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The PrkC is a serine/threonine kinase, from Hanks super 
family [1]. The activity of the enzyme increases consider-
ably after phosphorylation of four threonine residues, lo-
cated on the activation loop (T162, T163, T165, T167) and 
one serine in the 214 position, located in the C-terminal 
lobe of PrkC [2].
The purpose of this work was to investigate the structural 
changes imposed by the phosphorylation and ATP bind-
ing of the PrkC intracellular domain (PrkCc) using mo-
lecular dynamics (MD) simulations. Four models were 
built, two unphosphorylated: PrkCc, PrkCc-ATP and two 
phosphorylated: pPrkCc, pPrkCc-ATP and subjected to 
5ns long MD simulations.
Sequence alignment of the PrkC shows surprisingly high 
similarities in the catalytic domain, and in the activation 
loop, with the PknB kinase from Mycobacterium tubercu-
losis [3]. Analysis of the ATP binding pocket (see Fig. 1) 
within phosphorylated and unphosphorylated complex-
es revealed that phosphorylation did not affect nucleotide 
contact residues, which are highly conserved. The overall 
flexibility of the activation loop, calculated by the RMSd, 
as well as visualized, suggests that the ATP binds after 
phosphorylation of the activation loop, and does not bind 
to the unphosphorylated kinase, since we find the PrkCc-
ATP complex to be unstable.

Residues closer than 4.0 Å from ATP (orange) are present-
ed as sticks (black) and the PrkCc interface as a cartoon 
representation.
The structural parts, characteristic for the activity of the 
enzyme, were studied: DFG-motif, HRD-motif and αC 
helix. It was shown that the presence of ATP is respon-
sible for most changes of their spatial arrangement. DFG-
in conformation was seen only when the nucleotide was 
placed in the binding pocket. At the same time the pres-
ence of strong salt-bridge stabilized the position of the αC 
helix. The overall position of the HRD triad remains un-
changed for most of the models (besides PrkCc-ATP) and 
indicates the active state of the enzyme.
Studies on the conformation of the phosphorylated resi-
dues provided some ideas about their role. The phos-
phorylation loop, by interaction with the positively 
charged arginine cluster, found in the αC helix, stabilizes 
the position of the catalytically important residue E59. 
The conformational diversity of the activation segment 
increases in the presence of ATP or after phosphoryla-
tion. We speculate that the phosphorylated threonine 
residues do not induce critical conformational changes 
of the kinase, such as opening/closing conformations of 
the protein. Their role probably correlates with substrate 
recognition or dimerization, likewise the phosphorylated 
serine residue (pS214).
Based on our study, we find the phosphorylated catalytic 
domain of PrkC, complexed with ATP (pPrkCc-ATP), as 
fully active in the closed conformation. The mechanism of 
the activation of PrkC is still unknown, but we hope this 
research brings us a little closer to its understanding.
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Figure 1. ATP binding pocket.
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Co-crystallization studies of human CK2α ― the catalytic 
subunit of human protein kinase CK2 ― with small mol-
ecule ligands [1, 2] have revealed the enzyme’s tendency 
to bind some of these ligands in a “remote cavity” located 
in a region normally used to form an interface to the non-
catalytic subunit CK2β. In the future this remarkable be-
haviour of human CK2α may open a way to disturb the 
CK2α/CK2β interaction by small molecules and even to 
design drugs of a new type [3].
In an attempt to further explore this feature of human 
CK2α we performed co-crystallization experiments with 
a number of potential ligands, among them three deriva-
tives of the well-known CK2-inhibitors tetrabromo-ben-
zotriazole (TBBt) [4] and tetrabromo-benzimidazole 
(TBBi) [5]. These three derivatives were substituted by 
hydroxypropyl and show higher inhibitory activity than 
their parent compounds by testing human CK2α [6].
In the complex structures, however, the TBBt and TBBi 
derivatives do not occupy the “remote cavity”. Rather 
they bind to the canonical ATP-cleft. In this context one of 
the inhibitors shows a conspicuous and unexpected fea-
ture (Fig. 1): it is the first known substance that replaces 
some water molecules described as highly conserved 
before [7]. Thus, this molecule exploits the enzyme’s hy-
drogen bonding potential quite efficiently and is a good 
candidate for further drug design efforts.
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Figure 1.  The active site of CK2. 
The positions of three conserved water molecules (PDB ID: 1lp4) 
are occupied by MB 003, a derivative of TBBt, if it is in complex 
with CK2α. MB 003 is covered with 2Fo–Fc  electron density (con-
tour level 1.0 σ).
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