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B
ackground

D
iagram

 show
ing the percentage of structures in the P

D
B

 solved by 
different techniques

67.5%
 of structures are solved by M

olecular R
eplacem

ent (M
R

)

21%
 of structures are solved by experim

ental phasing



Let  the  com
puter  do  the  w

ork  for  
you

S
equence hom

ology
ranking of 
best solution
(2009 pdb entries
vs. pre-2009 data)



3  pipelines,  3  routes  to  solution

1.
M

rB
U
M

P


Tries  to  m
im

ic  “best”  practice  of  using  
bioinform

atics  tools*  

1.
B
A
LB

E
S


C
ustom

  database  optim
ised  for  M

R

1.
A
M

P
LE


A
b  initio  m

odel  generation**

*external  packages  clustalw
,  m

afft,  fasta
**external  packages  R

O
S
E
T
TA

,  Q
U
A
R
K
,  S

P
IC

K
E
R



U
sing  the  pipelines:  ccp4i
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M
rB

U
M

P
  –  K

eegan,  W
inn



M
r B

U
M

P pipeline

M
olecular 

R
eplacem

ent
&

 R
efinem

ent

Target  M
T
Z
  

&
  

S
equence

Target
D

etails

Tem
plate

S
earch

M
odel

P
reparation

C
heck  scores  

and  exit  or  select  
the  next  m

odel

P
hase 

Im
provem

ent

Farm
  M

R
/R

efinem
ent  

jobs  to  cluster



M
rB

U
M

P – search for m
odel tem

plates
FA

S
TA

  search  of  P
D
B


S
equence  based  search    using  sequence  of  target  structure

A
ll  of  the  resulting  P

D
B
  id  

codes  are  added  to  a  list  

T
hese  structures  are  called

m
odel  tem

plates

  O
ther  tem

plates  from
:


  S

S
M

  search  using  top  hit  from
  the  FA

S
TA

  search  


  C
an  add  additional  P

D
B
  id  codes  to  the  list,  e.g.  from  

F
FA

S
  or  psiB

LA
S
T
  searches


  C

an  add  local  P
D
B
  files



M
rB

U
M

P – dom
ains and m

ultim
ers

S
C
O

P
  database  is  scanned  to  

see  if  dom
ains  exist  for  each  of  

the  P
D
B
s  in  the  list  of  tem

plates

D
om

ains  are  then  extracted  
from

  the  parent  P
D
B
  structure

U
se  tem

plate  m
ultim

er  as  m
odel  for  

target  m
ultim

er  
B
etter  signal-­to-­noise  ratio  than  

m
onom

er,  if  assem
bly  is  correct  for  

the  target.



M
rB

U
M

P – search m
odels

S
earch  m

odels  can  be  prepared  in  five  w
ays:

P
D
B
clip


original  P

D
B
  w

ith  w
aters  rem

oved,  m
ost  probable  

conform
ations  selected  and  form

at  tidied  (e.g.  chain  ID  
added)  

M
olrep  


M

olrep  contains  a  m
odel  preparation  function  w

hich  w
ill  

align  the  tem
plate  sequence  w

ith  the  target  sequence  
and  prune  the  non-­conserved  side  chains  accordingly.

C
hainsaw

  


C
an  be  given  any  alignm

ent  betw
een  the  target  and  

tem
plate  sequences.  N

on-­conserved  residues  are  
pruned  back  to  the  gam

m
a  atom

.
S
culptor


S
im

ilar  to  chainsaw
  but  different  protocols  for  side  

chain  truncation  and  alignm
ent  

                  P
olyalanine


C
reated  by  excluding  all  of  the  side  chain  atom

s  
beyond  the  C

B
    atom

  using  the  P
dbset  program



M
rB

U
M

P - ensem
bles

  C
reate  ensem

bles  of  top  
search  m

odels,  for  use  in  
additional  runs  of  P

haser.

  M
odels  m

ust  be  sufficiently  
sim

ilar  (M
W

  and  rm
sd)

F
uture  versions  w

ill  
incorporate  phaser.ensem

bler  
to  provide  m

ore  ensem
ble  

search  m
odels



M
rB

U
M

P – m
ultiple alignm

ent

targetJalview
  2.08.1  B

arton  group,  D
undee

P
airw

ise 
alignm

ent
U

sed in 
chainsaw

 
and sculptor

M
odel tem

plate scoring:         score  =  sequence  identity  X
  alignm

ent  quality  



M
rB

U
M

P – M
R

 and R
igid B

ody R
efinem

ent

R
unning  M

R
F
or  each  search  m

odel,  M
R
  done  w

ith  M
olrep

  or  P
haser  or  both.

M
R
  program

s  run  m
ostly  w

ith  defaults
A
llow

  M
olrep  /  P

haser  to  set  resolution  lim
its  and  w

eights

R
igid  body  scoring

T
he  resulting  m

odels  from
  m

olecular  replacem
ent  are  passed  to  

R
efm

ac
  for  restrained  refinem

ent.
T
he  change  in  the  R

free  value  during  refinem
ent  is  used  as  rough  

estim
ate  of  how

  good  the  resulting  m
odel  is.

otherw
ise

final  R
free  <  0.48  or

final  R
free  <  0.52  and  dropped  by  5%

final  R
free  <  0.35  or  

final  R
free  <  0.5  and  dropped  by  20%

“good”

“poor”

“m
arginal”



M
r B

U
M

P – m
odel building


N

ew
: M

odel  building  program
s  can  be  invoked  post-­M

R
  to  give  a  better  

assessm
ent  of  w

hether  or  not  the  M
R
  solution  is  correct


O

ptions:


B
uccaneer


A
R
P
/w

A
R
P


S
H
E
LX

E
  



M
rB

U
M

P - other

P
repositioned  m

odels/com
plexes

M
rB

U
M

P
  w

ill  now
  accept  one  or  m

ore  positioned  m
odels.

T
hese  are  included  as  fixed  m

odels  in  all  M
R
  jobs.

P
hase  extension

If  resolution  better  than  1.7Å
  use  A

corn  procedure
Initial  phase  set  from

  refined  M
R
  solution

A
rtificial  phase  extension  to  1.0Å





βαλβεσ - schem
atic

program
s

database
M

anager

Inputs

O
utputs



βαλβεσ - m
anager

O
rganises

D
ata

R
esolution for m

olecular replacem
ent 

D
ata com

pleteness and other properties
Tw

inning
P

seudo translation
S

equence
Finds tem

plate structures w
ith their dom

ain and m
ultim

er 
organisations
E

stim
ates num

ber of m
olecules in the asym

m
etric unit

“C
orrects” tem

plate m
olecules using sequence alignm

ent
P

rotocols
R

uns various protocols w
ith m

olecular replacem
ent and 

refinem
ent and m

akes decisions accordingly



βαλβεσ - database

O
rganised according to:

C
hains . The internal database has around 35000 unique  entries 

selected from
 m

ore than 51,000  present in the P
D

B
. 

A
ll entries in the P

D
B

 are  analysed according to their identity. O
nly 

non- redundant sets of structures are stored. 

D
om

ains. The D
B

 contains 35000 dom
ain definitions Loops and 

other flexible parts are rem
oved from

 the dom
ain definitions. 

M
ultim

ers of structures (using P
IS

A
)

H
ierarchy is organized according to sequence identity and 3D 

sim
ilarity (rm

sd over C
a atom

s).



βαλβεσ – m
odel selection

Input sequence

Full chain 
m

odels

dom
1chain1

dom
2chain1

dom
1chain2

dom
2chain2

dom
1chain1

dom
2chain1

dom
1chain2

dom
2chain2

dom
1chain3

D
V

S
G

TV
C

LS
A

LP
P

E
ATD

TLN
LIA

S
D

G
P

FP
Y

S
Q

D
G

V
V

FQ

D
atabase

of
dom

ains

dom
2chain1

dom
1chain3

B
est m

ulti-
dom

ain m
odel



βαλβεσ – m
odel preparation

A
ll  m

odels  are  corrected  by  sequence  alignm
ent  and  by  accessible  

surface  area  

M
ulti-dom

ain 
m

odel

C
hain 1

m
ultim

er
N
O

dom
ains

C
hain 2

m
ultim

er
dom

ains





βαλβεσ – refinem
ent

R
-values

Final decisions are m
ade based on R

-factors after refinem
ent. 

S
ince w

e have sim
ilar structures w

e can use them
 in refinem

ent. 

Jelly body
In refinem

ent stage “jelly-body” refinem
ent is used. It seem

s to 
increase success rate, especially for m

ultidom
ain cases.

S
pace group

Future version w
ill use m

ore extensive search of space groups and 
decision on space group w

ill be m
ade after refinem

ent.



D
ocum

entation  available  
from

  http://ccp4w
iki.org

A
M

P
LE

  –  B
iddy,  K

eegan  



A
M

P
LE

 – ab initio structure prediction

A
b  initio  (or  de  novo)  structure  prediction  is  the  

prediction  of  a  target  structure  fold  based  purely  on  its  
sequence  inform

ation.

M
ethods  have  greatly  im

proved  in  recent  years  w
ith  

the  aid  of  the  C
A
S
P
  experim

ents  
(C

ritical  A
ssessm

ent  of  P
rotein  structure  prediction).

S
om

e exam
ples are:

R
osetta

I-TA
S

S
E

R
Q

U
A

R
K



A
M

P
LE

 – M
onte C

arlo sam
pling

1000’s  of  “D
ecoys”  assem

bled  of  
fragm

ents  from
  P

D
B
  structures.

D
ecoys  are  clustered  and  centroid  

representatives  of  largest  cluster  
are  considered  candidate  fold  
predictions.
S
ide  chains  added  to  selected  

decoys.
R
efinem

ent  under  a  m
ore  realistic  

physics-­based  force  field.

Initial  fragm
ent  assem

bly  stage  requires  relatively  m
odest  

com
puting    pow

er.
R
efinem

ent  stage  can  require  supercom
puting  resources.



A
M

P
LE

 - synergies

ab initio m
odelling

M
olecular R

eplacem
ent

P
roduces clusters of sim

ilar 
m

odel structures
W

orks effectively w
ith 

superposed ensem
bles 

approxim
ating the target



A
M

P
LE

 – the pipeline
D
esigned  to  m

ake  ab  initio  
m

odelling  for  use  in  M
R
  easily  

accessible  to  users.
G

enerate  large  num
ber  of  trial  

m
odels.

C
luster  into  groups  according  to  

R
M

S
  deviation.

S
elect  tem

plates  from
  largest  

cluster.

R
O

S
E

TTA

S
P

IC
K

E
R

TH
E

S
U

E
U

S



A
M

P
LE

 – pipeline in m
ore detail



A
M

P
LE

 – effectiveness based on 
secondary structure type

O
verall  success  rate:  

all-α
  =  80%

;;  all-β
  =  2%

;;  m
ixed α-β

  =  37%
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