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should facilitate the development of approvable drugs 

(teicoplanin in mixtures is one reason that it is not ap-

proved by the USA FDA).

Having added new chemical functionality with the 

modified Tei analogues, the authors sought to examine 

whether they had similarly expanded new biological 

functionality; accordingly, the authors determined the 

minimum inhibition concentrations of several com-

pounds against collections of major types (VanABC) of 

VRE. The 2N,6O-diacyl analogues (11, 18, 19, 20) showed 

significantly enhanced bactericidal activities against all 

nine tested strains (both sensitive and resistant strains) 

when compared with mono N-acyl-substituted Tei, 

vancomycin and teicoplanin. On investigating the bac-

tericidal variations among these diacyl analogues, the 

authors found that straight-chain octanoyl analogue 11 

slightly outperformed phenylpropionyl analogue 18, 

which, however, is compensated on increasing the chain 

length (analogues 19 and 20). VanC VRE is more sensitive 

to analogue 19, wherein the fluorine substituent at the 

para position of the phenyl ring might exert some elec-

tronic influence; both straight-chain analogue 11 and 

phenylhexanoyl analogue 20 are more effective against 

VanA VRE.

The development of new antibiotics with enhanced 

or broadened antimicrobial efficacy remains a press-

ing and challenging goal. Elucidation of the key long-

aliphatic N-acyltransferase complexes in the biosynthesis 

of the clinically important antibiotic teicoplanin/A40926 

not only resolved the difficult problems but also expand-

ed the ordinary task of the enzyme. The authors expect 

that the broad-substrate acyl-transfer, diacyl- transfer 

and acyl-substitution reactions identified will offer a 

valuable way to make more effective and synthetically 

challenging biochemicals to meet strong synthetic and 

medicinal demands.
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The Ras signaling cascade has long been considered an 

attractive therapeutic target for colorectal cancer (CRC). 

Among the modules in this signaling pathway, p38γ 
and its specific phosphatase PTPN3 are known to be the 

key regulator responsible for Ras-mediated oncogenic 

activity. Recent attention has been drawn to the PDZ-

mediated PTPN3-p38γ complex, which is known to be 

a novel target for Ras-dependent malignancies, but the 

dynamic nature of the phosphatase-kinase interactions 
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have so far resisted efforts by structural biologists to 

explore the detailed molecular insight of drug targets 

in this important group. In 2014, a research team led by 

Andrew H.-J. Wang and Tzu-Ching Meng from Academia 

Sinica determined this complex with a hybrid method 

combining X-ray crystallography, small-angle X-ray scat-

tering (SAXS) and chemical cross-linking coupled with 

mass spectrometry (CX-MS). The structure demonstrated 

the formation of an active-state complex and the unique 
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regulatory role of the 

PDZ domain of PTPN3.

Mitgoen-activated 

protein kinases (MAPK) 

are composed of four 

isoforms—p38α, p38β, 

p38γ  and p38δ. p38γ 

differs from other p38 

MAPK by the presence of 

a C-terminal ETPL motif,1 

which binds to the PDZ 

domain in interacting 

proteins.  Previous work 

has shown that p38γ 

and its specific phos-

phatase PTPN3 (PTPH1) 

cooperate through the 

PDZ domain to promote 

Ras transformation in hu-

man cancers.2 To investigate the molecular basis of the 

interaction between PTPN3 and p38γ, the research team 

used advanced X-ray techniques in the TLS, including 

protein crystallography beamline BL15A1 and small and 

wide-angle X-ray scattering beamline BL23A1. 

In this work, the crystal structure of the PTPN3 PTP 

catalytic domain in a complex with dually phosphory-

lated peptide p38γ that mimics the TxY motif of the 

activation loop (Fig. 1(a)) was determined at 2.5-Å reso-

lution. The structure revealed a monomer in the asym-

metric unit with p38γ phosphopeptide clearly visible in 

the complex structure (Fig. 1(b)). According to Figs. 1(c) 

and 1(d), the unique feature in this complex structure 

is the salt bridge interaction between the phosphate 

oxygen of P-2(pThr183 of p38γ) and nitrogen atoms of 

the guanidine group of Arg751 in the E-loop of PTPN3. In 

comparison with the structure of HePTP in a complex 

with a phosphorylated Erk2 peptide, such a salt bridge 

does not exist. Together with kinetic and mutagenesis 

data, this work indicates that PTPN3 prefers to recognize 

dually phosphorylated (pThr183-Gly-pTyr185) rather than 

mono-phosphorylated (Thr-Gly-pTyr185) p38γ as a sub-

strate. 

To extend these findings, the research team applied 

SAXS to investigate whether PTPN3 and p38γ protein-

protein complex in solution can support an active-state 

binding mode. As shown in Fig. 2(a), the pair distance-

distribution plot indicated that the complex had a glob-

ular shape in solution, with Dmax = 91 Å and Rg = 28.5 Å. 

The structure ab initio of the complex, calculated with 

DAMMIN, also revealed a compact shape similar to the 

active-state envelope of PTP-MPAK complexes published 

previously3 (Fig. 2(b)). Using the FoXS calculation, the re-

search team found that the active site pocket of PTPN3 

was in close proximity to the activation loop of protein 

p38γ (Fig. 2(c)). The agreement between solution and 

crystal structure indicates that the active-state complex 

is the dominant form when PTPN3 recognizes p38γ.

Next, the research team applied the CX-MS ap-

Fig. 1:  Crystal structure of PTPN3 PTP domain D811A/C842S mutant in a complex with dually phosphorylated 
peptide p38γ. (a) Schematic showing the constructs of PTPN3 and p38γ. (b) Representation of the complex 
structure (PDB ID: 4QUM). (c) Active site of the complex structure highlights the interaction between Arg751 
and pThr183 (P-2). (d) Active site of HePTP in the complex with the Erk2 mimetic peptide (PDB ID: 3D44). The 
electron density shown corresponds to a simulated-annealing OIMT Fo-Fc map contoured at 3σ. (Modified 
from Ref. 4)
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proach to map the PDZ domain arrangement in the 

active-state complex. As shown in Fig. 3(a), three lysine 

residues (Lys520, Lys526 and Lys532) of the PDZ domain of 

PTPN3 were cross-linked with either Lys352 or Lys363 lo-

cated on the C-terminal ETPL motif of dually phosphory-

lated p38γ protein.

In the absence of p38γ, the PDZ and PTP domains 

of PTPN3 form a unique intramolecular cross-linking that 

was not detected in the active-state complex. Accord-

ing to the distance restraint of the BS3 cross-linker, the 

PDZ and PTP domains are believed to form a compact 

conformation in the absence of p38γ (Figs. 3(b) and 3(c)). 

Together, the findings from this work indicate two new 

directions for a rational drug design to target human 

cancers, especially CRC, in which PTPN3 is highly ex-

pressed and expected to promote Ras oncogenic signal-

ing through dephosphorylation of p38γ.

Fig. 2:  SAXS data and model of the PTPN3-p38γ complex ab initio (a) 
Pair distance-distribution plots derived from the experimental 
scattering data using GNOM. (b) Probable shape of the complex 
obtained with an averaging and filtering process from program 
DAMAVER. (c) Envelope ab initio overlaid with the optimized 
models of the complex calculated from FoXS. (Modified from Ref. 4)
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Fig. 3:  CX-MS based assembly of the PTPN3 - p38γ complex. (a) Complex 
model with the PDZ domain attached near the N-lobe of p38γ. (b) 
Model structure of PTPN3 to show the close proximity of the PDZ 
and PTP domains. (c) Enlarged view showing the cross-linking pair. 
(Modified from Ref. 4)
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