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Abstract 
The	  diversificaPon	  of	  energy	  producPon	  through	  the	  use	  of	  renewable	  resources	  is	  a	  major	  goal	  of	  the	  contemporary	  society.	  Although	  Brazil	  has	  exponent	  advances	  in	  ethanol	  
producPon,	   the	   uPlizaPon	   of	   residual	   lignocellulosic	   biomass	   could	   ensure	   beVer	   energy	   efficiency	   within	   the	   second-‐generaPon	   ethanol	   producPon.	   As	   part	   of	   the	   biomass	  
composiPon,	   lignin	   is	   the	  most	  recalcitrant	  substance	  for	  biochemical	  conversion	  to	  biofuels,	  and	   it	  cleavage	  require	  synergisPc	  acPon	  of	  various	   ligninolyPc	  enzymes,	   including	  
those	  with	  high	  redox	  potenPal	  ligninolyPc:	  oxidases,	  peroxidases	  and	  laccases.	  Peroxidases	  are	  involved	  in	  several	  physiological	  processes	  and	  many	  biotechnological	  applicaPons,	  
since	  they	  are	  able	  to	  oxidize	  a	  broad	  variety	  of	  organic	  and	  inorganic	  substrates.	  This	  group	  of	  enzymes,	  especially	  those	  from	  palm	  trees,	  is	  known	  to	  be	  very	  stable	  enzymes.	  To	  
date,	  the	  structural	  and	  molecular	  reasons	  for	  such	  biochemical	  behavior	  have	  not	  been	  extensively	  explored.	  In	  order	  to	  idenPfy	  the	  structural	  characterisPcs	  accountable	  for	  the	  
high	  stability	  of	  palm	  tree	  peroxidases,	  we	  solved	  and	  refined	  X-‐ray	  structure	  of	  naPve	  peroxidase	  from	  the	  Chamaerops	  excelsa	  (CEP).	  

§  CEP	  was	  purified	  from	  leaves	  of	  the	  palm	  tree	  C.	  excelsa	  
§  Leaves	  were	  milled	  and	  homogenized	  in	  water	  
§  PurificaPon	  by	  phase	  separaPon	  and	  pheynil-‐Sepharose	  column	  
§  Final	  buffer:	  50	  mM	  TRIS	  pH	  8.0	  	  

Enzyme purification 

§  Crystal	  were	  obtained	  using	  the	  hanging-‐drop	  vapor	  diffusion	  technique	  
§  CrystalizaPon	   condiPon:	   170	  mM	   ammonium	   sulfate;	   85	  mM	   TRIS	   pH	   8.0;	   17%	  

PEG	  MME	  2000;	  15%	  glycerol	  
§  The	  diffracPon	  data	  collected	  at	  MX2	  beamline	  (LNLS,	  Brazil)	  
§  Structure	   resoluPon	   with	   molecular	   replacement,	   Phaser	   program	   (model	   PDB	  

3HDL,	  83%	  of	  sequence	  idenPty)	  
§  Refinement	  with	  Coot	  and	  Refmac	  5	  

Crystallization, data collection and refinement 

Peroxidase three-dimensional structure 
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Surrounding	  the	  heme	  prosthePc	  
group	  there	  are	  key	  catalyPc	  residues	  

The	  CEP	  structure	  has	  an	  
overall	  fold	  typical	  of	  

plant	  peroxidases	  and	  the	  
conservaPon	  of	  the	  heme	  
group	  and	  calcium	  ions	  	  

Ca2+	  ions	  –	  coordinaPon	  through	  extensive	  hydrogen-‐
bonding	  network	  –	  formaPon	  of	  a	  funcPonal	  acPve	  site	  	  

CEP	  is	  a	  highly	  stable	  enzyme	  over	  a	  pH-‐range	  and	  high	  temperature	  	  
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Parameters Data statistics 
Wavelength 1.4586 
Space group P212121 

Unit cell dimensions (Å) 70.18; 100.65; 132.31 
Resolution (Å) 80.1-2.6 (2.7-2.6) 
Nº of unique reflections  29,525 (5,779) 
Mosaicity (º) 0.5 
Multiplicity 4.3 (4.3) 
Completeness (∞) 90.1 (91.8) 
Rmerge (%) 10.1 (55.3) 
Mean I/σ(I) 10.5 (3.8) 
Rwork/Rfree (%) 21.8/24.6 
R.m.s.d. bond lenghts (Å) 0.021 
R.m.s.d. bond angles (º) 1.760 
Ramachandran outliers (%) 0 
PDB ID 4USC 

optimization led to the production of well sized reddish crystals using
0.17 M ammonium sulfate, 0.085 M Tris pH 8.0, 17% PEG MME
2000, 15% glycerol. Small crystal plates started appearing within one
week of crystallization setup and reached their maximum size, with
dimensions in the range 0.3–0.6 ! 0.05–0.1 ! 0.01 mm, in approxi-
mately 24 h. Despite their thin-plate morphology (Fig. 2), these
crystals were suitable for X-ray data collection. A complete native
data set was collected to a resolution of 2.6 Å on the dedicated
wiggler beamline MX2 (LNLS, Brazil; Fig. 3). The crystal was
assigned to the orthorhombic system, with space group P212121 and
unit-cell parameters a = 70.2, b = 100.7, c = 132.3 Å. Data-collection
and processing statistics are shown in Table 1. According to the
Matthews coefficient of 2.11 Å3 Da"1 (Matthews, 1968), the crystal
solvent content is 42% considering two molecules in the asymmetric
unit. Calculation of the self-rotation function revealed no additional
peaks, as expected for twofold noncrystallographic symmetry (NCS)
of both molecules in the asymmetric unit, suggesting an NCS axis
parallel to one of the crystal axes (data not shown). Further native
Patterson analysis showed a peak (u, w) = (0, 0.38) in the Harker
section (u, 1/2, w), indicating an NCS axis parallel to the crystal axis c
with a fractional translation vector of 0.38 (Fig. 4).
Structure determination of CEP was carried out by molecular

replacement using the structure of peroxidase from the royal palm
tree R. regia (PDB entry 1hdl; Watanabe et al., 2010) as a search

model. The search model was manipulated for this purpose so that
the covalently attached carbohydrates, the haem group and non-
bonded atoms were not considered during the rotation and trans-
lation searches. A unique solution with an LL gain of 1193 and a Z
score of 46 was obtained when searching for two molecules in the
asymmetric unit. In addition to electron-density inspection, initial
cycles of rigid-body and restrained refinement brought the primary
solution to an R factor of 36.5%, an Rfree of 34.8% and a figure of
merit (FOM) of 0.60 to values of 28.6%, 32.8% and 0.66, respectively,
which are good indicators of a correct structure solution.

A preliminary inspection of the map shows clear additional elec-
tron density for the haem group (which was not included in the search
model) and possible Ca atoms, which were presumably copurified
together with the native protein, and at least nine glycosylation sites.
The chemical nature of the sugar moieties is under analysis. Further
crystallographic refinement and model building is currently in
progress.
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Figure 2
Crystals of CEP grown in 0.17 M ammonium sulfate, 0.085 M Tris pH 8.0, 17% PEG
MME 2000 and 15% glycerol using the hanging-drop vapour-diffusion technique.
The black bar corresponds to 100 mm.

Figure 3
(a) Diffraction pattern of a plate-like crystal of CEP extending to a resolution of
2.6 Å. (b) Englarged view of the diffraction pattern with contrast enhancement.

Table 1
Data-collection and processing statistics.

The data are from a total of 270 frames of 0.4$ width collected at a crystal-to-detector
distance of 170 mm and a temperature of 100 K. Values in parentheses are for the highest
resolution shell.

Beamline MX2, LNLS
Wavelength (Å) 1.46
Space group P212121
Unit-cell parameters (Å) a = 70.2, b = 100.7, c = 132.3
Resolution range (Å) 80.1–2.6 (2.7–2.6)
No. of unique reflections 29525 (5779)
Mosaicity ($) 0.5
Multiplicity 4.3 (4.3)
Completeness (%) 90.1 (91.8)
Rmerge† (%) 10.1 (55.3)
hI/!(I)i 10.4 (3.7)

† Rmerge =
P

hkl

P
i jIiðhklÞ " hIðhklÞij=

P
hkl

P
i IiðhklÞ, where Ii(hkl) is the observed

intensity of an individual reflection and hI(hkl)i is the average intensity of that
reflection.
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Plate-‐like	  crystal	  CEP	  

DiffracPon	  paVern	  of	  CEP	  crystal	  
extending	  to	  a	  resoluPon	  of	  2.6	  Å	  	  	  
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Chain	  A	  

Chain	  B	  

GlycosylaPon	  increases	  
the	  solubility	  of	  
peroxidase	  and	  it	  
stability	  against	  
proteolysis	  

The	  exposed	  heme	  edge,	  	  
binding-‐site	  of	  phenolic	  

substrates	  

Several	  residues	  modificaPons	  
	  in	  the	  vicinity	  of	  binding-‐site:	  

-‐	  Influence	  in	  the	  enzyme	  specificity	  
-‐Alleviate	  the	  enzymaPc	  acPvity	  inhibiPon	  

This	  dimeric	  arrangement	  
results	  in	  a	  more	  stable	  protein	  
quaternary	  structure	  through	  
stabilizaPon	  of	  the	  regions	  that	  
are	  highly	  dynamic	  in	  other	  

peroxidases	  	  

5	  N-‐glycosylaPon	  sites	  

Conclusions  
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§  NaPve	   peroxidase	  was	   successfully	   extracted,	   purified,	   crystallized	   and	   it	   structure	  
solved	  by	  protein	  crystallography	  

§  Structure	   analysis	   revealed	   a	   possible	   dimeric	   assembly	   and	   several	   glycosylaPon	  
sites	  that	  might	  explain	  the	  improved	  CEP	  stability	  

§  Differences	   in	   the	   morphology	   of	   acPve	   site	   and	   heme	   edge	   access	   is	   related	   to	  
substrate	  specificity	  and	  protecPon	  of	  the	  enzyme	  from	  inacPvaPon	  

§  Our	   results	   provide	   new	   insights	   into	   the	   structure-‐funcPon	   relaPonships	   of	   plant	  
peroxidases	  and	  their	  quaternary	  structures	  

DLS	  studies:	  	  
§  protein	  MW	  99	  ±	  15	  kDa	  
§  monodisperse	  

distribuPon	  	  


