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L ife Science is always a field of the greatest con-
cern in human society because of its important 

applications in medicine, pharmaceuticals, biotech-
nology, agriculture, paleontology, evolution, living 
environment and the fundamentals of life. Synchro-
tron radiation provides highly intense light from the 
infrared region to hard X-rays, so having a broad 
range of energy to study organic compounds, cells, 
proteins, nucleic acids, biological small molecules 
and biomaterials. The following research highlights 
are selected from the outcomes of life science and 
biological macromolecules conducted by our user 
communities in year 2017. Six reports include the 
discovery of preserved collagen in Jurassic dinosaurs 
by Yao-Chang Lee, irreversible topoisomerase- II-me-
diated DNA breaks by Nei-Li Chan, parity-dependent 
slippage of DNA hairpins by Ming-Hon Hou, signaling 
and response proteins by Yi-Sheng Cheng, the de-
velopment of a new antibacterial agent by Chung-I 
Chang, and the involvement of RNase R in RNA decay 
by Hanna S. Yuan. 

Taiwan Photon Source (TPS) has opened new possibil-
ities for broad applications and cutting-edge research 
in life science and structural biology by means of 
imaging, diffraction, scattering and spectra. We shall 
foresee many more fruitful results from our prospec-
tive domestic and international users who benefit 
from all the biologically related beamlines at TPS and 
TLS. (by Chun-Jung Chen)

Life  
Science 
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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]
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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).

TLS 15A1   Biopharmaceuticals Protein  
       Crystallography

•  MR, SAD, MAD, SIR, MIR, SIRAS, MIRAS
•  Protein Crystallography
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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-
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wound by RNase R. To elucidate 
how RNase R degrades duplex 
RNA, a research team led by Han-
na S. Yuan (Institute of Molecular 
Biology, Academia Sinica) solved 
the crystal structure of RNase 
R in a truncated form (RNase R 
DHTH-K -- only this construct can 
yield crystals) using a molecular 
replacement method with a 1.85 
-Å data set at beamline TLS 13C1 
of NSRRC.3

Based on the overall structure, 
RNase R DHTH-K has a unique 
feature in that it possesses two 
open channels – a top channel 
between the S1 and CSD1 
domains and a side channel 
between RNB and CSD1 do-
mains (Fig. 1(a)); this structure 
differs from other reported 
crystal structures, such as 
Rrp44-ssRNA and Dis3l2-ssR-
NA. Comparison with related 
structures, including Dis3l2, 
Rrp44 and RNase II, indicates 
that the tri-helix region in the 
RNB domain (shown in pink in 
Fig. 1(b)) might be involved 
in RNA unwinding. To test this 
hypothesis, the authors con-
structed two wedge mutants 
– a tri-helix mutant (RNase R 
D3H) and a single-helix re-
placement mutant (RNase R 
1H); subsequent analysis of 
circular dichroism and thermal 
melting assays demonstrated 
that the two wedge mutants 
have overall protein folding 
similar to that of the wild 
type for further RNase activ-
ity assays. Figures 1(c) and 
1(d) show clearly that the 
two wedge mutants can still 
degrade the ssRNA without a 
secondary structure, but they 
could not unwind completely 
and degrade the structured 
RNA because of a partial loss 
of their RNA-unwinding activ-
ity. Regarding the RNA binding 
activity, this group performed 
binding-affinity assays to the full-
length RNase R, RNase R DHTH-K, 

RNase R D3H and RNase R 1H. 
Comparison of their dissociation 
parameters (Kd) indicated that 
the two wedge mutants do not 
significantly affect the RNA-bind-
ing ability of RNase R. 

On combining the structural in-
formation and bioassay data, the 
authors provided two possible 
models to elucidate the mecha-
nism of RNA unwinding and deg-
radation. On comparison of the 
two models, two similarities were 
observed: the unwinding process 

of the duplex region of RNA occurs 
at the tri-helix wedge region of 
the RNB domain; the degrading of 
unwound the 3’-overhang of RNA 
is conducted at the active site. 
Which channel is for the duplex 
region of RNA binding and which 
channel is for the 5’ non-scissile 
stand exiting are, however, still 
unclear (Figs. 2(a) and 2(b)). To 
answer this question, the co-crys-
tallization of RNase R with struc-
tured RNA continues. (Reported by 
Chun-Hsiang Huang)

Fig. 1:  (a) The crystal structure of RNase RΔHTH-K shows two open channels and a Mg2+-
bound active site. RNB domain (sky blue), S1 domain (green), CSD1 domain (orange 
yellow), CSD2 domain (yellow) and Mg2+ (green sphere). (b) A tri-helix wedge region 
in the RNB domain (pink). (c) & (d) RNase activity assay. [Reproduced from Ref. 3]
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This report features the work of Hanna S. Yuan and 
co-workers published in Nucleic Acid Res. 45, 12015 
(2017).

TLS 13C1  SW60 – Protein Crystallography
•  MR, SIR, MIR
•  Protein Crystallography
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Fig. 2:   (a) & (b) Two possible working models for RNA binding, 
unwinding and degradation for RNase R. [Reproduced 
from Ref. 3]

Preserved Collagen in an Early Jurassic  
Sauropodomorph Dinosaur
Protein preservation in a terrestrial vertebrate is revealed inside the Haversian canals of a rib 
of a 195-million-year-old Lufengosaurus. This study was selected as one of the Discover’s 100 
top stories of 2017.

T he opportunity to reveal a genomic connection 
between extinct ancient animals and extant 

animals is strongly dependent on the DNA species 
in the fossil; fossilized organic remains are therefore 
crucial sources of possible genomic information to 
relate biological and evolutionary information.1 The 
half-life of DNA after an animal death is predicted to 
be ~521 years, based on the statistics of bone fossil 
from moa; it is quite rare to extract the DNA mole-
cules from a multimillion-year-old fossil. Yao-Chang 
Lee (NSRRC) and Robert Reisz (University of Toronto) 
together with their co-workers reported SR-FTIR 
spectral evidence of protein preservation in a terres-
trial vertebrate found inside the Haversian canals of a 
rib of a 195-million-year-old Lufengosaurus, in which 
the blood vessels and nerves would normally have 
been present in a living organism.2 The FTIR spectra 
acquired on utilizing synchrotron radiation-based 

Fourier-transform infrared (SR-FTIR) measurements in 
situ revealed the characteristic IR absorption bands of 
amides A and B, amides I, II and III of collagen. Using 
a confocal Raman microscope, aggregated hematite 
particles (α-Fe2O3) of diameter about 6–8 mm were 
also identified inside the Haversian canals, in which 
the collagen and protein remains were preserved. 
These authors proposed that iron(II) ions likely had 
an antioxidant role in the preservation of the proteins 
before the formation of the micrometre-sized hema-
tite particle, and might be remnants partially contrib-
uted from hemoglobin and other iron-rich proteins 
from the original blood.

Rib fossils of an adult Lufengosaurus were collected 
and studied (specimens housed in the ChuXiong 
Prefectural Museum, catalogue CXPM Z4644). Rare 
or no evidence of soft tissue preservation exists for 

(a)

(b)
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transversely sectioned fossil samples after 
a few trials of SR-FTIR measurement. The 
authors set up a longitudinal sectioning 
process coupled with washing with DI 
water for most procedures; alcohol was 
utilized in the last stage of washing sec-
tioned rib samples. Some transparent flat 
fragments and infilling material mixed 
with dark-red aggregated microme-
tre-sized hematite particles were found 
along and inside the osteonal central 
Haversian canals, as indicated in Figs. 
1(b)–1(h).  Preserved organic remains in-
side the Haversian canals, transparent flat 
preserved protein fragments, were identi-
fied using SR-FTIR spectra in situ; dark-red 
aggregated hematite particles in both 
Haversian canals and osteocyte housing, 
the so-called lacunae, were also clearly 
observed on using SR-TXM as shown in 
Figs. 1(i)–1(m). The SR-TXM tomographic 
image of the dark-red particles showed 
an aggregate-lamellar structure inside 
the Haversian canals, and an amorphous 
structure when found within the lacunae.

They utilized SR-FTIR spectra in situ to 
measure the preserved infilling material 
and transparent flat fragment on the 
surface of the longitudinal sectioned rib. 
SR-FTIR spectral lines of the preserved 
infilling material within the central vascu-
lar canals were observed at 3279, 3052, 
1649, 1637, 1545, 1292 and 1260 cm-1 
as shown in Fig. 2, which were consis-
tent with the characteristic IR absorption 
lines of collagen type I and elastin of an 
extant animal, and assigned to amide A 
band, amide B band, amide I band, triple 
helix of collagen type I, amide II band 
and amide III band attributed to the C–N 
stretching vibration and the N–H defor-
mation absorption of collagen and elas-
tin, respectively. 

Figure 2 reveals that SR-FTIR spectra of 
the transparent flat protein fragments on 
the bone surface were similar to those 

Fig. 1: Rib fragment (CXPM Z4644) of Lufengosaurus. (a) & (b) Transversely 
sectioned rib; dark-red circles are the central Haversian canals in the 
osteons. (c) Longitudinal section of the rib showing a distribution 
of infilled Haversian canals. (d)–(h) Close-up of preserved collagen 
infilling materials within the Haversian canals of the rib; flat transpar-
ent preserved protein fragments that were washed out from the cut 
canals are indicated with red arrows. (f) & (h) are dark-field images of 
(e) & (g), respectively. (i) SR-TXM image of hematite within the Haver-
sian canal, indicated with red squares. (j) Microcrystals of hematite in-
side the Haversian canal. (k) SR-TXM images of hematite-aggregated 
particles at varied angles of view. (l) Lacuna within a bone matrix and 
(m) SR-TXM images of lacunae at varied angles of view. [Reproduced 
from Ref. 2]

of the preserved collagen infilling material inside the Haversian canals, with weak amide III bands at 1292 and 
1260 cm-1. These infrared absorption lines of protein material were also matched as characteristic IR absorption 
bands with extant collagen type I extracted from the skin of a modern calf. Transparent flat preserved protein 
fragments were found inside the Haversian canals and near, around and along the canals, adhering to the bone 
surface as indicated in Figs. 1(d)–1(h). The SR-FTIR spectra also exhibit that the protein remains within the rib 
were mixed with carbonated apatite of the bone matrix, as shown in Fig. 2.
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SR-FTIR spectra in situ were employed to provide undeniable and clear 
spectral evidence to exclude contamination attributed to the bacteria 
biofilm and epoxy resin used as embedding material herein. There has 
been no or rare observation of the IR lines characteristic of absorption of 
bacteria, hydroxyl group (–OH) and glycosidic bonds (–C–O–C–) of poly-
saccharides in the ranges 3700–3100 cm-1 and 1200–900 cm-1, normally 
attributed to the absorption of the cell wall of bacteria 25 as in the extant 
bacterial biofilm of Saccharomyces cerevisiae. 

Herein end stations at TLS 14A1 for SR-FTIR microspectra in situ and at 
TLS 01B for confocal-Raman spectra and SR-TXM were utilized non-de-
structively to identify the protein or collagen remains and the aggregated 
hematite microcrystals as compositional constituents of fossils. The result 
of investigation proved the oldest known organic remains, collagen type 
I and protein, inside a dinosaur fossil and more than 100 million years 

The photo of the research team – (left to right)
Cheng-Cheng Chiang (NSRRC), Rong-Seng 
Chang (National Central University), Yao-
Chang Lee (NSRRC), Robert R. Reise (University 
of Toronto), was taken in Dinosaur Mountain, 
Yunnan Province, China.

older than that of previous inves-
tigations without chemical treat-
ment to prevent chemical con-
tamination. Finally, the research 
team made a breakthrough for 
the duration of preservation of 
collagen type I or other organic 
remains across geologic time 
scales greater than previously 
considered possible. (Reported by 
Chun-Jung Chen)

This report features the work of 
Yao-Chang Lee, Robert Reisz, and 
their co-workers published in Nat. 
Commun. 8, 14220 (2017).

TLS 01B   SWLS – X-ray  
    Microscope

TLS 14A1 BM – IR Microscope
•  Fourier-transform Infrared Spec-

tra, Confocal-Raman Spectra, 
Transmission X-ray Microscope 

•  Dinosaurs, Collagen, Fossil, Life 
Science
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FIN219-FIP1: Two Vital Proteins Involved in Cross-
talk Between FR Light Signaling and JA Response
A FIP1-mediated FIN219 conformational change increases the rate of biosynthesis of JA-Ile 
that is an important JA derivative for plant-defense response.

In Arabidopsis thaliana, far-red (FR) insensitive 219 
(FIN219) belongs to family Gretchen Hagen 3 (GH3) 

of amido synthetases and serves as a positive regula-
tor in phytochrome A (phyA)-mediated FR signaling. 
FIN219, also called as jasmonic acid or jasmonate re-
sistant 1 (JAR1; AtGH3.11), catalyzes conjugation be-
tween JA and amino acids, such as isoleucine (JA-Ile) 
and leucine (JA-Leu), in JA signaling for a response 
to plant defence. How FIN219/JAR1 couples FR 
light and JA signaling is still elusive. Preceding work 
showed that FIN219-interacting protein 1 (FIP1), a 
member of the GST tau family, interacts with FIN219 
for further control of the FR light signaling,1 whereas 
some other experiments (e.g. knockdown and knock-
out of FIP1, and microarray assays) indicate that FIP1 
is strongly associated with JA signaling. Taken to-
gether, FIN219 and FIP1 are considered to be two key 
components to connect the FR light signaling and the 
JA response.1,2 The structure of complex FIN219-JA-Ile 
that has been solved indicates that FIN219 belongs 

Fig. 1:  (a) Overall structure of the FIN219-FIP1 complex. (b) The active site of FIN219 was occluded by its two helices, α20 and α21, 
of the C-terminal domain. (c) Adenylation activity assay of FIN219-FIP1, FIN219 and two mutants, JAR1-3 (E334K) and JAR1-1 
(S101F). (d) & (e) Kinetic assays of adenylation of FIN219 or the FIN219-FIP1, respectively. [Reproduced from Ref. 3]

to an adenylate-forming enzyme and consists of an 
N-terminal domain containing an active site, a flexible 
hinge linker tuning the dynamic C-terminal domain 
for substrate binding. How FIN219 interacts with FIP1, 
and how FIN219-FIP1 is involved in the JA response 

(a)

(c)

(b)

(d)

(e)
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are still unclear. To investigate the binding mode be-
tween FIN219 and FIP1, and the catalytic mechanism, 
a research team led by Yi-Sheng Cheng (Department 
of Life Science, National Taiwan University) deter-
mined the structures of complex FIN219-FIP1 with 
various ligands – JA, ATP, Ile, Leu, Val, Met and Mg – 
at resolution 1.54–2.25 Å. The structure of FIP1 alone 
with native form was solved at resolution 1.65 Å. All 
diffraction data sets were collected at beamline TLS 
13C1 of NSRRC.3

According to Fig. 1(a), the binding mode depicts 
clearly that the FIP1 dimer contacts the rotatable 
C-terminal domain (T437-F575) of FIN219. To distin-
guish the FIP1-bound FIN219 fold from the AMP- and 
ATP-bound FIN219 fold (closed and open forms), the 
authors named it the complex form. Figure 1(b) rep-
resents that a change in the orientation of the FIN219 
C-terminal domain was observed upon FIP1 binding, 
which gives rise to the active site of FIN219 becoming 
blocked by two helices, α20 and α21, of the FIN219 
C-terminal domain. After that, the re-orientated α20 
structurally pushed the bound ATP into the interior of 
the active site for a more effective adenylation reac-
tion. To understand whether FIP1 binding enhances 

the FIN219 adenylation 
activity, a kinetic assay 
was performed; the result 
confirms that FIN219-FIP1 
has greater adenylation 
activity than FIN219 
alone (Fig. 1(c)). The 
conformational change 
of FIP1-mediated FIN219 
hence accelerates the rate 
of JA-Ile biosynthesis. The 
binding and catalytic as-
says demonstrate also that 
FIN219-FIP1 has a greater 
activity than FIN219 alone 
(Figs. 1(d) and 1(e)). On 
the basis of these data, the 
unique FIN219-FIP1 bind-
ing mode is critical for the 
improvement of the syn-
thetase activity of FIN219.

Based on the structural 
information and the bio-
chemical results, a working 
model was proposed to 
elucidate the FR light-cou-
pled JA response (Fig. 2). 
Briefly, the proposed mod-
el shows that FIP1 (shown 
in green) is up-regulated 

under phyA-mediated FR light signaling followed by 
binding to FIN219 for higher JA-Ile catalytic activity 
via C-terminal domain switching. In summary, the 
unique binding between FIN219 and FIP1 provides an 
alternative path to enhance the JA signaling efficient-
ly under a continuous FR light condition. (Reported 
by Chun-Hsiang Huang)

This report features the work of Yi-Sheng Cheng and 
his co-workers published in PNAS 114, E1815 (2017).
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Fig. 2:  Possible working model of how FIN219-FIP1 increases JA signaling under the FR 
light condition. [Reproduced from Ref. 3]
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Producing Irreversible Topoisomerase-II-Mediated 
DNA Breaks 
A coordination bond formed between a transition-metal ion and a reactive side chain in a 
protein might exhibit a conditional liability and alter the spatial arrangement of ligands, pro-
spectively employing metal coordination chemistry in drug development.

I mbalances in enzyme activity are etiological factors 
for numerous diseases, including inflammation, 

metabolic disorders, cardiovascular irregularities and 
cancers. The modulation of an enzyme function with 
bioactive small molecules is hence a commonly em-
ployed therapeutic strategy; many successful drugs 
are enzyme inhibitors or poisons. Most drugs bind 
their targets via non-covalent forces, rendering the 
interactions reversible in nature. In contrast, irre-
versible inhibition has been achieved mainly via the 
formation of a covalent bond between an inhibitor 
and its target. Despite the superior potency in vitro 
displayed by these so-called covalent inhibitors, their 
broader clinical applications are generally limited by 
pronounced adverse effects due to off-target reac-
tivity and potential immunogenicity arising from the 
resulting protein-inhibitor adducts. Knowing that the 
stability of coordination complexes is determined in 
part by the number and geometric distribution of 
metal-coordinating ligands, Nei-Li Chan and Tsai-Kun 
Li of National Taiwan University, Tun-Cheng Chien of 
National Taiwan Normal University and their co- 
workers envisaged that the coordination bond 
formed between a transition-metal ion incorporat-
ed in an organic scaffold and a reactive side-chain 
functional group(s) in a target protein might exhibit 
a conditional liability. Perturbing the conformation-
al state of the target protein might alter the spatial 
arrangement of ligands, leading to a rupture of the 
coordination linkage. 

In previous work, structural analyses 
revealed drug intercalation between 
the base pairs flanking the DNA cleav-
age site, which effectively stabilizes 
Top2cc by blocking religation of the 
cleaved DNA ends.1 The specificity dis-
played by these drugs towards the site 
of Top2-induced DNA cleavage can be 
rationalized by their interactions with 
the surrounding protein residues. The 
presence of a methionine residue(s) in 
the drug-binding pocket in two hu-
man Top2 isoforms hTop2α and hTop2β 
indicates that site-specific incorporation 

of a Pt2+ reactive center into a drug might enable 
the formation of a Pt2+-thioether bond with the me-
thionine side chain and boost the drug’s efficacy by 
strengthening its interaction with human Top2cc. 
The Top2-targeting anticancer drug etoposide is an 
ideal candidate to test this concept because of the 
well comprehended relation between structure and 
activity regarding its three constituting moieties. 
The tetracyclic aglycone core composed of rings A–D 
mediates DNA intercalation and the appended E-ring 
provides specific interactions with protein residues 
located on the DNA minor groove side; both moieties 
are required for optimal drug action and are sensitive 
to modifications.2 Conversely, the pocket that houses 
the glycosidic group on the DNA major groove side 
not only is spacious enough to accommodate struc-
turally distinct chemical groups but also harbors a 
potentially Pt2+-reactive methionine residue(s). Re-
placing the glycosidic moiety with a Pt2+-containing 
group might thus allow the formation of a Pt2+-thio-
ether bond between the drug and hTop2 isoforms. A 
diammine linker has already been used to introduce 
Pt2+ into podophyllotoxin. The modeling analysis by 
the authors indicated that adjusting the length of the 
reported linker could place the Pt2+ within a favorable 
distance to conjugate to a nearby methionine and 
to confer a potent Top2-poisoning activity on the 
resulting compounds. They proposed to name these 
compounds etoplatins, representing Pt2+-conjugated 
etoposide derivatives (Fig. 1).

Fig. 1: Polycyclic aglycone rings A–D and pendant ring E of etoposide are labeled. 
A cis-dichlorodiammineplatinum(II) moiety was introduced via an amide 
linkage to the C4 position of the aglycone core in α and β configurations 
about ring E to produce etoplatin-N2α and N2β, respectively. [Reproduced 
from Ref.3]
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roplatinum(II) moiety in the general vicinity of the 
methionine residue(s) located in helix α4 of the Top2 
winged-helix domain. For etoplatin-N2β, one chlo-
ride ion is replaced by the methionyl Sδ of M782 in 
hTop2α (M766 in hTop2β) with electron density clear-
ly connecting Sδ and Pt2+, indicating that a coordinate 
bond with a refined bond length 2.3 Å has been 
formed (Fig. 2). Because of the structural constraints 
imposed by the alternative stereochemistry at the 
C4 chiral center, the dichloroplatinum(II) moiety of 
etoplatin-N2α is directed nearer the +1/+4 base pair, 
which places the Pt2+ more distant (~4.3 Å) from the 
methionyl Sδ (Fig. 2). No coordinate bond formation 
was observed and both Pt2+-ligating chloride ions are 
retained in etoplatin-N2α. Together, the results ob-
tained from crystallographic and modeling analyses 
provide convincing evidence that etoplatin-N2β acts 
as a potent and irreversible poison of human Top2 
isoforms through its capability of forming a coordi-
nate bond.

In summary, the authors performed a structure-based 
development of an etoposide derivative containing 
a dichloroplatinum(II) moiety to show that highly 
efficient enzyme-targeting is achievable on employ-
ing Pt2+ coordination chemistry.3 Their work demon-
strates a potential benefit of employing metal coordi-
nation chemistry in drug development. (Reported by 
Chun-Jung Chen)

This report features the work of Nei-Li Chan, Tsai-Kun 
Li and their co-workers published in Nucleic Acids Res. 
45, 10861 (2017).

To examine the effects of etoplatins on the catalytic 
functions of Top2, the authors first compared the 
potency of these platinum organometallic com-
pounds in blocking the relaxation of Top2-mediated 
DNA with that of etoposide. Although etoplatin-N2α 
and etoposide displayed similar inhibitory activities, 
a concentration of etoplatin-N2β one twenty-fifth 
that of etoposide sufficed to produce a comparable 
effect, indicating that etoplatin-N2β is significantly 
more effective in inhibiting the relaxation activity of 
both hTop2α and hTop2β. Given that etoplatin-N2β 
is produced on replacing the glycosidic moiety of 
etoposide with a thioether-directed reactive center 
containing Pt2+, and that both human Top2 isoforms 
exhibited increased sensitivity towards etoplatin-N2β, 
they reasoned that the Pt2+ center of etoplatin-N2β 
most likely forms a coordinate bond with the side-
chain thioether moiety of Met766 in hTop2α and the 
spatially equivalent Met782 in hTop2β. This specula-
tion that a Pt2+-thioether coordinate bond is formed 
between etoplatin-N2β and Top2 predicted an 
enhanced stability of 
the resulting cleavage 
complex, presumably 
less reversible and thus 
more resistant to EDTA 
treatment. Whereas 
the DNA breaks in-
duced by etoposide 
are readily reversible 
on pre-treating the 
cleavage complex with 
EDTA, as indicated by 
the disappearance 
of the smeared DNA 
fragments and res-
toration of the full-
length linear substrate 
DNA, the breakage 
resulting from eto-
platin-N2β-mediated 
hTop2 poisoning can-
not be resealed.

To confirm the proposed mechanisms of the action 
of etoplatins, this team performed X-ray crystallo-
graphic analysis on the etoplatin-stabilized cleavage 
complexes of hTop2β using beamlines TLS 13B1 
and TLS 15A1.3 Similar to etoposide, both etoplatins 
trap Top2cc on targeting the enzyme-mediated DNA 
breaks, with the aglycone core intercalating between 
the base pairs flanking the cleavage site and ring E 
protruding towards the DNA minor groove to interact 
with the surrounding residues (Fig. 2). As expected, 
the diammine linker extends towards the side with 
the DNA major groove and places the reactive dichlo-

Fig. 2: Detailed view of the etoplatin binding site. Both etoplatin-N2β and -N2α bind to the DNA 
cleavage sites in the hTop2βcc crystal structure as etoposide, but only etoplatin 
-N2β forms an irreversible Pt2+-thioether coordinate bond. [Reproduced from Ref. 3]

(a)

(b)
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Parity-Dependent Slippage of DNA Hairpins for a 
Disease-Associated Repeat Expansion 
The structure of the repeat hairpin provides a clue to understand the initial expansion of re-
petitive DNA sequences associated with neurological diseases.

R epetitive DNA sequences play a vital 
role in the maintenance of normal 

function and pathology. The expansion of 
DNA repeats, even in non-coding regions 
of the genome, might disrupt cellular rep-
lication, repair and recombination and 
ultimately lead to altered gene expression. 
DNA repeat expansions of many types are 
associated with neurological diseases that 
wreak devastating consequences.1,2 To com-
plicate matters further, pathological DNA 
expansions might occur spontaneously, so 
there is a great interest in understanding 
their mechanism. 

It is generally acknowledged that hairpin 
loops (Fig. 1(a)) are critical for the expan-
sion of repetitive DNA sequences, but the 
relation between the hairpin structure and 
the initiation of expansion remains unclear. 
A collaborative team led by Ming-Hon Hou 
(National Chung Hsing University) and I-Ren 
Lee (National Taiwan Normal University) 
combined X-ray crystallography with vari-
ous biophysical methods to provide clues to 
this initiation.3 They studied the behavior of 
a pentanucleotide TGGAA repeat hairpin, 
which is associated with a spinocerebel-
lar ataxia type 31; using single-molecule 
fluorescence resonance-energy transfer 
(smFRET), they found that the hairpin was 
able to interconvert dynamically (slip) be-

Fig. 1: Structural characterization of d(TGGAA)n using single-molecule FRET. 
(a) Illustrations of the single-molecule assay used in this experiment. 
(b) EFRET histograms of d(TGGAA)3–6 (colored) and the assay used as a 
caliper of the end-to-end alignment (cartoon at bottom). (c) EFRET histo-
gram of d(TGGAA)6,8 under various salt conditions. The fractions of  EFRET 
> 0.8 increase with increasing concentrations of Mg2+. (d) EFRET histo-
grams of d(TGGAA)n, with n = 6, 8 and 10. [Reproduced from Ref. 1]

(a)

(c)

(b)

(d)
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tween an end-to-end and an overhang configuration. 
Odd-numbered repeats favoured the end-to-end 
configuration, whereas even-numbered repeats 
favoured the overhang configuration (Fig. 1(b)). 
The overhang configuration was also more prone to 
melt, which might provide a protective effect against 
repeat expansion. Longer repeats allowed formation 
of end-to-end configurations even when the parity 
was unfavorable; the process could be modulated by 
the presence of divalent ions (Figs. 1(c) and 1(d)), 
but the physical rationale behind these observations 
remained elusive.

Elucidation of the physical basis would have been 
impractical without the structural work conducted 
at beamlines TLS 15A1 and TLS 13B1. Hou’s group 
solved the crystal structure of d(GTGGAATGGAAC) 
with the MAD method using a brominated oligo-
nucleotide G [br5U] GGAATGGAAC.3 The oligonu-
cleotide formed a self-complementary antiparallel 
duplex that serves as a perfect representation of the 
stem-loop region within the TGGAA repeat hairpin. 
The duplex contained a tandem repeated motif in 
which two unpaired central guanine bases from each 
strand of the duplex, flanked by two sheared G·A mis-
matches, are intercalated and stacked on top of each 
other (Fig. 2(a)). The vertical stagger and stacking of 
these two unpaired guanines between the sheared 
G·A pairs in the two [GGA]2 motifs causes the two 
pentanucleotide segments of the decamer duplex to 
kink toward the minor groove at the central A5pT6 
step (Fig. 2(b)). This sharp kink might act as a hot 

spot to destabilize the duplex and to enable forma-
tion of alternative DNA structures at room tempera-
ture. Hou and his co-workers also observed that two 
Co(II) ions are bis-coordinated to O6 of two consecu-
tive unpaired guanines with an incomplete hydration 
shell, which further stabilizes the stacking between 
the two unpaired guanines (Fig. 2(c)). The authors 
stipulated that the stabilization energy from the 
stem region counteracted the destabilization effect 
of the loop region in longer even-numbered TGGAA 
repeats, thus allowing the transition to an end-to-end 
configuration even when the number parity was not 
favourable.

As the TGGAA motif includes many structural features 
observed in other tri-, tetra-, and pentanucleotide re-
peats, the information obtained from this work might 
be applicable to other DNA repeats, particularly those 
associated with neurological disorders. In addition, 
the dependence of the slippage phenomenon on the 
divalent ion might provide a way to manipulate the 
process and to extend its applicability to the devel-
opment and nanotechnology of DNA-based sensors. 
(Reported by Chun-Jung Chen)

This report features the work of Ming-Hon Hou, I-Ren 
Lee, and their collaborators published in PNAS 114, 
9535 (2017).
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Fig. 2: (a) Structure of the dG(TGGAA)2C duplex. (b) Side view of the dG(TG-
GAA)2C crystal structure in ribbon form. Close-up view of the molecular 
structure of dG(TGGAA)2C at the (c) G1 to A6 (left) and G13 to A18 
(right) terminal base-pair steps.  [Reproduced from Ref. 1]
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