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Abstract. The guanosine derivatives d(Gp) 1-5G, dissolved in water, give rise to choles- 
teric and hexagonal mesophases. The results of X-ray Diffraction, Optical Microscopy, 
Circular Dichroism and Small Angle Neutron Scattering measurements indicate that 
the building block of the liquid-crystalline phases is a chiral rod, composed of a 
stacked array of Hoogsteen-bonded guanosine tetramers. The concentration at which the 
cholesteric phase appears increases with the oligomerisation degree, a pattern that seems 
to be related to the change of the ratio of negative charge/guanine units along the series. 

Liquid crystalline structures in living organisms are not restricted to cell membranes. Hardening of the arter- 
ies is caused by deposition of liquid crystals of cholesterol esters on their walls. The cells involved in sickle 
cell anaemia have a liquid crystal structure1. Dinoflagellate chromosomes and the organic matrix of the 
cuticle of certain crabs display structures analogous to cholesteric liquid crystals2. In vitro experiments have 
shown that DNA and RNA solutions can spontaneously undergo a transition to a liquid crystalline state 
above a critical concentration, which essentially depends upon the length of the nucleic acid molecules3. In 
buffered solutions, calf thymus DNA fragments of about 146 base pairs give rise to a columnar hexagonal 
phase at concentrations > 300 mg/ml, whereas a cholesteric phase is formed at about 180-200 mg/m14. 
Our finding5 that, in special cases, lyotropic liquid crystals are formed at significantly lower concentrations 
by sequences as short as a dinucleotide stems from a fortuitous observation. One of us, while recording 
routine lH-NMR spectra of some dinucleoside monophosphates in D20, using Varian EM-390 spectrome- 
ter, obtained for a 5 % (w/w) solution of 2'-deoxyguanylyl-(3'-5')-2'-deoxyguanosine (G 2) the spectrum 
shown in Fig.1 (top). A very deceptive result indeed, since it features almost exclusively the resonance 
corresponding to H20, accompanied by intense side bands. If we had already been equipped with a better 
performing NMR spectrometer, we would have worked at much lower concentration and obtained a It correct 
I' spectrum exactly like the one presented in Fig. 1 (bottom), leaving the liquid crystalline properties of oligo- 
guanylates for someone else to find. Instead, the lucky coincidence was that, a few days before, the person 
who recorded the spectrum had been warned by another author of the present paper, who was working on 
DNA liquid crystals, about possible "unusual" behaviour of synthetic oligomers. In fact, when observed with 
the appropriate techniques, the 5% solution of G 2 displayed the fingerprint texture (Fig.2, left), which is 
characteristic of a cholesteric liquid crystalline phase. Peripheral evaporation showed that at higher concen- 
tration a transition occurs from the cholesteric to a hexagonal phase (Fig.2, right). The next step was to 
envisage a model structure for the building blocks of the mesophases, starting from available X-ray 
fiber diffraction data concerning the structure of gels formed by I' sticky " guanosine and several of its 
monomeric derivatives6. In almost all cases, guanine bases are hydrogen-bonded in the planar, tetrameric 

641 














