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PLP-dependent Families: 

 

From	  Schulze	  et	  al.	  
(2006),	  J.	  Mol.	  Biol.	  	  
358,	  1212.	  



Similarity	  of	  form	  is	  assumed	  	  
to	  indicate	  common	  descent.	  

But	  is	  the	  proposed	  mechanism	  sufficient?	  

We	  propose	  to	  test	  it.	  







Candidate	  pair	  with	  
	  

•  Close	  structural	  similarity	  
•  In	  E.	  coli	  
•  Dis=nct	  chemistry	  









•  Iden=fy	  what	  posi=ons	  in	  BioF	  are	  essen=al	  
for	  BioF	  ac=vity	  

•  Convert	  Kbl	  to	  resemble	  BioF	  at	  those	  loci	  



Functional test 

Gene to 
make biotin 

Medium  
without biotin 

Cells unable  
to make biotin 
by themselves 





Results 
Critical loci changed Able to make biotin? 
N155H No 
Group 1 No 
Group 2 No 
Group 3 No 
All combined No 
All plus random mutagenesis No 

20	  changes	  



Minimum estimate of mutations required 

7	  gene=c	  events	  







A growing realization: 

•  Interchanging reactions catalyzed by members of 
mechanistically diverse superfamilies might be 
envisioned as “easy” exercises in (re)design: if 
Nature did it, why can’t we? ….Anecdotally, many 
attempts at interchanging activities in mechanistically 
diverse superfamilies have since been attempted, but 
few successes have been realized.  
 Gerlt and Babbitt (2009) Enzyme (Re)Design: Lessons from Natural 
Evolution and Computation. Curr Opin Chem Biol 13:10-18.  



A growing realization: 
    Some functions...simply can not be reached through a 

series of small uphill steps and instead require longer 
jumps that include mutations that would be neutral or 
even deleterious when made individually. Examples 
of functions that might require multiple simultaneous 
mutations include the appearance of a new catalytic 
activity or an activity for which the parent and its 
single mutants show no measurable activity. 
        Romero and Arnold (2009) Exploring Protein Fitness Landscapes by 
Directed Evolution.  Nature Reviews: Molecular Cell Biology 10:866-875. 



Why so hard? 
Epistasis and long-range interactions 



Proteins	  are	  global	  interac=ve	  designs,	  not	  sta=c	  
structures	  built	  of	  interchangeable	  parts.	  
	  
You	  can’t	  put	  a	  new	  ac=ve	  site	  onto	  an	  old	  
scaffold	  and	  expect	  it	  to	  work.	  



From	  New	  Scien=st	  this	  week:	  



So	  how	  feasible	  is	  an	  unguided	  neo-‐Darwinian	  search	  	  
for	  seven	  muta=ons	  that	  work	  together	  	  

to	  make	  a	  new	  func=on.	  
	  

No	  func=on	  un=l	  all	  seven	  appear.	  



Population Model 
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Population model: 



Conclusions	  

Unguided	  gene=c	  innova=ons	  have	  to	  be	  
surprisingly	  common	  (occur	  within	  a	  few	  steps)	  
if	  they	  are	  eventually	  to	  become	  established.	  



Innova=ons	  requiring	  more	  than	  three	  specific	  
muta=ons	  are	  probably	  not	  feasible.	  
	  
This	  seems	  to	  exclude	  most	  func=onal	  
conversions	  for	  which	  there	  is	  no	  star=ng	  
ac=vity.	  



Similarity	  of	  structure	  does	  not	  guarantee	  	  
ease	  of	  conversion	  or	  common	  ancestry.	  



Objec=on	  

Need	  to	  use	  ancestral	  protein	  as	  star=ng	  point	  



Response	  

If	  evolu=on	  is	  so	  constrained	  that	  only	  a	  few	  
star=ng	  points	  will	  do,	  this	  is	  a	  tacit	  admission	  
that	  conversion	  is	  hard.	  



Response	  

If	  evolu=on	  is	  so	  constrained	  that	  only	  a	  few	  
star=ng	  points	  will	  do,	  this	  is	  a	  tacit	  admission	  
that	  conversion	  is	  hard.	  
To	  go	  from	  several	  hundred	  proteins	  in	  the	  first	  
cell,	  to	  the	  thousands	  we	  have	  today	  would	  
require	  either	  highly	  unusual	  ur-‐proteins	  or	  
guidance.	  



One	  PLP-‐dependent	  transferase	  in	  minimal	  set	  
	  
	  
Over	  fify	  unique	  PLP-‐dependent	  enzymes	  now	  




