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RNA	
  structures	
  determined	
  in	
  Lilley’s	
  lab	
  

•  Small	
  RNA	
  mo9fs	
  	
  
•  	
  	
  	
  	
  Kink	
  turns	
  (28	
  PDBs)	
  
•  	
  	
  	
  	
  double	
  sheared	
  basepair	
  and	
  triple	
  sheared	
  basepair	
  (5	
  PDBs	
  

with	
  30+	
  unpublished)	
  

•  Ribozymes	
  and	
  riboswitches	
  
•  	
  	
  	
  	
  Twister	
  ribozyme	
  (1	
  PDB)	
  
•  	
  	
  	
  	
  Twister-­‐sister	
  ribozyme	
  (1	
  PDB)	
  
•  	
  	
  	
  	
  Guanidine	
  II	
  riboswitch	
  (8	
  PDBs	
  with	
  3	
  unpublished)	
  
•  	
  	
  	
  	
  Guanidine	
  III	
  riboswitch	
  (8	
  PDBs)	
  
•  	
  	
  	
  	
  SAM-­‐V	
  riboswitch	
  (1	
  PDB	
  with	
  2	
  unpublished)	
  



Strategies	
  in	
  RNA	
  crystallography	
  

•  Ra9onal	
  designs	
  
•  	
  	
  	
  	
  Kink	
  turns	
  
•  	
  	
  	
  	
  double	
  sheared	
  basepair	
  and	
  triple	
  sheared	
  basepair	
  

•  5-­‐Bromo-­‐cy9dine	
  
•  	
  	
  	
  	
  	
  double	
  sheared	
  basepair	
  and	
  triple	
  sheared	
  basepair	
  
•  	
  	
  	
  	
  Twister	
  ribozyme	
  
•  	
  	
  	
  	
  Twister-­‐sister	
  ribozyme	
  
•  	
  	
  	
  	
  Guanidine	
  II	
  riboswitch	
  	
  (Ra9onal	
  designs,	
  Mo9f)	
  
•  	
  	
  	
  	
  Guanidine	
  III	
  riboswitch	
  (Ra9onal	
  designs,	
  Jalview)	
  
•  	
  	
  	
  	
  SAM-­‐V	
  riboswitch	
  	
  (Ra9onal	
  designs,	
  Jalview)	
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Ra9onal	
  designs	
  for	
  k-­‐turns	
  



X-­‐ray	
  crystallography	
  

8	
  ways	
  to	
  determine	
  k-­‐turn	
  structure	
  	
  

D	
  



The	
  molecular	
  recogni9on	
  of	
  kink-­‐turn	
  structure	
  by	
  the	
  
L7Ae	
  class	
  of	
  proteins	
  

RNA	
  2013	
  



G2n


G3n


2Fo-Fc 1σ

Best resolution of free k-turns


Two metal ions bound to G2n, G3n in Kt-7 duplex


McPhee, Huang & Lilley, Nature Commun. 5: 5127 (2014)  


2.0 Å resolution


HmKt-7




A	
  number	
  of	
  environmental	
  factors	
  can	
  influence	
  the	
  
conforma9on	
  adopted	
  by	
  a	
  given	
  k-­‐turn	
  

RNA	
  2013,	
  NAR	
  2014	
  

N3  <>  N1 class structures

morph




The conformation of k-turns as a function of the 3b:3n sequence 
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The influence of the 3b:3n sequence on conformation 
and folding of k-turns


More	
  than	
  ten	
  thousands	
  of	
  sequences	
  been	
  analyzed	
  



X-­‐ray	
  crystallography	
  

Also	
  apply	
  to	
  other	
  RNA	
  mo9fs	
  

D	
  



5-­‐Bromo-­‐cy9dine	
  	
  advantages	
  

•  Twister	
  ribozyme	
  (1	
  PDB)	
  
•  Twister-­‐sister	
  ribozyme	
  (1	
  PDB)	
  
•  Guanidine	
  II	
  riboswitch	
  (8	
  PDBs)	
  	
  
•  Guanidine	
  III	
  riboswitch	
  (8	
  PDBs)	
  
•  SAM-­‐V	
  riboswitch	
  (1	
  PDB)	
  

1.	
  Fast	
  =	
  9me	
  saving,	
  money	
  
saving,	
  	
  	
  	
  	
  	
  	
  less	
  laborious	
  =	
  	
  	
  	
  
2.	
  Befer	
  quality	
  

3	
  month+2month	
  
3	
  month	
  
1	
  month	
  
3	
  month	
  
2	
  month	
  

From	
  sequence	
  design	
  to	
  
structure	
  determina9on	
  	
  



5-­‐Bromo-­‐cy9dine	
  
Symmetry	
  design	
  

Double	
  sheared	
  mo9f	
  and	
  triple	
  sheared	
  mo9f	
  



Double	
  sheared	
  mo9f	
  and	
  triple	
  sheared	
  mo9f	
  

2	
  PDBs	
  published	
  with	
  30+	
  unpublished	
  

L	
  Huang,	
  S	
  Ashraf,	
  J	
  Wang,	
  DMJ	
  Lilley	
  (2017)	
  Control	
  of	
  box	
  C/D	
  
snoRNP	
  assembly	
  by	
  N6-­‐methyla9on	
  of	
  adenine.	
  EMBO	
  report	
  	
  

5-­‐Bromo-­‐cy9dine	
  make	
  this	
  possible	
  



NH2

H2N N
H

NH2

H2N N
H
NH2

composite omit maps contoured at 1.2σ

Huang, Wang & Lilley Cell chem. biol. 24, 697-702 (2017) 


NH2

H2N N
H

NH3

unbiased electron density map contoured at 1.2σ

5-­‐Bromo-­‐cy9dine	
  	
  advantages-­‐-­‐-­‐Befer	
  quality	
  
Guanidine II riboswitch binding pocket



unbiased electron density 
maps contoured at 1.2σ

Huang … & Lilley Cell chem. biol. 24, 1407-1415 (2017) 


5-­‐Bromo-­‐cy9dine	
  	
  advantages-­‐-­‐-­‐Befer	
  quality	
  
Guanidine III riboswitch binding pocket



5-­‐Bromo-­‐cy9dine	
  disadvantages	
  

•  Minor	
  or	
  major	
  groove	
  

•  Where	
  to	
  use	
  the	
  Br-­‐C	
  



The SAM-V riboswitch (Breaker)


Ron Breaker


SAM-V
 SAM-II




The SAM-V riboswitch structure


P4122  2.5 Å resolution
Huang & Lilley Nucleic Acids res 2018




The SAM-V riboswitch structure


P4122  2.5 Å resolution
Huang & Lilley Nucleic Acids res 2018




Ra9onal	
  design	
  

•  Secondary	
  structure	
  predic9on	
  
•  3D	
  structure	
  predic9on	
  
•  Sequence	
  selec9on	
  (by	
  Jalview)	
  



Secondary	
  structure	
  predic9on	
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A proposed mechanism of action for the SAM-V riboswitch


Shine-Dalgarno

sequence


OFF
ON


P2a




Summary	
  

Ra9onal	
  designs	
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