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Supplementary Figure S1: Sequence alignment of 83 sequence matches obtained with the Jalview 
program (version 2) using KPC-2 sequence (2OV5.pdb) as query. The conserved residues are 
highlighted and the colouring is based on their chemical nature. Red bars have been included to 
highlight the position of residues in the hydrophobic networks. 
 



 
 
Supplementary Figure S1 (continued): Sequence alignment of 83 sequence matches obtained with 
the Jalview program (version 2) using KPC-2 sequence (2OV5.pdb) as query. The conserved 
residues are highlighted and the colouring is based on their chemical nature. Red bars have been 
included to highlight the position of residues in the hydrophobic networks. 



 
 
Supplementary Figure S1 (continued): Sequence alignment of 83 sequence matches obtained with 
the Jalview program (version 2) using KPC-2 sequence (2OV5.pdb) as query. The conserved 
residues are highlighted and the colouring is based on their chemical nature. Red bars have been 
included to highlight the position of residues in the hydrophobic networks. 
 
 



 
 
Supplementary Figure S2: Table generated by HMMER web server (version 1.8). The first 
column lists SwissProt codes of the sequences used for the alignment. For each SwissProt code a 
description of the protein name and/or family, organism’s species and E-value have been 
associated for clarity and sake of completeness.  
 



 
 
Supplementary Figure S3: Evolutionary tree of the sequences used in the alignment. Major 
families have been identified with different colours. All sequences belong to the class A β-
lactamase family.  
 
 

 
Table S1: Summary of simulations. The reported time corresponds to the accumulated 
simulation time of all the non-adaptive and adaptive simulations (unbiased simulations), and 
of all the replicas of the PT-metaD simulations (biased simulations). 
 

 
 

BLA1 BACMY 51 303

BLAC BACTU 54 306

BLAC BACCE 53 305

BLA1 BACCE 51 304

BLAC BACAM 42 305

BLAC BACSU 49 304

BLA3 BACCE 57 314

BLAC BACLI 47 307

BLAC STAAU 22 276

BLAC STRBA 56 311BLA2 STRCI 59 314

BLA1 STRCI 45 324

BLAC AMYLA 35 302

BLA
C M

YCBO 44
 30

0

BLAC M
YCTA

 44 300

BLA
C M

YCTO
 44

 30
0

BL
AC

 M
YC

TU
 44

 30
0

BL
A1

 M
AN

HA
 4

6 
30

0

BL
A1

 H
AE

IF
 4

6 
30

0

BL
A1

 A
CT

PL
 4

6 
30

0

BL
AC

 N
O

C
AS

 4
4 

31
0

BL
AC

 N
O

C
FA

 4
7 

30
9

BL
AC

 S
TR

LA
 4

1 
30

4

BL
AC

 S
TR

FR
 4

7 
30

3

BL
AC

 S
TR

AL
 5

3 
31

4 B
LA

C
 S

TR
A

U
 51 305

BLAC
 STR

C
E 49 287

BLC
4 SALTM

 7 290

BLC
6 SALTM

 7 290

BLC
5 SALTM

 7 290
BLC

2 SALTM
 7 290

BLC97 ECO
LX 13 290

BLT1 ECO
LX 7 290

BLT2 ECOLX 15 289

BLC1 ECOLX 24 291

BLAC SERFO 8 267

BLO1 KLEOX 5 291

BLO2 KLEOX 6 290

BLAC CITKO 35 294

BLAB PROVU 29 289
BLAC PROVU 3 260

BLAC YEREN 6 291

Query 1 293

BLKPC KLEPN 1 293

BLKPC KLEOX 1 293

BLAN SERMA 18 292

BLAN ENTCL 17 291

BLAF MYCFO 24 275

BLA2 STEMA 32 298

BLA46 KLEOX 5 262

BLA4 KLEPN 11 241

BLA5 PSEAI 5 262BLA5 KLEPN 5 262BLA3 KLEPN 5 262
BLA2 ECOLX 5 262

BLA34 ECOLX 5 262BLA2 KLEPO 5 262

BLA
13

 K
LE

PN 3 
26

2

BLA
29

 K
LE

PN 3 
26

2

BL
A2

 K
LE

PN
 3

 2
62

BL
A2

 S
AL

TM
 3

 2
62

BL
A1

 K
LE

PN
 5

 2
62

BL
A1

 E
CO

LX
 5

 2
62

BL
A1

 E
N

TC
L 

30
 2

63

BL
A2

4 
EC

O
LX

 5
 2

62
BL

A8
 E

C
O

LX
 5

 2
62

BL
A6

 K
LE

PN
 2

2 
25

0

B
LA

C
 K

LE
P

N
 2

6 
26

1BLAT SALTI 34 265

B
LAT K

LE
O

X 34 265

BLAT EC
O

LX 34 265

BLP4 PSEAI 8 262
BLP1 PSEAI 8 260

BLC
3 PSEAI 8 260

BLC6 VIBCL 8 261

BLC4 PSEAI 3 260

BLAC PROM
I 19 283

BLA1 AERHY 47 286

BLAC BACVU 38 291

BLE1 PSEAI 19 295

BLAC BACUN 41 293

BLA1 MORCA 47 287

BLAC RHOCA 20 266

Carbapenemase 
(KPC, SME-1 and OXY)

Extended spectrum ß-lactamases 
(Toho-2)

Extended spectrum ß-lactamases 
(TEM and SHV)

PSE and CARB

CLASS A ß-LACTAMASE FAMILY

CTX-M, Toho-1

L2

System Total Simulation Time (µs)

Unbiased Simulations PT-metadynamics Simulations

WT 18.5 2.4
A77N 8.0 2.4
L102T 8.0 2.4
I108N 8.0 2.4
dMUT 8.0 2.4
L138N 8.0 2.4
L199R 8.0 2.4

SPR-3-226 8.0 2.4

System Total Simulation Time (µs)

Unbiased Simulations PT-metadynamics Simulations

WT 18.5 2.4
A77N 8.1 2.4
L102T 9.0 2.4
I108N 10.8 2.4
dMUT 12.9 2.4
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Supplementary Figure S4: RMSF profiles of KPC-2 WT, mutants and ligand bound structures 
derived from the whole set of the unbiased simulations. Mean values are represented as lines and 
standard deviation is indicated by shading. The most flexible region S70-A125 with respect to the WT 
in most of the systems has been highlighted in the graphs and represented in grey in the crystal 
structure. 
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Figure S5: Immunoblots of periplasmic extract and whole cell lysate of DH10B cells expressing 
pBR322-catI-blaKPC-2 wild-type or variants (A77N, L102T, I108N, L138N, L199R or L102T/I108N).  
DnaK is a loading control.  The whole cell lysate extract was run in two separate gels demarcated 
by the dashed lines and marked a and b). 
 
 



 
Figure S6: Important interactions formed between the mutated/WT residues and neighbour residues 
over the course of the unbiased simulations. As neighbour residues were considered the ones that 
their heavy atoms were 3.50 Å away from the mutated residue. 
 



 

Supplementary Figure S7: Collective variables used in metadynamics simulations. CV1 
describes the distance between the centre of mass of the indole ring of the side chain of W105 
and the Cβ of L167. CV2 describes the distance between the centre of mass of the indole ring of 
the side chain of W105 and the Cβ of T216. 
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Figure S8: Free-energy	surfaces	(FES)	plots	of	the	KPC-2	single	mutants		A77N,	L138N,	L199R	and	the	
KPC-2	bound	to	PSR-3-226.	The	FES	have	been	reconstructed	along	the	two	variables,	CV1	(distance	
between	 the	 center	 of	mass	 of	 the	 indole	 ring	 of	 the	 side	 chain	 of	W105	 and	Cβ	 of	 L167)	 and	 CV2	
(distance	between	the	center	of	mass	of	 the	 indole	 ring	of	 the	side	chain	of	W105	and	Cβ	of	T216).	
Structures	extracted	from	their	corresponding	basins	have	been	 illustrated.	The	mutated	residues	
are	shown	in	red	sticks,	while	residues	that	have	been	reported	to	be	important	for	the	catalysis	[]	
are	shown	in	pink	sticks.	
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Figure S9: Binding poses and ligand interaction diagrams resulting from the docking of the 
experimentally tested antibiotic cefepime to exemplar conformations corresponding to 
selected basins of the free energy surfaces (Figure 3, main text). Coloring explanation of the 
ligand interaction diagrams: green shading represents hydrophobic regions, blue shading 
represents hydrogen bond acceptor, white dashed arrows represents hydrogen bonds, grey 
parabolas represents accessible surface for large areas, broken thick line around ligand shape 
indicates accessible surface, while the size of residue ellipse represents the strength of the 
contact. 
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Figure S10: Sequence comparison of KPC variants. The difference between KPC2 and 
KPC3 is the H247Y mutation. There is complete conservation within the core and the 
hydrophobic nodes between the two variants.  

 

 

 

 

 

 


