
MS-81-2                           Microsymposium  

Acta Cryst. (2021), A77, C522 

 

Structural properties of Alien DNA, an alternative genetic system 

M. M. Georgiadis1, S. Hoshika2, and S. A. Benner2 

1Department of Biochemistry and Molecular Biology, Indiana University School of Medicine, Indianapolis, IN 4620, 

 2Foundation for Applied Molecular Evolution, Alachua, Florida, 32615 

mgeorgia@iu.edu  

The simple elegance of the Watson-Crick DNA model reported in 1953[1] belies an underlying complexity that is central to all life. 

However, about thirty years then elapsed before the true complexity of DNA was revealed in high resolution crystals structures of 

oligonucleotides. In these structures, DNA was captured in three distinct helical forms, Z [2], B [2], and A [3], providing the first 

evidence for the remarkable ability of DNA to adopt different stable conformations influenced by nucleobase sequence. Since then, 

our understanding of the fundamental properties of DNA has been challenged further with efforts to expand the genetic code through 

the creation of unnatural nucleobases. These new entities include nucleobases that pair strictly through hydrophobic interactions [4, 5] 

and those that pair through hydrogen bonding interactions [6]. The latter nucleobases were created by Benner and coworkers and are 

referred to as the Artificially Expanded Genetic Information System (AEGIS) [7]. AEGIS takes advantage of alternative hydrogen 

bonding arrangements between Watson-Crick like pairs, a large purine-like nucleobase and a small pyridimine-like nucleobase that 

exclusively pair to one another rather than natural nucleobases. This concept has produced an expanded genetic code, Hachimoji DNA 

[8] comprising 8 letters, 4 natural and 4 unnatural, and most recently Alien DNA, comprising 4 unnatural nucleobases. These systems 

including unnatural base pairs (UBPs) expand the structural landscape of DNA through the creation of duplexes that do not conform to 

known helical forms.  

In previous work, we have reported structures including up to 6 UBPs within 16 bp duplex DNA structures [9]. Our most recent work 

on Alien DNA includes structures with 12 UBPs of 16 base pairs (almost Alien DNA) contained within the structure captured in B-

like and A-like helical forms. The B-like structures were obtained through the use of our host-guest system, which is selective for 

DNA sequences that can adopt helical forms that are more similar to B than A-form DNA. In this system, the N-terminal fragment of 

Moloney murine leukemia virus reverse transcriptase serves as the host and a 16-mer DNA duplex as the guest [10]. Using this 

system, we have determined structures of numerous DNA sequences at relatively high resolution (1.6-1.8 Å) including now one with 

12 UBPs. One of the almost Alien DNA sequences including 12 UBPs has crystallized in three different crystal forms, two that 

diffract to 1.2 Å, providing the first very detailed structural information for these UBPs including sugar conformations. These latest 

structures of almost Alien DNA will be presented here along with comparative analyses with natural and other less Alien DNA 

structures including UBPs.  

[1] Watson, J.D. and F.H. Crick, (1953). Nature  171, 737-8. 

[2] Wang, A.H., G.J. Quigley, F.J. Kolpak, J.L. Crawford, J.H. van Boom, G. van der Marel and A. Rich, (1979). Nature  282, 680-6. 

[3] Heinemann, U., H. Lauble, R. Frank and H. Blocker, (1987). Nucleic Acids Res  15, 9531-50. 

[4] Leconte, A.M., G.T. Hwang, S. Matsuda, P. Capek, Y. Hari and F.E. Romesberg, (2008). J Am Chem Soc  130, 2336-43. 

[5] Hirao, I., M. Kimoto, T. Mitsui, T. Fujiwara, R. Kawai, A. Sato, Y. Harada and S. Yokoyama, (2006). Nat Methods  3, 729-35. 

[6] Yang, Z., D. Hutter, P. Sheng, A.M. Sismour and S.A. Benner, (2006). Nucleic Acids Res  34, 6095-101. 

[7] Sefah, K., Z. Yang, K.M. Bradley, S. Hoshika, E. Jimenez, L. Zhang, G. Zhu, S. Shanker, F. Yu, D. Turek, W. Tan and S.A. Benner, (2014). 

Proc Natl Acad Sci U S A  111, 1449-54. 

[8] Hoshika, S., N.A. Leal, M.J. Kim, M.S. Kim, N.B. Karalkar, H.J. Kim, A.M. Bates, N.E. Watkins, Jr., H.A. SantaLucia, A.J. Meyer, S. 

DasGupta, J.A. Piccirilli, A.D. Ellington, J. SantaLucia, Jr., M.M. Georgiadis and S.A. Benner, (2019). Science  363, 884-887. 

[9] Georgiadis, M.M., I. Singh, W.F. Kellett, S. Hoshika, S.A. Benner and N.G. Richards, (2015). J Am Chem Soc  137, 6947-55. 

[10] Cote, M.L., S.J. Yohannan and M.M. Georgiadis, (2000). Acta Crystallogr D Biol Crystallogr  56, 1120-31. 

 

Keywords: alien DNA; crystal structure; helical form; host-guest; unnatural base pair 

 

  


