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The	original	AMPLE	conception
Making	MR	search	models	from	ab	initiomodels	by	clustering	
and	truncating



Clustering and	truncating to	make	ensemble search	models
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Clustering	and	truncation	work	as	expected
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Better	modelled	targets	are	more	successful,	but	
success	also	with	poor	models	via	truncation
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Success	with	large	set	of	small	proteins

• 126	out	of	295	(43%)	solved.	Treated	as	novel	folds.
• all-α,	80%;	all-β,	2%;	mixed	α_β,	37%

7
Bibby	et	al. (2012)	Acta Cryst D68,	1622



Example	success	(1r6j,	a	PDZ	domain)

crystal	structure untruncated Rosetta	clustertruncated	Rosetta	clusterreliable	side	chains	addedRebuilt
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Success	across	search	model	size	range
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Contact-aided	ab	initio	modelling	can	
address	larger	and	harder	globular	targets

GYYELYRRSTIGNSLVDALDTLISDG
RIEASLAMRVLETFDKVVAETLKDNT
QSKLTVKGNLDTYGFCDDVWTFIVKN
CQVTVEDQSVISVDKLRIVACNSKKS

...KDNTQSKLTVKGNLDTYGFC...

...KDNTQSKLTVKGNLDTYGFC...

...KNDANIAKLKLTFKGDLDTY...

...RENTQSKLNVKGLLDTYGFC...

...KNENIVGKSKLIFKGDLDTY...

...KNESNIAKSKLTFKGDLDTY...

...KHESNIAKSKLTFKGDLDTY...

...KNESGISKSKLTFKGDLHTY...

...KDNTQSKLTVKGLLDTYGFC...

...KSESGIAKSKLTFKGDLHTY...

Direct Coupling Analysis Structure Prediction

Coupling-to-constraint Conversion

Multiple Sequence AlignmentSequence Constraint definition Ab initio Decoy

We	also	integrated	a	β-structure	specific	contact	method	to	
address	β-proteins	 10



With	contact	predictions	AMPLE	succeeds	with	
larger	and	more	β-rich	proteins

Pcons2+bbcontacts
Pcons2
No	contacts

Simkovic et	al. (2016)	IUCr J.		
submitted
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Providing	contact	info	to	AMPLE
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QUARK	vs	ROSETTA	for	the	ab	initio	
modelling

• Re-did	testing	using	
QUARK-generated	decoy	
models

• Results	are	similar	to	
ROSETTA	but	there	are	
some	targets	that	could	
only	be	solved	by	one	or	
the	other

• There	is	a	server	for	
QUARK!

Keegan	et	al. (2015)	Acta Cryst.		D71,	338 13



QUARK	results	and	SHELXE	

• SHELXE	following	MR
• Criteria	for	success:

• SHELXE	CC	of	better	
than	25%

• Average	 fragment	
chain	length	of	10	or	
more

• Result	for	>	1000	
AMPLE	jobs	using	
QUARK	models

14Keegan	et	al. (2015)	Acta Cryst.		D71,	338



AMPLE	and	NMR	structures
• In	ab	initio	modelling	variance	in	a	structure	
cluster	indicates	unreliability.

• For	MR	with	NMR	structures	variable	regions	
provide	least	phasing	information

• Can	AMPLE’s	cluster	and	truncate	protocols	
help	with	NMR	structures	(traditionally	tricky	
for	NMR)?

• Benchmark	vs	FindCore

15

Mao	et	al.	(2009)	Structure	19,	757
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AMPLE	and	NMR	
structures

• AMPLE	solves	24/25	
100%	sequence	
identity	cases.	Similar	
to	FindCore.

• In	harder	cases,	
AMPLE	succeeds	
down	to	18%,	
perhaps	because	of	
greater	sampling.	
Better	than	FindCore
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FindCore and	
AMPLE	
succeed

FindCore fails
AMPLE succeeds

Both	fail

harder

Bibby	et	al. (2013)	Acta Cryst D69,	2194
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• >10Å successful	
ensembles	
(~5%	of	total)	
mainly	for	
coiled-coil	or	
other	extended	
helical	targets

With	original	protein	set,	inaccurate	
models	sometimes	succeeded



Inaccurate	models	sometimes	succeeded
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Coiled-coils

Coiled-coils	 generally	considered	
awkward	for	MR

Nevertheless,	 AMPLE	solved more	
than	~80%. No	knowledge	of	
oligomeric state	required

Successes	 included:
• 3U1A: 334	residues

• 3CVF: resolution	 of	2.8Å

• 2NO2: a	domain	of	Huntingtin-
interacting	protein	1,	that	contains	a	
long,	unconventional	 coiled-coil-like	
assembly	 originally	phased	
experimentally	 using	MAD

• 1YBK right-handed	coiled	 coil
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Solving	coiled-coil	complexes:	1x79

Crystal	
structure

Rosetta	
model

AMPLE	
search	
model

Phaser

Buccaneer
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Coiled-coils:	from	bad	guys	to	helpful	friends?

•	1H8A:	MyB/DNA	complex	of	278	residues	
coiled-coil	 ~50%	of	scatterers @	2.23Å.

•	1X79:	three	chains,	322	residues,	~70%	
coiled-coil	@	2.41Å

Thomas et	al. (2015)	IUCr J.	2,	198 22



AMPLE	and	crystal	structures
Exploiting	the	clustering	and	truncating	ideas	with	distantly	
homologous	crystal	structures



AMPLE	for	processing	crystal	structures

• Often	have	
homologous	
structures	but	
they	are	too	
divergent	to	solve	
the	target

• AMPLE	can	help	
find	small,	better	
conserved	core	for	
MR

ecdysone	
phosphate	
phosphatase	
(263	res)

phytase
(442	res)

12%	
sequence	
identity

80	residue	
conserved	

core
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• 7	distantly	homologous	
superfamily	members	(7-28%	
identity)

• Can	2-3	in	superposition	solve	
other	4?

• -homologs flag	to	AMPLE
• -ampt flag	to	MrBUMP

Structures	in	superposition

PDB 1UJB/2A6P/3C7T 1UJB/2A6P 2A6P/3C7T 1UJB/3C7T MrBUMP MrBUMP
no	1UJB

1E59 0/57 - - - 0/10 -

1EBB 11/57 0/57 1/57 14/57 3/10 0/7

2QNI 34/57 14/57 19/57 27/57 0/10 -

3DCY 45/57 41/57 40/57 45/57 2/10 0/7

Multi-homologue	truncation



Getting	the	most	out	of	a	single	structure
• Highly	truncated search	models	can	be	sufficient,	even	

required	for	MR	success.		How	to	drive	the	truncation	of	a	
single	structure	to	reach	a	conserved	core?

• Sequence	conservation	is	the	most	direct	measurement	but
– may	not	be	many	homologues	available
– can	be	very	slow	for	large	families

• However,	packing	density/rigidity	is	typically	well-correlated	
with	evolutionary	conservation.		Can	use	these	
measurements,	proxies	for	conservation,	to	drive	truncation

• CONCOORD	results	reflect	rigidity	and	produce	ensembles
• Other	methods	reflect	rigidity	but	without	making	ensembles
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Manual	vs CONCOORD-
derived	search	models	(3c7t)

CONCOORD AMPLE

27



%id vs
3c7t

length res	
(Å)

CONCOORD/	
AMPLE solved?

MrBUMPwith	
manual	edits?	

1ujb 22 156 2.1 Yes No

2qni 13 194 1.8 Yes Yes

1e59 19 239 1.8 No No

4e09 18 240 2.45 Yes	(3rd cluster) No

1ebb 23 202 2.3 Yes	(2nd cluster) No

3dcy 20 269 1.75 Yes No

Brutally	truncated	
search	model	
ensembles	 capture	
best	conserved	
catalytic	core
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Alternative	ways	of	predicting	
conservation/rigidity

79,80 160 260
Invariant	catalytic	residues	 across	superfamily
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Conservation/rigidity	profiles	driving	truncation	
of	a	single	structure

ANM

-single_model, -truncation_scorefile flags	to	AMPLE 30



Practicalities
How	and	when	to	use	AMPLE	
How	long	it	takes



Three	ways	to	use	AMPLE

• Server	at	CCP4online
• Via	CCP4i
• Command	line

convenienceflexibility

> ample.py –fasta my.fasta \
–mtz my.mtz –models        \
/home/me/models/  

32





AMPLE	server

decoys.tar.gz

QUARK	server

34



AMPLE	
server	
results



Conclusions:	when	to	consider	AMPLE

• If	your	target	is	a	novel	or	divergent	globular	
fold	and	not	too	large

• If	your	target	contains	a	coiled-coil	protein
• If	you	have	one	or	more	distant	homologues	
available,	but	they	cannot	solve	your	target	by	
conventional	means

• If	you	have	an	NMR	structure	for	a	homologue	
of	your	target
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Conclusions:	how	to	use	AMPLE
• The	server	is	easiest	for
– QUARK	ab	initio	models
– Other	model	sets	eg NMR	structure,	CONCOORD	structures

• Maximum	flexibility	requires	command	line	or	GUI	use
– ROSETTA	ab	initio	modelling	with	extra	information	eg
contacts,	disulphides	etc

– Single	homologue	truncation	approaches
• Timings
– Server	1-2	hours	with	pre-calculated	models
– Quark	server	typically	takes	12	hours
– Local	running	time	depends	on	many	factors!	With	
fragments	from	ROBETTA	server	(~30	mins)	a	local	job	
typically	takes	12-24	hours	on	a	multicore	workstation.
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Questions,	perguntas?


