
Life Science

A
CTIV

ITY
 REPO

RT  2019

048

Unliganded Form of Prc: A Deep Glimpse into the 
Activation of C-Terminal Peptidases
The regulatory role of the PDZ domain is different in various CTPs. This research focused 
largely on the structure of the unliganded form of Prc, an Escherichia coli periplasmic prote-
ase that belongs to the CTP family. The results provide a structural view into the PDZ-depen-
dent activation and the contrasting roles of the PDZ domain in the regulation of CTPs.

P roteolysis regulated by members of the carboxyl(C)-terminal processing peptidase (CTP) family is a vital 
process conserved from bacteria to plants. It is involved in protein homeostasis, cell morphogenesis and 

the virulence of bacteria. The major feature of the CTP family is a combination of a serine protease domain with 
an embedded PDZ domain that facilitates binding to the C-termini of substrate proteins. The PDZ domain is a 
common structural domain that plays myriad roles in signaling proteins across diverse species. The proteases Prc 
(or Tsp) and CtpB belong to the large family of CTPs that employ their PDZ domains in different mechanisms to 
regulate their activity,1 but the structural and functional roles of the regulatory PDZ domain in CTPs are elusive.

The E. coli periplasmic protease Prc has a significant impact on the cell envelope. The NlpI-Prc system regulates 
the growth of peptidoglycan sacculus by altering the cellular levels of murein DD-endopeptidase MepS.2 Prc 
consists of a monomeric bowl-like body and a lid-like PDZ domain separated with a substrate-sensing hinge. 
Research has shown that the deletion of the PDZ domain strongly impairs the proteolytic activity, but the precise 

Fig. 1: Overall structure of the unliganded form of Prc. (a) Orthogonal views of S452I/L252Y mutant. (b) Comparison of the liganded 
form of Prc (bound substrates omitted) (PDB ID: 5WQL). (c)–(d) Interaction of the PDZ domain with NHD and CHD (c) and with 
the proteolytic platform (d). (e) Interaction of the PDZ domain with the protease domain in the resting CtpB. The extended 
N- and C-terminal helical domains (NHD and CHD, respectively) are colored yellow and wheat; the PDZ domain is colored cyan. 
The platform-like protease domain is indicated and colored green. The vault element, consisting of helix h9 and strand b2, and 
the hinge coil (indicated with an asterisk) undergoing remodeling during ligand-dependent activation are shown in magenta 
(Prc) or red (CtpB). [Reproduced from Ref. 3]
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molecular mechanism of Prc remained incomplete 
because a crystal structure of Prc has been deter-
mined in only the liganded activated state. To fill this 
gap, a research group led by Chung-I Chang (Aca-
demia Sinica) solved a series of crystal structures of 
Prc in the unliganded resting state. The structures 
provide the mechanism of PDZ-dependent Prc acti-
vation and explain distinct contributions of PDZ do-
mains in different CTPs to their function. 

To stabilize the unliganded resting conformation of 
Prc, the team introduced several mutations in the 
proteolytic active site or PDZ peptide-binding pock-
et. A set of Mutations that might prevent the direct 
binding of a substrate were subjected to test with 
degradation assay, viability assays, analytical ultracen-
trifugation (AUC) analysis and thermal shift assays. 
For structural studies, S452I/L252Y mutant (S452 
is one catalytic residue) was ultimately crystallized 
alone or in a complex with NlpI (PDB ID: 6IQR, 6IQQ). 
X-ray diffraction images of the S452I/L252Y mutant 
were collected at TLS 15A1; images of S452I/L252Y 
mutant bound to NlpI were collected at TPS 05A.3 
The phase was determined with molecular replace-
ment using the activated structure as a search mod-
el.4 The structures revealed unique features of the 
intramolecular interaction of the PDZ domain in Prc. 
The PDZ domain does not occupy the proteolytic site 
but is instead located inside the bowl-shaped scaffold 
(Figs. 1(a) and 1(b)). The surface residues of the PDZ 
domain interact mainly with the residues of extended 
N-terminal and C-terminal helical domains (NHD and 
CHD, respectively). Only a few residues form specif-
ic side-chain interactions with the scaffold, such as 
K327-D619, R299-D209 and R194-D294, leading to 
a more flexible PDZ domain (Fig. 1(c)). Distinct from 
dimeric CtpB in which the PDZ residues block the pro-
teolytic site, a lack of interaction of the PDZ domain 
with the protease domain in the unliganded structure 
of Prc contributes to the non-inhibitory activity of the 
PDZ domain (Figs. 1(d) and 1(e)). As a result, the PDZ 
domain is attached to the protease domain via a con-
formation distinct from those of other CTP, including 
CtpB.

Chang’s group identified several intriguing structural 
differences between unliganded and liganded states 
of Prc. The key for peptide sensing is the conforma-
tional change of a double hinge that directly links 
the PDZ domain to the bowl (Figs. 1(a) and 1(b)). 
The hinge regions switch from coils to short β-strands 
upon substrate binding. The important residues 
Leu245 and Leu340 make van der Waals interaction 
with the peptide substrate and helix h9 in the ligan-
ded activated state. In contrast, in the unliganded 
resting state, these residues adopt a solvent-exposed 

Fig. 2: Structural comparison of Prc in different states. (a) Struc-
tural comparison of the resting and activated Prc, the 
remodeling of the two hinge coils (red) into a pair of 
β-strands during activation; the arrows indicate the direc-
tions of movement of helix h9 and the protease platform. 
(b) Stereo view of catalytic residues K477 and S452 in the 
resting and activated states, shown as sticks green and 
wheat, respectively. (c) Structural comparison of Prc-S452I/
L252Y (the unliganded state), Prc-ΔPDZ (PDZ domain-trun-
cated form) and Prc-L245A/340G (mutation in the sub-
state-sensing hinge form). [Reproduced from Ref. 3]

conformation. In addition, the catalytic residues S452 
and K477A are more separate from each other in 
the unliganded resting state than in the liganded 
activated state. As mentioned above, the different 
residue positions in the two states are called a de-
fault misaligned conformation (Figs. 2(a) and 2(b)). 
Moreover, helix h9 is swung outward from the active 
site; the proteolytic platform is displaced downward 
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with the disrupted active site in the unliganded rest-
ing state. This structural difference elucidates the 
interplay between the PDZ domain and the protease 
domain of Prc (Fig. 2(a)).

To assess the structural role of the PDZ domain 
and the hydrophobic sensor residues, the group 
performed X-ray crystallographic analysis also on 
Prc with PDZ domain deletion or mutations in the 
substrate-sensing hinge using TPS 05A and Photon 
Factory beamline BL-1A (PDB ID: 6IQU, 6IQS).3 The 
bowl-shaped scaffolds in the two structures are su-
perimposable with that in the unliganded structure; 
the proteolytic residues of the active site are also in 
the default misaligned conformation (Fig. 2(c)). The 
results confirm that Prc is maintained in the unligand-
ed resting conformation without the PDZ domain and 
sensor residues.

The group noted helix h9 in Prc. As in the related 
CTPs, helix h9 docks onto two elements of the pro-
teolytic platform to enclose the substrate polypep-
tide. In contrast with the liganded form of Prc, the 
large vaulted space above the platform is correlated 
with the outward rotation of helix h9 in the unligand-
ed form (Figs. 1(a) and 1(b)). Furthermore, the struc-
ture of Prc-S452I/L252Y mutant in the NlpI-bound 

Fig. 3: Illustration of different mechanisms of PDZ-prote-
ases regulation in Prc and CtpB. (a) In Prc, the PDZ 
deletion results in an inactive protease (left). The 
unliganded PDZ domain (octagon) docks inside the 
bowl-like scaffold structure and does not interact with 
the proteolytic active site (middle). The hydrophobic 
sensor (Leu340; indicated with a Y-shaped symbol) 
engages the bound substrate and triggers structural 
remodeling to align the active site residues (right). (b) 
In dimeric CtpB, the deletion of the PDZ domain yields a 
constitutively active protease (left). In the resting state, 
the docked PDZ domain disrupts the proteolytic active 
site (triangles) (middle). Substrate binding induces the 
repositioning of the PDZ domain. The polar sensor 
(Arg168) from the PDZ domain stabilizes the active 
conformation (right). [Reproduced from Ref. 3]

complex shows a partially disordered helix h9 and 
the hinge regions. To investigate the flexibility of 
helix h9 in the resting state, limited proteolysis with 
V8 protease, which has been shown to cleave Prc at 
the peptide bond between Asn211 and Thr212 of 
helix h9, was conducted. The result revealed that the 
liganded form is resistant to proteolysis; the unligan-
ded form yields two fragments. These results confirm 
that helix h9 displays a high degree of flexibility. In 
consequence, the pulley-like helix h9 undergoes a 
disorder-to-order transition and its own remodeling, 
which might cause reorientation of the PDZ domain, 
concomitant with substrate translocation.

This work provides important insight into how sub-
strate binding to the PDZ domain might regulate the 
proteolytic activity of Prc. As noted, the structures of 
the unliganded form of Prc reveal the stimulatory role 
of the PDZ domain. During activation, hydrophobic 
substrate sensors engage substrate binding to the 
PDZ domain and trigger the inward movement of 
helix h9 as well as extensive remodeling of the func-
tional proteolytic platform. There are several notable 
differences between the unliganded form of CtpB 
and Prc (Figs. 3(a) and 3(b)). The PDZ domain in Prc 
does not interact with helix h9 and the proteolytic 
active site; the open gate framed by the helix in CtpB 
is smaller than that in Prc (Figs. 1(d) and 1(e)). Under 
these conditions Prc might be more capable of ac-
commodating and processing more substrates than 
CtpB. These differences indicate the contrasting roles 
of the PDZ domain in the regulation of the proteolyt-
ic activity of CTPs. (Reported by Chuang-Kai Chueh, 
National Taiwan University)

This report features the work of Chung-I Chang and his 
co-workers published in mBio 10, e01129 (2019).
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