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The NlpI-Prc System in Escherichia coli (E. coli): 
A New Target for the Development of Antibacterial 
Agents
The important NlpI-Prc system is responsible for maintaining the cellular levels of MepS, a 
process necessary to regulate bacterial growth and viability.

P eptidoglycan (PG) is one component of bacterial 
cell walls that can form a cross-linked and mesh-

like structure to support the shape and strength of 
a cell. To ensure the bacterial growth and viability 
requires that hydrolases cleave the cross-links to 
insert new PG material. In E. coli, three PG hydrolases 
– MepS, MepM and MepH – have been characterized, 
such that any inactive mutant derived from these 
three hydrolases fails to incorporate new PG, causing 
lysis of the cell. Among them, the high cellular levels 
of MepS, a lipoprotein of the outer membrane (OM), 
can be detected during the exponential phase of 
growth, but its cellular levels decrease substantially at 
the stationary phase. The newly identified protease 
complex plays an important role in regulating the 

levels of MepS; this protease complex is composed 
of NlpI, an OM lipoprotein with tetratricopeptide 
repeats (TPR), and Prc, a soluble periplasmic PDZ-pro-
tease.1, 2 The NlpI-Prc system can degrade MepS com-
pletely, which differs from other well studied C-ter-
minal-processing PDZ proteases that merely cut the 
C termini of specific protein substrates. As the crystal 
structure of Prc was unavailable, a molecular mech-
anism for the involvement of the NlpI-Prc system in 
the degradation of MepS was elusive before the work 
of a research team led by Chung-I Chang (Institute of 
Biological Chemistry, Academia Sinica); they solved 
the structure of sNlpI (sNlpI means that the NlpI has a 
soluble form without lipoprotein signal peptides) in a 
complex with Prc using molecular replacement with a 
2.30 -Å data set at beamline TLS 15A1 of NSRRC.3

Fig. 1:  (a)–(c) SDS-PAGE assays to monitor the degradation of sMepS. (d) Overall structure of the sNlpI-Prc complex. (e) & (f) Co-puri-
fied peptides bound to the proteolytic site and the PDZ domain, respectively. [Reproduced from Ref. 3]

(a)

(d)

(b)

(e)

(c)

(f)



Life Science

A
CTIV

ITY
 REPO

RT  2017

054

In this work, biochemical assays were performed 
to investigate the relation between sNlpI, Prc and 
sMepS (sMepS means that the MepS is in a solu-
ble form without lipoprotein signal peptides). The 
results of analytical ultracentrifugation (AUC) and 
size-exclusion chromatography with multiple- an-
gle static light scattering (SEC-MALS) show that the 
purified sNlpI-Prc complex formed a 2:2 tetramer. 
The values of the melting temperature (Tm) revealed 
that the stability of Prc (for Prc alone Tm = 40.1 oC) is 
increased upon sNlpI binding (for NlpI-Prc Tm = 53.6 
oC). Moreover, Figs. 1(a) and 1(b) indicate that the 
degradation activity of the substrate (e.g. sMepS) 
of Prc can be enhanced significantly in the presence 
of sNlpI. Figure 1(c), notably, clearly indicates that 
Prc-DPDZ (implying Prc without the PDZ domain) fails 
to degrade sMepS. Taken together, two conclusions 
can be formed: sNlpI plays a vital role in enhancing 
the proteolytic activity of Prc; the PDZ domain of Prc is 
essential for the degradation of sMepS. 

Figure 1(d) depicts that the sNlpI-Prc complex adopts 
a tetrameric architecture that contains the dimeric 
sNlpI lipoproteins and two Prc enzymes binding to 

each side of the symmetric sNlpI dimer, which is con-
sistent with the AUC and SEC-MALS results. Two short 
peptides are observed, one in the proteolytic site and 
another in the PDZ domain of Prc. In the proteolytic 
site, the unidentified peptide is modeled as poly-Ala 
(Fig. 1(e)); in the PDZ domain, the peptide could be 
modeled as LSRS-COOH, corresponding to the C-ter-
minal four residues of MepS (Fig. 1(f)).

Regarding the sNlpI-Prc complex, the main interac-
tion between the parts is through the four exposed 
acidic residues (D113, E117, D120 and E124), from 
the TPR2b helix of sNlpI, that contribute extensive 
electrostatic interactions with Prc. To investigate the 
role of the four acidic residues in the sMepS degra-
dation, pull-down and SDS-PAGE monitoring sMepS 
degradation assays were performed. The results show 
that both the triple mutant (TM: D113A/E117A/
E124A) and the quadruple mutant (QM: D113A/
E117A/D120A/E124A) produce significantly negative 
effects on the Prc-K477A (inactive mutant) binding 
and the sMepS degradation (Figs. 2(a) and 2(b)). To 
understand the mechanism of the sMepS degrada-
tion, a docking model (NlpI-Prc-MepS) was prepared 

Fig. 2:  (a) Pull-down assay for PrcK477A binding. (b) SDS-PAGE assays to monitor the degradation of sMepS. (c) Magnified view 
showing a putative MepS binding site of NlpI. (d) ITC analysis of sMepS with sNlpI alone and Prc alone. (e) SDS-PAGE assay to 
monitor sNlpI-mediated sMepS degradation by Prc-L340G/L245A. [Reproduced from Ref. 3]
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that indicates that sMepS is bound to only sNlpI, not 
to Prc (Fig. 2(c)). An analysis with anisothermal titra-
tion calorimeter (ITC) demonstrated that only sNlpI 
is involved in sMepS binding (Fig. 2(d)). A structural 
comparison with CtpB (a PDZ-containing protease) 
indicates that the two conserved hinge residues – 
L245 and L340 – in Prc might participate in sensing 
the PDZ ligand. To validate this hypothesis, two sin-
gle mutants (Prc-L245A and Prc-L340A/G) and one 
double mutant (Prc-L340G/L245A) were generated, 
followed by sMepS degradation assays. These results 
show clearly that all mutants have an impaired activ-
ity to degrade sMepS, especially the double mutant 
that was almost completely inactive (Fig. 2(e)).

In summary, these findings not only elucidate the 
vital role of two lipoproteins – NlpI and MepS – in 
regulating a cell-wall enzyme (Prc) but also provide a 
new strategy to design specific antibacterial agents 
to inhibit the proteolytic activity of Prc. (Reported by 

Chun-Hsiang Huang)

This report features the work of Chung-I Chang and 
his co-workers published in Nat. Commun. 8, 1516 
(2017).
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RNase R: A Proficient Enzyme Involved in the  
Decay of RNA
According to the structural and biochemical basis of RNase R, this proficient enzyme is capa-
ble of binding, unwinding and degrading structured RNA simultaneously during RNA decay. 

B elonging to the RNase II family of ribonucleas-
es, RNase R is involved in the decay of RNA in 

all kingdoms of life. Previous work indicated that 
this family possesses a conserved catalytic domain 
(referred to as the RNB domain) with 3’-to-5’ exori-
bonuclease activity to cleave RNA. Six RNase II family 
proteins, including RNase R and RNase II (from Esch-
erichia coli), Rrp44 and DSS1 (from yeast), and Dis3L 
and Dis3L1 (which are RNase R homologues from 
human beings), have been characterized to partici-
pate in the degradation of RNA. Some human diseas-
es, such as multiple myeloma and Perlman syndrome, 
result from malfunctions of Dis3L and Dis3L1, indicat-
ing that ribonucleases in the RNase II family play vital 
roles in RNA metabolism.1 

The roles of RNase R and RNase II in RNA decay have 
been well studied in E. coli. RNase II cleaves only lin-
ear RNA, but RNase R is capable of degrading struc-
tured RNA with repetitive sequences. RNase R can 
degrade duplex RNA with 3’-overhang independent-
ly, revealing that RNase R is a bifunctional enzyme for 

RNA unwinding and degrading simultaneously.2

About the domain organization, in general, the 
RNase II family of ribonucleases consists of a RNB exo-
ribonuclease domain, two cold-shock domains (CSD1 
and CSD2) and a S1 domain. RNase R has two extra 
domains – a helix-turn-helix (HTH) domain and a K/R-
rich domain, at the N- and C-terminal regions, respec-
tively. According to previous reports on RNase R, the 
RNB domain is responsible for RNA unwinding and 
degradation; the remaining auxiliary domains are as-
sociated with RNA binding. Two crystal structures of 
Rrp44 and Dis3l2 in a complex with its single-strand-
ed RNA (referred to as ssRNA) have been solved. The 
crystal structure of ssRNA-bound Rrp44 shows that 
the ssRNA is located between the CSD1 and RNB 
domains (referred to as the side channel) for further 
RNA degradation; a distinct binding mode for RNA 
decay can be observed in that of Dis3l2, the ssRNA is 
bound between the CSD1 and S1 domains (referred 
to as the top channel). It is still elusive how duplex 
RNA with a 3’-overhang is bound and becomes un-


