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By combining two highly innovative experimental techniques, scientists at the University of Ill inois at 

Urbana- Champaign have for the f irst  t ime s imultaneously observed the structure and the correlated 

function of specific proteins critical in the repair of DNA, providing definitive answers to some highly 

debated questions,  and opening up new avenues of  inquiry and excit ing new possibi l i t ies  for biological  

engineering.

Sc ient i s t s  who s tudy  

bio logica l  sys tems at  the  

molecular level  have over the 

years  looked to  the  s tructure  of  

protein molecules—h o w  t h e  

a toms  are  organ ized—t o  s h e d  

l ight on the diverse functions 

each performs in the cell .  The 

inverse is also true: observing 

the specific work particular 

protein molecules  perform has  

provided important  c lues  as  to  

the  conformat ion  of  the  

respective molecules.  But until  

recent ly ,  our  most  advanced 

laboratory experiments  could 

only  invest igate  one at  a  t ime—static  form or dynamic function—and from the results ,  deduce the  other.  

This  indirect  method often doesn’t provide definitive answers.

The DNA repair helicase UvrD can exist in an “o p e n ”  ( green, blue, 
cyan,  and gray colored protein,  upper right)  or “c l o s e d ”  ( middle) 
conformation.  An instrument combining optical  traps (red cones)  
and a single- molecu le  f luorescence  microscope  (green)  i s  used  to  
measure direct ly  the  re lat ionship between these  two structural  
s tates  and their  respect ive  funct ions  on DNA. 
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Now Illinois biological physicists Taekjip Ha and Yann Chemla have  combined  two  cut t ing - edge  laboratory  

techniques  that  together  d irect ly  get  at  the  s tructure- function relationship in proteins. Ha, who co- directs  

the  Center for the Physics of Living Cells at Illinois, is well recognized for his innovative single molecule 

f luorescence  microscopy and spectroscopy techniques .  Chemla i s  a  top expert  in  opt ical  trapping 

techniques .  Their  combined method—simultaneous f luorescence microscopy and opt ical  trapping—yields 

far more definit ive answers to questions relating structure to function than either technique could 

independently.

Working in collaboration, Ha and Chemla each applied the above techniques in their laboratories,  with 

conclusive results .  The f indings of  these experiments have been published in two separate articles  in the 

April 17 issue of the journal S c i e n c e . 

Chemla’s  lab  team looked at  the  s tructure- function relationship in the helicase UvrD, a protein, found in the 

bacterium E. coli,  that  separates  strands of  DNA in need of  repair by unwinding and unzipping them. 

There is  an equivalent protein that performs the same vital  process in humans.  The f irst  question Chemla’s  

team invest igated was  how many UvrD prote ins  are  required to  perform this  task—r e c e n t  d e b a t e s  a m o n g  

sc ient is ts  have  the  number at  e i ther  one  or  two.

“To answer this,”  explains Chemla, “we put  a  dye  molecule  on  each prote in  wi th  f luorescence—s o  w e  c o u l d  

count them. Then we watched the unwinding with an optical  trap.  We found that  a s ingle  UvrD hel icase 

can  do  someth ing—it unwinds the DNA, but not very far.  It  just  goes back and forth a small  distance,  so 

we call it ‘frustrated’. When we have  two UvrD molecules ,  i t  seems to  unwind much further  and doesn’t  g o  

back and forth as much.” 

Chemla’s  team a l so  reso lved  one  ques t ion  on  the  s tructure- function relationship in UvrD. There are two 

dist inct  structures  or states  that  are associated with UvrD, with the molecule  organized in ei ther an 

“o p e n ”  or  “c l o s e d ”  pos i t ion .  The  funct ion  assoc iated  wi th  each  s ta te  has  been  debated  among experts  for  

several  years.

“This t ime, we used smFRET (single- molecule  f luorescence  resonance  energy  transfer ) .  We put  two  dyes  

on  the  molecule ,  and based  on  the  d i s tance  between them,  we  could  see  one  or  another  co lor  of  l ight ,  

indicat ing whether the  molecule  was in  the  open or  c losed posi t ion.  Then we used an opt ical  trap to  

observe  whether  the  molecule  was  unwinding  the  double- stranded DNA.

“We found that  the  molecules  actual ly  swiveled from open to  c losed and back again.  As i t  turns  out ,  the  

c losed s tate  unwinds  the  s trands ,  us ing  a  torque wrench act ion.  The open s tate  a l lows the  s trands  to  z ip  

together .” 

This work is published in the article “Direct  observat ion of  s tructure- function relationship in a nucleic acid–

p r o c e s s i n g  e n z y m e ”  in S c i e n c e  ( April 17, 2015, v. 348, no. 6232, pp. 352- 354; DOI: 10.1126/science.aaa0130).  

In Ha’s laboratory,  the team engineered a structural ly homologous hel icase protein cal led Rep,  fastening i t  

in  e i ther  the  c losed  or  the  open s tate  by  us ing  a  cross - linking molecule as “tape.” 

The team found that  when locked in  the  c losed pos i t ion,  i t  becomes  a  “superhel icase”  capable  o f  

unwinding double- stranded DNA over  a  great  dis tance .  Locked in  the  open posi t ion,  the  hel icase  was  

defunct—it performed no task.  

The abil ity to bioengineer molecules to perform specific tasks holds promise for applications,  including 

rapid DNA sequencing with nanopore technology.

Ha comments ,  “The superhel icase  we engineered based on our basic ,  fundamental  understanding of  

hel icase  funct ion can be  used as  a  powerful  biotechnological  tool  for  sensi t ive  detect ion of  pathogenic  

DNA in remote areas ,  for  example.” 

The team repeated the experiment  on another structural ly  homologous hel icase  protein cal led PcrA,  with 

the  same result .  Here ,  the  team was further  able  to  show how another  prote in  that  interacts  with PcrA 

and is  known to  contr ibute  to  i t s  e f fect iveness  physical ly  achieves  that  purpose .  The team was able  to  

demonstrate  that  the  addit ion of  the  prote in  locked PcrA in  the  c losed s tate .

“Proteins are flexible,”  explains Chemla. “Each may serve mult iple  functions.  The presence of  other 

proteins can determine which function is  active by changing its  structure.” 

This work is published in the article “Engineering of  a superhelicase through conformational  control”  in 

S c i e n c e  ( April 17, 2015, v. 348, no. 6232, pp. 344- 347; DOI: 10.1126/science.aaa0445) .  
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A B O U T  E N G I N E E R I N G  A T  I L L I N O I S  
As  one  o f  the  wor ld’s  top ranked engineering programs,  
our students,  faculty,  and alumni set  the standard for 
excel lence .  We drive  the  economy,  re imagine 
engineering education,  and bring revolutionary ideas to 
the world.
We so lve  the  wor ld’s  greatest  chal lenges .  We look 
toward the future and f ind ways to make it  a reality.  
Leading the innovation of virtual reality. Designing 
electronic  tattoos to  treat  seizures .  Building safer 
global  water systems.  Convert ing algae to  biofuel .  
Exploring fusion energy.
W e  d o  t h e  i m p o s s i b l e  e v e r y  d a y .  
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