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PlasWds	
   arose	
   via	
   endosymbiosis	
   when	
   a	
   cyanobacterium	
   was	
  
engulfed	
  by	
  a	
  primiWve	
  eukaryote.	
  The	
  cyanobacterium	
  was	
  enslaved	
  
by	
   the	
   eukaryote,	
   eventually	
   giving	
   rise	
   to	
   a	
   new	
   organelle,	
   termed	
  
the	
  plasWd.	
  The	
  transiWon	
  from	
  a	
  free-­‐living	
  cyanobacterium	
  to	
  a	
  cell-­‐
dependent	
   organelle	
   demonstrates	
   how	
   the	
   chloroplast	
   ancestor	
  
underwent	
  many	
   changes	
   in	
   its	
   physiology	
   and	
   biological	
   processes.	
  
The	
   majority	
   of	
   the	
   DNA	
   belonging	
   to	
   the	
   cyanobacterium	
   was	
  
scavenged	
  by	
  the	
  nucleus	
  of	
  the	
  host	
  cell.	
  This	
  led	
  to	
  higher	
  fidelity	
  of	
  
geneWc	
   duplicaWon,	
   due	
   to	
   the	
   proofreading	
   abiliWes	
   of	
   the	
   DNA	
  
polymerase	
  of	
  the	
  host	
  cell.	
  This	
  le\	
  the	
  cell	
  with	
  the	
  problem	
  of	
  how	
  
to	
  get	
  the	
  now	
  cytosolically	
  transcribed	
  proteins	
  back	
  into	
  the	
  proto-­‐
plasWd.	
   EukaryoWc	
   photosyntheWc	
   cells	
   use	
   the	
   Translocon(s)	
   of	
   the	
  
Outer/Inner	
  envelope	
  of	
  the	
  Chloroplast	
  (TOC/TIC)	
  to	
  import	
  proteins	
  
necessary	
   for	
   the	
   survival	
   of	
   the	
   plasWd.	
   Although	
   much	
   has	
   been	
  
uncovered	
   about	
   the	
   machinery	
   necessary	
   for	
   protein	
   import,	
   the	
  
mechanism(s)	
   used	
   to	
   accomplish	
   this	
   import	
   remains	
   unclear.	
   Each	
  
translocon	
   comprises	
   a	
   pore,	
   through	
   which	
   precursor	
   proteins	
   are	
  
translocated	
  along	
  with	
  accessory	
  proteins	
  that	
  assist	
  in	
  translocaWon.	
  
Toc75	
  forms	
  the	
  pore	
  in	
  the	
  outer	
  envelope	
  of	
  chloroplasts.	
  Toc75	
  is	
  a	
  
member	
   of	
   the	
   Outer	
   Membrane	
   Protein	
   of	
   85-­‐kilodalton/	
   Two	
  
Partner	
   SecreWon	
   (OMP85/TPS)	
   superfamily,	
   which	
   all	
   share	
   an	
  
architecture	
  composed	
  of	
  a	
  central	
  membrane	
  channel	
  and	
  cytosolic	
  
POTRA	
   (PolypepWde	
   Transport	
   Associated)	
   domains.	
   Structures	
   of	
  
POTRA	
   domains	
   from	
   other	
   members	
   of	
   OMP85/TPS	
   have	
   been	
  
solved,	
   but	
   the	
   structure	
   of	
   the	
   POTRA	
  domains	
   of	
   Toc75	
   have	
   not.	
  
These	
   POTRA	
   domains	
   are	
   of	
   parWcular	
   interest	
   because	
   Toc75	
  
interacts	
  with	
  thousands	
  of	
  proteins,	
  far	
  more	
  than	
  other	
  members	
  of	
  
the	
  OMP85/TPS.	
  In	
  our	
  project,	
  we	
  have	
  recombinantly	
  expressed	
  the	
  
N-­‐terminal	
   POTRA	
   domains	
   of	
   Toc75	
   insolubly.	
   The	
   POTRA	
   domains	
  
were	
  purified	
  via	
  IMAC	
  and	
  have	
  been	
  refolded.	
  Their	
  purity	
  has	
  been	
  
accessed	
  by	
  SDS-­‐PAGE.	
  Their	
  secondary	
  structure	
  has	
  been	
  confirmed	
  
with	
  circular	
  dichroism,	
  and	
  the	
  pepWdes	
  are	
  ready	
  to	
  be	
  shipped	
  to	
  
our	
  collaborator	
  Dr.	
  Susan	
  Buchanan.	
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Toc75	
   belongs	
   to	
   the	
   Omp85-­‐TPS	
   (Outer-­‐Membrane	
   Protein	
   of	
   85-­‐	
  
kilodaltons/	
   Two	
   Partner	
   SecreWon)	
   superfamily	
   whose	
   members	
  
possess	
   a	
   common	
   architecture	
   of	
   a	
   pore	
   and	
   POTRA	
   domains.	
  
Members	
   of	
   the	
   superfamily	
   are	
   present	
   in	
   gram-­‐negaWve	
   bacteria,	
  
mitochondria,	
   and	
   plasWds.	
   Toc75	
   is	
   of	
   special	
   interest	
   because	
   it	
  
interacts	
  with	
  more	
  proteins	
  than	
  other	
  members	
  of	
  the	
  Omp85-­‐TPS	
  
superfamily.	
  	
  

Chloroplasts	
   rely	
   on	
   their	
   host	
   cell	
   for	
   protein	
   producWon.	
  mRNA	
   is	
  
transcribed	
   from	
   DNA	
   in	
   the	
   nucleus.	
   Then,	
   ribosomes	
   translate	
  
mRNA	
  into	
  an	
  amino	
  acid	
  sequence.	
  The	
  resulWng	
  proteins	
  must	
  then	
  
be	
  translocated	
  through	
  the	
  outer	
  membrane	
  of	
  the	
  chloroplast.	
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One	
   μl	
   of	
   pET30(a)-­‐POTRA1-­‐3	
  was	
   added	
   to	
   chemically	
   competent	
   BL21(DE3)	
   cells.	
   The	
   cells	
  were	
  
heat	
   shocked,	
   supplemented	
  with	
   SOC	
  media,	
   and	
   screened	
  on	
   LB-­‐agar	
  plate	
   containing	
  50	
  mg/ml	
  
kanamycin.	
   InducWon	
   screening	
   was	
   then	
   performed	
   to	
   select	
   colonies	
   which	
   best	
   expressed	
  
POTRA1-­‐3.	
  The	
  addiWon	
  of	
   IPTG	
   inhibits	
   the	
   lac	
   repressor	
   from	
  blocking	
   the	
   lac	
  operator	
   from	
  RNA	
  
Polymerase	
  so	
  RNA	
  Polymerase	
  can	
  bind	
  to	
  produce	
  POTRA1-­‐3.	
  We	
  measured	
  protein	
  producWon	
  for	
  
both	
  uninduced	
  and	
  induced	
  E.	
  coli	
  colonies	
  to	
  pick	
  an	
  efficient	
  E.	
  coli	
  colony	
  to	
  produce	
  the	
  protein.	
  
The	
  colony	
  that	
  produced	
  the	
  most	
  protein	
  a\er	
  inducWon	
  was	
  chosen	
  for	
  protein	
  producWon.	
  ImageJ	
  
was	
  uWlized	
  to	
  quanWtaWvely	
  compare	
  protein	
  producWon	
  among	
  the	
  three	
  colonies.	
  

Refolding	
  Method	
   Steps	
   Results	
  

(Dialysis)	
  1x	
  TBS	
  without	
  
Urea	
  

Dialyzed	
   protein	
   (pH	
   4)	
   with	
   1x	
   TBS	
  
without	
  Urea	
  (pH	
  8)	
  	
  

Unsuccessful,	
   not	
   sure	
   if	
   the	
  
pH	
  change	
  or	
   lack	
  of	
  Urea	
   is	
  
the	
  cause	
  

(Dialysis)	
  1x	
  TBS	
  with	
  high	
  
Urea	
  

Dialyzed	
   protein	
   (pH	
   4)	
   with	
   1x	
   TBS	
  
containing	
  Urea	
  (pH	
  8)	
  

Unsuccessful	
   even	
   with	
  
added	
  Urea	
  

(Dialysis)	
  1x	
  TBS	
  with	
  
conWnuous	
  	
  removal	
  of	
  
Urea	
  

Set	
   up	
   system	
   to	
   conWnuously	
   pump	
  
in	
  1xTBS	
  without	
  Urea	
  and	
  pump	
  out	
  
1x	
  TBS	
  Urea	
  

Unsuccessful	
  

(Dialysis)	
  1x	
  TBS	
  with	
  0.1	
  M	
  
Arginine,	
  0.005	
  M	
  	
  BME,	
  
and	
  Urea	
  

2M	
  Urea	
  (twice),	
  1M	
  Urea,	
  0M	
  Urea	
   Protein	
   did	
   not	
   precipitate	
  
and	
   had	
   some	
   secondary	
  
structure	
  

(Gradient	
  of	
  TBS	
  to	
  PBS	
  on	
  
column)	
  0.1x	
  PBS,	
  100	
  mM	
  
imidazole	
  

Elute	
  column	
  with	
  0.1x	
  PBS,	
  100	
  mM	
  
imidazole	
  

Protein	
   did	
   not	
   precipitate	
  
and	
   had	
   more	
   secondary	
  
structure	
  

Crystallography	
   uses	
   ordered	
   lakces	
   of	
   proteins	
   to	
   diffract	
   x-­‐rays	
  
producing	
   pa?erns	
   that	
   can	
   be	
   deconvoluted	
   revealing	
   protein	
  
structures.	
   X-­‐ray	
   crystallography	
   allows	
   for	
   the	
   observaWon	
   of	
  much	
  
smaller	
   objects	
   than	
   light	
   microscopy	
   because	
   x-­‐rays	
   have	
   roughly	
  
40,000	
  Wmes	
  smaller	
  wavelengths	
  than	
  visible	
  light.	
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This	
  work	
  evaluates	
  the	
  structure	
  of	
  POTRA1-­‐3	
  in	
  PsToc75	
  for	
  possible	
  
insight	
   about	
   the	
   funcWon	
   of	
   these	
   domains	
   in	
   chloroplast	
   protein	
  
import.	
   While	
   we	
   have	
   produced	
   and	
   purified	
   enough	
   protein	
   for	
  
crystallizaWon	
  screens,	
  the	
  protein	
  did	
  not	
  contain	
  the	
  desired	
  amount	
  
of	
  α-­‐helixes.	
  A\er	
   revising	
   the	
  experiment,	
  we	
  completed	
  a	
  CD	
  scan	
  
immediately	
  a\er	
  protein	
  purificaWon.	
  There	
  was	
  a	
  higher	
  percent	
  of	
  
α-­‐helixes,	
   but	
   sWll	
   not	
   the	
   desired	
   amount.	
   We	
   also	
   used	
   0.1x	
   PBS	
  
instead	
   of	
   1x	
   TBS,	
   which	
   has	
   high	
   salinity	
   that	
   could	
   affect	
   the	
  
POTRA1-­‐3	
  domains.	
  Further	
  research	
  regarding	
  the	
  structure	
  and	
  role	
  
of	
  POTRA1-­‐3	
  in	
  PsToc75	
  would	
  be	
  worthwhile	
  for	
  future	
  implicaWons	
  
regarding	
  plant	
  immunity	
  to	
  herbicides	
  and	
  the	
  producWon	
  of	
  biofuel.	
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Circular	
   dichroism	
   involves	
   the	
   difference	
   in	
   absorpWon	
   of	
   le\	
   and	
  
right	
   circularly	
   polarized	
   light	
   of	
   chiral	
  molecules.	
  We	
   deconvoluted	
  
our	
   spectra	
   using	
   a	
   set	
   of	
   37	
   soluble	
   proteins	
   to	
   determine	
   the	
  
secondary	
   structure	
   of	
   purified	
   POTRA	
   domains.	
   We	
   compared	
   our	
  
results	
  to	
  structurally	
  solved	
  parts	
  of	
  the	
  37	
  proteins.	
  

SOLVING	
  THE	
  STRUCTURE	
  OF	
  POTRA1-­‐3	
  DOMAINS	
  	
  
Solving	
   the	
   structures	
   of	
   the	
   POTRA1-­‐3	
   domains	
   will	
   provide	
   the	
  
opportunity	
  to	
  determine	
  their	
  roles	
  in	
  and	
  the	
  mechanism	
  of	
  protein	
  
import	
  into	
  chloroplasts.	
  This	
  would	
  potenWally	
  allow	
  for	
  more	
  precise	
  
manipulaWon	
   of	
   protein	
   import	
   into	
   chloroplasts.	
   Altering	
   protein	
  
import	
   could	
   make	
   photosynthesis	
   more	
   efficient,	
   which	
   may	
  
facilitate	
  plant	
  growth	
  to	
  yield	
  more	
  food	
  products	
  or	
  increase	
  biofuel	
  
producWon.	
  

Cells	
   were	
   lysed	
   and	
   POTRA1-­‐3	
   was	
   solubilized	
   then	
   purified	
   via	
   IMAC	
   (Immobilized	
   Metal	
   Affinity	
  
Chromatography).	
   We	
   collected	
   samples	
   during	
   different	
   stages	
   of	
   chromatography	
   for	
   SDS-­‐PAGE	
  
(Sodium	
  Dodecyl	
  Sulfide-­‐Polyacrylamide	
  Gel	
  Electrophoresis).	
  The	
  samples	
  include	
  the	
  following:	
  Flow	
  
thru	
   a\er	
   the	
   6xHis	
   Tag	
   of	
   the	
   POTRA1-­‐3	
   domains	
   bind	
   to	
   the	
   Nickel	
   beads,	
   Wash	
   1	
   containing	
  
nonspecifically	
   bound	
  proteins,	
  Wash	
  2	
   containing	
  proteins	
  with	
  more	
   specific	
   interacWon	
   to	
  Nickel,	
  
and	
  EluWons	
  which	
  primarily	
  contain	
  POTRA1-­‐3	
  because	
  the	
  6xHis	
  tag	
  is	
  fully	
  protonated	
  at	
  pH	
  4.	
  In	
  the	
  
gel	
  above,	
  EluWon	
  1	
  was	
  eliminated	
  due	
  to	
  unnecessary	
  protein	
  contaminants.	
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