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Deoxyribonucleic acid (DNA ), as the essential genetic substance in life process, may
undergo structural changes in various environments. For instance, the unwinding of the origi-
nal double helix of DNA could occur after being heated.

Recent reports on the direct structural observation of single-stranded DNA and double
helices of naked B, A and Z-DNA in air or in ultra-high vacuum by scanning tunneling micro-
scope (STM )!" =% prove that STM is a powerful technique for the structural research on
nucleic acids. To our knowledge, however, no direct observation on the changed structures
of native DNA has been reported until now. Here we report some experimental results of vari-
ant structures of DNA, which undergoes denaturational treatment, obtained by the STM

- e e
developed in' our laboratory® 7,

The sample used was lambda phage DNA-Hind III (fragment sizes: 23130, 9416, 6557,
4361, 2322, 2027, 564, 125) produced by Sino-American Biotechnology Company. Aqueous
solution of the sample was heated up to 100°C over its T, and kept for about 15 min, then

- cooled sharply down to 0°C. A droplet of this dilute solution was deposited on freshly
cleaved pyrolytic graphite surface, then observed directly with STM in air at room
temperature after being dried.

Fig. 1a is the STM topographic image of DNA triple-stranded braid-like structure
with 30 A in width, which is in striking contrast to the right-handed double helical structure
of native DNA without denaturational treatment. The joining structures between a short
right-handed double helical section and a triple-sstranded braid-like section (Fig.1b)and be-
tween the right-handed and left-handed double helical sections ( Fig. lc ), and the
spring-like tertiary structure with 27 A in pitch and 59 A in width (Fig. 1d) were, also
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Fig. 1. Variant structures of denaturated DNA.

a, Braid-like triple-stranded structure, scanning area: 47x96A2; b, the joining structurc between a
right-handed double helical section and a triplestranded braid-ike section, scanning area: 61 x 147 Aj; c,
the joining structure between the left-handed and right-handed double helical secticns, scanning area:
93x 177 A2; d, the tertiary structure with helical characteristics, scanning area : 319 x 98 A2,
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observed. The experimental results have been regained, and moreover the measurements and
analysis of the barrier-height images of the sample rule out the possibility that the image is
graphite artifacts.

The existence of the triple-stranded DNA in vitro has been known for several decades.
The recent studies, which suggest. that the triple-stranded DNA exists in vivo, have shown its
potential biological significance. This has renewed the interest in its structure® . However, lit-
tle structural information about it has been obtained. Up to now, the structure of the tri-
ple-stranded DNA has not been observed directly although the model of the triple helical
DNA in which the third strand winds along the major groove of the underlying double helix
has been derived from polynucleotide fiber diffraction!” "', NMR ™ and molecular mechan-
ics calculations. Moreover our STM image of DNA triplesstranded braid-ike structure
does not support the model mentioned above. Our results may cause a new insight into the
DNA structures.
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