The Molecular Biology Laboratory of Animal viruses


We are interested in two research areas：1）molecular evolution and pathogenicity of swine and avian influenza viruses, and host-virus interaction to understand the molecular mechanisms of cross-species transmission of the virus. We mainly focus on interactions between several structural proteins of avian influenza virus and host cellular proteins after infection. Also, using bioinformatics and immunological techniques we are involved in mapping the antigenic region of HA, NA of the virus and genetic shift of the structural proteins to understand the geographic prevalence and pathogenicity of animal influenza virus. With yeast two hybrid system and GST-pull down techniques, we have identified several human proteins that interact with the matrix proteins of avian influenza virus and determined how these host intracellular proteins bind to the matrix protein. We will focus on the functions of host protein-viral protein interactions to understand how these host proteins help the viral replication, assembly and budding in the cells during infection, and how the virus can replicate in human cells. Such discovery will be used to design possible small molecular chemical compound to block the protein-protein interactions as an antiviral therapy. 2) We are engaged in a research to design new diagnostic methods for some infectious diseases and are currently investigating the precise, rapid, convenient and specific assays that can specifically identify pathogen and antibody in animals with clinical standards for monitoring the outbreak of infectious diseases and vaccination.
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Background and significance

Emerging infectious zoonotic diseases represent substantial threats to global health. Such as, avian influenza and rabies rank as some of the most important infectious diseases facing humankind in the 21st century, rates of infection have increased in recent years in China. Although the demographics of some zoonotic diseases have changed following environmental changes, the epidemic is far from over; instead, it is evolving, expanding, and posing ever greater challenges. The demonstrating avian influenza, rabies and other zoonotic diseases transmitted to humans have important scientific and public health implications. The fact that some animals are able to serve as the natural host and reservoir for human pathogens that have spread epidemically is especially ironical. Priority should be given to the full molecular and biological characterization of the most important zoonotic diseases. At the same time, phylogenetic analyses of animal influenza viruses should be performed so as to characterize the evolutionary history of these viruses and to determine the frequency with which they cross species barriers. It is very important to understand the interactions between host cell factors interacting to viral proteins for the replication and processing of virus in the host cells, the interactions between some structural proteins of viruses avian influenza virus, and human host intracellular proteins so as to understand the molecular mechanism of cross-species transmission involved in some intracellular proteins, and the regulation of replication, assembling and budding of virus and pathogenesis by the host proteins.

Following the globalization and ecological changes, people move geographically more frequently, the number of companion and zoo animals has increased greatly with market demand and change of traditional life style, humans are closer to the animals in distance, a large scale of animal production have developed, leading to more outbreaks of diseases globally among domestic and wild-life animals. The species-specific transmission restriction of some infectious diseases gradually breaks down to allow diseases cross to other species of animals under the changes in environments and other unknown factors, more appearance of zoonotic diseases have been reported globally. In addition, international bioterrorism activities are more often happened than ever before. The anti-bioterrorism has become more urgent internationally. Many countries have paid great attention to making regulations and policy to prevent possible bioterrorism attack. Therefore, it is important to monitor the outbreak of the emerging diseases and surveillance possible outbreak of acute infectious diseases in the future, to develop and research more valid, powerful assays to diagnose some infectious diseases for public health and animal production. Our goal is to establish an effective platform that can provide surveillance service for some infectious diseases nationally.

Current projects and working progress
1. “The molecular evolution of five major viral infectious diseases in domestic animals and birds” supported by the state 10th five year project 2004-2005 （1.8 M）
2. “The interaction between the matrix protein (M1) of avian influenza virus and human host cellular factors” supported by Chinese Academy of Sciences 2004-2005 （0.8 M）

3. Jinhua Liu , Haixia Xiao , Fumin Lei , Qingyu Zhu , Kun Qin , Xiaowei Zhang, Xinglin Zhang, Deming Zhao, Guihua Wang, Youjun Feng, Juncai Ma, Wenjun Liu, Jian Wang，George F. Gao （2005）Highly Pathogenic H5N1 Influenza Virus Infection in Migratory Birds Science. 2005 Jul 8; 309(5732):231.
Future research goals for coming 3-5 years

1、 Establish the platform to study the interactomic of human host intracellular proteins and the NP, PB2 and M1 proteins of avian influenza virus, and to determine effects of the molecular evolution of the influenza viruses on pathogenicity and cross-specie transmission. We will concentrate on functional studies to evaluate how those host cell proteins affect viral replication, and understand how these interactions among the proteins regulate viral decoating, replication, assembly and budding. We will be involved in evaluating whether the interactions between host cell proteins and viral proteins play an important role for the viral cross-species transmission and infectivity. Combined to molecular evolution bioinformatic data, we will determine the correspondence between antigenic and genetic evolution of animal influenza viruses for monitoring of antigenic differences among vaccine and circulating strains and thus estimation of the effects of vaccination and future infection. Further, this approach will offer a route to predicting the relative success of emerging strains, which could be achieved by quantifying the combined effects of population level immune escape and viral fitness on strain evolution. 
2、 We will develop some molecular techniques and immunological assays in the diagnosis and monitoring of infectious diseases. Using nucleic acid and recombinant proteins techniques, such as PCR-based systems can detect the etiologic agents of disease directly from clinical samples without the need for culture. Sequence analysis of amplified microbial DNA will allow for identification and better characterization of the pathogen. Other goals include the determination of viral load and the direct detection of genes or gene mutations responsible for vaccine escape, and differentiation of nature infection and vaccined animals, such as foot-mouth disease, rabies and others. 
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