Introduction of the triplex-specific
antibodies caused a marked decrease in cell growth without a
significant increase in cell death. The effectiveness of the anti-
bodies was improved by the addition of chloroquine diphosphate
which inhibits degradation in the lysosomes. As a control,
introduction of an antibody specific for a bacterial protein had
little effect. In synchronized cells, inhibition of proliferation
reached a maximum at 7 to 13 h after the release from the
thymidine block. Thus, cells are most sensitive to the triplex-
binding antibodies at the end of S phase and during G2. This
result is consistent with the view that triplexes are involved in
chromosome condensation/decondensation.

INTRODUCTION

Pyrimidine - purine (pyr-pur) sequences are abundant in the
eukaryotic genome and may represent up to 19, of total DNA
[1-3]. For example, the human genome contains more than
100000 elements of pyr-pur tracts which are approx. 200 to
300 bpinlength [2]. A particularly abundant tractis (TC), - (GA),
which accounts for 0.4 9, and 0.75 9, respectively of the primate
and rodent genomes [4]. Interest in these sequences has been
stimulated by the observation that pyr-pur tracts can form
triplexes either in supercoiled plasmids or in the presence of
physiological concentrations of spermine [5-10]. Thus, triple-
helix formation could be exploited as a universal means of
duplex DNA recognition to be used in chromosome mapping
[11], gene regulation [12], mutagenesis experiments [13] and even
in gene therapy [14,15].

An interesting aspect of pyr-pur sequences in the eukaryotic
genome is their distribution; they have been mapped near genes,
recombination hot spots and matrix attachment regions [16,17].
For example, pyr-pur tracts have been found in the 5'-flanking
regions of the y and £ globin genes, the interleukin-2 receptor
gene and the c-myc gene [12,18,19]. The involvement of triplexes
in the control of y globin gene expression is most compelling; not
only does the transcription factor BP-8 bind to a triplex in the
promoter region but also mutations in the pyr-pur tract cause
hereditary persistence of fetal haemoglobin [20]. Thus, the triplex
structure might serve as a docking site for transcription factors
or physically interfere with their binding to the promoter site
[21].

Another possibility is that triplexes might play a role in
chromosome organization. Pyr- pur tracts could form a loop of
DNA that is held in place by triplex formation at its base; it is
known that some pyr - pur tracts are found in the matrix-attached

regions [17]. In support of this model was the finding that in vitro
linear plasmids containing two separated pyr-pur tracts can
form circles and Q loop structures via triplex formation [22]. As
well, the electrophoretic mobility of yeast and mouse chromo-
somes in pulsed-field gels is pH-dependent, and the mobility
changes are consistent with triplex-mediated chromosome folding
[23].

More direct evidence for the existence of triplex structures in
vivo has come from immunofluorescent staining of fixed meta-
phase chromosomes with the triplex-specific monoclonal anti-
bodies, Jel 318 and Jel 466 [24-26]. Staining patterns produced
with Jel 318 correspond to G and Hoechst 33258 banding,
whereas those produced with Jel 466 mainly correspond to R
bands. Binding of Jel 318 was also observed to unfixed
chromosomes [24].

In this report, further chromosome binding studies with the
two triplex-specific antibodies are presented. First, the binding of
Jel 318 and 466 to agarose-encapsulated and permeabilized
nuclei was measured. These nuclear preparations contain intact
chromatin that replicates and transcribes at about 859, of the
rate found in vivo [27,28]. It was found that the triplex-specific
monoclonal antibodies bind to intact nuclear DNA preparations.
Secondly, the effect of incorporating either Jel 318 or Jel 466 into
cultured mammalian cells by osmotic lysis of pinocytic vesicles
was investigated [29,30]. The triplex-specific antibodies suppress
cell proliferation, particularly at the end of S phase and G2.

EXPERIMENTAL
Preparation of agarose-encapsulated and permeabilized nuclei

The nuclei were prepared as first described by Jackson and Cook
[27] with later improvements [28]. In short, mouse myeloma

Abbreviations used: pyr, pyrimidine; pur, purine; FCS, fetal calf serum.
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MOPC 315.43 cells [31] were washed twice each with 50 ml of
PBS, collected by centrifugation and resuspended in 20 ml of the
same buffer. Aliquots (5 ml) of 2.5 9%, agarose (low melting point,
Sigma type IV), liquefied and cooled to 39 °C, and liquid paraffin
(50 ml), warmed to 39 °C, were added to the cells in a 250 ml
Erlenmeyer flask and emulsified by shaking at 400 rev./min for
30 s in a rotary shaker. After equilibration in an ice-water bath
for 5 min, 100 ml of ice-cold PBS was added, mixed by manually
rotating the flask, and the solution centrifuged at 3500 g at 0 °C
for about 5 min. The microbead pellets (agarose-encapsulated
cells) were washed three times with ice-cold PBS and resuspended
in 3 vol. of ice-cold isotonic buffer (130 mM KCIl, 10 mM
Na,HPO,, 100 mM KHPO,, 1 mM MgCl,, | mM ATP, | mM
dithiothreitol, pH 7.2) containing 0.5 %, (v/v) Triton X-100 and
kept in an ice-water bath for 20 min with gentle stirring. The
permeabilized nuclei were collected by centrifugation at 4800 g,
washed three times with 5 vols. of isotonic buffer, and then
resuspended in an equal volume of the same buffer before use in
the binding experiments.

Binding studies

Binding experiments were carried out as described previously
[32,33]. An aliquot (500 xl) of the permeabilized nuclei micro-
beads was added to 500 xl of isotonic buffer in Eppendorf tubes.
DNA-binding monoclonal antibodies Jel 275 (duplex-specific)
[24] and Jel 318 and 466 (triplex-specific) [26] were added to the
microbead suspension at various concentrations and incubated
at room temperature for 2h. Jel 42 (raised against HPr, a
bacterial protein, [34]) was used as a control. After washing the
microbeads three times with 2 vols. of isotonic buffer to remove
the unbound antibodies, 50 ul of a secondary antibody ['*°I-
labelled sheep anti-(mouse IgG), ~ 50000 c.p.m.] was added and
the mixture incubated at room temperature for 2 h. The unbound
anti-(mouse [gG) antibody was removed by washing three times
with isotonic buffer, radioactivity was measured with a y-counter
model 1271 RiaGamma, and the results were expressed as c.p.m.

Competition experiments were also performed on the agarose-
encapsulated nuclei. The competitors used were poly[d(Tm?C)]-
poly[d(GA)], which forms a stable triplex, and E. coli DNA which
is not triplex-forming [21]. Poly[d(Tm*C)]-poly[d(GA)] was
treated at pH 5.0 in order to enhance triplex formation and was
then brought back to pH 7.2 before use. Various concentrations
of DNA were added to the nuclear preparations together with
3 ng of either Jel 318 or Jel 466. After incubation for 2 h, the
preparations were washed three times with buffer. Binding of the
secondary antibody and the remaining part of the experimental
procedure were as described above.

Transcription and replication

Transcription and replication assays were performed by
measuring the incorporation of [**S]uridine 5'-[e-thio]tri-
phosphate or [*S]deoxythymidine 5'-[x-thio]triphosphate
respectively [27]. The maximum counts were about 40000 c.p.m.
for transcription and 5000 c.p.m. for replication.

Cell growth and synchronization

MOPC cells were synchronized by adding either colcemid [35] or
thymidine [36] in total medium [RPMI 1640 with 10 9, fetal calf
serum (FCS), 50 M 2-mercaptoethanol, 0.1 M sodium selenate
and 50 ug/ml gentamicin sulphate]. Synchronization at meta-
phase was achieved by adding 0.075 ug/ml of colcemid and
incubating at 37 °C for 20 h. To release the cells from the block,

they were washed three times and resuspended in total medium.
Cells were also synchronized at the G1/S phase boundary by
inhibiting DNA synthesis with thymidine in two stages. When
thymidine is added to the medium at a concentration of 5 mM,
nucleoside diphosphate reductase is inhibited, thus slowing down
DNA synthesis. The first block was applied for 12 h. The cells
were then washed three times and grown for 10 h to allow cells
to finish the S phase. A second block was applied for a further
12 h to allow all cells to reach the G1/S boundary. Release from
the second block by washing allows the cells to enter the S phase
in synchrony. The cells were then resuspended in total medium
and manipulated as desired.

Exploration of the MOPC cell cycle

Analysis of the cell cycle was carried out by measuring the
activity of [*H]thymidine incorporated into DNA [37]. The cells
were continuously exposed to [*H]thymidine at a radioactivity
of 2.5 uCi/ml for a total of 25h in the case of thymidine-
synchronized cells or 17 h in the case of colcemid-synchronized
cells. Samples that contained approx. 10° cells were taken at zero
time and every hour thereafter and processed as described
previously [27].

Incorporation of monoclonal antibodies into cells

Antibodies were incorporated into MOPC cells by osmotic
permeabilization as described previously [29,30], with some
changes. Briefly, MOPC cells growing in total medium after
synchronization were washed three times with RPMI 1640. The
cells were exposed to 1 ml of hypertonic medium [1 M sucrose,
109 poly(ethylene glycol),,,,] with 300 ug/ml of either Jel 318
or Jel 466 for 15 min. Controls were exposed to a hypertonic
medium alone or a hypertonic medium containing Jel 42 at
300 pg/ml. (It should be noted that the duplex-specific antibody,
Jel 275, was not available in sufficient quantities for these
experiments since ascites production with Jel 275 is very poor.)
The four experimental groups were then exposed to a hypotonic
medium (6 vol. RPMI and 4 vol. water) for 2 min. Finally, the
cells were washed three times with RPMI containing 10 %, (v/v)
FCS and resuspended in total medium containing 1 xg/ml of
chloroquine diphosphate and incubated for 3 h. They were then
washed and grown in total medium at an initial cell density of
about 10* cells/ml. Cell proliferation was evaluated by
determining the total cell population with a haemocytometer at
zero time and every 24 h thereafter for six days. At the same time,
the percentage of dead cells was determined by Trypan Blue
(0.025 9,) exclusion staining and counting cells in three random
microscopic fields under the x40 objective; an average of three
counts was taken each time.

RESULTS

It was demonstrated previously that the triplex-specific mono-
clonal antibodies, Jel 318 and Jel 466, stained fixed metaphase
chromosomes and unfixed chromosomes, as assessed by indirect
immunofluorescence microscopy [24-26]. In order to obtain
more direct evidence for the existence of triplexes, nuclei were
encapsulated in agarose and the binding of the antibodies was
measured. Individual binding experiments were performed in a
volume of 1 ml containing 500 xl of packed agarose beads. The
total DNA concentration was estimated to be 2.5 ug/ml [38]. As
expected, the duplex-specific monoclonal antibody, Jel 275, binds
well and a maximum of about 11000 c.p.m. was reached at 60 ug
of antibody (Figure 1). Jel 42, which binds a bacterial protein,
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Figure 1 Direct binding of the antibodies to agarose-encapsulated nuclei

O, Jel 275; @, Jel 42; A\, Jel 318; A, Jel 466.
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Figure 2 Competitive binding of the triplex-specific antibodies to agarose-
encapsulated nuclei

The percentage binding was measured as a function of added competing DNA. @, Jel 466 with
triplex DNA; O, Jel 318 with triplex DNA; A, Jel 466 with £ coli DNA; A, Jel 318 with
E. coli DNA.

was used as a negative control and the background level of
binding was insignificant below 100 g of antibody. Above this
level, some binding is apparent and the antibody may not be
completely eliminated by the washing procedure. Both triplex-
specific monoclonal antibodies, Jel 318 and Jel 466, showed a
steady increase in binding from 0.1 to 100 xg of antibody but the
maximum c.p.m. was about 5-fold lower than for Jel 275.

One advantage of encapsulated nuclei is that competition
experiments can be performed. Thus, it was anticipated that
addition of synthetic triplex DNA {prepared from
poly[d(Tm>C)]- poly[d(GA)]} would compete with the antibodies
binding to the nuclei (Figure 2). The antibody was chosen at 3 ug
which corresponds to the middle of the binding curve for Jel 318
and 466; at this level the antibodies are not in excess yet still give
over 1000 c.p.m. Higher concentrations of antibody (50-100 ug)
were problematic because the antibodies precipitated with the
competing triplex DNA (results not shown). Addition of 100 ng
of triplex DNA reduces the binding of both Jel 318 and Jel 466
to the nuclei by about 80 %, whereas addition of E. coli DNA did
not result in any competition.

Another advantage of the encapsulated nuclei is that they are

Table 1 The effect of anti-triplex antibodies, Jel 318 and Jel 466, and the
duplex-DNA-specific antibody, Jel 275, on (a) transcription and (b) replication
in agarose-encapsulated nuclei

The maximum c.p.m. was calculated as a percentage of the control with BSA and is the average
of at least three determinations (+S.D.).

Experimental group Percentage of maximum c.p.m.

@)

Control, actinomycin D 28643
Control, no ribonucleotides 4 [*°S]UTP 1243
Control, BSA 100
Control, Jel 42 99+1
Jel 275 8042
Jel 318 80+3
Jel 466 80+3
(b)

Control, no nucleotides + [*S]dTTP 1342
Control, BSA 100
Control, Jel 42 1001
Jel 275 81+3
Jel 318 82+3
Jel 466 82+4

active in transcription and replication [27,28]; thus, the effect of
the antibodies on these processes could also be monitored. As
shown in Table 1, 15 ug of actinomycin reduced transcription to
about 359, of the control value. Addition of 60 g of Jel 42 had
no effect, whereas the duplex-specific and both triplex-specific
antibodies reduced incorporation by about 20 9,. Similarly, Jel
275, 318 and 446 caused a small reduction in replication to about
809, of the control and again Jel 42 was ineffective. Thus, the
antibodies produce a small but reproducible reduction in these
essential cellular processes.

Antibodies can also be incorporated into living cells by osmotic
shock [29,30]. The myeloma cell line MOPC was chosen for
this work because it is robust and grows rapidly. Studies of
the MOPC cell cycle revealed a doubling time of 20 h.
Synchronization of the cells was achieved with colcemid, which
blocks in metaphase, or a double thymidine treatment which
blocks at the beginning of S phase; DNA synthesis was followed
by measuring the incorporation of [*H]thymidine. After treating
with colcemid and then removing the block by washing, there
was a slow rate of incorporation for 5 h followed by a burst of
synthesis (results not shown). From this, it was deduced that the
G1 phase lasts about 5 h but also that synchrony with colcemid
was only about 709, to account for the initial incorporation.
After releasing from the double thymidine block, rapid synthesis
occurred immediately and then ceased abruptly after 10 h (results
not shown). Thus, S phase lasts about 10 h and the abrupt
cessation of synthesis suggests that the initial synchrony was
excellent (> 90 9,). Finally, direct observation of the cells after
release from the double thymidine block showed that cell division
occurred from 14 to 15 h. Typically, mitosis lasts for 1 h so that
G2 is calculated to be 3 to 4 h and the complete cell cycle of 20 h
can be constructed, i.e. G1, 56 h; S, 10 h; G2, 3-4h; and M,
1 h.

Monoclonal antibodies were introduced at various times into
MOPC cells by osmotic lysis of pinocytic vesicles. The effect of
incorporation was evaluated by determining total cell population
and percentage of dead cells at 0 time and every 24 h for a total
of 120 h (see the Experimental section). In unsynchronized cells,
incorporation of either Jel 318 or Jel 466 suppressed cell growth
by about 159, after 120 h compared with Jel 42 and another
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Figure 3 Effect of incorporation of the antibodies on the growth of
unsynchronized cells in (a) the absence or (b) the presence of chloroquine

The growth of approx. 10° cells was followed for 120 h. The ordinate is net fold growth from
an initial value of 1. Each point is the average of at least three determinations. The standard
deviation is also shown except in cases where it was smaller than the symbol itself. O, No
antibody; @, Jel 42; A, Jel 318; A\, Jel 466.

control with no antibody (Figure 3a). However, if this experiment
was repeated with chloroquine treatment, cell growth was
suppressed by 30 9%, with the triplex-specific antibodies (Figure
3b). Chloroquine is known to inhibit degradation by lysosomes
and may prolong the half-life of the antibodies [39]. Thus, the
following experiments were all performed with chloroquine
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Figure 4 Effect of incorporation of the antibodies on (a) cell growth and (b)
percentage of dead cells

The cells were synchronized with colcemid 12 h before incorporation. Each point is the average
of at least three determinations. The standard deviation is also shown except in cases where
it was smaller than the symbol itself. O, No antibody; @, Jel 42; A\, Jel 318; A, Jel 466.
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Figure 5 Effect of incorporation of the antibodies on cell growth (a) and (b)
and percentage of dead cells (c) and (d)

The cells were synchronized with thymidine (a) and (¢) 0 h before incorporation or (b) and (d)
10 h before incorporation. Each point is the average of at least three determinations. The
standard deviation is also shown except in cases where it was smaller than the symbol itself.
O, No antibody; @, Jel 42; A, Jel 318; A, Jel 466.

treatment. First, the antibodies were introduced 12 h post-
colcemid synchronization, at which time the cells would be in late
S phase. As shown in Figure 4(a), Jel 318 inhibits cell growth
significantly and Jel 466 almost completely prevents cell growth
at least for the first 96 h. The percentage of dead cells is shown
in Figure 4(b). It is clear that this treatment is very harsh since
about 30 9%, of the cells in the control groups are dead after 24 h
and incorporation of the triplex-specific antibodies increases the
killing to over 40 9,. Thus, Jel 318 and 466 cause cell death as
well as slowing the rate of growth. When the osmotic shock was
performed at earlier post-colcemid synchronization times the
cells became very fragile and cell death was as high as 80 9%, even
in the absence of antibodies. As well, the synchronization with
colcemid was relatively poor (see above) and was expected to
become worse as the length of time after release from the block
was increased. Consequently, the remaining incorporation
studies were performed on cells which were synchronized with
the double thymidine block.

When the antibodies were incorporated immediately after
release from the thymidine block, only Jel 466 showed slight
suppression of cell growth (Figure S5a). At 10 h (Figure 5b),
however, both triplex-specific antibodies reduced cell growth to
only 5-fold compared with about 15-fold for the controls. The
percentage of dead cells was also determined (Figures 5c and 5d).
For both the 0 and 10 h experiments the amount of cell death is
about 359, 24 h after osmotic shock and is unaffected by the
incorporation of the antibodies. Thus, the triplex-binding anti-
bodies are not killing the cells but are very effective at slowing
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Figure 6 Summary of the incorporation experiments after synchronization
with thymidine

The cell population (net fold growth) at 96 h (see Figures 4 and 5) is shown as a function of
the time of incorporation of the antibodies after release from the thymidine block. O, No
antibody; @, Jel 42; A\, Jel 318; A\, Jel 466.

cell growth when incorporated at the end of S phase. Experiments
were also performed at 4, 7, 13, 15 and 20 h after release from the
thymidine block. These results are summarized in Figure 6. It is
clear that both triplex-specific antibodies are most effective at
inhibiting cell growth at 7 to 13 h, which corresponds to the end
of DNA synthesis and the beginning of chromosome con-
densation during G2. At 15 h, after metaphase, the suppression
is relaxed and by 20 h, at the beginning of another cell cycle, only
slight suppression is apparent.

DISCUSSION

Nuclei which have been encapsulated in agarose provide a very
useful model for studying nuclear function because they are
freely permeable and yet are still metabolically active [27,28].
Such nuclei have been used previously to study the presence of
‘Z’ DNA with the aid of structure-specific monoclonal antibodies
[32,33]. It was found that the level of ‘Z’ DNA was dependent on
the degree of supercoiling and the transcriptional activity of the
nuclei. In this paper, Jel 318 and Jel 466 have been used to probe
for triplexes. From the direct binding experiments (Figure 1) it is
clear that the amount of triplex in the nuclei is smaller than the
amount of duplex. Quantitative comparisons, however, are
difficult because the proportion of either type of DNA structure
which is accessible to the antibodies is not known and the
binding constants of the various antibodies may be very different.
Another difficulty is that the antibodies themselves may promote
triplex formation. However, for ‘Z’ DNA-specific antibodies it
was found that at least 40 ug of antibody was required to
promote the formation of ‘Z’ DNA [32]. In the present case,
significant binding of the triplex-specific antibodies was observed
at less than 10 ug of antibody (Figure 1). Therefore, it seems
likely that a large proportion of the observed antibody binding
is due to the presence of existing triplexes. The competition
experiments (Figure 2) provide further evidence for the presence
of triplex DNA under physiological conditions since only a
triplex-forming DNA was an effective competitor.

A possible involvement of triplexes in transcription and
replication is suggested by the suppression of these processes by
the triplex-specific antibodies (Table 1). Although the inhibition
was small (20 9,), the triplex-binding antibodies were as effective
as Jel 275 which is duplex-specific. In the case of transcription,

'H' DNA
Transmolecular
triplex

Triplex on scaffold

Nuclear Scaffold

Figure 7 Possible role of triplexes in eukaryotic chromosomes

See text for details.

pyr-pur tracts are generally found in the 5’ flanking regions of
genes rather than within the genes. Therefore, the inhibition
probably occurs at the level of initiation rather than elongation.
A role for triplexes in the control of gene expression has been
demonstrated for the y-globin genes for example, whereas in
other cases such as c-K-ras, triplexes may not be involved [20,40].
It is also possible that triplex formation might stimulate rather
than inhibit transcription. Therefore, it will be important to
study individual genes rather than total transcription as reported
here. The inhibition of replication by Jel 318 and Jel 466 is
perhaps more suprising because the majority of the DNA will be
duplex and will not bind the antibodies. One explanation is that
a replication fork may not be able to proceed through a triplex
region when it is stabilized by a bound antibody.

Finally, the effect of the antibodies on cell growth was
determined by incorporating the antibodies into living cells
(Figures 4, 5 and 6). Chloroquine was included because it
enhanced the growth retardation of unsynchronized cells in the
presence of the antibodies (Figure 3). As well as inhibiting
antibody degradation, chloroquine binds to DNA and may
possibly interfere with triplex formation or other cell functions
[39]. However, this cannot explain the cell-cycle dependence of
the antibodies on cell growth (Figure 6). Synchronization of the
cells was achieved with colcemid or thymidine. The thymidine
block appeared to be more suitable since the synchrony was
more complete and the cells could be immediately subjected to
the osmotic shock treatment. After the colcemid block, the cells
became very fragile and required at least 6 h before further
manipulation. A similar effect was obtained following a
vinblastine block (results not shown). By 12 h after release from
the colcemid block, most of the cells would be in S phase. At this
time their growth was extremely sensitive to the triplex-specific
antibodies. This result was confirmed with the thymidine block
because the maximum effect occurred at the end of S phase.
Therefore, the antibodies may be inhibiting some aspect of the
termination of replication, although it is not clear how triplexes
might be involved in this process. Suppression of cell growth also
occurred when the antibodies were incorporated in the middle of
S phase and in G2 ; but during G1, incorporation of the antibodies
had little effect. During late S phase the condensed hetero-
chromatin is being replicated and in G2 the chromosomes are
beginning to condense towards metaphase. At the end of M
phase the chromosomes once again decondense and the
interphase nucleus reforms. If triplexes are involved in some
aspect of chromosome structure, particularly chromatin con-
densation, then the presence of the triplex-binding antibodies
may be most detrimental during the condensation/
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decondensation cycle of M phase. As well, the breakdown of the
nuclear envelope at M phase may facilitate access of the anti-
bodies to the triplex DNA.

Several models of chromosome structure have been proposed
which consist of loops of DNA radiating from a core or scaffold
[41,42]. Three potential roles for triplexes are shown in Figure 7.
First, intramolecular triplexes (or ‘H’ DNA) may be present in
the loops of DNA and be involved in the control of gene
expression. Secondly, transmolecular triplexes could form at the
base of the loop and be involved in assembling the loops of DNA
on to the nuclear scaffold. The loops would then be topologically
constrained, as has been demonstrated [43,44]. Finally, trans-
molecular triplexes may form between loops and organize them
into an ordered array. As well, this type of triplex could be
involved in the control of gene expression by interaction between
homologous sequences which are distantly related on the
chromosome. Thus, this last type of triplex may be very difficult
to find experimentally.

This research was supported by MRC Canada by grants to J.S.L.
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