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I.  INTRODUCTION 
 
 Dicer is a ribonuclease III (RNase III) family enzyme 
that cleaves double stranded RNA precursors, producing 
short interfering RNAs (siRNA) and microRNAs (miRNA). 
Dicer products are typically 21-25 nucleotide long, have 
a monophosphate group at the 5’ ends and 3’-dinucleotide 
overhangs. These small RNAs generated by Dicer initiate 
a mechanism of gene silencing known as RNA interference. 
 Structural insight into the Dicer comes from the crystal 
structure of eukaryotic Dicer from Giardia intestinalis [1] 
(Fig. 1a). The enzyme contains a PAZ domain and two 
RNase domains (RNase IIIa and RNase IIIb) that form an 
internal heterodimer. The PAZ domain is connected with 
the RNase IIIa by a long α helix (connector helix). The 
connector helix is additionally supported by N-terminal 
residues that form a Platform domain. The PAZ domain 

contains the RNA binding pocket that is recognized by 3’ 
two-base overhang. The crystal structure of the Giardia 
Dicer reveals that the length of small RNAs produced by 
Dicer is determined by the distance between the PAZ 
domain and the catalytic sites in RNase IIIa domain. Bio-
chemical studies have showed that the Dicer enzyme without 
the PAZ domain produces the RNA of a variable size [2]. 
 The comparison of four copies of the Dicer molecule 
from the crystallographic asymmetric unit of the Giardia 
Dicer and the normal mode analysis (NMA) indicate on 
the flexibility of the molecule [3]. It has been proposed that 
the structure has three structurally rigid regions that are 
connected by the flexible hinges. Flexibility of the Dicer is 
believed to be a critical feature for its function. 
 Most of the higher eukaryotic Dicers, including human 
Dicer and dicer-like proteins from Arabidopsis, typically 
contain also helicase domain and small domain of unknown 
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Abstract: Dicer is an enzyme responsible for processing double-stranded RNAs and plays a key role in an RNAi mechanism. Structural 
insight into the Dicer is provided by the crystal structure of eukaryotic Dicer from Giardia intestinalis. It has been proposed that the structure 
has three structurally rigid regions that are connected by the flexible hinges. Flexibility of the Dicer is believed to be a critical feature for its 
function. Spatial arrangement of the RNA-recognition and the catalytic regions is crucial for producing small RNAs of defined length. It has 
been suggested that in the Giardia Dicer a Platform domain may help in specific arrangement of these regions. To learn more about the role 
of the Platform domain in Giardia Dicer, we have performed molecular dynamics (MD) simulations of the whole Dicer (WT Dicer) and the 
Dicer with a deleted platform domain (ΔPlf Dicer). The MD simulations were carried out in an implicit solvent model with two 
implementations of analytic Generalized Born (GB) solvation model in CHARMM: GBMV (Generalized Born using Molecular Volume) 
and GBSW (Generalized Born with simple Switching). To detect the key global motions of the Dicer, a principal component analysis (PCA) 
of the obtained MD trajectories has been used. To further explore the motion of the Dicer, we performed a domain motion analysis with the 
DYNDOM program. The simulations show that both WT Dicer and ΔPlf Dicer display flexibility which can be described as a movement of 
two or three domains. The removal of the Platform substantially changed the flexibility and arrangement of these domains. During the MD 
simulations of ΔPlf Dicer an large movement of the RNA-recognition domain was observed. 
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function (DUF283) at the N-terminus and one or two 
dsRNA-binding domains (dsRBD) at the C-terminus. Yet it 
is not clear if the Dicers of higher eukaryotes contain the 
Platform domain present in Giardia Dicer. It has been 
suggested that the DUF283 domain can form a structure 
similar to the Platform [1]; however, another authors 
proposed that DUF283 domain had a double-stranded 
RNA-binding fold [4]. Also the role of the platform domain 
in Giardia Dicer is not fully understood. It has been shown 
that the positively charged platform residues participate in 
the biding of dsRNA [2]. Location of this domain between 
the dsRNA binding site and the catalytic center could 
suggest that it may help in maintaining the mutual arrange-
ment of PAZ and RNase domains. 
 To learn more about the role of the Platform domain in 
Dicer from Giardia, we have performed molecular dynamics 
(MD) simulations in implicit solvent of the whole Dicer (WT 
Dicer) and the Dicer with a deleted platform domain (ΔPlf 
Dicer) (Fig. 1). In this work we have compared the confor-
mational flexibility of WT Dicer and ΔPlf Dicer. 
 

 
Fig. 1. Models used for MD simulations. A) Crystal structure of 
wild-type Giardia intestinalis Dicer (PDB code 2FFL), the N-ter-
minal Platform domain (cyan), the PAZ domain (green), the 
connector helix (red), the RNase region comprising RNase IIIa 
(yellow) and RNase IIIb (orange). B) Model of ΔPlf Dicer 
                                 (deleted Platform domain) 
 
 For realistic modeling of biomolecules it is necessary to 
take into account the solvent environment. The most 
accurate theoretical approach uses for MD simulations 
explicit solvent molecules placed around the molecule of 
interest. However, for large biomolecules explicit inclusion 
of the water molecules significantly increases the system 
size and thus the associated computational cost. An 
alternative is to perform simulations in implicit solvent 
model that substantially reduces the system size, and 
improve the conformational sampling due to reduction of 

the solvent viscosity. Many successful applications of the 
implicit solvent methods for study of biomolecules, 
including large scale motion of protein and protein-nucleic 
acids complexes have been reported [5-7]. 
 Popular implicit solvent models approximate the 
solvent as a dielectric continuum. Total potential energy of 
the system is calculated as  

Etot = EMM + ΔGsolv, 

where EMM represents molecular mechanics potential 
energy in vacuum and ΔGsolv represents the solvation free 
energy. Within implicit solvent framework ΔGsolv is esti-
mate as  

ΔGsolv  = ΔGel + ΔGnonpolar . 

The electrostatic contribution to the total solvation free 
energy (ΔGel) can be calculated directly by solving the 
Poisson-Boltzman (PB) equation or approximate by a ge-
neralized Born (GB) theory. The GB method is preferred 
for MD simulations due to its higher computational 
efficiency and similar level of accuracy as PB. 
 Here we have compared the results of MD simulations 
obtained with two implementations of GB method in 
CHARMM: GBMV (Generalized Born using Molecular 
Volume) [8, 9] and GBSW (Generalized Born with simple 
Switching) [10, 11]. The GBMV and GBSW methods dif-
fer in the way of calculation a dielectric boundary. In the 
GBMV method the molecular surface is calculated whereas 
in GBSW the Van der Waals smoothed surface. 
 
 

II.  METHODS 
 
II.1. MD simulations 

 The initial structure for wild-type Dicer was derived 
from the crystal structure (PDB code 2FFL, chain C). 
Missing residues in the crystal structure were completed 
using MODELLER program [12]. A truncated model 
of Dicer (ΔPlf) was obtained by deleting N-terminal 
135-residue Platform domain from wild-type Dicer. 
Simulations were carried out using the CHARMM program 
[13, 14], version 34b2 and Charmm22/CMAP force field 
[15, 16]. Simulations were performed in a continuum 
solvent described by a generalized Born model, based on 
GBMV and GBSW methods as implemented in 
CHARMM. Default GBMV and GBSW parameters were 
used. Force switching was applied to switching off the 
nonbonding and electrostatic solvation contributions to 
zero from 16 to 18 Å. For the GBSW method we used the 
optimized Born radii for proteins [17], and for the GBMV 
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method the Van der Waals radii. Initial structures were 
relaxed by energy minimization with gradual reducing 
harmonic restrains on the backbone heavy atoms. Then the 
protein was subjected to 50 ps of MD and at 100 K and then 
at 200 K. After that the MD simulations was continued at 
300 K. In all cases the Langevin dynamics with the friction 
coefficient 10 ps-1 for all nonhydrogen atoms and the 
leapfrog Verlet integrator algorithm was carried out. We 
used time step of 1.5 fs for GBMV method and 2 fs for 
GBSW method. The bond lengths involving hydrogen atoms 
were constrained by the SHAKE method [18]. 

 
II.2. Analysis of MD trajectories 

PCA analysis 
 The PCA analysis was performed for the entire 
trajectories with the GROMACS package, version 4.0 [19]. 
The results were visualized using the Interactive Essential 
Dynamics (IED) graphical interface [20] within Visual 
Molecular Dynamics (VMD) [21]. The “porcupine” plots 
that visualize the eigenvectors were made using perl script 
within the CCPB software [22]. 

Domain motion analysis 
 The DYNDOM program [23, 24] with default parame-
ters was used to determine dynamic domains, interdomain 
hinge-bending regions and hinge axes. For the DYNDOM 
analysis we used two extreme structures obtained from the 
projection of the trajectory into the first eigenvector. 

III.  RESULTS 
 
III.1. Overall stability 

 We have performed MD simulations of WT Dicer and 
ΔPlf Dicer with GB implicit solvent employing the GBMV 
and GBSW methods (Table 1). As illustrated on Fig. 2, 
in both simulations of WT Dicer (D1 and D2 runs) 
the RNase regions remained stable. For D1 run the RMSD 
for the overall structure, after a rise at 6ns, established at 
4.6 ± 0.2 Å. For the PAZ domain a rise of the RMSD was 
observed at 3 ns. This may imply conformational transition 
within the PAZ domain itself and in the interface between 
the PAZ and RNase region. The RMSD for D2 simulation, 
after reaching equilibrium at 2ns, was relatively stable and 
 

Table 1. Performed simulations and the average RMSD from 
initial structures calculated for Cα atoms. 

RMSD [Å] 

Run Structure Method

Simu- 
lation  
time  
[ns] 

all RNase1 PAZ2 

D1  WT Dicer GBMV 10 3.8 (0.8) 2.4 (0.3) 2.9 (0.8)

D2  WT Dicer GBSW 10 3.7 (0.6) 2.7 (0.3) 3.2 (0.5)

ΔD1 ΔPlf Dicer GBMV 9 7.1 (2.6) 2.7 (0.3) 3.3 (0.7)

ΔD2 ΔPlf Dicer GBSW 10 9.0 (2.7) 2.4 (0.2) 2.6 (0.3)
1 RNase region comprises residues 329-754,  
2 PAZ domain comprises residues 136-250 

 

 
 

Fig. 2. Time-course of the RMSD (Cα atoms) compared to the initial structure for the simulations presented in this work; whole 
molecule (black lines), PAZ domain (green lines) and RNase region (red line) 
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equal to 3.9 ± 0.3 Å. For simulation of ΔPlf Dicer (ΔD1 and 
ΔD2 runs) the RMSD for the overall structure systema-
tically increased, indicating that the sampling did not 
converge and the structure significantly departed from the 
initial conformation. However, the RMSD for the PAZ 
domain and RNase region was stable and similar as in 
simulations of WT Dicer. This observation indicates on the 
large-scale conformational change that involved the relative 
movement of PAZ and RNAse domains. Moreover, the 
RMSD between the average structures from the final 500 ps 
of ΔD1 and ΔD2 runs was 8.7 Å, which shows that different 
conformational space was sampled in these two simulations. 
 
III.2. PCA analysis 

 PCA is a mathematical technique that enables reduction of 
the high dimensional data to the few meaningful dimensions. 
This technique, in the context of MD simulations of biological 
macromolecules, is known as an Essential Dynamics. The 
essential motions, biologically relevant, can be obtained from 
the stable trajectories. In our simulations the essential motions 
can be characterized only for the WT Dicer. 

 
Fig. 3. Graphical representation of the first motion mode. A) WT 
Dicer (simulation D2). B) ΔPlf Dicer (simulation ΔD2). Arrows 
show the directions and magnitudes of first eigenvector of PCA ana-
lysis for the Cα atoms. The molecules are shown in the orientation 
    for which most of the eigenvectors are in the plane of the picture 

 
 In this work we focused on the entire conformational 
space sampled by the WT Dicer and ΔPlf Dicer, thus the 
PCA analysis was performed for the whole trajectories. For 
the runs of WT Dicer the first motion mode described at 
least 45% of total motion whereas for ΔPlf Dicer at least 
81% of the total motion. The first principal component for 
the WT Dicer and ΔPlf Dicer from simulation D2 and ΔD2, 
respectively, is illustrated in Fig. 3. For WT Dicer the first 
PCA component described the twisting motion of the 

RNase IIIa and RNase IIIb around the catalytic region in 
the plane of the picture that is roughly parallel to the 
dsRNA binding plane (Fig. 3). Twisting motion about their 
linker region displayed also the Platform and the PAZ 
domain. The PAZ domain moved in the opposite direction 
than the Platform and the loop responsible for RNA 
binding in RNase IIIa. For ΔPlf Dicer the primary motion 
took place in the plane that is perpendicular to the plane of 
the primary motion of the WT Dicer. 
 
III.3. Domain motion 

 To further explore the motion of the Dicer we per-
formed a domain motion analysis with the DYNDOM  
  

Table 2. Dynamical domains and hinge bending residues deter-
mined by DynDom program for the motion along the first 
                                        eigenvector  
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D1 1*
 
 
 

645 
 

2.57 3-137 
156-156 
160-166 
226-229 
255-752 

 
 
 
 

   

 2 
 
 

105 3.79 138-155 
157-159 
167-225 
230-254 

137-138 
155-157 
159-160 
166-167 
221-230 
254-256 

37.5 2.9 91.2

D2 1* 209 1.9 2-69 
75-139 
143-146 
215-230 
252-281 
297-322 

    

 2 86 1.76 70-74 
140-142 
148-214 
241-251 

 

68-75 
139-140 
142-143 
146-148 
214-215 
230-242 
251-252 

19.8 -0.9 36.6

 3 441 1.4 285-296 
323-751 

 

281-285 
296-297 
322-323 

17.2 2.0 55.5

ΔD1 1*
2 
3 

29 
114 
472 

0.86 
2.99 
2.05 

252-280 
138-251 
281-752 

 
251-254 
280-288 

 
97.7 
67.9 

 
0.2 
7.9 

 
22.8 
83.6

ΔD2 1*
2 

496 
119 

1.85 
1.95 

257-752 
138-256 

 
253 267 

 
115.7 

 
–4.4 

 
66.2

* Domain 1 is the reference conformation; the calculated angle of rotation 
is the angle between the second domain in the reference conformation and 
the second domain in the other conformation. In bold are shown the 
residues that belongs to the PAZ domain 
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Fig. 4. Domain movement along the first eigenvector. A) WT 
Dicer (simulation D2). B) ΔPlf Dicer (simulation ΔD2). Fixed 
domain is shown in blue, the moving domain in red (and yellow 
for D2). The arrows indicate the hinge axis and green those 
                  regions where the hinge bending takes place 

 
program. Both for the WT Dicer and the ΔPlf Dicer the 
DYNDOM identified similar dynamic domains that 
corresponded roughly to the structural domains (Table 2, 
Fig. 4). The moving domain that was detected in all 
simulations corresponded to the PAZ domain. The hinge 
for the movement of PAZ domain was formed in the loop 
251-PDEFDL-256 between the PAZ and the connector 
helix. The PAZ in Dicer without the Platform displayed 
much larger movement than in the WT Dicer, showing 

rotation angle up the 115.7°. In two simulations (D2 and 
ΔD1) the DYNDOM program identified also the second 
moving domain that comprised the RNase region. The 
hinge residues for this movement are positioned between 
the connector helix and the RNase IIIa region. In two 
remaining simulations (D1 and ΔD2) the connector helix 
moved as a one domain together with the RNase region. 
 
III.4. Distances between functionally important regions 

 The distance between the binding site of 3’-dinucleotide 
overhang and the active site in RNase IIIa determines the 
length of Dicer products. To examine how conformational 
changes of the enzyme during MD simulations influence this 
key distance, we have monitored distances between selected 
conserved Cα atoms from the RNase IIIa and PAZ domains 
(Fig. 5).  
 For simulations of the WT Dicer the distances between 
E336 in RNAse IIIa and L242 positioned in the β sheet in 
the central part of the PAZ domain were slightly longer 
than in the initial structure and oscillated within 2Å of its 
average values. The distance from E336 to the F184 
located in the appendage of the PAZ in D1 run increased 
and in D2 run decreased.  
 For simulations of the ΔPlf Dicer an increase of all 
monitored distances was observed due to departure of the 
PAZ domain from its initial position derived from crystal 
structure of the WT Dicer. 

 

Fig. 5. The time course of the distances between the conserved residue from the catalytic region in the RNase IIIa (E336) and two 
selected residues from the RNA binding pocket in the PAZ domain (F184 and L242). Distances between Cα atoms from different 
simulations are shown in colors: D1 – black, D2 – red, ΔD1 – green, ΔD2 – blue. A) The E336 – L242 distance. B) The E336
                                      – F184 distance. C) Representation of the structure and the calculated distances 
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III.5. Performance of GBMV and GBSW methods 

 Efficiency of the GBMV and GBSW methods was 
tested by running short benchmark simulations. The 
simulated system of the WT Dicer (756 residues) contained 
11655 atoms. The simulations were run for 1000 steps with 
time step 1.5 fs for GBMV (1.5 ps) and 2 fs for GBSW 
(2 ps) on 1, 2, 4, 8 and 16 nodes on a computer cluster 
(reef.man.poznan.pl). Execution time to run the same 
length of simulation on one processor was about 2.4 shorter 
with the GBSW method than with the GBMV method. 
Efficiency of parallelization was slightly better for the 
GBSW than for the GBMV method (0.72 and 0.60, for 
8 processors, respectively).  
 
 

IV.  DISCUSSION  AND  CONCLUSIONS 
 
 The role of the Dicer is to process dsRNA into the small 
RNA fragment of defined length in the sequence independent 
manner. The Dicer conformation suitable for cleavage 
requires appropriate positioning the RNA-binding PAZ 
domain in respect to the catalytic regions in RNase domains.  
 We have examined the flexibility of Dicer using PCA to 
analyze the MD trajectories generated in the implicit 
solvent model. In our study we have focused on the role of 
the Platform domain on the conformational space sampled 
by the Giardia Dicer. Our simulations show that the Dicer 
displays flexibility that can be described as a movement of 
two or three domains. These results obtained from the 
trajectories in general confirmed the previous results 
predicted for the whole Dicer by the NMA method that is 
however limited to the harmonic oscillations of the system 
around the energy minimum and is enabled to model 
multiple minima [3]. The analysis of the MD trajectories 
identified the PAZ domain as the main moving domain 
both for the Dicer with and without the Platform. In all 
performed simulations the hinge for the PAZ movement 
was found in the loop between the PAZ and connector 
helix whereas the NMA study suggested the hinge in P266 
residue within the connector helix [3]. However, during the 
MD simulations of the Dicer without the Platform, the PAZ 
domain displayed a substantially larger movement than in 
the simulations of the whole Dicer. Our study shows that 
the Platform in Giardia Dicer clearly helps to maintain the 
spatial arrangement of the PAZ mainly by restricting its 
rotation about the axis passing the hinge region. In the 
simulations of Dicer without the Platform the PAZ domain 
displays rotations that positioned its RNA-binding pocket 
at the site of the protein different than the catalytic region, 
making the Dicer not suitable for the RNA cleavage. Since 
it is not clear if Dicers of higher eukaryotes, including 

dicer-like proteins from Arabidopsis, have a domain similar 
to the Platform in Giardia Dicer, it would be interesting to 
speculate if another domain can play a similar role as the 
Platform in positing the PAZ in the proper way.  
 On the other hand, the conformational flexibility 
displayed in the MD simulations of the whole Giardia 
Dicer is believed to allow the binding and processing of 
variable dsRNA substrates.  
 The results of simulations performed with the GBSW 
and GBMV methods show the same tendency although they 
differ in details that would also be expected within 
independent trajectories obtained with the same method. The 
simulations with the GBSW method were performed faster 
without the apparent compromising the quality of the results. 
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