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Introduction

Glycobiology Research Group (GRG) is focus on the molecular mechanisms of the biosynthesis of microbial carbohydrates and their functions in microbial growth and infection. 
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Background and Significance

Glycoconjugates (including glycoprotein, glycolipid, and proteoglycan) and polysaccharides are one set of macromolecular components of mammalian cell in addition to nucleotides and proteins. It has been shown that carbohydrate chains play important roles in various physiological processes such as fertilization of egg, embryogenesis, development, differentiation, maintaining of nervous system and immuno-system. Also, carbohydrate chains are involved in various diseases, i.e. inflammation, aging, tumorigenesis, metastasis, and infection. 

As in mammalian cells, various glycoconjugates and oligosaccharides can be produced in microorganisms. Indeed, our knowledge of glycosylation in mammalian cell was mainly come from the investigation of glycosylation in yeast. However, little is known about carbohydrate in other microorganisms.

The cell wall of prokaryotic microbes are composed of peptidoglycans, lipoploysaccharides, and capsule polysaccharides; filamentous fungi and yeast can produce glycoproteins; and some viruses posses envelop glycoproteins. These sugar chains are not only required by the growth of microbes, but also play important role in interaction between microbes and animals/plants. Thus, the function of sugar chains in growth and infection of microbes has become a hop spot of glycobiological research.

As one of filamentous fungi, Aspergillus fumigatus is a saprophytic fungus that causes life-threatening diseases, such as pneumonia and invasive aspergillosis in immuno-compromised patients. Over the past 10 years, due to the increase in the degree of severity of modern immunosuppressive therapies, A. fumigatus has become the most prevalent airborne fungal pathogen. As judged after death in unselected autopsies, and invasive aspergillosis has overtaken candidiasis as the most frequent fungal pathogen found after death in tertiary care hospitals in Europe. The crude mortality from invasive aspergillosis is around 85% and falls to around 50% if treatment is given. In addition, A. fumigatus is highly thermotolerant and comfortably grows at 50°C and can resist remarkable extremes of external environment, it is highly likely that useful enzymes can be isolated from it which may be of scientific interest. Such enzymes are likely to be involved in complex synthetic or metabolic pathways which are likely to have intrinsic value. Therefore, investigation of A. fumigatus is of clinical and industrial interest. 

A. fumigatus is known to possess glycosylation system, however, the structure of glycans attached to proteins, glycosylation pathway, and their physiological function remains unknown. The invetigation of the glycosylation pathway and their roles in A. fumigatus would reveal the mechanism of carbohydrate-mediated infection and provide chemo therapeutic targets. In addition, A. fumigatus can serve as a simple model for studying the functional glycomics of eukaryotes, and genes and enzymes obtained from A. fumigatus could be used in glycobiotechology. 
Major Achievements

(1) The glycosylation of Aspergillus fumigatus. 

In order to understand the roles of the glycosylation in growth and infection of A. fumigatus, we analyzed the structures of N- and O-glycans from A. fumigatus strain 44277 by using FACE system. By using HPAEC-PAD system, it has been confirmed that the N-glycans were composed of 3 species of glycoforms, which include Man6GlcNAc2, ManGlcNAc2, and GlcNAc2; while a novel structure of O-glycan was identified as Gal-Man-Ser/Thr besides the structure of Man-Ser/Thr. 

(2) Glycosylation pathway in A. fumigatus.
We have identified over 50 genes involved in glycosylation pathway in A. fumigatus, and 20 of them have been cloned and expressed, including the genes encoding for mannosyltransferase (AfPMT1), N-acetylglucosaminyltransferase, glucosidase, and mannosidase. The functional analysis has been carried by knock-out of AfPMT1 gene and testing the virulence change of AfPMT1- mutant in animal model. 

(3) Structure and function of chitinase from A. fumigatus.

A full-length cDNA encoding for chitinase was cloned from A. fumigatus, and expressed in E. coli and Pichia pastoris, respectively. The recombinant enzyme either from E. coli or P. pastoris was active, however, a decrease in stability was observed with the enzyme expressed in E. coli, suggesting that the glycosylation of chitinase play a role in stabilization. In collaboration with Tsinghua University, the crystal of native chitinase was obtained with resolution of 1.7Å. The crystal structure has been resolved. The first GlcNAc of N-glcan present in protein can been seen based on the electronic density analysis. 

(4) The structure and function of CMP-NeuAc synthetase from E. coli. 

We have shown that the C-terminal half was not required for the synthetase activity. Thus, the potential function of C-terminal half of E. coli CMP-NeuAc synthetase was investigated. By predicting the secondary and 3D structure, the C-terminal was found to share similar 3D structure with bovine platelet-activating factor acetylhydrolase (PAF-AH). Based on this information, the C-terminal was confirmed to possess PAF-AH activity. A in vitro model of Blood Brain Barrier (BBB) has been established. Using this model, the role of CMP-NeuAc synthetase/ PAF-AH protein in the traversal of E. coli is being analyzed.

(5) Glycosylation alteration induced by HBV-infection. 

Previously, an elevated expression level of (2,3-sialyltransferase (ST3GalI) liver tissue, which synthesizes NeuAc(2,3Gal(1,3 GalNAc, was observed to be related to cirrhosis and HBV-infection (Eur. J. Biochem., 265:580, 1999). In order to figure out the relationship between HBV and cirrhosis, the effects of HBV proteins, MHBst and HBx on ST3GalI promoter were tested. It turns out that MHBst and HBx could increase the activity of ST3GalI promoter by 35.2% and 43.8%, respectively. The increased transcripts level of ST3GalI was also detected in QGY-7701 transfected with MHBst or HBx. These results demonstrated that MHBst or HBx was activator of ST3GalI expression. Our results also showed that MHBst and HBx activated the ST3GalI expression via PKC pathway, however, their mechanisms were different. The altered glycan expression caused by MHBst or HBx, and therefore by increased ST3GalI expression was also detected on cell surface.
Publication:

1) Xia, G., Jin, C., Zhou, J., Yang, S., Zhang, S., and Jin, C. (2001) A novel chitinase having a unique mode of action from Aspergillus fumigatus YJ-407. Eur. J. Biochem., 268(14):4079-4085. 

2) He, X., Jin, C., Zhang, S., and Yang, S. (2002) Cloning and expression of a thermostable (-glycosidase gene from Thermus nonproteolyticus HG102. Chinese J. Biotech., 18:63-68.

3) Ding, H., Wang, J., and Jin, C. (2002) Regulation of Gal(1,3GalNAc (2,3-sialyltransferase (ST3Gal I) by hepatitis B virus MHBst/HBx transactivator. Chinese J. Biotech., 18:551-555.

4) Jin, C. and Jin, C. (2002) Minimal functional domain of cytidine 5’-monophosphate N-acetylneuraminic acid (CMP-NeuAc) synthetase from Escherichia coli. Chinese J. Biotech., 18:676-682.

5) Gu, G., Du, Y., Hu, H., Jin, C. (2003) Synthesis of 2-chloro-4-nitrophenyl a-L-fucopyranoside: a substrate for a-L-fucosidase (AFU).  Carbohydrate Research, 338:1603-1607.
6) Hu, H., Wang, G., Yang, H., Zhou, J., Mo, L., Yang, K., Jin, C., Jin, C., and Rao, Z. (2004) Crystallization and preliminary crystallographic analysis of a native chitinase from the fungal pathogen Aspergillus fumigatus YJ-407. Acta Crystallographica Section D Biological Crystallography, 60(Pt 5):939-940.

7) Liu, G., Jin, C., and Jin, C. (2004) CMP-N-acetylneuraminic acid synthetase from E. coli K1 is a bi-functional enzyme: Identification of minimal catalytic domain for synthetase activity and novel functional domain for platelet-activating factor acetylhydrolase activity. J. Biol. Chem., 279(17): 17738-17749.

8) Wang, Y., Wang, J., Hu, H., Yang, X., Yang, S., Yu, X., and Jin, C. (2004) Cloning and expression of chitinase gene from Aspergillus fumigatus YJ-407. Chinese J. Biotech., 20:843-850.

9) Yang, X-P., Yang, S-J., Han, B-Z., and Jin, C. (2005) The structure-function relationship of thermostable (-glycosidase from the thermophilic eubacterium Thermus nonproteolyticus HG102. Chinese J. Biotech., 21:84-91.
Patent:

Jin, C.，Xia, G., Li, Y., Jia, X., Yang, S., Zhang, S. A novel chitinase and its purification from Aspergillus fumigatus. Patent No.: ZL99105415.6 (C12N 9/00)，Issue date: May 19, 2004.
Future Research Plan

In coming 5 years, we will focus on the research of A. fumigatus, to analyze the glycome, identify and cloning the genes involved in carbohydrate synthesis and evaluate the function of genes/glycans. 
