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Supported by the Science Fund for Creative Re-
search Groups of National Natural Science Foun-
dation of China, the research group “Research on 
Some Frontier Problems in Analysis” led by Prof. 
Zhou Xiangyu and Prof. Wang Yuefei from the Insti-
tute of Mathematics, Academy of Mathematics and 
Systems Science, Chinese Academy of Sciences 
has carried out systematic and in-depth research 
and made outstanding progress in the research, 
team construction, talents-training and academic 
exchanges. The group proposed new ideas and 
methods for problems about analysis on manifolds, 
and obtained results with highly academic value. 
Especially the group answered number of ques-
tions in the area of analysis such as the topological 
characterization of geometrical finite rational maps 
posed by the Fields Medalist McMullen, Gromov-
Kanai-Katok conjecture on ideal boundary smooth 
rigidity of negatively curved manifold and rank-1 
lattice smooth rigidity conjecture, made important 
progress on prescribed curvature problem on high-
er dimensional spheres, an rigidity question con-

cerning group of automorphisms and so on. During 
the research, three members of the group were re-
ceived the National Science Fund for Distinguished 
Young Scholars. About 120 papers were published 
on domestic and international journals. The re-
search group is possessed with a galaxy of talent, 
in which there are two fellows of the Chinese Acad-
emy of Sciences, ten professors, eight grantees of 
the National Science Fund for Distinguished Young 
Scholars, three winners of Shiing-Shen Chern M 
athematics Award, and a number of young talents. 

Supported by the National Natural Science Foun-
dation of China ( Major Program and General Pro-
gram ) , the research group headed by Prof. Shen 
Changyu from Zhengzhou University investigated 
the evolution of the micro-structure upon the com-
plex thermo-mechanical fields, polymer processing, 
and the mechanical properties of the polymers. 
Some results were obtained. New model for shear-
induced crystallization was proposed. With the aid 
of experiment and simulation, crystalline behaviors, 
the morphological and structural development, in-
duced by shear stress during injection and stretch-
ing during extrusion, of semi-crystalline polymer 
were elaborated. The relationship between the 
micro-structure and the mechanical properties was 
also revealed.

Recently, aimed at national strategic needs of high-
speed railway, the project for the development of 
lamp-chimney used in experimental train with a 
high speed of 500Km/h was successfully completed 
by the group. On the base of the theoretical study, 
some problems concerning the influence of stress-
induced orientation on the light focus, anisotropic 
properties and high-speed impact behaviors were 
preliminarily solved. The molding process for the 
injection molded PC train light having a length of 
2.5 m was emphatically and numerically simulated. 
Especially, in the presence of sequential valve–hot 
runner, the melt filling, packing, cooling, warpage 
were numerically simulated. In order to get higher 
impact performance, PC plates with different thick-
ness (i.e., 8mm and 10 mm) were impacted for the 

Research Development on Frontier Problems in Analysis

Progress in Molding Process of Polymer Materials
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There are many similarities in high energy density 
plasma in both fields of astrophysics and plasma 
physics. To investigate high energy density plasma 
with the scale of astrophysical objects in the labo-
ratory, it is one major method to use modern laser 
experimental device in current laboratory astro-
physical researches. With the continued support of 
the National Natural Science Foundation of China 
(NSFC) and the Chinese Academy of Sciences 
(CAS), the research group led by Prof. Zhang Jie 
(Institute of Physics of CAS) and Prof. Gang Zhao 
(National Astronomical Observatories of CAS) has 
made significant breakthroughs in modeling astro-
physical magnetic reconnection phenomenon in the 
laboratory.

Magnetic reconnection (MR) refers to the breaking 
and reconnecting of oppositely directed magnetic 
field lines in a plasma, and it is a process of energy 
conversion in plasma physics.  The model of MR is 
widely applied in astrophysics including investiga-
tions on solar flares, star formation, the coupling of 
solar wind with earth’s magnetosphere, accretion 
disks, and Gamma-ray bursts. The MR process 
also arouses wide interests in laboratory plasma 
physics, while its topology can be constructed by 
different energy drives in the laboratory, such as 
Z-Pinch and tokomak. There are many pieces of 
indirect observational evidence for MR models in 
celestial plasma, especially in solar plasma, and 
the loop-top x-ray source in solar flare is one of the 
most famous. But so far, the explanation of loop-
top hard X-ray source is only qualitative and phe-
nomenological and lack of detailed and quantitative 
theoretical calculations, which is directly due to 

limitations of astronomical observations. Because 
of relatively low strength of magnetic fields, the 
plasma produced with traditional magnetic recon-
nection devices cannot be compared with the MR 
phenomenon in astrophysical objects. It is a break-
through to use spontaneous magnetic field of laser 
plasma to construct a MR topology in the laboratory 
where the scaling law is quite easily achieved. A 
mega-gauss (MG) magnetic field can be generated 
in hot, high-density plasmas (only few hundred mi-
crons) by irradiating a solid target with high-power 
laser beams. During the laser pulse the magnetic 
field is quasi-steady and approximately “frozen” in 
the plasma expanding laterally (ReB>>1) .

Based on this quasi-steady state of the magnetic 
field, the research groups led by Prof. Zhang Jie 
and Prof. Gang Zhao cooperated to reconstruct the 
topology of MR in the laboratory using Shenguang 
II laser facilities of the National Laboratory on High 
Power Lasers and Physics. They observed the sim-
ilar results of loop-top x-ray source in solar flares. 
By applying the scaling law of magnetohydrody-
namics, they found that the physical parameters of 
the two systems are strikingly similar. The work has 
been published on Nature Physics, and the referee 
comments as “If the physical processes observed 
in the laboratory are physically the same as those 
observed on the Sun, and if the authors can meas-
ure the physical quantities in the laboratory experi-
ment very accurately, those experimental results 
are great discovery and will open important new 
field of laboratory astrophysics.” The work is also 
highlighted by Nature China and invokes interests 
from domestic and foreign counterparts.

Modeling Loop-Top X-Ray Source and Reconnection Outflows in 
Solar Flares in the Laboratory

first time by a 1kg aluminium bullet at a speed of 
650 km/h and the failure behaviors were experi-

mentally analyzed.
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Supported by the Science Fund for Innovative 
Research Groups of the National Natural Science 
Foundation of China and Major Research Plan of 
"Detection and interaction of single quantum state", 
the group led by Prof. Fang Zhong in the Institute of 
Physics, Chinese Academy of Sciences (IOP, CAS), 
carried out systematical calculations and theoreti-
cal research on topological insulators and spin-orbit 
related phenomena. The research led a prediction 
of a new kind of topological insulators even at room 
temperature. They also collaborated with many 
other domestic experimental groups, who prepared 
high quality topological insulator samples, and con-
firmed their topological properties through many 
kinds of experiments. Topological insulator is a new 
kind of quantum states, which is just brought to no-
tice very recently. The studies on the new quantum 
states could greatly advance the basic theory, de-
velop new concept, and discover new phenomena 
and effects. On the other hand, the realization and 
operation of the new topological quantum states will 
hopefully lead to innovations for future semiconduc-
tor and electronic technology, resulting in jumping 
development in this field. 

Under the support from National Natural Science 
Foundation of China, Chinese scientists have been 
involved in the studies on topological insulators 
since the very beginning, and they stand at the 
frontier in this field together with some international-
ly famous research groups, leading the world's de-
velopment to a great extent. This situation was very 
rare in the 60 years history of the People's Republic 
of China. In 2009, Fang Zhong's research group 
achieved a significant breakthrough on topologi-
cal insulators study, predicted that Bi2Se3, Bi2Te3, 
and Sb2Te3 were all real materials of 3D strong 
topological insulators, which is verified by sub-
sequent experiments. This was the first time that 
people found the existence of 3D strong topologi-
cal insulators at room temperature. Subsequently, 

Wu Kehui's research group in IOP, CAS and Xue 
Qikun's research group in Tsinghua University re-
spectively prepared high quality thin film samples of 
the Bi2Se3 family materials in experiments as well. 
Xue Qikun's group in Tsinghua University cooper-
ated with Ma Xucun's research group in IOP, CAS, 
observed the helical spin texture of the topologi-
cal surface states using STM, and observed the 
evolution from 3D electronic states to 2D in these 
topological insulators using ARPES, and in later 
experiments they further observed the Landau level 
and quantum oscillation behavior of the surface 
states using STM. Lu Li's research group in IOP, 
CAS successfully achieved gate-voltage control 
of topological insulators, and observed obvious 
weak anti-localization through magnetoresistance 
measurements. In addition, Fang's group made im-
portant progress in exploring unknown topological 
ordered states. Recently, they  predicted theoreti-
cally a new kind of magnetic topological  insulators 
without time-reversal symmetry, which may realize 
the quantum Hall effect without external magnetic 
field -- the so-called 'quantum anomalous Hall ef-
fect'. The edge state of quantum anomalous Hall 
systems can be regarded as an 'ideal lead' without 
backscattering caused by impurity, therefore, these 
materials will have very small resistance and very 
low energy consumption, which may greatly over-
come the limits of Moore's law. 

Progresses in the Studies on Topological Insulator
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The Heavy Ion Reaction Group at Shanghai Insti-
tute of Applied Physics (SINAP), Chinese Academy 
of Sciences (CAS), leaded by Prof. Ma Yu-Gang 
has been one of the active members of international 
scientist teams for studying high-energy collisions 
of gold ions at the Relativistic Heavy-Ion Collider 
(RHIC) –STAR at BNL. Recently, they discovered 
the most massive antinucleus as well as the first 
antinucleus with anti-strange quark discovered to 
date, the antihypertriton, a negatively charged state 
of antimatter nucleus containing an antiproton, 
an antineutron and an antilambda hyperon. The 
analysis is based on the invariant mass spectrum 
reconstruction by the channel of anti-He3 and pion 
from 100 billion of Au+Au collision at 200GeV per 
nucleon-nucleon collisions in the center-of-mass 
system. The result was published on Science. 

Dr. Chen Jin-Hui, a research staff in Ma’s group is a 
lead author of the Science paper outlining the new 
discoveries. The search for antimatter hypernucleus 
in STAR and the study of its properties in the group 

was started in the fall of 2008 together with BNL 
scientist and other STAR collaborators. The re-
search was supported by the grants from the Major 
International Joint Research Program and General 
Programs of National Nature Science Foundation 
of China. 

“This experim ental discovery may have unprec-
edented consequences for our view of the world,” 
commented by theoretical physicist Horst Stoecker, 
Vice President of the Helmholtz Association of Ger-
man National Laboratories. “This antimatter pushes 
open the door to new dimensions in the nuclear 
chart — an idea that just a few years ago, would 
have been viewed as impossible.” The discovery 
may help elucidate models of neutron stars and 
opens up exploration of fundamental asymmetries 
in the early universe. It may also have implica-
tions for cosmic ray experiments searching for new 
physics such as dark matter, which is thought to be 
responsible for about a quarter of the mass of the 
universe. 

Important Discovery on Searching for Anti-Matter Hypernucleus

In many catalytic processes such as enzyme and 
homogeneous catalysis, coordinatively unsaturated 
metal cations confined or stabilized by an ensemble 
at nanoscale is often highly active and acts as the 
catalytic sites for chemical reaction. Preparation of 
an analogous ensemble on supported heterogene-
ous catalysts is of great significance. This however 
remains a challenge because of their high structural 
complexity and flexibility under operating condi-
tions. Inspired by nature in particular oxygen activa-
tion in enzyme, the scientists at the Dalian Institute 
of Chemical Physics (DICP), Chinese Academy of 
Sciences, including Fu Qiang, Li Weixue, Ma Ding 
and Bao Xinhe described a general strategy to 
achieve this goal by taking advantage of the con-
finement effect at interfaces between nanostruc-
tured ferrous oxides and metal substrates (Science 
2010, 328, 1141-1144) [1, 2] . The prepared catalysts 

guided by this principle was found to be  highly ac-
tive, selective and robust for CO oxidation even 
under operating conditions of a proton exchange 
membrane fuel cell (PEMFC). 

Selective oxidation is one of the most important 
catalytic reactions. As oxidants, oxygen molecules 
were activated typically by catalysts at elevated 
temperatures and pressures. Under these condi-
tions, however, activated oxygen species usually 
tends to complete oxidation driven by thermody-
namics, releasing harmful green house gas of CO2 
and leading to the lower selectivity. It is highly de-
sirable to design the catalysts which are able to ac-
tivate oxygen molecules with high selectivity under 
mild conditions. The breakthrough was made based 
on the understanding and inspiration from the en-
zyme by the scientists at DICP. They constructed 

Interface Confined Ferrous Centers for Catalytic Oxidation
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successfully a highly active and robust coordina-
tively unsaturated ferrous (CUF) sites confined/
stabilized on noble metal surfaces based on a com-
bination of experimental and computational study. 
The CUF sites and identified ensemble was able 
to activate oxygen molecule at room temperature, 
which removes selectively CO and oxidizes partially 
methanol to formaldehyde at low temperature.  

For various catalytic reactions involving noble met-
als (for instance Pt catalyzed  hydrogenation and 
hydrogen evolution reaction in PEMFC), the pres-
ence of tiny carbon monoxide would lead to serious 
poison due to site blocking from the strong interac-
tion between CO and noble metal catalysts. The 
scientists at DICP found that an ordered bilayer 
FeO nanoislands (2~5 nm) could be prepared and 
stabilized on Pt surfaces. Surface science experi-
ments showed that there are a number of highly ac-
tive coordinatively unsaturated ferrous (CUF) sites 
present at the edge of FeO nanoislands. The for-
mation of the FeO nanoislands and presence of the 
CUF sites at the edge comes from the strong inter-
facial interaction between FeO and Pt substrates 
to prevent complete oxidation of iron to ferric oxide 
with low activity for oxygen molecules, as revealed 

by the first-principles density functional theory (DFT) 
calculations. DFT calculations indicated that the 
CUF sites have strong affinity to oxygen molecules 
with adsorption energy of −1.53 eV. The CUF sites 
however does not adsorb CO and therefore free 
of CO poison. Further calculations showed that 
adsorbed oxygen molecules can dissociate quickly 
with negligible barrier and the dissociative atomic 
oxygen are highly active to oxidize CO. The CUF 
sites are freed and the catalytic cycle is closed. 

The insights obtained from fundamental study were 
used to guide the design of the practical catalysts. 
The scientists at DICP prepared successfully PtFe 
nanocatalysts (2~4 nm) supported on SiO2, which 
was used to remove CO in excess of hydrogen. It 
was found that when under stoichiometric condi-
tion (1% CO and 0.5 % O2, 98.5 % H2), PtFe/SiO2 
catalysts showed a high activity with almost 100% 
CO conversion and 100% CO selectivity at RT. For 
the Pt/SiO2 catalysts, CO conversion was negligible 
below RT, and the catalysts deactivated quickly. 
The prepared catalysts was assembled into a 1 kW 
PEMFC working system. Under the realistic operat-
ing conditions (353~373 K, 30 ppm CO, 25% CO2 
and 15%H2O), the catalysts showed a good per-
formance with almost 100% CO selectivity/conver-
sion CO (<1ppm) and quite stable after 1500 hours 
test. This was the first report of the high efficient 
CO removal in real PEMFC in the world.   
The work was supported finanically by the Natural 
Science Foundation of China, Chinese Academy of 

Figure 1: Calculated adsorption energy (in eV) for CO and 
O2 molecules on Pt(111) and FeO1-x/Pt(111) surfaces; (B): 

Schematic structure of the CUF sites and calculated transition 
states of O2 dissociation (inset for the top view) at the boundary 

between FeO and Pt(111). (C): Projected density of states for 
interfacial Fe, O and Pt atoms at Fcc domains of FeO overalyer 
on Pt(111) using (84X84)R10.90-FeO/Pt(111) supercell. Pt, Fe, 

C and O atoms are presented by blue, purple, grey and brown 
balls, respectively.

Figure 2: CO selective removal in excess of hydrogen on 
supported PtFe nanocatalysts (2~4 nm). Under stoichiometric 

condition (1% CO and 0.5 % O2, 98.5 % H2), PtFe/SiO2 
catalysts show a high activity with almost 100% CO conversion 

and 100% CO selectivity at RT.
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Sciences and Ministry of Science and Technology 
of China. Part of work had been performed at the 
Shanghai Synchrotron Radiation Facility (SSRF), 

Hefei National Laboratory for Physical Sciences at 
the Microscale and Sunrise Power Co. Ltd.

Tens of millions of years’ evolution brings natural 
creatures some special capabilities against the 
adverse circumstances. For example, the desert 
beetles can use micrometre-sized patterns of hy-
drophobic and hydrophilic regions on their backs to 
capture water from humid air. Studying from nature 
is one of the best ways for scientists to enlarge their 
research area. Prof. Jiang Lei from the Chinese 
Academy of Sciences, Prof. Zheng Yongmei from 
the Beijing University of Aeronautics and Astronau-
tics and their colleagues, have been committed to 
the exploration and investigation of surface water 
collection of natural creatures for over the years, 
and finally made some major breakthroughs in the 
year of 2010.

On February 4th, the Nature (journal) reported as 
a cover story of Prof. Jiang’s group and their col-
leagues on the research about the mechanism of 
collecting water by micro region of spider silks. In 
dry climate, the fiber silk of cribellate spider was 
composed of hydrophilic puffs that periodically 
spaced along two main-axes. When atmospheric 
humidity increases, the wet puffs were re-built into 
spindle structure “spindle – knot” and the main-
axes changed into links that were called the “joint”. 
Interestingly, the spindle-knots and joints are com-
posed of random and aligned nanofibrils, which 
result in a surface energy gradient between the 
spindle-knots and the joints and also in a differ-
ence in Laplace pressure, with both factors acting 
together to achieve continuous condensation and 

directional collection of water drops around spindle-
knots. Therefore, submillimetre-sized liquid drops 
can be suspended on the spider silk. The publica-
tion of this work not only got extensive solicitude of 
researchers’ attention worldwide, but also received 
favourable comments from experts and scholars.

Inspired by the water collecting ability of spiders’ 
silk, Prof. Jiang’s group and their collaborators 
continued their research on the artificial fabrication 
of a series of spindles structured fibers. With the 
cooperation of curvature, roughness gradients and 
chemistry, micrometer-sized drops can be driven 
toward or away from the spindle structure by varia-
tion of the wettability performances of the polymers. 
This work has been published in one of the best 
journals in materials’ field, Advanced Materials, and 
already highlighted by Nature (journal).

The researches about “multiple cooperation effect” 
of water collecting mechanism of spider silk and 
the biomimetic fabrications of drop-driven fibers 
can be largely applied in both industrial technology 
and daily life, such as revelation of designing novel 
microfluidic devices; providing principle guidance 
of fabricating large artificial fiber webs to water col-
lection from mist, in order to meet the demand of 
water resources; introducing theoretical basis of 
gathering and driving chemical material with differ-
ence properties to realize the rapid and effective 
reaction.

Water Collecting Mechanism of Spider Silk Inspires the 
Biomimetic Fabrications
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Rice (Oryza sativa L.) bacterial blight, caused by 
Xanthomonas oryzae pv. oryzae (Xoo), is one of 
the most devastating rice diseases worldwide. A 
key project entitled “Studies of the molecular mech-
anisms of broad-spectrum and durable disease 
resistance in rice” hosted by Prof. Wang Shiping of 
Huazhong Agricultural University has made an im-
portant progress in understanding how Xoo infects 
rice.

The paper entitled “The bacterial pathogen Xan-
thomonas oryzae overcomes rice defenses by 
regulating host copper redistribution”, Prof. Wang’s 
group was published and highlighted on The Plant 
Cell. The study has revealed that Xoo causes rice 
disease by regulating host copper transport through 
a host reproductive development-indispensable 
gene, Xa13. Copper is an essential micronutrient 
of plants and also a major elements of some pes-
ticides. Rice plants take up copper from roots and 

transport copper to shoot through xylem vessels. 
Xoo spreads in rice to cause disease through xylem 
vessels. The study reveals that copper suppresses 
the growth of Xoo strain PXO99; PXO99 infection 
of rice is associated with activation of XA13, which 
in turn interacts with another two rice proteins to 
promote removal of copper from xylem vessels, 
where Xoo multiplies and spreads to cause dis-
ease. This novel mechanism of rice–Xoo interaction 
will help formulate effective strategies for control-
ling this disease. The mechanistic understanding 
of XA13 in rice–Xoo interactions also presents a 
notable picture of the coevolution of rice and Xoo. 
Chemical control of bacterial blight in rice fields be-
gan in the 1950s with the preventive application of 
Bordeaux mixture, which was the world’s first com-
mercially successful fungicide and bactericide, a 
simple mixture of CuSO4 and hydrated lime. Some 
other pesticides also contain Cu as one of the ma-
jor elements. PXO99 is sensitive to copper. Xa13 
is essential for rice reproductive development. To 
survive in rice, this bacterium evolved a specific ef-
fector to transcriptionally activate the indispensable 
Xa13. The appearance of the special effector-car-
rying Xoo may be the result of wildly application of 
copper-containing pesticide in crop production. To 
fight this pathogen, rice evolved the recessive dis-
ease resistance gene xa13, which is the promoter 
mutant of dominant Xa13. This mutation leads xa13 
unresponsive to PXO99 infection, which maintains 
the copper level in the xylem vessels to suppress 
PXO99 growth in rice.

Studies of the Molecular Mechanisms of Broad-Spectrum and 
Durable Disease Resistance in Rice

The plague, caused by Yesinia pestis, is a reemerg-
ing deadly enzootic disease. Plague has caused 
three pandemics in history, imposing severe dis-
asters on humans. Natural plague foci account 
for about 15% of the land area in China, and the 

epidemics of animal plague occurred frequently in 
these plague foci. Y. pestis can be transmitted via 
respiratory tract, and is recognized as a biological 
terrorism agent. Thus, plague still put a great threat 
human health and social stability. Prof. Yang Ruifu 

Evolution and Virulence Regulation of Yersinia pestis
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from the Academy of Military Medical Sciences 
has been supported by the National Natural Sci-
ence Foundation of China as the PI of the National 
Science Fund for Distinguished Young Scholars, 
and two Key Program projects of National Natural 
Science Fund. Prof. Yang’s group has focused 
their research on the evolution, and mechanisms 
of pathogenesis and transmission of Y. pestis, with 
considerable achievements.

1. Study on population structure and historical 
spread of plague. Prof. Yang’s group, in collabo-
ration with the scientists from Ireland, Germany, 
France, the United States, the United Kingdom, and 
Russia, reconstructed the population structure of 
Y. pestis by using the whole-genome single-nucle-
otide polymorphisms (SNPs) analysis. This study 
demonstrated that the historical spreads of plague 
epidemics were closely related to various ancient 
trade routes such as Silk Road, ancient Tea-Horse 
Road and ancient Tibet-Tang Road, etc. Chinese 
strains were most widely distributed within the 
phylogenetic tree of the Y. pesits strains. The high 
levels of genetic polymorphisms of Chinese strains 
indicate that plague pandemics probably originated 
from China or its vicinity. The large-scale genome 
sequencing study disclosed that the spread of Y. 
pesits during plague outbreaks and epidemics 
would lead to the accelerated accumulation of ge-
netic variation. These data laid an important foun-
dation for the monitoring, control and prevention of 
bacterial infectious diseases. A part of the above 
study has been published in the December issue of 
Nature Genetics in 2010.

2. Study on genomic polymorphism and source 

tracing of Y. pestis. Prof. Yang’s group investigated 
the gene acquisition and loss of Y. pestis by using 
DNA microarray, and analyzed the copy number 
variations of ‘variable number of tandem repeats’, 
and ‘clustered regularly interspaced short palindro-
mic repeats’ within a large collection of Y. pestis 
strains. The phylogenetic trees of the strains were 
constructed with these different types of genetic 
markers, to explore the origin and microevolution of 
Y. pestis. Accordingly, a database of genomic poly-
morphisms of Y. pestis was developed for the quick 
and accurate source tracing of this pathogen. This 
is the first reported comprehensive database for the 
source tracing of pathogenic bacteria. Related re-
search papers have been published in PLOS ONE, 
Journal of Bacteriology, and Infect and Immunity. 
Prof. Yang has been invited for writing a chapter of 
the book ‘The Microbial Population Genetics ’. 

3. Study on virulence gene regulation in Y. pes-
tis. Expression of virulence genes is related to 
hosts, vectors, environments and bacterial strains 
themselves, since Y. pestis is a typical enzootic 
pathogen. On the basis of the comparative genom-
ics research, Prof. Yang’s group characterized the 
regulation of virulence gene expression by vari-
ous regulators such as CRP, RovA and PhoP in Y. 
pestis. Relevant papers have been published in 
Journal of Bacteriology, Infect and Immunity, BMC 
Microbiology, and BMC Genomics. 

Prof. Yang’s group has published more than 60 
papers in the international scientific journals. These 
papers have been cited more than 700 times by 
international colleagues, with the highest cita-
tion of a single paper of 105 times. In view of their 
academic impact in the field, a resolution of the 
10th International Symposium on Yersinia (held on 
October, 2010 in Brazil) announced that the 11th 
International Symposium on Yersinia will be held in 
China, and that Prof. Yang will be the chairman of 
the symposium. This will be the second time to hold 
this most acknowledged professional symposium in 
the field of Yersinia in Asia. 
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Continental collision processes and ultrahigh-
pressure (UHP) metamorphism have been one of 
the hottest and most interesting fields in continental 
dynamics research since the early 1980s, and have 
provided important knowledge and scientific ideas 
for developing and improving the plate tectonic the-
ory. The Qinling-Dabie-Sulu metamorphic belt, one 
of the largest UHP metamorphic terrains discovered 
so far, formed by the continental collision between 
the North-China plate and the South-China plate. 
Studies of the processes and mechanisms of the 
collision between the two plates and the formation 
time of the related UHP metamorphic rocks have 
great significance not only for the development and 
improvement of the plate tectonic theory, but also 
for the understanding of the lithosphere evolution 
in eastern China. For the past 20 years, funded by 
National Nature Science Fundation of China, Prof. 
Li Shuguang and his group at University of Sci-
ence and Technology of China has focused on the 
geochronology and geochemical investigations on 
the metamorphic rocks from the East Qinling and 
the Dabie - Sulu UHP metamorphic belt, aiming to 
understand the time and geochemical and tectonic 
evolution related to the collision between the North- 
and South-China plates and the subsequent conti-
nental deep subduction. They made important and 
creative contributions to the fields of geochronology, 
geodynamics and geochemical evolution related to 
UHP metamorphism and continental collision proc-
esses. The research achievement were awarded 
with the second class prize of the National Nature 
Science Award in 2010. The main achievements 
are summarized into following four aspects: 

1. Firstly they discovered the presence of excess-
Ar in phengite from UHP eclogite and thus solved 
the long-standing problem of Ar-dating results con-
flicting with ages obtained through other methods; 
demonstrated Sr and Nd isotope disequilibrium be-
tween eclogitic high-pressure metamorphic miner-
als and retrograde minerals, which can significantly 

affect the Sr and Nd dating results for eclogites; 
and reported for the first time the precise U-Pb 
ages on rutiles from eclogites. These achievements 
made important contributions to the development of 
metamorphic geochronology, with significant impli-
cations for the accurate dating of UHP metamorphic 
rocks.

2. Then demonstrated before all others that the col-
lision between the North-China plate and the South-
China plate occurred in the early Triassic based 
on isotopic ages of eclogite. This work settled the 
long-term debate over the collision time of the two 
plates. By systematic work, the ages and other 
geochemical data of various kinds of rocks related 
to continental collision from East Qinling and Dabie 
origins have been determined, which revealed the 
complete time sequence of the whole collision proc-
ess between the North- and South-China plates.

3. For the first time, a cooling T-t path with two fast-
cooling stages of the Dabie UHP metamorphic 
rocks was determined, which revealed a multi-
stage rapid uplift history for the UHP rocks. Prof. 
Li’s group is the earliest to recognize that different 
tectonic slices of the Dabie UHP rocks have dif-
ferent Pb isotopic compositions and metamorphic 
ages. Based on these discoveries, a multi-stage 
and multi-slice exhumation model of the UHP meta-
morphic rocks was proposed, which is an important 

Metamorphic Isotope Chronology and Collisional Process 
between North China and South China Blocks

The cooling T-t path of the ultrahigh pressure metamorphic 
rocks during continental subduction process.
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improvement on the formerly current single-slab 
exhumation model.

4. IT was identified that the extensive existence 
of fluid activity involved during various metamor-
phic stages throughout subduction to subsequent 
exhumation of continental crust, and further dis-
tinguished the compositional evolution and geo-
chemical characteristics of the fluids. For the first 
time they obtained strong evidence to show that 
fluid/rock interactions may cause significant Nb/Ta 
fractionationduring continental subduction,  which 
is important for understanding the so-called “Nb-Ta 
paradox” during continental crust formation. Using 
Pb isotopes as tracers, the group found that the 

subducted South China continental crust could be 
recycled into the upper mantle, thus proving that 
deep subduction of continental crust is an important 
way for recycling of continental materials.

The above mentioned outcomes of the project were 
presented as 51 scientific papers published in peer-
reviewed international and national journals (38 
were collected by SCI). In total, these papers have 
been cited 1420 times by other authors till Febru-
ary, 2010. Among them, three papers have been 
cited 290, 177 and 138 times by other authors, and 
thus were named “classic papers” in the concerning 
fields. 

The Karst Dynamics is the discipline that stud-
ies the processes, the operation mechanism, the 
function of a karst dynamic system (KDS) and its 
practical aspects. It is the new theoretical result in 
modern karst research, and is of importance con-
tinuously in the karstological research of the world. 
The development of karst dynamics theory is of 
significance in revealing the mechanism of carbon 
cycle in a KDS; the paleoenvironmental records 
and global change; as well as the rules of element 
migration and operation in a karst ecological sys-
tem.

Under the supports from the National Natural Sci-
ence Foundation of China(NSFC) and other fund-
ing sources, through the systematic research on 
the karst dynamics, the research group led by Prof. 
Yuan Daoxian, the fellow of the Chinese Academy 
of Science at the Institute of Karst Geology, Chi-
nese Academy of Geological Sciences puts forward 
for the first time the ideas of “Karst Feature Com-
plex”; defined systematically that the driving forces 
of a KDS of karst on carbonate rocks are CO2 and 
water; proposed a whole set of karst hydrochemical 
experimental and monitoring technologies to trace 
the carbon, water, and calcium cycle in a KDS. Ac-
cording to the monitoring data, the annual carbon 
uptake from the atmosphere by karst processes 
on mainland China is estimated to be 18million t/a, 
and the global one is estimated to be 410—610 mil-
lion t/a. The latter makes up about 1/3 of the “miss-
ing sink” in the global carbon cycle budget. All the 
findings help to reveal the mechanisms of carbon 
cycle in a KDS. Through high resolution 230Th dat-
ing and oxygen stable isotopic analyses for a long 
stalagmite retrieved from Dongge Cave, Guizhou 
province, a high resolution paleoclimatic record 
back to 163ka was achieved, which reveals the tim-

A Study on the Mechanism of Processes in a Karst Dynamic 
System

A conceptual of a karst dynamic system.
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ing, duration, and transitions of the Last Interglacia-
tion Asian Monsoon and its insolation forcing. The 
models of comprehensive rehabilitation for rock 
desertification karst area and the technologies were 
developed in the basis of the findings about the 
formation of a special karst ecosystem through the 
elements migration driven by the karst processes.

These results were published in world known peri-
odicals, including the Holocene, Environmental Ge-
ology, Geochimica et Cosmochimica Acta, and Sci-
ence. Moreover, under the title of “Chinese climate 
change”, the editors of Science made a special re-

port about the results of timing, duration, and tran-
sitions of the Last Interglaciation Asian Monsoon on 
the page of “This week in Science”(Science,23April
,2004,Vol.304,No.5670,p.485).

All the above mentioned results provided impor-
tant support for the formation, improvement, and 
practices of the Karst Dynamics Theory, and finally 
endorsed by the state and the United Nations 
Educational, Scientific, and Cultural Organization 
(UNESCO), which led to the founding in China of 
The International Research Center on Karst (IRCK) 
under the auspices of UNESCO.

The NSFC General Project—“A hybrid AC-DC 
power supply system” funded in 1997 has obtained 
great achievements.

Prof. Ma Weiming, an academician of the Chinese 
Academy of Engineering from Naval University of 
Engineering and the PI of the project aforemen-
tioned, has carried out a series of basic theoretical 
research. Through this project, the research team 
has accomplished the following works: (1) A variety 
of theories on multiphase winding AC-DC integrated 
generator system was established; (2) The compli-
cated electromagnetic coupling rules inside the AC-
DC integrated double-winding generator were ex-
plored and mastered; (3) The mathematical model 
of the system was built; (4) The calculation method 
for sudden short-circuit current and impact torque 
of the AC-DC hybrid system was proposed; (5) The 
rules and influence factors of natural oscillation of 
the system were ascertained; (6) The EMC prob-
lem of the system was successfully solved when 
AC and DC windings work simultaneously. All these 
achievements of this project Laid a solid theoreti-
cal foundation for developing an AC-DC integrated 
double-winding generator. In 2004, the project was 
commented as outstanding funded project in a 

Achievements in AC-DC Integrated Double-Winding Generating 
System

Schematic diagram of the AC-DC Integrated Double-
Winding Generator.

Prototype of the AC-DC Integrated Double-
Winding Generator.
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workshop hosted by NSFC department.

Based on the above studies, Prof. Ma’s team has 
successfully developed an AC-DC integrated dou-
ble-winding generator and originated AC-DC Power 
Integration Techniques. In 2002, the achievements 
of this project was selected as one of China's Top 
10 Scientific and Technological Events Concerned 
by Public. It was also ranked by Ministry of Educa-
tion among the Top 10 University Scientific and 
Technological Progress in the same year. 

Till now, the hybrid AC-DC power supply system 
has been successfully applied to relevant equip-
ments, having solved the key technical problems 

like requirement of high-capacity and high-quality 
AC-DC power, making remarkable contribution to 
improvement the tactical and technical perform-
ances of our new-type naval ships. In addition, the 
achievements Provide promising applicable po-
tential in the field of the stand-alone power system 
which needs AC and DC supply simultaneously.

The achievement from the project “Development 
of AC-DC integrated double-winding generator 
system”, was a warded with the first prize of the 
2009 Military Scientific and Technological Progress 
Award and the 2010 National Scientific and Tech-
nological Progress Award.

With the progress of technology in microelectronic 
devices and micro-electro-mechanical systems 
(MEMS), the dimensional size of materials used is 
getting smaller and smaller, already down to sub-
micron or even nanometer scale, which is at the 
same level as the characteristic size and the ef-
fectively acting distance of dislocations or twins. In 
this case, the understanding of the deformation be-
haviors of twins and their size effect at such scale 
is necessary but it is not very clear at present, and 
consequently it becomes one of current frontiers in 
materials science. The driving force of course also 
comes from the great interest in practical material 
design. 

The precise measurement and characterization of 
deformation behaviors and mechanical properties 
at submicron scale or smaller play an important role 
in optimized design and reliable performance of mi-
croelectronic devices. Testing at small size scales 
is an attractive but challenging issue in material 
research and technology. Compared with the well-
known grain size-dependent plasticity based on 
dislocation slide, twinning is scarcely studied in the 
deformation of metals and the size effect of defor-
mation twinning remains puzzling, partly because 

of the difficulties in characterization. 

Prof. Sun Jun, State Key Laboratory for Mechanical 
Behaviors of Materials, Xi’an Jiaotong University, 
Prof. Li Ju, the University of Pennsylvania and their 
colleagues have demonstrated that the deformation 
twinning in Ti-5% Al single crystal exhibits stronger 
crystal size effect and larger characteristic length 

Strong Crystal Size Effect on Deformation Twinning

(a) (b)

(c) (d)

Figure 1: Scanning electron microscopy (SEM) images of the 
deformed micropillars with size of (a) 8.0 µm, (b) 1.0 µm, (c) 

0.7 µm, and (b) 0.4 µm.
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scale than for dislocation plasticity, when samples 
are reduced to less than a critical size.

They conducted systematic experiments on the 
deformation twinning behaviors and mechanisms 
at the small size scales by using compression test 
of micrometer- and submicrometer-sized Ti-5% Al 
single crystal pillars and comprehensive analyses 
of microstructural evolution. It was revealed that 

the deformation of micrometer-sized pillars was 
dominated by twinning, similar to what had been 
observed in their bulk counterpart. But a strong size 
effect was observed, i.e., the smaller the pillar size 
the higher the flow stress. The yield strength and 
the maximum flow stress can be increased by 5 
and 8 times, respectively, when the sample size is 
decreased from bulk down to micrometer. 

Further reducing the pillar size down to about 1 μm, 
however, deformation twinning was suppressed 
and entirely replaced by ordinary dislocation plas-
ticity. Accompanying the transition in deformation 
mechanisms, the maximum flow stress of the sub-
micrometer-sized pillars was observed to saturate 
at the values close to titanium’s ideal strength. 

To explain the deformation twinning mechanism as 
well as the dramatic increase in flow stress with de-
creasing size of single crystal, the research group 
also developed a “stimulated slip” mode based on 
the consideration of screw dislocation as promoter 
for twin nucleation. Predictions from the model are 
in good agreement with experimental results. 

These findings are helpful to the understanding of 
mechanical behaviors in small size scales. They 
are also of technological importance to the perform-
ance evaluation and design of materials used in mi-
croelectronics and MEMS, especially to the micro/
nano manufacturing by employing the strong size 
effect in strength.

The above results have been published in Nature 
released at January 21th, 2010. 

The characteristic parameters for conventional 
materials, such as the refractive index, mass den-
sity, elastic modulus, etc., cannot be negative in 
general. Metamaterials, a kind of artificial material 
capable of possessing negative parameters, have a 
great significance in material science, as well as in 

its applications. Supported by a grant from National 
Science Funds for Distinguished Young Scholars, 
Prof. Liu Zhengyou, leading a research group at 
Wuhan University, investigated the metamaterial 
with negative effective mass density. The metama-
terial features a band gap two orders of magnitude 

Waves and Their Abnormal Properties in Artificial Structures

Figure 2: Mechanical data of the tested samples. (a) The stress-
stressess-strain curves of micropillars with decreasing side 

length, d from 8.0 to 1.0 µm. (b) The load-displacement curves 
of submincrometre pillars. (c) The load-displacement curves 
of a submicrometre cylindrical pillar with 0.25  µm diameter, 

in five consecutive load-unload steps during in situ testing 
inside a TEM. The negative forces at the end of the unloading 

segments are due to adhesion between diamond tip and the 
pillars. (d) Flow stress measured for the pillars versus d, We use 
the narrowest cross-section πdnarrowest2/4 to calculate the flow 

stress. The error bars are two standard deviations.
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lower than a conventional sonic crystal. They also 
designed for the first time a solid-based metamate-
rial of simultaneously negative mass density and 
bulk modulus. By using the resonant cavity as well 
as the band edge states, they succeeded in imple-
menting highly directional acoustic emissions with 
an angle smaller than 6 degree. Highly directional 
acoustic sources are important for geological sur-

vey and oceanic exploration. Prof. Liu’s work on di-
rectional acoustic sources initiated the researches 
on this subject. All the work mentioned above were 
published in journals such as Phys. Rev. Lett., Appl. 
Phys. Lett., etc., and comprised a part of the project 
which won the National Natural Science Award (the 
2nd calss Prize) in 2010.

Left panel shows the structure of metamaterial, middle shows the band structure of it and right shows 
the mass density versus the frequency. Note that the mass density turns to negative at the band gaps.

The study of polymeric optoelectronic materials 
and light-emitting diodes (LEDs) is a forefront inter-

disciplinary subject covering materials science and 
information technology. Impressive scientific and 

Novel Polymeric Optoelectronic Materials and Light-emitting 
Diodes

Novel highly efficient light-emitting polymers and related devices.
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technological progress has been achieved in this 
field and organic LEDs have now entered the com-
mercialization stage. Massive productions have 
been realized for small-area full-color displays, well 
showing the vitality of the field. However, in order to 
become the next generation of large-area display 
panels and white illumination panels, significant ad-
vances are still needed to improve the performance 
of luminescent polymers and operating life time of 
light-emitting devices, to develop new processing 
technology for large area devices and lower the 
production cost.  

In order to obtain creative technology and self-
owned intellectual property right, and strengthen 
the competitiveness of China in this field, Prof. 
Cao Yong’s group in the Institute of Polymer Op-
toelectronic Materials & Devices at South China 
University of Technology has carried out systematic 
pioneer work towards some basic scientific issues 
in this research field: (1) Molecular design of novel 
light-emitting polymers, optimization of various syn-
thetic methods, and fine tuning of macromolecular 
chain structure and electronic energy level of light-
emitting polymers; (2) Modification of the interface 
between polymer semiconductor and metal elec-
trodes, and fine control of morphology of macromo-
lecular aggregations in luminescent active layers; 
(3) Design and realization of novel configurations 
of light-emitting devices. Their primary discoveries 
include:

1. A series of novel water/alcohol-soluble conju-
gated polymers with polar groups (such as amino 
group, ammonium group, etc.) on the side chain 
have been designed and developed. It was found 
out that such water/alcohol-soluble conjugated 
polymers form interfacial dipole with high work-
function metals (such as Al, Ag, Au) in the interface 

between this bilayer cathode and luminescent 
polymer underneath, so that the effective work 
functions of the high work-function   metals can be 
significantly lowered and electron injection from 
such bilayer cathode to organic semiconductors 
were greatly enhanced. Based on this invention, 
the group achieved for the first time the efficient 
all-printed polymer LED device and displays with 
conducting paste of noble metal (such as Ag and 
Au) , which means a process being free of vacuum 
thermal deposition of metal cathode . The first all-
printed pixilated displays were also realized by ink-
jet printing in this laboratory. Besides organic LEDs, 
this invention was also successfully applied to a 
broad range of optoelectronic and electronic de-
vices, such as solar cells, field-effect transistors.  

2. The group designed and synthesized a series of 
novel RGB light-emitting polymers based on new 
aromatic heterocycles (e.g. S  Si  Se-containing 
heterocycle), where the emissive colors of the poly-
mers could be well tuned in a wide range wave-
length by controlling the charge/energy transfer 
from the donor (D) units to the acceptor (A) units 
on the polymer backbone. By this approach, the ef-
ficiencies and color purities of red and blue-emitting 
polymers could be significantly improved, which 
have even been the big challenges in the field for a 
long time. 

3. By covalently bonding the phosphorescent com-
plexes to the conjugated polymers’ side chain or 
main chains, a series of novel electrophosphores-
cent polymers have been developed and showed 
significant reduced triplet exciton annihilation of the 
electrophosphorescent materials under high current 
density. They also designed and synthesized novel 
single white-emissive polymer with phosphorescent 
RGB complex chromophores on polymer backbone 
and side chain. High efficiency white-emissive de-
vices with stable colors were realized through fine 
doping and/or blending approaches. 

These achievements provide new materials and 
new methodologies for the creative design and 
commercialization of the polymeric light-emitting Solution processed RGB PLEDs based on water/alcohol-

soluble conjugated polymer interface modification layer.
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technology. The achievements have been widely 
recognized by scientific communities and some fol-
low-up investigations have been started by over 10 
domestic and international research groups. There 
are more than 110 SCI papers published under this 
project, which have received more than 2000 times 

of citations (excluding self-citation). There are 12 
patents that have been granted and another 8 pat-
ent applications (including 3 PCT application) in 
pending. This work was awarded with the second 
prize of the 2010 Chinese National Natural Science 
Award. 

This project aims at getting insight into the mecha-
nism of flow and energy transport of nanofluids and 
their applications. Nanofluids are solid-liquid sus-
pensions consisting of base liquid and solid nano-
particles or nanofibers with sizes typically of 1-100 
nm suspended in liquid. The base liquid may be 
natural or organic synthetical and the nanoparticles 
may either metallic or non-metallic. This project 
belongs to the discipline of the engineering ther-
mophysics and is one of the recently highlighted 
frontiers and an emerging field of the international 
thermoscience.

The research group headed by Prof. Xuan Yimin 
at Nanjing University of Science and Technology 
is one of the groups which are earlier engaged in 
investigations on nanofluids in the world and is the 
first group in China. The main focus of the group is 
to develop proper methods and models to investi-
gate flow and heat transport behaviors of nanoflu-
ids and to develop control methods of nanofluids. 

Major achivements made by Prof.Xuan and his 
group are as follows:

1. Primary discoveries
(1) Enhanced mechanisms for the thermal conduc-
tivity of nanofluid
The group initially proposed the concepts of the 
static and dynamic thermal conductivity of the na-
nofluid. The theoretical model of predicting thermal 
conductivity of the nanofluid has been established 
by taking into account the interrelation among the 
aggregation structure of the nanofluid, the Brownian 
motion of the nanoparticles suspended in a carrier 

liquid, and the thermal behavior of the nanofluid. 
The influence rules of the volume fraction, dimen-
sions, properties of the nanoparticles, and the tem-
perature and stability of nanofluids on the thermal 
conductivity of nanofluids have been analyzed. The 
model explains the mechanism of enhanced ther-
mal conductivity of the nanofluid and reveals the 
constitutive relations among the micro motion of na-
noparticles, morphology of nanofluids and thermal 
conductivity of nanofluids, which properly describes 
the mechanism of enhanced thermal conductivity of 
nanofluids.

(2) Flow and convective heat transfer mechanisms 
of nanofluids
The project has established the innovative correla-
tions for predicting convective heat transfer coef-
ficient of the nanofluid in either laminar or turbulent 
flow region, with accounting for the two-phase fea-
ture of the nanofluid and the microscaled dispersion 
effect of the nanoparticles. The outcome of such 
an investigation provides a method for analyzing 
the convective heat transfer of the nanofluid and 
reveals the effect of microscaled motion of the na-
noparticles on the convective heat transfer process 
of the nanofluid.

With respect to the microscopic two-phase feature 
of nanofluids, the group explored the feasibility of 
applying the Lattice-Boltzmann method to simulat-
ing dynamic flow and energy transport of nanofluids 
in order to investigate the heat transport mecha-
nism inside the nanofluid at the mesoscopic level. 
The interaction mechanism among the nanopar-
ticles, nanoparticles and ambient liquid particles, 

Investigation on the Mechanism of Energy Transport of Nanofluids
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the morphology of nanofluids, and flow and heat 
transport process of nanofluids has been analyzed 
at the mesoscopic level.

(3) Control methods for energy transport of nanoflu-
id
The group studied the control methods of the flow 
and energy transport processes in the magnetic 
nanofluid, magnetic colloidal suspension consisting 
of a carrier liquid and magnetic nanoparticles with a 
size of about 10 nm in diameter coated with a sur-
factant layer. The effects of the external magnetic 
field on the morphology and transport properties as 
well as flow and heat transfer characteristics of the 
magnetic nanofluid are revealed. The anisotropic 
feature of the magnetic nanofluid in the presence of 
external magnetic field has been discovered.

(4) The two-step preparation approach of nanofluid
The mass preparation of nanofluids is vital for their 
practical applications. The group developed an 
easy and reliable two-step technique for preparing 
nanofluids which are of the even distributivity and 
the long-term stability. The influence rules of the 
properties and percentages of dispersants on the 
stability and evenness of the nanofluids have been 
discovered.

2. Scientific values
(1) Through all the studies involved in this project, 
the methods and approaches for studying the flow 
and energy transport mechanism and the relevant 
control techniques of nanofluids have systematical-
ly been established. The project has also promoted 
and broadened investigations on nanofluids and 
their applications. The exploratory investigations 
involved in the project have opened an innovative 
way for developing the new highly-efficient heat 
transfer technology to meet some urgent challeng-
es in the fields of thermal engineering and energy 
technology.

(2) The investigation activities of this group have 
greatly pushed investigations on nanofluids in 
China forward, enlarged academic influence of this 
emerging field, and initiated interests of many sci-

entists and engineers in China who have also be-
gun to join in this emerging field and to make more 
investigation efforts for further enriching the content 
of nanofluids and exploring different applications.

The published papers from this project have been 
widely cited by more than 520 scholars from 26 
countries, including the United States, Germany, 
the United Kingdom, France, Japan, and so on. 
The citation number has been rapidly increasing in 
recent years. Among the published papers, eight 
papers have been cited more than 794 times in the 
other SCI papers.

Three well-known annual reviews, which are writ-
ten by tens of world famous scholars including 
Prof. Richard J. Goldstein (National Academy of 
Engineering, Royal Academy of Engineering of 
the United Kingdom, Winner of AIChE/ASME Max 
Jacob Award), cited 9 papers to introduce the fron-
tier progresses in nanofluid researches all over the 
world. Five of them are from the publications of this 
project.

The well-known textbook «Heat Transfer» edited by 
Prof. Yang Shiming from Shanghai Jiaotong Univer-
sity and Prof. Tao Wenquan (Academician Chinese 
Academy of Sciences) from Xian Jiaotong Univer-
sity cited only one paper to give undergraduates 
explanation of nanofluid, which is from this project.

Prof. Das from Indian Institute of Technology Ma-
dras and Prof. S.U.-S. Choi of Argonne National 
Laboratory of USA (the first to propose the concept 
of “Nanofluid”) recently published a book «Nanoflu-
ids: Science and Technology». They cited the pub-
lished papers from this project for 45 times. In this 
book, they used “were first to” four times to com-
ment the achievements and contributions of this 
project.

The comment from The THOMSON INC. on one 
paper from this project (published in International 
Journal of Heat and Fluid Transfer, vol. 21, pp. 58-
64, 2000) is that “Your work is highly influential, 
and is making a significant impact among your col-
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leagues in your field of study”. This paper has been 
selected among the top three in the “Top 25 Hottest 

Articles” of Int. J. Heat & Fluid Flow by ELSEVIER 
INC. since 2005. The current rank is No. 1.

Error correction coding plays a very important and 
indispensable role in modern digital communica-
tion systems. Based on large sparse random matrix 
theory, LDPC (Low Density Parity Check) code may 
be designed as an excellent kind of error correction 
code that approaches the Shannon Limit. However, 
great challenges present in LDPC code construc-
tion, analysis and implementation and no good 
applications have been found for a long time since 
proposed in 1960s. Until late of last century, thanks 
to the rapid development of iterative decoding algo-
rithm and large scale integrated circuit technology, 
research of LDPC code design and practical algo-
rithms for various applications has become a hot 
topic worldwide.

Supported by National Natural Science Founda-
tion of China and some other national research 
programs, Prof. Lu Jianhua and his research team 
conducted the study on basic theory and key algo-
rithms of LDPC codec techniques. Numbers of aca-
demic papers have been published in international 
journals and conferences, and many inventions 
patented. Part of achievements has been success-
fully found with important applications in national 
major engineering programs. The main results of 
the research are as follows: 

1. Galois-field based LDPC code construction 
methodology has been put forward with low error 
floor and high performance. Likewise, an estima-
tion formula is contrived to calculate lower-bound 
minimum code distance which provides an effective 
way for quick performance analysis. 

2. Difficult problems with optimizing LDPC encod-
ing complexity and decoding algorithms with high 
performance are effectively solved. Accordingly, 
the designed codec achieves significantly better 
performance than conventional concatenated code 
and Turbo code. Breakthrough is also made in key 
technologies including multi-rate LDPC integration 
design, resulting in a highly integrated multi-rate 
LDPC codec which has been successfully em-
ployed in some important practical areas. 

3. To meet the demand of Lunar exploration pro-
gram of China, an LDPC codec for deep space 
telemetry has been successfully designed with 
short length, high performance, and low complex-
ity, effectively fitting for extremely limited on-board 
resources and reliable reception requirement under 
harsh space environment. Measured coding gain 
is 2.5dB better than that of the convolution code. It 
is the first time that the LDPC technology has been 
employed in the aerospace field in China, thus be-
ing selected as one of the innovative techniques of 
the Chang’e-II Mission. 

Through years of theortical and applied research, 
the code design theory, core algorithms, optimiza-
tion design and implementation of LDPC codec 
have been contrived with independent intellectual 
property rights. This helps to formulate related 
standards and to find perspective applications in 
various fields.

Research and Application of LDPC Coding Technology
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It is far-reaching strategic importance for China in 
the 21st century to obtain an advantaged position 
for petascale computing capacity among major 
computing powers to meet the nation’s critical ap-
plication such as nuclear simulation, weather fore-
cast, material analysis and new drug design which 
require more than ever growing computing capacity. 
Aiming at fulfilling this demand, the research group 
lead by Prof. Yang Xuejun of National University of 
Defense Technology (NUDT) carried out its studies 
on high performance scientific computation based 
on the stream computing architecture, and obtained 
a series of outstanding achievements. These re-
searches are supported by the project from the 
Fund for Innovative Research Group of NSFC 
named of “Key Technologies of Petascale High Per-
formance Computer”. The following achivements 
have been made by the group.

1. The stream computing architecture is initially 
proposed as a high performance computing archi-
tecture for stream media processing. The prime 
pending question of the stream architecture when 
it evolved is, however, that whether it is applicable 
to the general purpose petascale high performance 
computing. Prof. Yang and his team proposed six 
criterion conditions for the first time to judg whether 
a program is streamizable, and built a loop streami-
zation theory, which theoretically solves the prob-
lem that under what conditions stream computing 
can be applied to scientific computing. Moreover, 
they designed the world’s first 64bit stream proces-
sor targeting at accelerating typical scientific com-

puting applications, and thus provided the unprec-
edented practical verification that stream computing 
is doubtless suitable to solve large scale scientific 
and engineering computation. In this way, they 
have explored an efficient way to build a petascale 
computer system with CPUs and stream proces-
sors.

These research results have been published in the 
prestigious International Symposium on Computer 
Architecture 2007 (ISCA) and IEEE Transactions 
on Parallel and Distributed Systems. It is the first 
time for the ISCA committee in the recent ten years 
to accept a research work independently done by 
Chinese researchers from a research institute in 
China. World famous scholar Venue Govindaraju, 
Fellows of the ACM, IEEE, IAPR and AAAS, cited 
Prof. Yang’s work in his paper published in IEEE/
ACM International Symposium on Microarchitecture 
(MICRO), which read: “Yang et al proposed a scal-
able stream processor oriented for scientific com-
puting applications”. Bill Dally, the chief scientist of 
NVIDIA and also the dean of the Computer Depart-
ment of Stanford University, evaluated Yang’s work 
as “world’s first practical stream processor for sci-
entific computing”.

2. To tackle the problem of how to maximize a 
stream processor’s performance on scientific com-
puting, Yang’s group for the first time in the world 
proposed an optimal or near optimal graph color-
ing algorithm for discovering stream interference, 
which makes it possible for the compiler to find the 
optimal coloring solution in polynomial time. Fur-
ther, they established a stream reuse model, and 
adopted the compiler/memory optimization technol-
ogy to explore the reuse among date streams, all 
of which greatly boost the powerful computing ca-
pacity of stream processors by a speedup of 1.14-
2.54. These results have been published in pres-
tigious conferences ACM SIGPLAN Principles and 
Practice of Parallel Programming (PPoPP) 2009 
and International Conference on Parallel Architec-
tures and Compilation Techniques (PACT) 2008, 

Achievements in the Research of High Performance Computer

Tianhe-1Petaflop/s scale supercomputer.
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and ACM Transactions on Architecture and Code 
Optimization. The reviewers spoke highly of the re-
search, putting it as: “This will be an important and 
interesting result about using vector register alloca-
tion and scalar register substitution to the allocation 
of stream processor registers.”

3. To tackle the programming, reliability and power 
consumption problems of the large scale hetero-
geneous parallel system built on CPUs and GPUs, 
Prof. Yang and his team designed and implemented 
OpenStream, a CPU-GPU hybrid programming 
language and compiling environment which uni-
fies the style of programming on the hybrid system 
and consequently greatly simplifies the writing and 
transplanting of such hybrid programs. They also 
proposed a novel fault tolerance method based on 
parallel re-computing, a data stream based check-
point analysis method for parallel programs, as 
well as a compiler directive based fault tolerance 
technique for heterogeneous systems, so as to 
effectively promote the reliability of CPU-GPU het-
erogeneous parallel systems. Moreover, Yang and 
his team designed compiler-level GPU power con-
sumption optimization techniques which can effi-
ciently reduce the power consumption of CPU-GPU 

heterogeneous systems. These research results 
have been published in leading international con-
ferences and journals such as International Con-
ference on Parallel Architectures and Compilation 
Techniques (PACT) 2007 and IEEE Transactions 
on Parallel and Distributed Systems, as well as 
influential Chinese journals such as Science China 
and Journal of Software. It is the first time for the 
PACT committee to accept a paper on topic of the 
parallel fault tolerance algorithm from a mainland 
China research institute. The paper was scored 4, 4, 
5 by three reviewers based on the 5-point scoring 
scheme with one reviewer recommending it as the 
best paper.

The above research achievements laid the firm 
foundation for the successful development of a 
large scale CPU-GPU heterogeneous parallel com-
puting system, and served as the decisive factor in 
the construction of the world’s first petascale super-
computer---the “Tianhe-1” system by NUDT. In No-
vember 2010, the “Tianhe-1A” system became the 
No.1 computing system on the Top500 list, marking 
a historical breakthrough of China in the research 
of high performance computer, which, with self-
intellectual property, is now leading the world.

The technologies of intelligent scheduling and op-
timization for complex manufacturing processes 
have important impacts on enterprises in lowing 
energy and material consumption, reducing envi-
ronmental pollution, raising economic benefits and 
synthesized competitiveness, etc.

Supported by the National Natural Science Foun-
dation of China, facing the major requirement 
from China’s large and medium-sized enterprises 
in the national pillar industries including textile, 
automobile, iron and steel, microelectronics for 
saving energy and lowing consumption, reducing 

environmental pollution, raising economic benefits 
and synthesized competitiveness, by means of the 
combination of model and algorithm, and the com-
bination of mechanism analysis and data driven, 
the research team led by Prof. Liu Min made sys-
tematical and thorough research on the complex 
manufacturing process scheduling and optimization 
problems with the synthesized complexities of large 
scale, nonlinear, strong coupling, uncertainty, etc., 
and obtain the following results:

1.Proposed several kinds of intelligent modelling 
methods based on the combination of mechanism 

Smart Scheduling and Optimization Gets Complex Manufacturing 
Processes Smarter
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and characteristc models for complex manufactur-
ing environments and some characteristic models 
suitable for different manufacturing environments. 
On the basis of the above researches, several intel-
ligent prediction algorithms were developed.

2. Proposed the intelligent scheduling and optimi-
zation algorithm structure integrating prediction, 
learning and adaptation, and several global and 
unit intelligent algorithms.

3. On the basis of the above research results, they 
developed several intelligent scheduling and opti-
mization systems, appllied successfully the relative 
research results to China’s large and medium-sized 
enterprises in the national pillar industries includ-
ing textile, automobile, iron and steel, etc., and ob-
tained obvious economic benefits.

Prof. Liu was awarded with the first class prize 
(ranking first) of the National Textile Industry Asso-
ciation Award for Progress in Science and Technol-
ogy in 2004, the first class prize (ranking first) of 
the Guangdong Provincial Science and Technology 
Award in 2005, the second class prize (ranking first) 
of the National Science and Technology Progress 
Award in 2006 and the National Science Fund for 
Distinguished Young Scholars in 2010. In recent 
years, Prof Liu has published more than 100 pa-
pers and a monograph, in which 20 and 75 papers 
are indexed by SCI and EI, respectively. Also, he 
has applied for 7 invention patents, of which 2 have 
been authorized.

Land system and associated social security issues 
in China’s ongoing urbanization have become one 
of the most important topics of academic research 
in the country’s fast economic growth and unfin-
ished economic transition. Under the support of Na-
tional Natrual Sciece Foundation of China (NSFC), 
the research team led by Prof. Tao Ran from Ren-
min University of China, who used to be a research 
fellow at the Chinese Academy of Sciences, car-
ried out a comprehensive research on China’s land 
system and related fiscal, household registration 
and social security system on the basis of three 
large surveys on 2,400 rural households from 120 
villages across 6 provinces, 2,400 migrant workers 
and 1,200 dispossessed farmers from 12 cities of 4 
major urbanizing areas in China. 

The research team established an integrated 
analytic framework to systematically investigate 
the different dimensions of China's land system 
in urbanization, including agricultural land tenure 
security, farmers’ property rights in land requisition, 
housing security for migrants, collective construc-
tion land use, transferrable land development rights 
and arbale land protection in the process of China's 
urbanization drive. It was found that although 
China’s present urbanization model and the institu-
tional arrangements in land system helped to bring 
about fast economic growth, it also led to serious 
challenges in agricultural land tenure security, rural 
residental land use effiency, housing afforablity for 
migrant workers as well as income security for dis-
possessed farmers. 

A Study on Land System and Associated Social Security Issues 
in China’s Urbanization
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Based on the study of land issues in urbanization, 
the research team further explored the political 
economy of China’s fast growth in economic tran-
sition after the mid-1990s. A race to bottom style 
regional competition for manufacturing investment 
is found to characterize China’s present growth and 
urbanization model. Local fiscal incentives using 
subsidized land and infrastructure as a key instru-
ment in regional competition after the mid-1990s 
are identified by analyzing the evolution of local 
governments’ roles in different periods of China’s 
growth in transition. 

The research team proposed that coordinated re-
forms in land management, household registration, 
local public finance and social security are needed 
to address the serious challenges faced by China 
in its urbanization drive. A breakthrough in reform 
can be achieved by introducing new approaches 
in urban village redevelopment that grant villagers 
with the rights to develop their residential land ac-
cording to urban planning, that makes affordable 

housing with decent infrastructure accessible to 
migrants and that provides local governments with 
new tax bases such as the property tax and the 
value-added tax in land use change.       

With the support of the NSFC, the research team 
has published 38 articles on major English and 
Chinese core social science journals and edited 
volumes as well as one book. These include 15 
articles on SSCI journals, such as Journal of Com-
parative Economics, Political Studies, Journal of 
Development Studies, Urban Studies, Land Use 
Policy, China Quarterly, Habitat International, 
Journal of Contemporary China et al. The policy 
proposal to re-orient China's urbanization by push-
ing forward coordinated reforms in urban village 
redevelopment based on international experiences 
in land readjustment has gained increasing accept-
ance both in academia and policy circles. The re-
search team is now working with local government 
in Shenzhen to start a pilot reform project to imple-
ment the reform proposal. 

It has been well-recognized that abnormal mol-
ecules or pathways are involved in tumorigenesis 
and promotion. Intense efforts have been made 
in discovery and research of molecularly targeted 
anticancer drugs in the world. Innovative anti-
cancer drug discovery is increasingly urgent in 
China as result of scarcity of intellectual property-
owned drugs and increasing incidence of cancer in 
Chinese population. To meet this end, Prof. Ding 
Jian and his research team from Shanghai Institute 
of Materia Medica, Chinese Academy of Sciences 
have been focusing on discovery and develop-
ment of innovative molecularly targeted anticancer 
drugs and elucidation of the drugs’ mechanism of 
action. Significant achievements have been made 
since they were awarded this grant in 2008, e.g. 
they have published 64 research articles in SCI-
cited journals and filed 22 domestic or international 

patents. Especially, they identified four intellectual 
property-owned drug candidates, two of which are 
now in phase I clinical trial. Their major scientific 
achievements are briefly introduced as follows:

1. Study on molecular mechanisms of action of 
anti-cancer drug candidates
Their study provided systematic and insightful 
mode of action for more than ten anticancer agents 
and obtained stimulating new findings regarding 
drug-target interaction, signal transduction as well 
as strategy for tumor therapeutics. They have pub-
lished 64 SCI-cited research articles or reviews in 
SCI-cited journals, including Cancer Res, Clin Can-
cer Res, J Am Chem Soc, Chem Rev, J Mol Med, 
Mol Pharmacol, Br J Pharmacol and Neoplasia.

(1) Systematic study on the mechanism of action of 

Discovery and Mechanistic Study of Molecularly Targeted Anti-
cancer Drugs
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salvicine (SAL). Salvicine is a novel diterpenoid qui-
none compound isolated from a Chinese medicinal 
plant Salvia prionitis Hance (Labiatae) and now is 
under phase II clinical trial in China as a novel Topo 
II inhibitor. The research team demonstrated for the 
first time that salvicine binds to the ATPase domain 
of human Topo II and inhibits the activity of Topo II 
through competition with ATP. This unique interac-
tion between human Topo II and salvicine provided 
a structural basis for the molecular mechanism of 
inhibition. Furthermore, salvicine manifests sig-
nificant anti-multidrug resistance (MDR) activity 
through the activation of the transcription factor 
c-jun, which is a critical factor in the repression of 
mdr-1 gene expression. These findings shed new 
insight into the regulation of mdr-1 expression, 
suggesting c-Jun as a potential new target for anti-
cancer drug resistance. The mechanistic study on 
salvicine not only provides guidelines for clinical 
use including therapeutic regimen formulation, 
patient selection and toxicity monitoring but also 
enriches oncology and tumor therapeutics with new 
insights. Prof. Ding and his research team were 

awarded with the second class prize of the National 
Natural Science Award in 2009. in recognizing their 
scientific achievement made in this project.

(2) Important findings in signal transduction in tu-
mor angiogenesis. Angiogenesis plays a critical role 
in tumor progression and inhibition of tumor angio-
genesis has been one of the promising strategies in 
the development of novel anticancer therapy. The 
team discovered a series of compounds with activ-
ity against tumor angiogenesis and explored their 
modes of action. Of particular note, they further 
uncovered for the first time the non-transcriptional 
function of the transcription factor c-Jun using 
pseudolaric acid B as a probe. They found that 
c-Jun associates with HIF-1alpha via its oxygen-
dependent degradation domain, masks the sites for 
ubiquitination, and thus protects HIF-1alpha from 
proteasome-executing degradation. The stabiliza-
tion of HIF-1alpha is dependent on the domains of 
c-Jun for DNA binding and heterodimerization but 
independent of the transcriptional function. These 
findings discovered for the first time the non-tran-
scriptional function of c-Jun and a distinct regulato-
ry mechanism of HIF-1alpha activity, consequently 
offering profound mechanistic insights into multiple 
events simultaneously involving both c-Jun and 
HIF-1alpha in tumor progression. 

2. Research and development of innovative anti-
cancer drugs
Prof. Ding and his research team discovered a 
number of novel anticancer compound leads and 
identified 4 drug candidates with a particular em-
phasis on those targeting tyrosine kinases or PI3K/
mTOR pathway. 22 patents have been filed/author-
ized for the compounds. Among them, AL-3810 and 
L-P are entering clinical trial after their preclinical 
studies were finished. Y31 and JG-6 are in rigorous 
preclinical studies.

A proposed scheme depicting the mechanisms of action of 
salvicine. Salvicine elicits multi-cellular effects including 

inducing Topo II inhibition, DNA damage, and circumventing 
P-gp-mediated multidrug-resistant (MDR) cells and inhibiting 

tumor cell metastasis. +, stimulation or enhancement; -, 
inhibition.
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Emerging Infectious Diseases severely disserve 
human health, affect economic development, cause 
social panic and threaten national security, thereby 
arise great attention globally. Under the support 
of National Natural Science Foundation of China 
(NSFC) with the National Science Fund for Distin-
guished Young Scholars (No. 30725032), Major 
Program (No. 30590370), Major International Joint 
Research Project (No. 30810103903) and General 
Program (No. 39970655, 30700682, 30860250), 
a research team led by Prof. Cao Wu-Chun at the 
State Key Laboratory of Pathogen and Biosecurity, 
Academy of Military Medical Sciences has carried 
out a series of epidemiological studies with a view 
to key scientific questions in the control and pre-
vention of emerging infectious disease. Their crea-
tive achievements are as follows:

1. The natural history regarding occurrence, 
progress and consequence of severe acute respira-
tory syndrome (SARS) were first systematically elu-
cidated in the world by using integrative approach-
es of molecular epidemiology, sero-epidemiology, 
case-control study, prospective follow-up, descrip-
tive epidemiology, spatial epidemiology and theo-
retically epidemiology. The association between 
mutation of SARS-related coronavirus (SARS-
CoV) and transmission as well as epidemic of the 
disease was clarified in several aspects. They first 
reported the disappearance of specific protective 
antibodies against SARS-CoV in the patients 3 year 
after recovery. The roles of genetic factors in occur-
rence of SARS were validated. The epidemiological 
situation of SARS in mainland China was charac-
terized by bringing together all available data in 
one comprehensive database. A total of 23 papers 
have been published in international SCI journals 
such as New England Journal Medicine, Emerging 
Infectious Diseases, Journal of Infectious Diseases 
and BMC Infectious Diseases, with a total impact 
factor (IF) of 122.6. Some findings have been cited 
as an example of follow-up study in Annual Review 
of Immunology (2007;25:443-472), or appraised in 
the Editorial Commentary (J Infect Dis 2008;197:1-

2). The European journal, Tropical Medicine and In-
ternational Health published a special issue named 
“SARS in China” in September, 2009. The first 
class prize of the Beijing Municipality Science and 
Technology Award was awarded to the research 
team in 2009. 

2. A retrospective investigation confirmed the first 
human case with high pathogenic avian influenza 
A (H5N1) virus in mainland China. Sero-epidemi-
ological surveys obtained the background data on 
human infections of H5, H7 and H9 subtypes of 
avian influenza viruses. Spatial epidemiological 
studies discovered environmental risk factors in 
relation to the spread of avian influenza H5N1 in 
mainland China. A remarkable dual pattern of sea-
sonal influenza on mainland China were identified 
and illustrated. Mixed infections of pandemic H1N1 
and seasonal H3N2 viruses in 1 outbreak were first 
documented in the world. The research team was 
in the unique situation of identifying patients with 
2009 pandemic influenza A (H1N1) virus infection, 
even though they had been vaccinated >1 month 
before the onset of infection. A total of 15 papers 
have been published in international SCI journals 
such as New England Journal Medicine, Clinical 
Infectious Diseases, Emerging Infectious Diseases 
and Infection Control & Hospital Epidemiology, with 

Epidemiological Studies on Emerging Infectious Diseases

Photomicrographs of cells infected with Anaplasma 
phagocytophilum.

(A) Wright-Giemsa–stained granulocytic cell of a BALB/
c mouse. (B) Wright-Giemsa-stained HL60 cells. (C) 

Immunofluorescent stained infected HL60 cells. (D) Electron 
photomicrographs of an HL60 cell.
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a total IF of 113.2. These findings have been cited 
by the papers on well-known international journals 
(Nat Med 2007;13:681-684; Clin Microbiol Rev 
2007;20:243-267; PNAS 2009;106:7565-7570). In 
addition, the application of an invention potent and 
a computer software registration are on the way. 

3. The discoveries of emerging vector-borne dis-
eases and epidemiological surveys on their natural 
foci have shown originality and preponderance. 
The research team found for the first time the natu-
ral foci of tick-borne human monocytic ehrlichiosis 
(HME) due to Ehrlichia chaffeensis, and human 
granulocytic anaplasmosis (HGA) due to Anaplas-
ma phagocytophilum, which was uniquely isolated 
in mainland China (Figure). Co-infection with both A. 
phagocytophilum and Borrelia burgdorferi was first 
reported in Ixodes persulcatus ticks in the world. 
Five new foci of Lyme disease and 3 novel geno-
species of B. burgdorfer were identified. Based on 
spatial information technologies, the new natural 

foci of hemorrhagic fever with renal syndrome 
(HFRS) and their landscape features were charac-
terized, the temporal-spatial distribution of HFRS in 
mainland China was clarified. Amur strain, a new 
Hantaan-like virus was first detected in Korean field 
mice (Apodemus peninsulae), and then identified 
as the same entities with Soochong virus through 
the extensive phylogenetic analyses. A total of 39 
papers have been published in international SCI 
journals such as Emerging Infectious Diseases, 
Journal of Clinical Microbiology, Journal of Clinical 
Virology and American Journal of Tropical Medicine 
and Hygiene, with a total IF of 148.7. These find-
ings have been cited by the papers on well-known 
international journals (JAMA 2008;300:2263-
2270; Clin Microbiol Rev 2006;19:708-727). Three 
computer software registration certificates have 
been obtained. The first class prize of the Science 
and Technology Award by Chinese Association of 
Preventive Medicine was awarded to the research 
team in 2009.

The anatomical architecture of brain is one of the 
basis for understanding brain functions and dys-
functions, and the construction of complete neu-
ronal connective map is critical for studying brain 
disease, such as schizophrenia and autism. In the 
existing whole brain atlases, the interval between 
consecutive pictures is several millimeters, and in 
the functional magnetic resonance imaging (MRI) 
of the highest resolution, the voxel size is 1 mm3, 
which include about information of about 0.3 billion 
synapsis action. Because the diameter of neurites 
which connect neurons is only about 1 micron, con-
struction for 3D structural dataset of the whole brain 
with at least 1 micron resolution is needed in order 
to study the localization, morphology and intercon-
nectivity of neural circuits throughout the whole 
brain.
Supported by the Fund for Fundamental Re-
search of Scientific Instruments of NSFC and other 

programs, Prof. Luo Qingming and his group at 
Huazhong University of Science and Technology, 
through innovation in different aspects and break-
through on key techniques and methods, have 
developed a Micro-Optical Sectioning Tomography 
(MOST) instrument with self-owned intellectual 
property rights, and a method of 3D fine structure 
(sub-micro resolution) imaging for large specimens 
(centimeter scale). This technique features continu-
ous, automatic and high speed data acquisition, no 
additional registration needed, high stability and 
high accuracy. Using the independent developed 
imaging instrument, they succeeded in obtaining 
3D structural atlas of the whole mouse brain at mi-
cro resolution for the first time in the world.

The innovation lying in the achievement is mainly 
reflected in three aspects. 

Micro-Optical Sectioning Tomography and 3D High Resolution 
Structural Imaging
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1. In the mechanism of high resolution optical imag-
ing, a typical epi-illumination microscopy is used 
to achieve absorption imaging, i.e. the illumination 
light through the objective is focused on the speci-
men, and thus the reflection imaging is formed. 
Compared with the transmission imaging used by 
international peers, in which the illumination light 
passed diamond through the knife, this design sim-
plified the adjustment of imaging instrument and 
ensured the special design of the knife.

2. In the research of the cutting knife and cutting 
style, the designed and used knife has only single 
cutting function, so it is capable of being used in 
special angle and mount, long time steadily and 
high-quality cut specimen at the same layer, so as 
to ensure the good cutting performance. Due to the 
unique design and mount of the knife, this achieve-
ment can use the column-by-column cutting at the 
same plane, not the stage cutting used by other 
groups in the world. Thus the nonuniform defor-
mation in specimens, especially the chatter lines 
caused by the vibration, can be avoided. It ensured 
the high-quality and accurate acquisition of detail 
information at the neurite level and precise registra-
tion of the whole brain images, and resolved the 
key technical problem which international peers did 
not break through over ten years. 

3. In the 3D structural brain imaging with high reso-
lution, this project obtained 15,380 coronal section 

images with total data of 8Tb and resolution of 0.3 
um × 0.3um. It has established the first 3D high 
resolution structural atlas of whole mouse brain 
at the neurite level in the world, and provided the 
important foundational database for understanding 
brain functions.

The research results were published in 13 articles 
in SCI journals including Science, and obtained 
3 invention patents and 4 pending invention pat-
ents. News of The Week of Science published a 
comment titled by “China’s Brain Mappers Zoom 
In on Neural Connections”, and remarked that the 
research team in China has gone to great lengths 
to create the most detailed three-dimensional map 
yet of all the connections between the neurons in 
a complete mouse brain, and its data and the new 
automated instrument that produced the brain atlas 
provide an important foundation for future studies.

Brain is the most important, delicate and vulner-
able organ in human body, and often suffers from 
diverse injuries such as stroke, trauma and neu-
rodegenerative disorders. Regeneration after in-
juries is very little in the adult brain. Brain injury is 
a major cause of disability and death globally and 
has a profoundly negative impact on the individu-
als it affects, those that care for them and society 
as a whole. Prof. Zhu Dongya in Nanjing Medical 

University and his research group focused on novel 
drug targets and therapeutic drugs for the treat-
ment of stroke, cellular biology for the interaction 
between neurons and neural stem cells (NSCs), 
and the modulation of emotional behaviors based 
on neurogenesis, and obtained important scientific 
findings: 

1. They demonstrated that the ischemia-induced 

Neuroprotection and Repair for Brain Injury

A sagittal reconstruction of mouse brain.



2010 Annual Report   41

interaction of neuronal nitric oxide synthase (nNOS) 
with postsynaptic density protein-95 (PSD95) is 
critical for brain injury after stroke, and disrupting 
the interaction significantly attenuates cerebral 
ischemic damage. Based on the chemical struc-
tures of nNOS and PSD95 and the mechanism for 
nNOS–PSD95 PDZ dimer formation, they designed 
and synthesized a series of compounds, and found 
ZL006 with potent activity by screening. This drug 
ameliorated focal cerebral ischemic damage with-
out the major side effects quite common in most 
neuroprotectants, including cognitive problem, 
hallucinations and even coma (Figure 1). These 

findings were published on Nature Medicine (2010, 
6: 1439-1443). On the same issue of this Journal, 
an invited comment written by a famous scientist 
in this field said that “these findings bring hope for 
people afflicted with stroke and other neurodegen-
erative diseases”. Dr. Nicholas Jones, Associate 
Editor of Nat Rev Neurol., is writing a research 
highlight for quotes on this paper. 

2. They have been engaged in the research of 
neurogenesis following cerebral ischemic damage 
for ten years and published 7 papers on renowned 
international journals, including J Neurosci, PNAS, 
J Neurochem, J Neurosci Res and Neuroscience. 
More recently, they revealed a new mechanism 
underlying the neuronal regulation of NSCs fate. 
They found that nNOS is confined to the nucleus 
in NSCs, and is essential for the proliferation, neu-
ronal differentiation and survival of NSCs; whereas 
in neurons, nNOS is predominantly located in cyto-
plasm and exerts negative control on the prolifera-

tion, neuronal differentiation and survival of NSCs. 
Telomerase activation and cAMP response element 
binding protein (CREB) phosphorylation are impli-
cated in the bidirectional regulation of neurogenesis 
by nNOS derived from neurons and NSCs (Figure 
2). These findings were published on Stem Cells 

(2010, 28:2041-2052). On account of the bidirec-
tional regulation of neurogenesis, it is possible to 
substantively promote the neuronal differentiation 
and survival of endogenous or transplanted NSCs 
in injured brain by selectively inhibiting nNOS de-
rived from neurons (such as using ZL006, owing to 
no nNOS-PSD95 coupling in NSCs).

3. Neurogenesis in the adult brain is significantly 
implicated in the regulation of psychiatric disorders, 
such as depression and anxiety. They reported in 
2007 that hippocampal nNOS contributes to the 
stress-related depression by down-regulating neu-
rogenesis. Recently, they demonstrated that nNOS 
alteration accounts for the role of 5-HT1A receptor 
in modulating anxiety-related behaviors. This is a 
novel notion about anxiety. These findings were 
published on J Neurosci (2010, 30:2433-2441), and 
could help to research the emotional impairments 
caused by stroke and other CNS injuries in the fu-
ture.  

Figure 1: Treatment of cerebral ischemia by disrupting 
ischemia-induced interaction of nNOS with PSD-95.

Figure 2: TBidirectional regulation of neurogenesis by nNOS 
derived from neurons and NSCs.




