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This work showed the structural details of the complex and combined with 
results from SAXS to provide a mechanism to mimic ParB spreading in 
the chromosome partition system. This significant work not only provides 
structural evidence how ParB spreads along the chromosomal DNA by parS 
binding in the bacterial chromosome partitioning system but also renews our 
knowledge about how ParB bridges DNA to condense the chromosome dur-
ing the chromosome segregation. (Reported by Chun-Jung Chen)

This report features the work of Yuh-Ju Sun, Bo-Wei Chen and their co-workers 
published in Proc. Natl. Acad. Sci. USA 112, 6613 (2015).

Fig. 3: The C-terminal dimerization (in white spheres), the DNA-binding (in green 
rectangles) and the flexible N-terminal domains (in green spheres) of ParB are shown. 
ParB binds chromosomal DNA at specific parS sites (in red) or non-specific sites 
(in gray). Multiple ParB molecules spread along the chromosomal DNA through 
the N-terminal domain by adjacent interactions (boxed in magenta) and transverse 
interactions (boxed in orange). [Reproduced from Ref. 7]
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Complicated Designs of Dinosaur Teeth: 
Functions and Protective Mechanisms

Fig. 1: Microanatomy of ziphodont teeth with (a, b, c, e) and without (d and f ) deep folds. (a) Drawing of a skull of 
a carnivorous dinosaur. (b) Sagittal thin sections through distal (left) and mesial (right) carinae. (c and e) Denticles 
of ziphodont teeth of an indeterminate phytosaur (c) and Carcharodontosaurus saharicus (e), under SEM (left) and in 
thin section (right). (d) Structure of a carina, lacking denticles, on a tooth of Smilodon sp. (f ) Denticles of Hadrosaurid. 
Abbreviations: dej, dentine-enamel junction; e, enamel; if, interdental fold; is, interdental sulcus; pd, primary dentine. 
[Reproduced from Ref. 1]

From the evolutionary point of view, the rela-
tionship between dietary habits and tooth mor-
phology was thought to be strongly correlated. 
The dinosaur fossil teeth could be a suitable tissue 
fossil for investigation of mechanical functions 
and evolutionary progresses of dinosaur teeth, and 
it could provide novel information on the feeding 
habits, possible habitats and living environments 
of dinosaurs.

Two papers based wholly and partly on experi-
mental and simulation results from the NSRRC 
reported on the evolution, function and self-
protection of dinosaur teeth based on the analysis 
of the native components and nanostructures of 
the teeth of dinosaurs using scanning electron 
microscopy (SEM), synchrotron-based Fourier 
transform infrared spectroscopy,1 and synchro-
tron-based transmission X-ray microscopy2 at the 
BL14A1 and BL01B1 beamlines.

The drawing of a skull and sections of a tooth 
shown in Figs. 1(a) and 1(b) belong to a typical 
archosaur. When magnified manyfold, one can 
see that the tooth features serrated edges (also 
called ziphodonty) along different carinae (keel-
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Fig. 2: The SAXS model of full-length 
HpSpo0J is shown as a dimer. The N-terminal 
and DNA-binding domain of the two 
HpSpo0J molecules are colored separately 
in green and magenta. Their C-terminal 
domains are shown as a dimer and colored in 
grey. [Reproduced from Ref. 7]
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shaped ridges on a tooth) for it to catch and tear preys. The interdental folds 
appear in the dentine at the bottom of the individual interdental sulcus as 
shown in Fig. 1(b).

According to a previous histological inspection of ziphodonty, the inner 
end of an interdental fold was misinterpreted as a void and being coined an 
“ampulla” due to its bulbous shape. It was hypothesized that ampullae might 
play a crucial role in reducing the possibility of damage to the denticles, 
projections that form the serrated edge on a tooth, by releasing stresses on 
them during feeding. Deep interdental folds were considered to be a crucial 
characteristic of ziphodont teeth of theropods which doesn’t appear in other 
taxa (Figs.1(c) to 1(f )).

Interestingly, the deep folds are present also in the unerupted teeth of
Gorgosaurus and Allosaurus (Figs. 2(a) and 2(d)). Comparison of the deep 
folds in the erupted teeth with those of the unerupted teeth shows that the 
shape of folds between them is similar, but no clear layer of sclerotic dentine 
was observed in the latter (Figs. 2(b) and 2(c)).

Models of tooth functionality and wear have suggested that ziphodont thero-
pod teeth were efficient in “puncture and pull” feeding, thereby introducing 
tension on the distal carina and compression on the mesial carina, necessitat-
ing a hollow “ampulla” only on the distal carina to prevent catastrophic break-
age of the tooth. However, interdental folds are present on both the mesial 
and distal carinae of erupted and unerupted teeth in all theropods examined, 
and the development of these structures began before the tooth had erupted 
into the oral cavity. Moreover, the “ampulla” is not a hollow structure that 
might function as a “kerf and drill”, but is globular mantle dentine deposited 
at each interdental fold. The authors therefore rejected the hypothesis that 
these structures were epigenetically formed with use of the tooth to counter 
tensional forces and stop tooth breakage. Instead, they proposed that the 
development of the deep folding increased the depth of the denticles within 
the tooth, likely strengthening each denticle, creating a tooth microanatomy 
unique to theropods.

Thirteen types of 
dinosaurs (eight for 
saurischian dinosaurs 
and five for ornithis-
chian dinosaurs) were 
investigated to differen-
tiate their interior tooth 
microstructures among 
selected dinosaurs. 
The major difference 
between the two 
groups is the mantle 
dentine (MD) with 
interglobular porous 
spaces (IGS), which 
appear in all sauris-
chian dinosaurs, but 
not in ornithischian 
dinosaurs (Fig. 3). The 
authors considered the 
hypocalcified tissue 

of the MD, being softer than the enamel and the dentine, likely to enhance 
the overall tooth elasticity, even though the precise function of the MD is 
still elusive. Because of its softer property, the MD might serve as a shock 
absorber for dissipating stress on teeth and preventing tooth cracks in the 
enamel from extending to the dentine. In addition, the IGS, which is a sub-
zone within the MD, might provide stress shielding for the tooth to secure 
its longevity, owing to IGS’s unique structure.

To test further the hypothesis, the authors investigated the mechanical func-
tions of the MD and IGS structures inside a typical long and sharp sauris-
chian tooth using finite-element analysis. The simulation results strongly 
supported the hypothesis and showed that the randomly distributed IGS 
structures could redistribute stress on the enamel, preventing the intense 
stress from propagating to the weaker bulk dentine and causing tooth 
fracture (Fig. 4). The soft MD with IGS structures thus functioned as a pro-
tective buffer, which was capable of shielding the tooth from the destructive 
lateral forces.

Fig. 2: Microanatomy of unerupted and erupted teeth. (a) Denticles of an unerupted 
tooth of cf. Gorgosaurus sp. with deep folds. (b) A sagittal thin section of an interdental 
fold with sclerotic dentine in an erupted Carcharodontosaurus saharicus tooth. (c) A thin 
section of an interdental fold without sclerotic dentine in an unerupted cf. Gorgosaurus 
sp. tooth. (d) Denticles of an unerupted tooth of Allosaurus fragilis with deep folds. 
Abbreviations: gd, globular dentine; if, interdental fold; is, interdental sulcus; pd, primary 
dentine; sd, sclerotic dentine. [Reproduced from Ref. 1]
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Fig. 3: Internal tooth microstructures of various dinosaur genera within a comparative phylogenetic framework. (a) Extant Caiman Crocodilus. 
(b) Phytosaur. (c) Yunnanosaurus. (d) Diplodocus. (e) Dilophosaurus. (f ) Spinosaurus. (g) Carcharodontosaurus. (h) Dromaeosaurus. (i) Tarbosaurus. (j) 
Tyrannosaurus. (k) Edmontosaurus. (l) Shantungosaurus. (m) Saurolophus. (n) Pachycephalosaurus, and (o) Triceratops. Asterisks indicate enamel cracks. 
Black and white arrows point to the enamel tufts (ET) and the periodic features of a long enamel spindle (LES), respectively. Abbreviations: IGS, 
interglobular porous space structure; ES, enamel spindle. Mantle dentine and dentine are colored translucent green and yellow, respectively. The 
enamel is uncolored. [Reproduced from Ref. 2]
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From the evolutionary point of view, the MD-IGS 
structures might be much more suitable for long 
and sharp saurischian hunting teeth because these 
structures function like a damper, which means 
that they could protect the teeth from breakage 
while the latter are tearing at large preys. (Reported 
by Kai-Dee Lee and Chun-Hsiang Huang)

This report features the works of Yao-Chang Lee, 
Robert R. Reisz, and their co-workers published 
in Sci. Rep. 5, 12338 (2015), and of Chun-Chieh 
Wang , Robert R. Reisz, and their co-workers 
published in Sci. Rep. 5, 15202 (2015).
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Fig. 1: Overall structure of the YopO-actin complex. (a)  Two views of the structure (front and top). YopO consists of a GDI domain (shown in red) and a kinase domain (blue). 
Catalytic residue D267 is displayed as magenta spheres. (b) Surface representation. Based on the topology, the two binding sites and one active site are clearly located in separate places 
on YopO. [Reproduced from Ref. 1]

How Do Pathogenic Bacteria Disable the 
Host Immune System in Phagocytosis?

host cell membranes and to subvert the phago-
cytic cells. YopO, one such effector, can interfere 
with actin cytoskeleton to inactivate phagocytosis. 

To unmask the important molecular mechanisms 
behind this phenomenon, Robert C. Robinson 
and his co-workers solved the structure of the 
complex of Y. enterocolitica YopO with actin using 
BL13B1.1 The crystal structure of YopO-actin 
showed that the actin molecule is sandwiched 
between the GDI and kinase domains of YopO 
(Fig. 1(a)). The Rac1 and actin binding sites 
on the GDI domain and the active site on the 
kinase domain are found in three separate areas, 
indicating that these interactions might occur 
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Fig. 4: Two-dimensional multi-tissue mechanical simulations of a long and sharp saurischian tooth. (a) Lingual view. (a’) 
Mesial or distal view. (a’’) Mesh structure of the tooth model generated by the finite-element analysis software. Black, blue 
and red arrows show the directions of the applied external forces. (b-d) A force acts on the apex of a saurischian tooth, 
which consists of various dental compositions near the dentine-enamel junction (DEJ). (b’-d’) A net force acts normally 
on the whole enamel surface of a saurischian tooth, which includes various dental compositions near the DEJ. (b”-d”) A 
force acts on the lingual or labial surface of a saurischian tooth, which consists of various dental compositions near the DEJ. 
Abbreviations: E, enamel; BD, bulk dentine; MD, mantle dentine. [Reproduced from Ref. 2]
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Phagocytosis, performed by an organism’s im-
mune system, is a crucial mechanism to remove 
pathogens and cell debris. This mechanism 
is triggered by actin polymerization, which is 
orchestrated by various actin-regulating proteins 
such as CapG, gelsolin, diaphanous, WASP, WIP 
and VASP. Disrupting the expression or function 
of these proteins impairs phagocytosis in macro-
phages, as supported by previous studies. In the 
fourteenth century, a highly contagious pathogen, 

Y. pestis, caused the outbreak and spread of the 
bubonic plague, resulting in about 30–60 % death 
of the European population.

For a pathogen to survive in a host organism, 
halting the process of actin assembly is a common 
and useful strategy. In this regard, the pathogenic 
Yersinia species attacks a host immune system 
through the type-III secretion systems to inject 
bacterial effector proteins across the bacterial and 


