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Goals!	  

1.)	  Prac%ce	  the	  bioinforma%cs	  knowledge	  and	  
compu%ng	  skills	  by	  applying	  them	  to	  a	  research	  
project,	  which	  might	  lead	  to	  novel	  research	  
findings	  

2.)	  Learn	  how	  to	  design	  a	  bioinforma%cs	  workflow	  
to	  answer	  biology/evolu%on	  ques%ons	  

3.)	  Learn	  how	  to	  iden%fy	  useful	  tools,	  datasets	  and	  
exis%ng	  knowledge	  from	  the	  research	  papers	  to	  
help	  design	  the	  workflow	  



DID	  WE	  ACCOMPLISH	  THIS??	  
Let’s	  find	  out!	  



RESEARCH	  BACKGROUND	  
What	  are	  we	  looking	  at?	  



Glycoside	  hydrolases	  

•  These	  enzymes	  hydrolyze	  the	  glycosidic	  bond	  
between	  two	  (or	  more)	  carbohydrates,	  or	  
between	  a	  carbohydrate	  and	  a	  non-‐
carbohydrate	  moiety	  

•  These	  enzymes	  were	  then	  broken	  down	  into	  
different	  families	  based	  on	  sequence	  
similari%es	  	  



h:p://www.cazy.org/GH10.html	  

Mostly	   But	  some	  are…	  

Predominant	  GH10	  enzymes	  are	  
denoted	  as	  EC	  3.2.1.8,	  therefore	  
classified	  as	  xylanases.	  

h:p://www.sciencedirect.com/science/ar%cle/pii/S0014579398002658	  

**This	  family	  also	  includes	  
some	  cellobiohydrolases	  
(EC:3.2.1.91)	  	  



h:p://www.ebi.ac.uk/interpro/entry/IPR001000/domain-‐organisa%ons	  



Endo-‐1,4-‐β-‐Xylanase	  

•  Class	  of	  enzyme	  that	  degrades	  β-‐1,4-‐xylan	  into	  
xylose	  
– This	  breaks	  down	  one	  of	  the	  major	  component	  of	  
plant	  cell	  walls,	  hemicellulose	  

h:p://www.biotek.com/assets/tech_resources/11087/figure3.jpg	  



This	  enzyme	  cleaves	  β-‐1,4-‐xylan	  in	  an	  endo	  manner	  	  
(as	  seen	  above)	  

h:p://www.cazypedia.org/index.php/File:Retaining%26Inver%ng.png	  



Retaining	  Mechanism	  

1.)	  α	  

2.)	  β	  



1.)	  α	  

h:p://www.cazypedia.org/index.php/File:Retaining_glycosidase_mechanism_1.png	  

1.)	  GlycosylaRon	  step	  
2.)	  Oxocarbenium	  ion-‐like	  

transiRon	  state	  
3.)	  DeglycosylaRon	  

step	  

5.)	  Final	  product!	  
4.)	  Oxocarbenium	  ion-‐like	  

transiRon	  state	  



2.)	  β	  

h:p://www.cazypedia.org/index.php/File:Retaining_glycosidase_mechanism_1.png	  

1.)	  GlycosylaRon	  step	  
2.)	  Oxocarbenium	  ion-‐like	  

transiRon	  state	  
3.)	  DeglycosylaRon	  

step	  

4.)	  Oxocarbenium	  ion-‐like	  
transiRon	  state	  5.)	  Final	  product!	  



3D	  Structure	  of	  GH10	  /	  Ac%ve	  Sites	  
(the	  refined	  X-‐ray	  crystal	  structure	  at	  1.8	  Å,	  resolu%on	  of	  the	  cataly%c	  core	  of	  
the	  family	  F	  xylanase	  A	  from	  Pseudomonas	  fluorescens	  subspecies	  cellulosa)	  

The	  acRve	  sites	  are	  the	  
Glu127	  on	  strand	  4	  and	  
the	  Glu246	  on	  strand	  7	  

*These	  acRve	  sites	  
are	  conserved	  
across	  all	  
homologous	  GH10	  
proteins	  



Crystal	  structure	  of	  the	  cataly%c	  domain	  of	  
xylanase	  A	  from	  Streptomyces	  halstedii	  

jm8	  

h:p://en.wikipedia.org/wiki/File:PDB_1nq6_EBI.jpg	  

Again,	  note	  the	  
eighaold	  β/α-‐barrel,	  a	  
notable	  characterisRc	  of	  
GH10	  family	  members	  



h:p://www.ebi.ac.uk/interpro/entry/IPR001000/taxonomy	  



Roles	  of	  Xylanase	  

•  Important	  role	  for	  microorganisms	  that	  live	  off	  
of	  plant	  sources	  
– An	  example	  of	  which	  is	  seen	  with	  fungi	  that	  
degrade	  plant	  sources	  for	  nutrients	  

•  Human	  uses	  include…	  
– Chlorine-‐free	  bleaching	  of	  wood	  pulp	  prior	  to	  
papermaking	  

– Diges%ng	  silage	  (for	  ca:le/biofuel)	  



Why	  is	  this	  important?	  

•  Xylan	  is	  a	  major	  component	  of	  the	  
hemicellulose	  por%on	  of	  plant	  cell	  walls	  and	  
cons%tutes	  up	  to	  35%	  of	  the	  total	  dry	  weight	  
of	  higher	  plants	  (Badal,	  1999).	  

•  Therefore	  studying	  xylanases	  helps	  contribute	  
to	  bioenergy	  research	  and	  the	  crea%on	  of	  
biofuels!	  J	  	  



R.	  Manow,	  et.	  al.,	  	  J	  Ind	  Microbiol	  Biotechnol	  J	  

General	  schemaRc	  of	  
how	  xylose	  can	  be	  
fermented	  into	  ethanol,	  
a	  common	  biofuel	  



GOALS	  
Compare	  the	  HMM	  domains	  of	  known	  GH10	  proteins	  to	  determine	  if	  any	  
JGI	  metagenome	  contain	  GH10	  domains	  

What	  do	  we	  hope	  to	  accomplish?	  



METHODS	  
How	  on	  earth	  did	  we	  do	  this?!	  



Step	  2	  –	  Download	  Datasets	  
2.2.2:	  HMM	  model	  

2.2.1:	  Known	  GH10	  proteins	  



Step	  2.2.1	  –	  Known	  GH10	  Proteins	  
Parse	  for	  unique	  GenBank	  ID’s	  	  

Transfer	  
unique	  ID	  file	  
to	  local	  
computer	  

Search	  
database	  for	  
sequences	  

Download	  GenBank	  sequences	  
to	  local	  computer	  

Transfer	  GenBank	  
sequences	  to	  
terminal	  

Reformat	  GenBank	  sequences	  to	  
FASTA	  sequences	  



Step	  3-‐4.1.1:	  Homology	  Search	  and	  
Parsing	  Output	  Files	  

Hmmrsearch	  and	  parsing	  of	  JGI	  metagenome	  proteins	  against	  GH10	  HMM	  
model	  

Hmmrsearch	  and	  parsing	  of	  GH10	  known	  NCBI-‐nr	  proteins	  against	  GH10	  HMM	  model	  



Step	  4.2-‐4.3:	  Parse	  Files	  to	  Extract	  
Protein	  Sequences	  	  

Extract	  hit	  ID’s	  

Parse	  for	  unique	  ID’s	  

Create	  perl	  script	  using	  bioperl	  modules	  to	  extract	  sequences	  
from	  hit	  ID’s	  



Step	  4.3	  –	  Extract	  Protein	  Sequences	  
Run	  perl	  script	  on	  parsed	  hit	  ID	  files	  and	  original	  databases,	  JGI	  metagenome	  and	  
known	  GH10	  proteins	  (NCBI)	  	  



Step	  5:	  Retrieve	  HMM	  Domain	  Regions	  
Perl	  script	  using	  bioperl	  modules	  to	  extract	  HMM	  domain	  regions	  
using	  first	  HMM	  parsed	  output	  files	  

Run	  perl	  script	  using	  the	  sequences	  extracted	  from	  the	  hit	  ID’s	  
(step	  4.3)	  and	  the	  first	  parsed	  hmmrsearch	  parsed	  output	  files	  
(step	  4.1.1)	  



Step	  6:	  Combine	  JGI	  and	  NCBI	  files	  
Use	  “cat”	  to	  combine	  the	  JGI	  metagenome	  and	  known	  GH10	  proteins	  (NCBI)	  files	  
(step	  5)	  containing	  the	  HMM	  domain	  sequence	  regions	  into	  one	  new	  file	  	  



Step	  8:	  Build	  Mul%ple	  Sequence	  
Alignment	  

Use	  MAFFT	  program	  to	  build	  mul%ple	  sequence	  alignment	  using	  the	  
newly	  combined	  file	  (step	  6)	  



Step	  8:	  Build	  Phylogene%c	  Tree	  
Use	  FastTree	  to	  build	  phylogene%c	  tree	  from	  the	  MAFFT	  
alignment	  	  



Step	  9:	  Parse	  HMM	  Domain	  Sequence	  
Files	  for	  hit	  ID’s	  

To	  color	  code	  the	  JGI	  metagenome	  proteins	  and	  the	  known	  GH10	  
proteins,	  the	  exact	  ID’s	  of	  the	  sequences	  needs	  to	  be	  obtained	  

Perl	  scripts	  were	  wri:en	  to	  assign	  the	  hex	  blue	  color	  code	  to	  JGI	  
metagenome	  proteins	  and	  the	  hex	  red	  color	  code	  to	  known	  
GH10	  proteins	  

Perl	  script	  was	  run	  to	  assign	  the	  color	  codes	  to	  the	  previously	  
parsed	  files	  



Step	  9:	  Download	  Datasets	  to	  computer	  

Combine	  color	  files	  

Transfer	  combined	  color	  files	  to	  local	  
computer	  

Transfer	  FastTree	  Newick	  file	  to	  local	  computer	  



Step	  9:	  Upload	  Datasets	  to	  iTOL	  
Upload	  JGI	  metagenome	  and	  known	  GH10	  protein	  Newick	  file	  
to	  iTOL	  

Upload	  JGI	  metagenome	  and	  GH10	  protein	  combined	  color	  
file	  to	  iTOL	  



MAJOR	  FINDINGS	  
The	  fun	  stuff…	  J	  





Pruning	  Phylogene%c	  Tree	  



Pruned	  tree	  with	  JGI	  metagenome	  proteins	  	  



RESULTS!	  
What	  do	  we	  take	  away	  from	  this?	  



•  A	  few	  metagenome	  proteins	  share	  stringent	  
sequence	  homology	  with	  the	  HMM	  domains	  
of	  known	  GH10	  proteins	  



•  What	  are	  the	  JGI	  metagenome	  proteins	  that	  
share	  stringent	  sequence	  homology	  with	  
known	  GH10	  proteins?	  

Export	  pruned	  tree	  form	  iTOL	  



Copy	  and	  paste	  newick	  
file	  to	  terminal	  using	  vi	  



Run	  perl	  script	  on	  newly	  created	  newick	  file	  from	  pruned	  iTOL	  tree	  

Parse	  output	  file	  to	  remove	  sequence	  coordinates	  	  

Extract	  tree	  ID’s	  using	  bioperl	  modules	  
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