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First-‐Genera'on	  Biofuel	  Produc'on	  

•  USA:	  Largest	  Producer.	  (CORN)	  
•  Cars	  can	  run	  on	  blends	  of	  up	  to	  10%	  ethanol.	  
•  E85	  available.	  
	  
•  Brazil:	  	  Largest	  Biofuel	  Program.	  (SUGARCANE)	  
•  No	  pure	  gasoline	  available	  (E18-‐E25).	  
•  97%	  of	  the	  cars	  sold	  in	  2011	  are	  flexfuel	  (E18	  –	  E100).	  

•  Other	  Countries:	  Sweden	  and	  France	  have	  E85	  available.	  



Second-‐genera'on	  Biofuels	  
Ethanol	  Biofuel	  

Enzyma'c	  
Degrada'on	  

Carbohydrates	  
Monomers	  

Yeast	  
Fermenta'on	  

Second-‐genera'on	  biofuels	  
Uses	  agricultural	  waste:	  bagasse,	  corncob,	  woodchip,	  …	  
Microbes	  evolved	  the	  strategy,	  the	  main	  point	  is	  to	  reduce	  costs.	  	  

First-‐genera'on	  biofuels	  
Uses	   food	   sources:	   corn	   starch,	   sugar	   cane,	   ...	  
(carbohydrates	  monomers).	  
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Simula'ons	  guiding	  Experiments	  

Prof.	  Isaac	  Cann	  

“Cellulosomes	  were	  discovered	  more	  than	  30	  years	  ago	  and	  due	  to	  the	  size	  and	  
characteris9cs	  of	  this	  complex	  there	  is	  almost	  no	  clue	  why	  they	  are	  so	  efficient”	  

“Most	  bacteria	  release	  the	  celluloly9c	  enzymes	  to	  the	  environment	  and	  try	  to	  capture	  
the	  enzyma9c	  product,	  however	  some	  of	  them	  build	  large	  enzyma9c	  complexes	  that	  

are	  up	  to	  50	  9mes	  more	  efficient”	  



Why	  Blue	  Waters?	  



From	  single	  enzymes	  to	  mul'-‐enzyma'c	  complexes	  

Cellulosomes	  
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Cellulosomes	  are	  a	  large	  consor9um	  of	  enzymes	  
arranged	  as	  highly	  efficient	  nanomachines.	  

•  Clostridium	  thermocellum	  cellulosome	  
consists	  of	  up	  to	  63	  different	  enzymes	  

•  Ruminococcus	  flavefaciens	  cellulosome	  
consists	  of	  more	  than	  200	  different	  enzymes	  

Building	  Blocks:	  
	  
	  
	  
	  
	  
	  

Dockerins	   Cohesins	  
C.	  thermocellum	  Cellulosomes	  
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Studying	  Cellulosome	  Components	  

	   	   	   	   	   	   	   	   	   	   	   	   	  

Cellulosome	  Scaffolding	  

	  
	  
	  
	  
	  
	  

Dockerin	  –	  Cohesin	  Interac'ons	  

Glycoside	  Hydrolases	  Enzymes	  



Collabora'on	  with:	  Prof.	  Ed	  Bayer	  &	  	  
Prof.	  Hermann	  Gaub	  &	  Dr.	  Michael	  Nash	  
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Type	  III	  Cohesin-‐Dockerin	  

CBM CBM

X

R
. f

la
ve

fa
ci

en
s

X

CttA

ScaB

Sc
aAScaC

ScaE

ScaECellulosic substrate

a

b

cDockerins
Cohesins
Enzymes

XMod-Doc:Coh

X

R.	  flavefaciens	  Cellulosomes	  

Using	  Atomic	  Force	  Microscopy	  and	  Steered	  
Molecular	  Dynamics	  we	  are	  characterizing	  

Cohesin-‐Dockerin	  interac9ons.	  	  
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Single	  Molecule	  Experiments:	  
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Inverted	  Binding	  Mode	  –	  Low	  Force	  Class?	  

Standard	  Binding	  Mode	  

Inverted	  Binding	  Mode	  

Standard	  Binding	  Mode	  

Inverted	  Binding	  Mode	  

Inverted	  Binding	  Mode	  

Standard	  Binding	  Mode	  



Do
ck
er
in
	  –
	  C
oh

es
in
	  In

te
ra
c'
on

s	  

Dockerin

in STD mode

Dockerin

in INV modeCohesin
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White:	  Hydrophobic	  
Green:	  Hydrophilic	  
Blue:	  Posi.vely	  charged	  
Red:	  Nega.vely	  charged	  



Cohesin-‐Dockerin	  Complex	  –	  SMD	  	  
Pulling	  speeds:	  0.25,	  0.625	  and	  1.25	  Å/ns	  



Extreme	  High	  Force	  
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Catch	  Bond?	  
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Contact	  Surface	  

PHE112

GLY70

ASN107

GLU105

LYS103

LEU101

ALA114

SER100
GLY116

THR68

LEU159

THR161

ASP165

ASN163
LEU210

GLY203

LEU140

ALA144

THR141

THR137

TYR113

TYR114

ASP219

SER207
LYS215

VAL218
GLN220

TYR221

PRO160

ARG134

GLY133

100

50

0

Co
nt

ac
t S

ur
fa

ce
 A

re
a 

(Å
)

TH
R6

8
G

LY
70

HS
D7

2
SE

R9
9

SE
R1

00
LE

U1
01

LY
S1

03
G

LU
10

5
AS

N1
06

AS
N1

07
G

LY
10

8
PH

E1
12

AL
A1

14
SE

R1
15

G
LY

11
6

AL
A1

17
AS

P1
18

AS
P1

53
SE

R1
55

LY
S1

56
LE

U1
59

TH
R1

61
AS

N1
63

LY
S1

64
AS

P1
65

 UNLOADED
 LOADED

100

50

0

Co
nt

ac
t S

ur
fa

ce
 A

re
a 

( Å
)

G
LU

89
AS

N1
28

IL
E1

30
AS

P1
32

G
LY

13
3

AR
G

13
4

TH
R1

37
LE

U1
40

TH
R1

41
AL

A1
44

PR
O

16
0

G
LY

20
3

AL
A2

06
SE

R2
07

LE
U2

10
TH

R2
11

TY
R2

13
TH

R2
14

LY
S2

15
SE

R2
17

VA
L2

18
AS

P2
19

G
LN

22
0

TY
R2

21
LY

S2
22

 UNLOADED
 LOADED

1000

500

0

Co
nt

ac
t S

ur
fa

ce
 A

re
a 

( Å
)

Co
h

Co
h

Do
c

Do
c

STD mode
ALT mode

a b

d e

c

f  UNLOADED
 LOADED

ASP118

LYS156
SER155  UNLOADED

 LOADED

*

*

*
*

*

*

*
*

*

*
* *



Building	  Atomis'c	  Cellulosome	  Model	  
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Building	  a	  Cellulosome	  Model	  

•  SdbA:	  SHL	  domain,	  Unknown	  domain,	  Type	  II	  cohesin	  	  

•  CipA:	  Type	  II	  Dockerin-‐XModule,	  7	  Type	  I	  cohesin,	  CBM,	  2	  Type	  I	  cohesin	  

•  5	  Enzyma.c	  Domains:	  (1is9,	  1daq),	  (2cn3,	  1ohz),	  (3c7e,	  1gmm,	  1gmm,	  1daq),	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (3k4z,	  1r15,	  3pdd,	  3zqx,	  1daq),	  (3zm8,	  1daq)	  

Collabora'on	  with:	  Prof.	  Ed	  Bayer	  &	  Prof.	  Hermann	  
Gaub	  &	  Dr.	  Michael	  Nash	  
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Collabora'on	  with:	  Marcelo	  Melo	  

Generalized	  Simulated	  Annealing	  –	  GSAFold	  	  

•  Amino	   acid	   residues	   connec.ng	   Type	   I	   Cohesin	   domains	   are	   disordered	   proteins	   and	   a	   random	  
conforma.on	  with	  lower	  energy	  can	  be	  found	  using	  stochas.c	  searching	  algorithms	  such	  as	  the	  GSA.	  

•  GSAFold	   coupled	   to	   NAMD	   searches	   low-‐energy	   conforma.ons	   to	   be	   used	   as	   star.ng	   points	   for	   the	  
molecular	  dynamics	  studies.	  	  

GSAFold	  NAMD	  Plugin	  –	  Allows	  ab	  ini9o	  structure	  predic.on	  
	  

New	  implementa'on	  on	  Blue	  Waters	  to	  allow	  conforma'onal	  search	  
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Thank	  You!!!	  


