Research Overview
Research Group: Plants Virus Genomics and their Vaccines

I. Introduction
Aims
By means of virus genomics, we try to investigate the interaction among the proteins that the virus themselves encoded, as well as that of virus proteins and their hosts receptors. Our research on elucidation of the fundamental course of virus life cycle should promote to decrease the losses by virus diseases.

Group Members
- Principle investigator: Bing-Sheng Qiu, Professor. 

Prof. Qiu graduated from speciality of microbiology, biology department of Fudan university in 1977. He has been to CSIRO industrial institute of Australia as a visiting scholar. Now he acts as vice primary leader of virus speciality of Chinese Society for Microbiology, vice editors-in-chief of Chinese bulletin of microbiology, member of editors committee of Chinese biodiversity. In the past 5 years, Prof. Qiu has been authorized 5 national patents and published 69 academic articles. 
- Other members:

Dr. Xue-Bo Hu (Research fellow), 

2 Ph.D. students and 6 guest researchers.
II. Background
Plant viruses cause most pivotal diseases of agriculture, which may bring about some 20 billions US dollars loss as is estimated. Being special parasites inside the cell, viruses are hard to be cleared out of the hosts once they make successful infection. Protection from attenuated virus is widely and long term adopted as effective means to control plant virus at a time. However, the obscure of the mechanism underlying the protection by attenuated variants was a huge obstacle in the past, as some scientists doubted the ecological safety. Now that most of the attenuated variants originated from common strains, it is reasonable to suspect whether it would turn back to be virulent one after yeas of continual spread. Hence the truth behind the attenuated virus protection should be thoroughly investigated.

Elaborated survey of the protein interaction between virus and its host gradually became hotspot of plant virus research. It is widely known that most of the plant virus could accomplish its life cycle such as infection, replication and movement with high efficiency, at the same time, the virus not only avoided the host resistance, but also made severe disturbance on hosts metabolism and cycle, and thus impair the growth and yield. Hence, it possesses precious both academic and practical value to uncover the interaction between virus and the plants.

Yeast two-hybrid system (YTHS), a well-developed biotechnology, has powerful function in elucidation the signal transduction, especially in analysis of the protein-protein interaction. Recently, much light has been shed on to screen the protein-protein interaction between virus and plants in virtue of the YTHS. Using YTHS we take the first place to select two tobacco proteins that specially bind to the coat protein of tomato mosaic virus, of which, IP-L, is proved to take roles in virus systemic movement inside the tobacco. We set up the YTHS much earlier than colleagues in mainland and has ruled out a set of screening and technology system. The system is easier to extended to other virus-plant interaction research and should make it a bright characteristic of our team.

The growing demand for microbial fermented proteins and enzymes have stimulated to forming a series of expression system. Among which, Hansenula polymorpha (also as Pichia augusta) is recently developed as a microbial factory to express exotic proteins. The methyltrophic yeast is adapted to rapidly growth under high temperature, easy to ferment with large quantity, and could express some proteins at a high level that were not effective by other systems. As the exterior genes constructs could be integrated into the yeast by a certain of ratio, the protein expression level of different gene could be controlled as desired. Furthermore, the Hansenula polymorpha have other merits with clear genetic background, high copy number of integration, high level of production and feasible to industrial application. it is believed that the Hansenula polymorpha protein expression system is superior to E.coli and other yeasts. The establishment of this system should help to later research on proteomics and vaccine. 

III. Major Achievement
Inactivated vaccines take important roles in animal virus immunology, likely, the attenuated virus variants could provide immune for the later strong stains infection in nature, as is called cross protection. Formerly, our team has got a strain of attenuated variant of Tomato mosaic virus (ToMV), N14. It has been widely adopted as a commercial agent to control the ToMV and its relative tobacco mosaic virus (TMV) in field. The only insufficiency of it is how to weep off the fear of possibility from attenuated variants shift to common or strong one in long time of amplification. We constructed the infectious clone, and sequenced their genome sequences of attenuated and common strains, respectively. Comparing the relationship between nucleic acid, protein expression, and infection, we concluded that the molecular mechanism of N14 attenuation was caused by two mutations in the nucleic acid. One mutation exists in replicase, the other in movement protein. As both mutations can cause translation abortion of these two proteins in advance, and thus decrease the potent to replicate and infect in the plant cell.

Plant inoculated with attenuated virus exhibits only light symptom and don’t have much decrease of biomass, so it is possible to use the attenuated virus as vector to expression foreign proteins in the host plant. The reporter gene GFP was constructed into N14 cDNA, after agrobactrium infiltration, the protein expressed could reach to 0.1% of the total soluble protein, indicates the great potence of attenuated virus to gene engineering.

The protein-protein interaction between virus and the host is much important, whether to virus successful infection, or the host defense. Fishing the host factors that interact with virus have been to be a central topic of virus research. The cDNA library of Nicotiana tabacum induced by ToMV inoculation was established to screen host proteins that interact with different ToMV proteins by YTHS and in the end we dig out two tobacco proteins, IP-L and IP-W, that could specially bind to ToMV CP. Database research in GenBank revealed that IP-L was a novel protein and IP-W represented tobacco chloroplast ferredoxin. In transient expression and transgenic gene silencing system, silenced IP-L individuals postponed the virus systemic replication, indicated its relationship of virus systemic infection. And this provides important clues to elucidate the infection mechanism and way of control this kind of disease.

The barley stripe mosaic virus (BSMV) is a typical gramineae virus. The genome sequence of BSMV Chinese strain was sequenced and cDNA library of barley infected by the virus was constructed to prey virus receptors using YTHS. In the on going research, we found fragment of BSMV may be due to the forming tumor in the barley.

Maize rough virus have been prevalent in China for several times for half a century, which is transmitted only by plant hopper (Laodelphax striatellus) in field. It may brings about heavily loss, sometimes even harvestless. After decades of research, we known the causal pathogen is rice black streak dwarf virus (RBSDV), not the maize rough virus, its closest relative. Both of these two virus have 10 segmented dsRNA genome and belong to Fijivirus, Reoviridae. Though the shortage of research on innate logic of RBSDV hampered to use the traits of resistance in genetic breeding. In this project, we desire to investigate the protein-protein interaction between virus and the maize also by method of YTHS. All 13 ORFs of RBSDV have been cloned by RT-PCR and now the project is going on healthily. 

A set of high efficient Hansenula polymorpha protein expression system have been developed. We owned an integrated technological platform from vector construct, gene deliver, recombinant screening, fermentation, to protein purification. Based on codons preference of Hansenula polymorpha, the optimized DNA sequence of the major antigen epitope VP1 of capsid protein of the foot-and-mouth virus fused to the cholera toxin B subunit (VP1-hCTB) is chemically synthesized. VP1-hCTB was expressed in Hansenula polymorpha as secreted soluble protein and the purified protein was used for mucosal immune test to mouse by intranasal, peroral and intraperitoneal, respectively. The results showed that antibodies IgA and IgG both could be activated by these three methods. After third repeatedly intraperitoneal inoculation with VP1-hCTP, swine challenged with 105 LD50 FMDV was survived at a rate of 80%. It is the first report of the possibility using CTB as mucosal adjuvant to elicit protective immune responses against FMDV in experimental hosts. The Hansenula polymorpha expression system also is demonstrated effective as we have developed high efficient recombinant antibody of Hepatitis B virus entrusted by Hualan Biotechnology and Engineering Company Inc.

Selected Publications

1. Yang G, Qiu B, Liu X, Li Y, Wang XF. Nonsense mutations of replicase and movement protein genes contribute to the attenuation of an avirulent tomato mosaic virus. Virus Res. 87:119-28, 2002
2. Houhui Song, Yong Li, Weihuan Fang, Yunfeng Geng, XuWang, MinWang & Bingsheng Qiu. Development of a set of expression vectors in Hansenula polymorpha. Biotechnology Letters 25: 1999–2006, 2003. 
3. Houhui Song, Li Zhou, Weihuan Fang, Yong Li, Xu Wang, Hongbo Fang, Xiangdong Li, Mingyu Wu, and Bingsheng Qiu. High-level expression of codon optimized foot-and-mouth disease virus complex epitopes and cholera toxin B subunit chimera in Hansenula polymorpha. Biochemical and Biophysical Research Communications 315：235–239，2004

4. Houhui Song, Weihuan Fang, Zhiliang Wang, Dongxia Zheng, Jian Du, Hong Li, Yong Li, and Bingsheng Qiu. Detection of foot-and-mouth disease virus antibodies using a purified protein from the high-level expression and purification of codon optimized, foot-and-mouth disease virus complex epitopes in Escherichia coli. Biotechnology Letters. 26: 1277-1281 ,2004
5. Song H, Li Y, Fang W, Geng Y, Wang X, Wang M, Qiu B. Development of a set of expression vectors in Hansenula polymorpha. Biotechnology Letters, 25:1999-2006,2003
6. Li Y, Geng Y, Song H, Zheng G, Huan L, Qiu B. Expression of a human lactoferrin N-lobe in Nicotiana benthmiana with potato virus X-based agroinfection. Biotechnology Letters, 26: 953-957, 2004
7. Yueyong Liu, Yong Li, Liyue Liu, Xuebo Hu, Bingsheng Qiu. Design of vectors for efficient integration and transformation in Hansenula polymorpha. Biotechnology Letters, accepted.

8. Li Y, Wu M, Song H, Hu X, Qiu B. Identification of a Tobacco Protein Interacting with Tomato Mosaic Virus Coat Protein and Facilitating Long-Distance Movement of virus (accepted by Archives of virology).

Patents:

1. Bingsheng Qiu, Gongyang, and Tien Po. The application of the K genome of a mutant attenuated ToMV. Authorized Open Date: 05/19/2004, Patent No. 1306090.

2. Bingsheng Qiu, Yong Li, and Guangchao Liu. The expression vectors from ToMV(K strain). Authorized Open Date: 07/14/2004, Patent No. 1412314. 

3. Bingsheng Qiu, Houhui Song, and Yong Li. Expression and application of recombinant Cholera toxin B subunit in Hansenula polymorpha. Authorized Open Date: 07/21/2004, Patent No.1513995.

4. Bingsheng Qiu, Houhui Song, and Yong Li. Expression and application of SARS-CoV S, S1, S2 and other main epitopes in Hansenula polymorpha. Authorized Open Date: 02/18/2004. Patent No.1475571.
IV. Future Plan
1. Structure and function studies on IP-L and IP-W (applied for funding of National Natural Science Foundation of China, NNSF 2006’).

2. Protein-protein interaction inside the RBSDV, between RBSDV and maize, RBSDV and transmission vector (Applied for funding of NNSF 2006’).

3. Protein-protein interaction between BSMV and barley (Funded by NNSF 2003’-2005’).

4. Development new bioengineering products cooperating with Hualan biotechnology and engineering company Inc. and Kunyang (Dalian) biotechnology and engineering company Inc.(Both sides intended and negotiated).
