
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Self-Assembly and Lyomesophases Formed by Long-Chain Alkoxymethyl-
Nucleobase Derivatives
W. V. Meistera; S. Lindaua; C. Bohleya; U. Gromanna; M. Madreab; L. Kovalenkoab; G. Bischoffa; R.
Zhukab; S. Hoffmanna

a Martin Luther University Halle-Wittenberg, Institute of Biochemistry, Halle (Saale), Germany b

Institute of Organic Synthesis, Riga, LV, Latvia

Online publication date: 05 November 2010

To cite this Article Meister, W. V. , Lindau, S. , Bohley, C. , Gromann, U. , Madre, M. , Kovalenko, L. , Bischoff, G. , Zhuk,
R. and Hoffmann, S.(2000) 'Self-Assembly and Lyomesophases Formed by Long-Chain Alkoxymethyl-Nucleobase
Derivatives', Nucleosides, Nucleotides and Nucleic Acids, 19: 7, 1185 — 1191
To link to this Article: DOI: 10.1080/15257770008035039
URL: http://dx.doi.org/10.1080/15257770008035039

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/15257770008035039
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES, NUCLEOTIDES & NUCLEIC ACIDS, 19(7), 1185-1 191 (2000) 

SELF-ASSEMBLY AND LYOMESOPHASES FORMED BY LONGCHAIN 
ALKOXYMETHYLNUCLEOBASE DERIVATIVES 

W.-V. Meister*, S. Lindau, C. Bohley, U. Gromann, M. Madre', L. Kovalenko', G. 
BischoE, R. Zhuk' and S. Hofhann* 

Martin Luther University Halle-Wittenberg, Institute of Biochemistry, Kurt Mothes St. 3, 
D-06120 Hale (Saale), Germany; Phone: ++49-345-5524855, Fax: ++49-345-5527011; 

E-mail: meister@biochemtech.uni-halle.de 
#Institute of Organic Synthesis, Aizkraukles 21, LV-1006 Riga, Latvia, Phone: ++371- 

2559372, Fax: ++371-7828114, E-mail: zhuk@osi.lanet.lv. 

ABSTRACT: Amphiphilic complementary nucleobase derivatives, containing n-octadecyl- 
oxymethyl substituents at the N' position of pyrimidine and of purine, dissolved in 
chloroform form non-specific lyotropic mesophases, which were analyzed by optical 
polarizing microscopy. Molecular modeling studies visualize hypothetical horizontal and 
vertical nucleobase hydrogen-bonding and stacking arrangements, as well as aliphatic 
long-chain interstrand interaction. 

INTRODUCTION 

Condensation processes of highly concentrated aqueous nucleic acid solutions have 

been extensively investigated, because of their essential roles in (pre)biological systems"2. 

The analysis of the structure-phase behavior of nucleic acid patterns seems to be important 

for the understanding of basic processes as, for instance, (pre)biotic self-organization, 

replicational forces in transitions to life, up to complex biomesogenic regulations of 

present life patterns. For modeling special features of nucleic acid-membrane interactions, 

we designed nucleobase-membrane hybrids of the type 9-(n-octadecyloxymethyl)purine 

and 1 -(n-octadecyloxymethy1)pyrimidine (Fig. 1). The segregation of the lipophilic and 

hydrophilic parts of these compounds display basic molecular features for self-assembly 

processes. Base-pair arrangements according to Watson-Crick and Hoogsteen mode could 
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1186 MEISTER ET AL. 

FIG. 1: Possible arrangements of 9-(n-octadecyloxymethyl)adenine (I) and 9-(n- 
octadecyloxymethy1)thymine (11) between Watson-Crick and Hoogsteen recognition in 
stick presentation 

be supported by nucleobase stacking and long alkyl-chain interstrand interaction as driving 

forces for supramolecular structure formation. But until now, it is not clear, whether these 

complementary, amphiphilic long-chain alkyl-nucleobases display liquid crystalline 

behavior. Our thermotropic experiments manifested some ,,plastic" states of these 
compounds3, which correlates with the parallel findings by Paleos et al., analyzing long- 

chain alkyl-nucleobases, partially modified by additional amide groups'. In an attempt to 
overcome these limitations of mesophase formation, we made use of chloroform as an 

organic solvent, that enhances significantly nucleobase hydrogen-bond interactions. 

EXPERIMENTAL 

Sample preparation 

9-(n-octadecyloxymethyl)adenine (I): 'H-NMR @MSO-da), 6=8.23 (lH, s, 8-H); 8.14 

(lH, s, 2-H); 7.24 (2H, s, NH2); 5.50 (2H, s, NCH2); 3.42, 1.22, 0.84 (37H, m, c18H37); 
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LONG-CHAIN ALKOXYMETHYL-NUCLEOBASES 1187 

MSPSI) 418.5 [M+H]'; Anal. calcd for C24tI43N~O: C, 69.0; H, 10.4; N, 16.8; found C, 

68.8; H, 10.4; N, 17.0; and 9-(n-octadecyloxymethyl)thymine (11): 'H-NMR (DMSO-d,& 

6=11.18 (lH, S, NH); 7.50 (1H, S, 6-H); 5.00 (2H, S, NCH& 1.76 (3H, S, CH3); 3.40, 

1.24; 0.84 (3m m, CI8H37); MSPSI) 409.5 [M+H]'; Anal. calcd for C&4,&03: C, 

70.5; H, 10.9; N, 6.9; found C, 70.6; H, 11.0; N, 6.7; were synthesized, hplc-purified and 

recrystallized [mp("C) I: 13 1-132; 11: 100-102 - for solid-solid, solid-plastic and plastic- 

isotropic transitions see ref. 31 according to established procedure$. The sample solutions 
were prepared by mixing the chloroform-diluted compounds according to their molar 

ratio, evaporating to dryness and rediluting in chloroform at a start concentration of about 

50 mg/d. 

Optical polarizing microscopy 

Optical polarizing microscopy observations were performed employing a Labor Lux 

12s equipped with a Hitachi video color camera. A droplet of each sample was deposited 

between partially sealed slide and coverslip, observed through crossed polarizers and 

photographed with a magnification rate of 167.5~. The progressive increase of the sample 

concentration was obtained by a controlled peripheric evaporation of the solvent at 20OC. 

Molecular modeling 

Molecular models have been generated by SYBYL. 6.2 programs. For optimization 

Gasteiger-Marsili algorithms were used. Dynamics are based on TRIPOS force field and 

simulate processes at 300K. 

RESULTS AND DISCUSSION 

Water-based lyomesophase systems of the here involved compounds appear to be only 

possible, if extremely hydrophilic substituents of the alkyl-chains allow for a partial 

solubilization. So we demonstrated, that in the case of L-(S-cysteine)-finctionalized alkyl- 
nucleobases attractive water-based mesogenic matrix systems could be build up6. 

Going on in experiments for the liquid crystalline behavior of the here discussed 
amphiphilic and thermotropically more ,,plastic" nucleobase-membrane hybrids, however, 

we analyzed by the help of optical polarizing microscopy, that highly condensed 

chloroform solutions of complementary nucleobase derivatives bearing 9-(n-octadecyloxy- 
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1188 MEISTER ET AL. 

FIG. 2: Non-specific optical textures of condensed sample-chloroform-solutions (left to 
right): IAI-(l: 1 and 1:2)-complexes; 167.5~ 

methyl)-substituents at the N' position of the pyrimidine base thymine and at the @ of the 

purine heterocycle adenine, would undergo self-assembly and display non-specific 

lyomesophases at start concentrations > 50mgJml. In Fig. 2 the anisotropic ,,moveable" 

textures of the (1 : 1) and (1 :2) molar mixtures of the chloroform solutions of the adenine 

and thymine derivatives during the evaporation process are illustrated. 

In order to hrther elucidate the driving forces of (1yo)mesophase formation within 

broad ranges of imaginable representatives, two highly artificial molecular modeling ap- 

proaches have been performed (Fig. 3). The first is represented by a hypothetical lamellar 
bilayer arrangement, made up by suitable segregations of horizontal hydrogen-bonding and 

vertical stacking interactions of Watson-Crick AT base-pairs and long alkyl-chain 

interstrand interactions. In addition to these two-dimensional hypothetical bilayer 

arrangements, a second model is based on triplex-derived Watson-CrickMoogsteen TAT 

triple arrangements, that build up some sort of reversed micelle, where the extended base 

triple core is embedded into a cylindric long alkyl-chain envelope in the direction of a 

base-stack and alkyl-chain continuous reversed hexagonal phase. The vacuum-picosecond- 
evolution of the two- and three-dimensional models - unfortunately, by the procedure 

devoid of solvophilic and solvophobic stabilizations - visualize increasing labilizations of 

the hydrogen-bonds - up to the disruption of the hydrogen-bond networks in case of the 

bilayer model, while the triplex-derived micelle appears to be less impaired. Nucleobase 

stacks and long alkyl-chain packages - though progressively characterized by larger 
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LONG-CHAIN ALKOXYMETHYL-NUCLEOBASES 1189 

FIG. 3: Hypothetical vacuum mesophase statics and dynamics of IAI-combinations in 
stick and CPK-stereopresentation (top to bottom): AT-WatsodCrick-based UII-( 1 : 1)- 
bilayer and TAT-WatsodCrick-Hoogsteen-derived I/II-( 1 :2) reversed micelle; picosecond 
evolution of I and I1 complexes as derived from top: IAI-(1:l-complex): start, 0.95 ps, 
1.55 ps; I/II-(1:Zcomplex): start, 1.0 ps, 2.0 ps 
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conformational movements - preserve their overall-shapes, in case of the lamellar bilayer 

model, however, only after monolayer individualizations. 

Further insights might be expected from more general experimental approaches of 

phase and phase-diagram investigations of the here involved compounds, which are 

underway in our laboratory. 

OUTLOOK 

The here reported experiments will shed some light on the st~ct~re-phase facilities of 
hybrids linking together nucleic acids- and membrane components-recognition groups 

within a special molecular design, which might be of interest for modeling general and 

forwarding applicational aspects of nucleic acid-membrane interactions. 
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