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Abstract: Although the structure of Human Pancreatic Lipase has been documented through the X-ray crystallography, the 
knowledge about the molecular rearrangement and dynamic equilibrium in the structure (particularly in the catalytic triad and 
lid domains) is very scanty. The structural fluctuations and conformational changes undergo by Human Pancreatic Lipase 
(HPL) with and without colipase were computationally investigated through molecular dynamics simulation technique using 
GROMACS 2018.4, MOE 2016.0801 and VMD softwares in order to gain insight into the complex transitions at different 
domains. The structural stability was revealed vis-a-vis Root Mean Square Deviation (RMSD) and Root Mean Square 
Fluctuations (RMSF) plots. The levels of compactness/folding and conformational changes of the protein were determined 
using Radius of gyration and secondary analysis respectively. Salt bridge analysis gives more ionic pairs interactions than 
experimentally determined results. Results show that though both proteins are stable, lipase-colipase complex is more deviated 
and flexible than lipase. Also, additional information regarding the conformational transitions, interactions and dynamics that 
govern stability of lipase-colipase complex which were ‘hidden’ to experimental techniques were revealed. 
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1. Introduction 

Human Pancreatic lipase is one of the key enzymes in the 
hydrolysis of triglycerides into monoglycerides and free fatty 
acid, and is thus considered a promising target for the 
treatment of obesity [1]. Structurally, human pancreatic 
lipase is a glycoprotein containing 449 amino acid residues 
[2, 3] and it consists of two distinct domains; a large N-
terminal domain (residue 1-336) comprising the active site 
(hydrophobic), and a smaller C-terminal domain (residues 
337-449) having a β-sandwich fold that forms the main 
binding sites for the colipase [2, 4-6]. The N-terminal domain 
consisting of a α/β-hydrolase fold contains the catalytic site. 
A surface loop formed lid, delineated by a disulphide bond 
between residue Cysteine 237 and Cysteine 261 covers the 
active site and controls the activity of Human Pancreatic 

Lipase [5]. The lid that sterically hinders access of substrate 
to the active site of the enzyme when it attains inactive 
conformation opens and configures the active site when it is 
in active conformation [7]. Colipase is a small protein (≈10-
11 kDa) cofactor needed by pancreatic lipase for efficient 
dietary lipid hydrolysis; it is fairly flat, and composed of 95 
amino acid residues [3, 5]. The activated form is shorter than 
the procolipase from which five amino acids have been 
removed by trypsin [3]. This pentapeptide is called 
enterostatin and it is believed to play a role in satiety 
regulation and fat intake [8]. 

Literature reports on the previous models done by some 
researchers indicate that colipase binds exclusively to the C-
terminal β-sheet domain, extending over more than 50 Å and 
thus generating a hydrophobic plateau [5, 9]. This association 
engenders a shift of the lid and β5-loop, so that the 
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hydrophobic β9-loop open and the oxyanion hole is created 
[10]. The catalytic N-terminal domain is brought in close 
contact with the lipid-water interface, the active site thus 
becoming exposed to lipolytic substrates. The hydrophobic 
plateau ensures a strong interaction between the lipase-
colipase complex and the lipid-water interface. However, the 
conformation change is not induced in the absence of an 
interface [9, 11]. Egloff et. al. [12] reported that before the 
formation of Pancreatic Lipase-Colipase complex, Pancreatic 
Lipase binds to the lipid and this causes conformational 
changes at the heterodimeric interface of Pancreatic Lipase 
which in turn facilitate the interaction with the Colipase. 
Bourne et. al. [13] submitted that the entire activity of the 
enzyme is maintained by the catalytic triad (comprising 
Ser152, Asp176 and His263) in the active pocket of the 
protein. Colipase therefore reduces the competition for the 
interface with other substances (e.g. Bile salt and 
phospholipids), in favour of pancreatic lipase, by expanding 
the hydrophobic area of the latter [14]. Brockman’s work 
goes further by showing evidence of the colipase ability to 
reorganize the interface and thus to concentrate lipolysis 
reactants in its vicinity [15]. 

The application of molecular dynamics simulations to 
very large and complex molecules such as protein and 
enzymes has been of tremendous benefits to the 
Biochemists and Structural biologists because of its 
capacity to reveal information beyond what is available in 
the static structures deposited in the Protein Data Bank [16, 
17]. Several work on molecular dynamics simulations have 
been carried out to get more insight into the lid 
rearrangements of different lipases. For instance, Aloulou et 

al., applied molecular dynamics simulation to investigate 
phosphatidylcholine (PC) binding modes within the 
catalytic cavity of Porcine Pancreatic Lipase (PPL) and 
human pancreatic lipase (HPL) [18]. Barbe et al., have used 
robotic-based approach to simulate large-scale “open-to-
closed’’ movement of Burkholderia cepacia lipase lid [19]. 
James et. al., used molecular dynamics simulations to study 
the hydrolysis of ibuprofen esters by Candida rugosa lipase 
(CPL) from the crystallographic coordinates of the open 
form of the enzyme under acidic and neutral conditions [20]. 
Selvan et. al., performed molecular dynamics simulations 
of human and dog gastric lipases under acidic and neutral 
conditions to study the domain movement of these enzymes 
[21]. 

In this work, a 70ns atomistic molecular dynamics 
simulation time frame was performed on closed lid form of 
human pancreatic lipase-colipase complex to gain insight 
into the structural and conformational changes, binding 
interactions and dynamics that govern its stability. 

2. Computational Methodology 

2.1. Starting Structures 

The crystal structure of the Human Pancreatic Lipase 
(HPL) complexed with cofactor procolipase and solved to 

3.04Å resolutions (PDB code: 1N8S) [22] was obtained from 
the Protein Data Bank [23]. In this structure, the activator 
colipase (chain C) was removed for the simulation of HPL 
only whereas both chains A and C in 1N8S were intact for 
the lipase-colipase simulations. 

2.2. Molecular Dynamics Simulation 

GROMACS 2018.4 software [24-26] was used for the 
molecular dynamics simulation of both systems (i.e. Lipase 
and lipase-colipase complex). In human pancreatic lipase-
colipase complex, the first five residues (501-505) and the 
last five (591-595) on the chain C (i.e. colipase) were missing 
in crystal structure and were modelled using MOE 2016.0801 
[27]. The system was solvated with an extended simple point 
charge model (SPC/E) [25] water, in a cubic box which left 
1.0 nm space around the solute. All bonds were constraints 
with All-atom Automatic Optimized Parameters for Liquid 
Simulations OPLS-AA/L [28] force field. Counter ions in the 
form of 3 Na+ ions were added to neutralise the two systems. 
A steepest descents algorithm was used to minimize the 
energy of each system and to relax the solvent molecules. 
System equilibration was done for 1000ps in NVT and NPT 
ensembles at 300K, 1.05bar and average density of 998.3 kg 
m-3. The energy minimized structures were subjected to a 
position restraint molecular dynamics simulation for 70 ns. 
GROMACS built in tools; g_rms, g_rmsf, and g_gyrate were 
used to compute Root Mean Square Deviation (RSMD), Root 
Mean Square Fluctuations (RSMF) and radius of gyration. 
Secondary structure and salt bridge analysis were done using 
VMD. For visual analysis, the trajectories were aligned on 
the initial structures using VMD. All graphs were visualized 
by a 2D plotting tool called Xmgrace and the images of 
superimposed structures were obtained using VMD software 
[29]. 

3. Results and Discussion 

3.1. Rmsd and Rmsf Analysis 

Figure 1a shows the backbone RMSD plots of lipase and 
lipase-colipase complex for the 70ns simulation. The sharp 
increase in the backbone deviation at 0.16nm and 0.22nm for 
only Lipase and Lipase-colipase complex respectively was 
observed up to 10ns course of simulation. After 10ns, Lipase-
colipase complex showed marked deviation up to 0.35nm and 
for Lipase deviated up to 0.25nm. The deviation increased 
progressively to 0.4nm for Lipase-colipase complex and 0.3nm 
for lipase at 30ns. Maximum deviation occurred at 50ns and 
this continues till 70ns. However, after 50ns, the RMSD plots 
of both Lipase and Lipase-colipase complex clustered together 
there were no observable differences. After the deviation to 
0.32nm observed in between 50ns and 60ns in the Lipase-
colipase complex, both proteins retain their stability till the end 
of simulation time frame. 

We observed higher deviation in the lipase-colipase 
complex as compared to lipase (apo), which shows that the 
complex is more flexible than the lipase (apo). In the lipase, 
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the regions between residues His203-Gly216, Cys237-Cys261, 
and Met397-Arg414 show varying degree of fluctuations 
during the MD simulation (figure 1b). The highly fluctuated 
residues in the colipase are in the regions between Asn526-
Cys539, Ser547-Glu564 and Leu567-Cys587. Very high 
fluctuations observed in these residues in the colipase support 
the hypothesis of the three finger-shaped regions held together 
by disulphide bridges proposed by van Tilbeurgh et. al. [22]. 
Further these regions belong to the loop region of the Lipase-
colipase enzyme. For instance, the residues Cys237-Cys261 is 
a surface loop (that form the lid domain) covering the active 
sites of the enzyme. The residues Gly76-Trp85 and His203- 
Gly216 form the β5 and β9 loops respectively and both played 
prominent roles in the open and close lid conformations. Also, 
residues Met397-Arg414 is the β5’ loop (hydrophobic loop) of 
the C-terminal of lipase orients in same plane as the 
hydrophobic plateau of colipase and the lid [7, 30]. The 
fluctuations in the residues Glu515-Cys523 was due to the 
supposedly shorter and detached fourth finger formed between 
the N-terminal and β-strand [22]. Since, the loop region tends 
to be more flexible than other part of protein, it can be inferred 
that high fluctuations in the RMSF of a few part of protein is 
caused by the loop structures. 

 

(a) 

 

(b) 

 

(c) 

Figure 1. (a) The backbone RMSD plots of lipase and lipase-colipase 

complex. (b) The backbone RMSF plots of lipase and lipase-colipase 

complex (c) Radius of gyration as a function of time. 

The radius of gyration of the two simulated structures is 
given against the simulated time in figure 1c for comparative 
illustration. The result shows that during the evolution of the 
trajectories, the centres of mass of the two systems are stable 
and compact throughout the simulation period with overall 
fluctuations of 2.61-2.63nm. The values of radius of gyration 
for the lipase-colipase structure fluctuate around 2.6nm 
throughout the simulation, while that of the lipase structure 
fluctuate arround 2.63nm. Since radius of gyration 
determines the protein structure compactness/folding, it is 
convenient to infer that lipase is less tightly packed because 
of high value of its radius of gyration as proposed by 
Galzitskaya and Garbuzynskiy [31-33]. 

3.2. Secondary Structure Analysis 

Results of secondary structure analysis of the 
conformational changes at the active sites, the lid domain and 
in other loops (i.e. β5 and β9 loops) associated with the 
restructuring of the lid are presented in figures 2-5. In the lid 
domain, the conformational change observed in the 
secondary structure motifs was from α-helix to turn between 
the residues Ile248 and Gly254 in the lipase-colipase 
complex (figure 2b) contrary to the experimentally reported 
conformational change between the residues Ile 248 and 
Thr255 [5]. No conformational change in the secondary 
structure was observed in the only lipase system (figure 2a). 
Also, figure 2 shows the residues Ile241-Val246 and Arg256-
Ala260 in both systems were not extended conformation in 
the closed lid as reported in the literature [5], rather they are 
coil. 

It has been hypothesized [5, 34] that the lid in the closed 
form makes few contacts with the other regions of the protein 
that border the catalytic pocket (notably the β5 and β9 loops) 
and this interaction induces a spatial reorganization in their 
structural conformation. Figures 3 and 4 show that only β5 
surface loop adopt a totally different conformation from helix 
to coil at residues Glu82-Trp85 while β9 loop remained 
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unchanged in both the lipase-colipase complex and only 
lipase. This is in agreement with the experimentally reported 
results [5]. 

In figure 5, it is evident that the combined conformational 
changes in the secondary structure of the lid and β5 loop 
have changed the conformation of the three residues that 
form the catalytic triad. Ser152 changed from turn into 
βstrand, Asp176 and His263 changed from coil to β anti-

strand and α-helix to turn respectively. Finally, the result of 
the hydrophobic β5’ loop (loop oriented towards lipid-water 
interface) as presented figure 6 shows no conformational 
changes in the secondary structures both in lipase-colipase 
complex and only lipase. This is not unconnected to the fact 
there is no lipid-water interface in this system to interact with 
the β5’ loop [22] 

 

Figure 2. Conformational change in the secondary structures of the lid domain in (a) Lipase and (b) Lipase-colipase. Blue and pink colour ribbons connote 

before and after simulation respectively, the lid residues are in cyan colour. 

The conformational change observed both in the lid and 
active site domain is suggestive of the possibility that there 
may exists a dynamic equilibrium between the open and 
closed lid forms. This assertion was made based on 
experimental reports that a few water molecules located 
between the lid and the surfaces of the catalytic crevices 

contribute to the transition state stability of the closed lid 
conformation [11] and crystallographic evidence that part of 
the β9 loop, which stabilizes the lid domain in the closed 
conformation of the classical HPL, is totally exposed to the 
solvent, thereby making the catalytic Serine152 fully 
accessible to solvent [35]. 

 

Figure 3. Conformational change in the secondary structures of the β5 loops in (a) Lipase and (b) Lipase-colipase. Blue and pink colour ribbons connote 

before and after simulation respectively, the β5 loops residues are in cyan colour. 

 

Figure 4. Conformational change in the secondary structures of the β9 loops in (a) Lipase and (b) Lipase-colipase. Blue and pink colour ribbons connote 

before and after simulation respectively, the β9 loop residues are in cyan colour. 
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Figure 5. Conformational change in the secondary structures of the active site residues in (a) Lipase and (b) Lipase-colipase. Blue and pink colour ribbons 

connote before and after simulation respectively, the active site residues are in cyan colour. 

 

Figure 6. Conformational change in the secondary structures of the β5’ loops in (a) Lipase and (b) Lipase-colipase. Blue and pink colour ribbons connote 

before and after simulation respectively, the β5’ loop residues are in cyan colour. 

3.3. Salt Bridges Analysis 

Salt bridges (or charge-assisted hydrogen bond) in proteins 
are bonds between oppositely charged residues that are 
sufficiently close to each other to experience electrostatic 
attraction and it plays important roles in the conformational 
stability of proteins [36]. We reported the salt bridge 
formations in a number of residues between lipase and 
colipase in figures 7 (a)-(f). Three salt bridge interactions 
formed between Asp389 and Arg544 atoms are 2.70Å (-O- 
HN), 2.75Å (=O- NH2) and 2.89 Å (-O-H2N). Similarly, 
Glu441 of lipase formed salt bridge with Arg565 with two 
distances 2.67Å (-O-NH2) and 2.73Å (=O-NH2). These are 
the two literature reported salt bridges pairs present in the 
crystal structure in lipase-colipase complex [22]. In contrast, 
six salt bridge interactions between lipase and colipase atoms 
were obtained in this study {figure7 (a)-(f)}. The additional 
four short bridges {figure 7 (c)-(f)} are between the atoms of 
Glu513-Lys367, Glu515-Lys238, Glu370-Lys524 and 
Glu545-Lys399. Detail of the salt bridge interactions between 
residues and distance between the linking atoms are 
presented in table 1. 

In addition, the number of salt bridges pairs in lipase-
colipase complex is more than in lipase; simulated lipase-
colipase complex has 63 salt bridge pairs while lipase has 52. 

This confirms the fact that there are more interactions in the 
complex than in only the lipase and also confers more 
stability on the complex [5]. The observed discrepancies in 
the number of salt bridges pairs experimentally reported and 
those reported in this work may be attributed to the ionization 
properties of the participating groups, which are significantly 
influenced by the protein environment [36]. Furthermore, the 
numbers of pairs may vary based on fact that salt bridges 
pairs do experience thermal fluctuations, continuously break 
and re-form, and their lifespan in solution is governed by the 
flexibility of the protein [37, 38]. 

Table 1. Salt bridge interactions between residues and distance between 

linking atoms. 

S/N Residue number Linking atoms Distance (Å) 

1. Asp389-Arg544a 
-O- HN- 2.70 
=O-NH2 2.75 
-O-H2N 2.89 

2 Glu441-Arg565a 
-O-NH2 2.67 
=O-NH2 2.73 

3 Glu513-Lys367b -O-NH- 4.27 
4 Glu515-Lys238b -O-NH- 2.77 
5 Glu370-Lys524b -O-NH- 5.22 
6 Glu545-Lys399b -O-NH- 4.20 

adenotes the literature reported data [22], b denotes reported findings in this 
work. 
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Figure 7. Salt bridges pairs between (a) Asp389 and Arg544 (b) Glu441 and Arg565 (c) Lys367 and Glu513 (d) Lys238 and Glu515 (e) Glu370 and Lys524 (f) 

Lys399 and Glu545. 

4. Conclusion 

By employing molecular dynamics simulations, the 
present study has revealed information beyond what is 
available in the static structures deposited in the Protein Data 
Bank. Additional information has been given regarding the 
conformational transitions, interactions and dynamics that 
govern stability of lipase-colipase complex which were 
‘hidden’ to experimental technique. Also, this study gained 
insight into the numbers of underreported salt bridges in the 

crystallography and discovered more salt bridge interactions 
that were obscured in the literature. Though the system we 
studied is closed form, we have given the molecular details 
of the dynamic reorganization and transformation between 
‘closed lid’ and ‘open lid’ forms through conformational 
changes in the secondary structures of the active site and the 
lid domains. Finally, despite the fact that the crystal structure 
lacks the micelle binding to the colipase, the conformational 
changes induced by colipase on the active site residues and 
lid domains were observed and reported. 
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